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ANEXO |
Estudo Comparativo da A¢do do Vento






Acéo do Vento segundo o0 EC1-4, RSA e NV65

Nivel Altimétrico 1
Tramo 1

Nivel Altimétrico 1
Tramo 2

Nivel Altimétrico 2
Tramo 3

Nivel Altimétrico 3
Trogo Horizontal

EC1-4 RSA NV65
Fw-barlavento (kN) 19.44 17.01 16.32
Fw-sotavento (kN) - 7.62 7.85
Fw-barlavento (kN) 46.45 32.90 32.34
Fw-sotavento (kN) - 13.19 14.01
Fw-barlavento (kN) 47.81 29.05 28.56
Fw-sotavento (kN) - 11.65 12.37
Fu-barlavento (kN) | 111.59 71.08 66.90
Fw-sotavento (kN) - 44.35 39.91

Nivel Altimétrico 1 - Tramo 1

NVes I
RSA I
EC1-4 I
0 5 10 15 20 25

m Fw-Barlavento (kN) Fw-Sotavento (KN)

Nivel Altimétrico 2 - Tramo 3

NV65 I

RSA I

EC1-4 I
0 10 20 30 40 50

m Fw-Barlavento (kN) Fw-Sotavento (kN)

Nivel Altimétrico 1 - Tramo 2

NV6S I
RSA I
EC1-4 I
0 10 20 30 40 50
m Fw-Barlavento (kN) Fw-Sotavento (KN)

Nivel Altimétrico 3 - Trogo
Horizontal

NV65 I
RSA I
EC1-4 I

0 50 100

= Fw-Barlavento (kN) Fw-Sotavento (kN)







ANEXO 11
Tabelas das Combinacbes de Ac¢des






Simbologia

ELU
ELS

PP

RCP
SC_MAT
SC_PASS
W

VUT

S

Combinactes de Agdes

estado limite ultimo;

estado limite de servico ou utilizacdo;
peso proprio;

restante carga permanente;
sobrecarga do material na tela;
sobrecarga nas passerelles;

acao do vento;

variacdo uniforme de temperatura;

acdo do sismo.



Combinagdes de A¢bes para os Estados Limites Ultimos

Ac0es

Combinagcdes (Estados | Permanentes Variaveis
Limites Ultimos) (1/3) PP | RCP |SC_MAT|SC_PASS | Wyy+W; | Wyy+W2z | Wy+W; | Wy+Wa | Wi Wx | VUT* | VUT | S1X | S1Y | S2X | S2Y
Ye Yo | v |[¥Y| 7| ¥ v Y| v |¥Y (Y| v |¥Y || |¥Y[n|¥Y|v|¥|vw|¥Y| v Y Y Y
ELU MAT (Wyy W, T | 135 135 |15 | - | 15|04 |15|/06]| - - - - - - -l -1-1-115]06] - | - - - - -
ELU MAT (Wy W, T*) | 135| 135 | 1.5 | - |15|04 | - | - 15|06 - | - | - | -|-|-|-|-|15/06] -] - - - - -
ELU MAT_ (Wy W, T) | 135| 135 | 1.5 | - | 15|04 (15|06 - | - | - | - |- | -|-|-|-|-|-1|-/15/06] - - - -
ELU MAT (Wyy Wz, T) | 135| 135 | 15 | - | 15|04 | - | - 15|06 - | - | - | -|-|-|-|-]-|-|15|06] - - - -
ELU MAT (Wy W, T*) | 135|135 | 15 | - 15|04 | - | - | - | - |15/06| - | - | -|-|-|-|15/06| - | -] - - - -
ELU MAT (Wy Wz T*) | 135|135 |15 | - (15|04 | - | - | - | - | -| -|15|06] -|-|-|-|15/06]-|-| - - - -
ELU MAT (Wy W, T) | 135|135 | 15 | - (15|04 | - | - | - | - |15]/06] - | - | -|-|-|-|-]-|15/06] - - - -
ELU MAT (Wy Wz T) | 135|135 | 15 | - [15(04 | - | - | - | - 1506 - |-|-|-|-1]-]15/06| - - - -
ELU MAT (Wi T¥) | 135|135 | 15| - [15(04 | - | - | - | - |-|-|-]| - |15]|06| -] - |15/06] - | - - - - -
ELU MAT (Wx T") | 135|135 |15 | - [15]04| - | - | - | - |-|-|-1]-1]-]-|15/06[/15/06]-|-| - - - -
ELU MAT (Wi T) | 135|135 |15 | - (15|04 | - | - | - | -|-]-|-1]-|15/06]-|-]-|-|15|06] - - - -
ELU_MAT_(Wy T) 135135 | 15| - [15]04 | - | - | - | - |-|-]-]- 15(06| - | - [15]06] - - - -
ELU PASS (Wy W, T*) | 135| 135 | 15 | 1 |15| - [15(06| - | - | - |- |- | -|-|-|-1|-]15/06|-|-]| - - - -
ELU_PASS_ (Wy Wz T | 135|135 | 15 |1 |15 - | - | - |15(06| - | - | - | -|-|-|-1|-]15/06|-|-]| - - - -
ELU PASS (Wy W, T) | 135|135 | 15 | 1 |15| - |(15]/06| - | - | - | -| - |-|-|-|-]-]-]-]|15/06| - - - -
ELU PASS (Wy W, T)| 135|135 | 15 | 1 |15| - | - | - [15(06| - | - |- |-|-|-|-|-|-1]-]|15]06] - - - -
ELU PASS (Wy W, T*) | 135|135 |15 |1 [156| - | - | - | - | - |15/06| - | - | -|-|-|-|15/06] - |- | - - - -
ELU PASS (Wy Wz, T9 135|135 |15 | 1|15 - | - | - | - | -|-|-|15/06]| -|-|-|-|15/06] -] -] - - - -
ELU PASS (Wy W, T) [ 135|135 [ 15 |1 |15| - | - | - | - | - |15/06| - | - | -|-|-|-]-|-|15|06] - - - -




Acoes

Combinagcdes (Estados | Permanentes Variaveis
Limites Ultimos) (2/3) PP | RCP | SC_MAT |SC_PASS | Wyy+W; | Wyy+Wa; | Wy W, | Wy+Waz | Wi Wx | VUT* | VUT | S1X | S1Y | S2X | S2Y
TG Ye Yo |[¥]{ v | ¥ v |[¥ | v | ¥ v |[¥ v |Y (v ¥Y[iv|[¥ [ ¥Y[w Y| v Y Y Y
ELU PASS (Wy W T) | 135 | 135 | 15 |[1|15| - | - | - | - | - 15(06| - |-|-1|-|-|-|15]/06] - - - -
ELU PASS (Wi T*) | 135|135 | 15 |[1]25| - | - |- | - | -|-1|-|-1]-]15/06|-|-[15/06] - | - - - - -
ELU_PASS_(Wx T*) 135 | 135 | 15 |1|15| - | - | - | - | -|-1|-]-|-]-1|-|15/06[15/06]- | - - - - -
ELU PASS (Wi T) | 135|135 | 15 |[1|45| - | - |- |- | -] -1|-]-]|-|15/06]-]-|-]-]15/06| - - - -
ELU_PASS_(Wyx T 135 | 135 | 15 (125 | - | - |- | - | - |- |-|-]- 15(06| - | - |15]|06] - - - -
ELU Wy W, (TY) 135 | 135 | 15 |1|15/04 15| - | - | - | - |-|-|-|-|-]-|-]15|06] -] - - - - -
ELU Wyy W, (T 135 | 135 | 15 |[1|15(04 | - | - |25 - | - |-|-|-|-|-1]-1]-/|15|06] - | - - - - -
ELU_ Wyy W, (T 135 | 135 | 15 |1|15|/04 15| - | - | - | - |-|-|-|-|-|-|-1]-]|-/|15]|06| - - - -
ELU Wyy Wy (T 135 | 135 | 15 |1|15|/04 | - | - |25 - | - |-| - |-|-|-|-|-1]-]|-/|15]|06| - - - -
ELU_ W, W, (T 135 | 135 | 15 [1]|15|/04 | - | - | - | - (25| -|-|-|-|-|-|-|15]06] -] - - - - -
ELU_ Wy W, (T 135 | 135 | 15 [1]15|/04 | - | - | - | - |- |-|25] -|-|-|-|-|15]06] -] - - - - -
ELU Wy W, (T 135 | 135 | 15 [1]15/04 | - | - | - | - |25 -|-|-|-|-|-|-|-]-]|15]|06] - - - -
ELU_ Wy W, (T) 135 | 135 | 15 11504 | - | - | - | - 15 - | -|-|-|-1]-]|-|15]|06] - - - -
ELU Wy (TY) 135 | 135 | 15 [1]15(/04 | - | - | - | - |- |-|-1]-|25|/-|-|-|15/|06] -] - - - - -
ELU_W,_(TY) 135 | 135 | 15 [1]15(/04 | - | - | - | - |- 1|-|-1]-1]-]|-|15|-|15/06] - | - - - - -
ELU Wy (T) 135 | 135 | 15 [1|15(04 | - | - | - | - |- |-|-|-[2a5/-|-]-|-]|-]|15]06] - - - -
ELU Wy (T 135 | 135 | 15 [1]15/04 | - | - | - | - |- |-|-]- 15| - | - | - |15/06]| - - - -
ELU T* (Wyy W2) 135 | 135 | 15 [1]15/04|15(06| - | - | - | -| - | -|-|-|-|-[a5]-]-]- - - - -
ELU_T+(Wyy W ) 135 | 135 | 15 [1|15(04| - | - |15]06| - | -|-|-|-|-1]-1]-|a5]-]-/|- - - - -




Acles

Combinagdes (Estados Permanentes Variaveis
Limites Ultimos) (3/3) PP | RCP | SC_MAT | SC_PASS | Wyy+W; | Wyy+W2z; | Wy+W7 | Wy+Wzz | Wi Wi VUT* | VUT | S1IX | S1Y | S2X | S2Y
Ye o || ¥ |1 |¥Y | Y| |¥Y (Y| v|¥Y || Y| Y ¥ w¥Y v |¥v]|7v |V
ELU_T- (Wyy W2) 135|135 |15| 1 (15|04 |15(|06| - | - | -|-|-|-|-|-|-|-|-/|-[8]-| - | -|-| -
ELU_T-(Wyy W2 ) 135|135 15| 1 [15|04 | - | - |15|06| - | - | - | -|-|-|-|-|-|-{2a5)/-| - | -] - | -
ELU_T+(Wy_W,) 135|135 |15| 1 (15|04 | - | - | - | - [15(06] - | - | -|-|-|-|2a5)-|-|-| - | -|-|-
ELU_T+(Wy_ W2) 135|135 |15 1 (15|04 | - | - | - | - |-|-]15(/06|-|-|-|-|2a5)-|-|-|-|-1|-/1-
ELU_T-(Wy_W,) 135|135 |15| 1 (15|04 | - | - | - | - |15(06] - | - |- |-|-|-|-|-[8]-| - | - |- |-
ELU_T-(Wy_W2) 135|135 |15 | 1 (15|04 | - | - | - | - 15006 - | - | -] -]-]-]205]-| - | -|-] -
ELU T+ (W) 135|135 |15 1 (15|04 | - | - | - | -|-|-]-1|-|15/06]-|-|25)-|-|-|-|-1|-/1-
ELU_ T+ (Wy) 135|135 (15| 1 [15(|04 | - | - | - | - | -|-|-|-1|-]-|15/06[25[-|-|-|-|-]|-1]-
ELU_T-_(Wx) 135|135 (15| 1 (15|04 | - | - | - | - | -|-|-1]-|15/06|-|-|-|-[25]-| - | -] -] -
ELU_T- (W) 135|135 15| 1 [15|04 | - | - | - | - | -|-|-|-|-]|-|15/06|-|-(25-| - | -] -| -
ELU_S1X 1 1 1108 1 0 1|0 1 oj2y0(2}0j2j0(2j0|j1|0j1(0] 1 |03 - -
ELU_S1Y 1 1 1108 1 0 1|0 1 oj2y0(2}0}j2}012j0j1|0j1(|0]03]| 1 - -
ELU_S2X 1 1 1108 1 0 1|0 1 ojx12y0(2}0|2;0|20j12)|0j1|0] - - 1103
ELU_S2Y 1 1 1108 1 0 1|0 1 ojx12y0(2}0|2;0|120j212)|0j1|0] - - 103 1




Combinaces de Agdes para os Estados Limites de Servico

Acgdes

Combinagdes (Estados Limites de Servigo) | Permanentes Variaveis
(1/3) PP | RCP |SC_MAT |SC_PASS | Wyy+Wz | Wyy+Wzz | Wy+Wz | Wy+Wzz | Wik Wi VUT* | VUT
e | veo [y | ¥ v | ¥ [vo| ¥ [vo| ¥ [vo| ¥ |vo| ¥ v ¥ |vo| ¥ vo|¥ |vo| ¥
ELS_MAT_(Wyy Wz_T+) 1 1 [ 1| -|1]oalrfos| -] -|-|-|-|-|-[-1-1-|1lo6|-]-
ELS MAT_(Wyy Wzz T+) 1 1 1 - 1 04 | - - 1106 - - - - -l -1-1-11106{-] -
ELS_MAT_(Wyy Wz_T-) 1| 1 2 -T2 loalzlos| - -[-[-1T-T-T-1T-T-1-1T-T7- 0.6
ELS_MAT_(Wyy Wzz_T-) 1 1 2| - rfoal--Tatlos|-[-1-1-1T-1-1-1-1-1- 0.6
ELS_MAT_(Wy Wz_T+) 1 1 [ 2| - rfoal--]-1]-Talosl-|-1-1-1-1T-1T2lo6|-]-
ELS_MAT_(Wy Wzz_T+) 1 1 2| - rfoal--]-1-1T-T-Talosl-]-1-1-12lo6]-]-
ELS_MAT_(Wy Wz _T-) 1 1 |2l -Txloa| -] -[--TJzlos|l-|-]-]-1-1T-1T-1-"11]os
ELS_MAT_(Wy Wzz T-) 1 01 |2 l-l1]oal|-]-]-]- 1]o6|--|-]-1-]-]1]os
ELS_MAT_(Wxx_T+) 1 1 |2l -l1loa|-[-1-T-T-T-T-T-T1lo6|-]-T1los|-]-
ELS_MAT_(Wx_T+) 1 1 |2 l-[1loa|-[-[-[-1-T-T-T-T-T-T1]o6|1o6|-]-
ELS_MAT_(Wxx_T-) 1 1 |2l -Txloa| - ---T1-T-1T-1T-Txlo6|-]-]-]-11]os
ELS_MAT_(Wx_T-) 101 el -lafoal - - ]--]-]- 1]06]-]-]1]06
ELS_PASS_(Wyy Wz T+) 1 1 |1l = Ja1los|-|-1-T-1T-1T-1T-T-T-1T-T1los|-]-
ELS_PASS_(Wyy Wzz_T+) 1 1 |12l - [ -[-T2loe|-[-1-1-1-7T-T-1T-T1los|-]-
ELS_PASS_(Wyy Wz T-) 1 1 |l - Jolos| - --T-1T-1T-1-7T-1T-1T-T-1-"11]os
ELS_PASS_(Wyy Wzz_T-) 1 1 [ r ol - -1-Talos|-1-1-1-1-1T-1-T-1-1-11]os
ELS_PASS_(Wy Wz_T+) 1 1 [ r ol - -1-1-1-"Talosl-1-1-1-1-1T-12lo6|-]-
ELS_PASS_(Wy Wzz_T+) 1 1 [ r ol - -T-1-1-1T-T-Talosl--1-1-12lo6|-]-
ELS_PASS_(Wy Wz _T-) 1 1 vl - -1-1-1-Talosl-1-1-1T-1T-T-1T-1T-11]o06




Acgdes

Combinacdes (Estados Limites de Servigo) | Permanentes Variaveis
(2/3) PP | RCP |SC_MAT |SC_PASS | Wyy+W: | Wyy+W2zz | Wy+W; | Wy+W2z | Wik Wy VUT* | VUT
Yo Yo | | ¥ v | ¥ [vo|¥ | vo| ¥ |[vo|¥Y |vo| ¥ |vo|¥ |vo|¥ |vo|¥ |10V
ELS_PASS_(Wy Wzz_T-) 1 1 |1l -] - 1(06|-|-]-|-]-]-]2]06
ELS_PASS_(Wxx_T+) 1 1 e a1 -T2los[-|-]2]o6]-]-
ELS_PASS_(Wx_T+) 1|1 [ ool - -T-1-1-1T-17T-1T-T-1T-1-T1]os|1]o6|-]-
ELS_PASS_(Wxx_T-) 1 1 vl - -1-1-1-1T-1-1T-1T-"Talosl-1-1-1-T1]os
ELS_PASS_(Wx_T-) 1| o o labal -] 1]06|-]-1]06
ELS_Wyy Wz (T+) 1| 1 [ (e leloalal = -1 -1T-1-T-T-T-1T-T-1-Tx]os[-]-
ELS_Wyy Wzz_(T+) 1 1 |1 [ roa| - -2l = -[-1-1T-1-1T-7T-1-1z]o6[-]|-
ELS_Wyy Wz_(T-) 1] 1 [ lafoalal -1 -1-T-T-T-1T-T-T-T-T-T-T1]os
ELS Wyy Wzz (T-) 1 1 1 111 (04)-|-1|1 - -l-1-1-1-1-1-1-1-1-111]06
ELS_Wy Wz (T+) 1 1 |1l loa| - -1--Tal-1-1T-1-T-T-T-T1los|-]-
ELS_ Wy Wzz (T+) 1 1 |11l loa|-[-[-[-1-1-Tel=]-7T-T-1T-T1los|-]-
ELS_Wy Wz (T-) 1 1 |l lrfoa| - - - -Tal=1-1-1-T-1T-T-T-1T-"11]os
ELS_ Wy Wzz (T-) 1 01 |1l ]oal-]-]-]- 1] - ---]-1-1-11]os
ELS_Wxx_(T+) 1 1 |11 lxloa|-[--1-T1-T-1T-1T-Ta[=1-1T-T1los|-]-
ELS_Wx_(T+) 1 1 |1 lalxloa| - -[-1-T1-T-T-T-17T-7T-Tal-T1os|-]-
ELS_Wxx_(T-) 1 1 |l rfoa| - - - -T1-T-T-1T-Ta[=1-1-1-1-"11]os
ELS Wx (T-) 1 1 1 1 1 04 | - - - - - - - - 1| -1-1|-11106
ELS_T+_(Wyy W2) 1] 1 |11z ]oalaloe| -] - [-[-1-T-1-T-1-1- T
ELS T+(Wyy Wzz ) 1 1 11 lrfoal-1-Tatlos|-[-1-1-1-1-1-1- -




Acgdes

Combinagdes (Estados Limites de Servigo) | Permanentes Variaveis
313) PP | RCP |SC_MAT | SC_PASS |WyytW: | WyytWaz | Wyt Wz | WotWaz | Wik | Wx | VUT [ VUT-
Ye Ye Q| ¥ v | Y oY |v|Y¥Y v ¥ v ¥ |vQq|¥|v|¥Y |w|¥ w|¥
ELS_T-_(Wyy_W2) 1| 1 |t x|z ]oala]os|-| - -1-1-1-1-T-7T-1-1T-T-T«1-
ELS_T-(Wyy_Wzz ) 1| 1 [ (o leloa| - -TJalos|-[-1-1-T-1-T-1-T-1- -
ELS_T+(Wy_W2) 1| 1 |1 |1 c]oal-| - -] -Talos|-|-1-1-1-1-Ta[-]-]-
ELS_T+(Wy Wz2) 1| 1 [ oo loa|-[-[-1T-T-T-Tztloel-|-[-1-Tal-T-1-
ELS_T-(Wy_W2) 1| 1 |1 |1 c]oal-| - -] -Txfoe|-|-1-1-1-1-1-1]-T2]-
ELS_T-(Wy_Wz2) 1| 1 [ [ aleloa|-[-[-1T-T1T-T-Talosl-|-[-1-T-T-Tz1-
ELS T+ (WxX) 1| 1 |t v |s]oa| - -[-[-1-T-T-T-Ttloe|-|-Tal-1-1-
ELS_T+ (Wx) 1 1 |t | |s]oa| - - -1 -1-T-T-T-T-T-Txloslal-1-1-
ELS_T-_(WxX) 1 1 |t s |s]oa| - -[-[-1-1T-T-T-Ttlos6|-|-]-1- -
ELS_T-_(Wx) 1o el oal -] - -]-]-1-]- 1]o6]-|-l2]-
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ANEXO 111
Tabelas dos Modos de Vibracdo






Participacfes Modais dos Modos de Vibracao nas Direcdes Principais

Modo N° T (5) Ux XUx Uy XUy
1 0.77 0.00% 0.00% 12.50% 12.50%
2 0.70 0.00% 0.00% 0.08% 12.58%
3 0.62 0.00% 0.00% 3.21% 15.79%
4 0.50 0.00% 0.00% 0.01% 15.81%
5 0.46 21.04% 21.05% 0.00% 15.81%
6 0.39 0.00% 21.05% 0.56% 16.37%
7 0.36 0.00% 21.05% 1.31% 17.68%
8 0.33 0.00% 21.05% 0.98% 18.66%
9 0.31 0.03% 21.07% 0.00% 18.66%
10 0.30 0.00% 21.07% 0.33% 18.99%
11 0.28 0.02% 21.09% 0.00% 18.99%
12 0.28 0.00% 21.10% 0.02% 19.01%
13 0.28 0.00% 21.10% 0.17% 19.19%
14 0.28 0.00% 21.10% 1.54% 20.73%
15 0.25 0.00% 21.10% 0.00% 20.73%
16 0.25 0.60% 21.70% 0.00% 20.73%
17 0.24 0.00% 21.70% 0.00% 20.73%
18 0.24 0.00% 21.71% 0.00% 20.73%
19 0.24 0.00% 21.71% 0.47% 21.20%
20 0.23 0.01% 21.71% 0.00% 21.20%
21 0.22 0.00% 21.71% 0.07% 21.28%
22 0.22 2.89% 24.61% 0.00% 21.28%
23 0.21 0.00% 24.61% 0.22% 21.49%
24 0.21 0.00% 24.61% 0.01% 21.50%
25 0.20 4.03% 28.64% 0.00% 21.50%
26 0.20 4.05% 32.69% 0.00% 21.50%
27 0.20 0.00% 32.69% 0.70% 22.20%
28 0.20 6.22% 38.91% 0.00% 22.20%
29 0.20 0.64% 39.55% 0.00% 22.20%
30 0.20 0.00% 39.55% 0.00% 22.20%
31 0.19 1.19% 40.73% 0.00% 22.21%
32 0.19 0.00% 40.74% 0.33% 22.54%
33 0.18 1.20% 41.94% 0.11% 22.65%
34 0.18 0.16% 42.10% 0.57% 23.22%
35 0.18 0.05% 42.15% 0.01% 23.23%
36 0.17 0.00% 42.15% 5.71% 28.94%
37 0.17 0.00% 42.15% 0.00% 28.94%
38 0.17 0.00% 42.15% 0.04% 28.99%
39 0.17 0.00% 42.15% 0.15% 29.13%
40 0.17 0.00% 42.15% 0.00% 29.13%
41 0.17 0.00% 42.15% 0.00% 29.13%
42 0.17 0.04% 42.19% 0.06% 29.20%
43 0.17 0.84% 43.03% 0.00% 29.20%
44 0.16 0.00% 43.03% 0.21% 29.41%
45 0.16 0.00% 43.03% 13.95% 43.35%
46 0.16 0.00% 43.03% 0.58% 43.93%
47 0.16 0.00% 43.03% 0.52% 44.45%
48 0.16 0.24% 43.27% 0.00% 44.45%
49 0.16 0.00% 43.27% 1.45% 45.90%
50 0.15 0.00% 43.27% 0.19% 46.09%
51 0.15 1.63% 44.90% 0.00% 46.09%
52 0.15 0.00% 44.90% 0.75% 46.84%
53 0.15 0.00% 44.90% 0.00% 46.84%
54 0.14 0.04% 44.94% 0.01% 46.85%
55 0.14 0.00% 44.94% 3.93% 50.78%




56 0.14 0.00% 44.94% 0.10% 50.88%
57 0.14 0.00% 44.94% 0.41% 51.29%
58 0.13 0.00% 44.95% 0.00% 51.29%
59 0.13 0.00% 44.95% 0.66% 51.95%
60 0.13 0.00% 44.95% 0.30% 52.25%
61 0.12 0.00% 44.95% 0.36% 52.61%
62 0.12 0.00% 44.95% 0.00% 52.61%
63 0.12 0.00% 44.95% 0.03% 52.65%
64 0.12 0.00% 44.95% 0.00% 52.65%
65 0.12 0.01% 44.96% 0.00% 52.65%
66 0.11 0.00% 44.96% 0.00% 52.65%
67 0.11 0.00% 44.96% 0.05% 52.70%
68 0.11 0.00% 44.96% 0.05% 52.75%
69 0.11 0.00% 44.96% 0.00% 52.75%
70 0.11 0.00% 44.96% 0.01% 52.76%
71 0.11 0.00% 44.96% 0.00% 52.76%
72 0.11 0.00% 44.97% 0.28% 53.04%
73 0.11 0.17% 45.13% 0.00% 53.04%
74 0.11 0.17% 45.30% 0.00% 53.04%
75 0.11 0.00% 45.30% 0.00% 53.04%
76 0.11 0.03% 45.33% 0.00% 53.04%
77 0.10 0.00% 45.33% 0.00% 53.04%
78 0.10 0.00% 45.33% 0.00% 53.04%
79 0.10 0.00% 45.33% 0.00% 53.04%
80 0.10 0.00% 45.33% 0.00% 53.04%
81 0.10 0.00% 45.33% 0.00% 53.04%
82 0.10 0.01% 45.34% 0.00% 53.04%
83 0.10 0.00% 45.34% 0.02% 53.06%
84 0.10 0.00% 45.34% 0.00% 53.06%
85 0.10 0.00% 45.34% 0.00% 53.06%
86 0.10 0.00% 45.34% 0.07% 53.13%
87 0.10 0.00% 45.34% 0.01% 53.14%
88 0.10 0.00% 45.34% 0.00% 53.14%
89 0.10 0.01% 45.35% 0.00% 53.14%
90 0.10 0.01% 45.36% 0.00% 53.14%
91 0.10 0.56% 45.92% 0.00% 53.14%
92 0.10 0.00% 45.92% 0.00% 53.14%
93 0.10 0.37% 46.30% 0.02% 53.16%
94 0.10 0.01% 46.30% 0.00% 53.16%
95 0.10 0.04% 46.34% 0.04% 53.20%
96 0.10 0.08% 46.42% 0.21% 53.41%
97 0.10 3.69% 50.10% 0.00% 53.41%
98 0.10 4.07% 54.17% 0.00% 53.41%
99 0.10 4.71% 58.88% 0.00% 53.41%
100 0.10 4.15% 63.02% 0.00% 53.41%
101 0.10 0.00% 63.03% 0.00% 53.41%
102 0.10 4.50% 67.53% 0.00% 53.41%
103 0.10 0.01% 67.54% 0.88% 54.29%
104 0.10 0.00% 67.54% 0.00% 54.29%
105 0.10 0.00% 67.54% 0.00% 54.29%
106 0.10 0.01% 67.55% 0.01% 54.30%
107 0.10 0.00% 67.56% 1.18% 55.48%
108 0.10 0.00% 67.56% 0.00% 55.48%
109 0.09 0.00% 67.56% 1.53% 57.02%
110 0.09 0.00% 67.56% 0.00% 57.02%
111 0.09 0.00% 67.56% 0.05% 57.06%
112 0.09 3.85% 71.40% 0.00% 57.06%
113 0.09 0.00% 71.40% 0.00% 57.06%




114 0.09 0.00% 71.40% 0.01% 57.08%
115 0.09 0.00% 71.40% 0.00% 57.08%
116 0.09 0.21% 71.61% 0.00% 57.08%
117 0.09 0.00% 71.61% 0.02% 57.10%
118 0.09 0.00% 71.61% 0.00% 57.10%
119 0.09 0.00% 71.61% 0.02% 57.12%
120 0.09 0.00% 71.61% 0.08% 57.19%
121 0.09 0.00% 71.61% 0.00% 57.19%
122 0.09 0.00% 71.61% 0.00% 57.20%
123 0.09 0.00% 71.62% 0.01% 57.21%
124 0.09 0.00% 71.62% 0.01% 57.22%
125 0.09 0.00% 71.62% 0.00% 57.22%
126 0.09 0.00% 71.62% 0.03% 57.24%
127 0.09 0.00% 71.62% 0.01% 57.26%
128 0.09 0.00% 71.62% 0.00% 57.26%
129 0.09 0.00% 71.62% 0.00% 57.26%
130 0.09 0.00% 71.62% 0.00% 57.26%
131 0.09 0.00% 71.62% 0.00% 57.26%
132 0.09 0.00% 71.62% 0.05% 57.31%
133 0.09 0.00% 71.62% 1.41% 58.72%
134 0.09 0.00% 71.62% 0.22% 58.94%
135 0.09 0.00% 71.62% 0.00% 58.94%
136 0.09 0.00% 71.62% 0.00% 58.94%
137 0.09 0.00% 71.62% 0.00% 58.94%
138 0.09 0.00% 71.62% 0.00% 58.94%
139 0.09 0.00% 71.62% 0.00% 58.94%
140 0.09 0.00% 71.62% 0.00% 58.94%
141 0.09 0.00% 71.62% 0.00% 58.94%
142 0.09 0.00% 71.62% 3.73% 62.67%
143 0.09 1.79% 73.41% 0.00% 62.68%
144 0.09 0.00% 73.41% 1.51% 64.18%
145 0.09 0.00% 73.41% 0.28% 64.46%
146 0.09 0.00% 73.41% 1.59% 66.05%
147 0.09 0.00% 73.41% 9.23% 75.28%
148 0.09 0.00% 73.41% 0.02% 75.29%
149 0.09 0.00% 73.41% 0.01% 75.30%
150 0.09 0.00% 73.41% 0.01% 75.31%
151 0.09 0.00% 73.41% 0.00% 75.31%
152 0.09 0.00% 73.41% 0.00% 75.31%
153 0.09 0.00% 73.41% 0.00% 75.31%
154 0.09 0.00% 73.41% 0.00% 75.31%
155 0.09 0.00% 73.41% 0.00% 75.31%
156 0.09 0.00% 73.41% 0.00% 75.31%
157 0.09 0.00% 73.41% 0.01% 75.32%
158 0.09 0.00% 73.41% 0.00% 75.32%
159 0.09 0.00% 73.41% 0.01% 75.33%
160 0.09 0.00% 73.41% 0.13% 75.46%
161 0.08 0.00% 73.41% 0.00% 75.46%
162 0.08 0.00% 73.41% 0.00% 75.46%
163 0.08 0.00% 73.41% 0.14% 75.60%
164 0.08 0.00% 73.41% 0.14% 75.73%
165 0.08 0.00% 73.41% 0.22% 75.95%
166 0.08 0.00% 73.41% 0.00% 75.95%
167 0.08 0.00% 73.41% 0.06% 76.01%
168 0.08 0.00% 73.41% 0.15% 76.16%
169 0.08 0.00% 73.41% 0.08% 76.24%
170 0.08 0.00% 73.42% 0.00% 76.24%
171 0.08 0.00% 73.42% 0.02% 76.26%




172 0.08 0.00% 73.42% 0.00% 76.26%
173 0.08 0.00% 73.42% 0.60% 76.86%
174 0.08 0.01% 73.43% 0.00% 76.86%
175 0.08 0.03% 73.46% 0.00% 76.86%
176 0.08 0.00% 73.46% 0.00% 76.86%
177 0.08 0.25% 73.71% 0.00% 76.86%
178 0.08 0.02% 73.72% 0.02% 76.87%
179 0.08 0.00% 73.72% 0.00% 76.87%
180 0.08 0.00% 73.72% 0.00% 76.87%
181 0.08 0.00% 73.72% 0.00% 76.88%
182 0.08 0.00% 73.72% 0.00% 76.88%
183 0.08 0.11% 73.83% 0.00% 76.88%
184 0.08 0.01% 73.83% 0.00% 76.88%
185 0.08 0.00% 73.84% 0.13% 77.00%
186 0.08 0.01% 73.85% 0.01% 77.02%
187 0.08 0.07% 73.92% 0.01% 77.03%
188 0.08 0.23% 74.15% 0.01% 77.04%
189 0.07 0.02% 74.17% 0.15% 77.19%
190 0.07 0.00% 74.17% 0.06% 77.25%
191 0.07 0.02% 74.19% 0.00% 77.25%
192 0.07 0.01% 74.20% 0.01% 77.26%
193 0.07 0.01% 74.21% 0.20% 77.46%
194 0.07 1.41% 75.63% 0.00% 77.46%
195 0.07 6.19% 81.82% 0.00% 77.46%
196 0.07 3.97% 85.79% 0.00% 77.46%
197 0.07 3.85% 89.65% 0.00% 77.46%
198 0.07 3.75% 93.40% 0.00% 77.46%
199 0.07 0.01% 93.40% 0.50% 77.97%
200 0.07 0.00% 93.41% 0.00% 77.97%
201 0.07 4.29% 97.70% 0.00% 77.97%
202 0.07 0.08% 97.78% 1.90% 79.87%
203 0.07 0.00% 97.78% 0.00% 79.87%
204 0.07 0.00% 97.78% 0.00% 79.87%
205 0.07 0.00% 97.78% 0.00% 79.87%
206 0.07 0.00% 97.78% 0.00% 79.87%
207 0.07 0.00% 97.78% 0.00% 79.88%
208 0.07 0.01% 97.78% 1.53% 81.41%
209 0.07 0.00% 97.78% 0.02% 81.43%
210 0.07 0.00% 97.78% 0.00% 81.43%
211 0.07 0.00% 97.78% 0.13% 81.56%
212 0.07 0.00% 97.78% 0.09% 81.65%
213 0.07 0.00% 97.78% 7.271% 88.92%
214 0.07 0.00% 97.78% 9.60% 98.52%
215 0.07 0.00% 97.78% 0.81% 99.33%




ANEXO IV
Pre-dimensionamento dos Elementos Metalicos






Pré-dimensionamento dos Caixdes Trelicados

Painéis Verticais do Trocgo Horizontal

Modelo de célculo

Diagrama de Momentos Fletores
:{ ~
, | i 2 5 S i
Diagrama de Esforcos Transversos
Montantes
Tramos | Zonas | Needmax =Vedmax (KN) Lery (M) Perfil Adotado iv (cm) A (Lery/iv)
Zun 56.83 1.50 L 60x6 1.17 128
4 Zy 37.53 1.50 L 60x6 1.17 128
Zs3 85.51 1.50 L 70x7 1.36 110
Zs1 71.77 1.50 L 70x7 1.36 110
5 Zs; 23.79 1.50 L 50x5 0.97 155
Zs3 1177 1.50 L 70x7 1.36 110
Zey 85.51 1.50 L 70x7 1.36 110
6 Zsp 37.53 1.50 L 60x6 1.17 128
Zs3 56.83 1.50 L 60x6 1.17 128
300
L80x8
\ 250
L70x7 200
z
<
L60x 6 150 >
\ =
L50x5 100 ©
L 40x5 43 ¢ 761
241 07 50
267442 | = ]
Z5
| 0
0 0.5 1 1.5 2 2.5 3
Lcr,v (III)




Diagonais

Tramos | Zonas | Vedamax (KN) | a (°) | Nt.ed,max=Veamax/sen(a) | Perfil Adotado
Zn 56.83 45 80.37 L 50x5
4 Zy 37.53 45 53.08 L 50x5
Zs3 85.51 45 120.93 L 60x6
Zs 7177 45 101.50 L 60x6
5 Zs, 23.79 45 33.64 L 50x5
Zs3 7177 45 101.50 L 60x6
Zs 85.51 45 120.93 L 60x6
6 Ze 37.53 45 53.08 L 50x5
Zs3 56.83 45 80.37 L 50x5
160
L60x6
140
Z43
761 120
L50x5 LQ
753 100 %
L 40 x 5 =463 0 =
74l ]
747 60 ~
| 762
I 40
Z52
20
0
0 0.5
Lcr,v (m)

Painel Horizontal Superior do Troco Inclinado

Modelo de Calculo




Diagrama de Momentos Fletores

/

Diagrama de Esforgos Transversos

Diagonais
VEd max Lcr Vv Pel"fl| iv ;\.
Tramos | Zon \ ?) | Ne,edmax=VEd,max : .
onas | Ny | 4O | Neeama=Veamadsen(@) |- o | Agotado | (em) | (Lerofiv)
1 Z11 16.04 48 21.58 2.42 L 70x7 1.36 178
Z1 28.34 48 38.14 1.74 L 60x6 1.17 149
Zn 35.25 36 59.97 1.89 L 70x7 1.36 139
2 Z2» 15.47 36 26.32 1.86 L 60x6 1.17 159
Zx 38.48 36 65.47 2.32 L 80x8 1.56 149
Z3 37.54 36 63.87 1.98 L 70x7 1.36 146
3 Z3 15.66 36 26.64 1.86 L 60x6 1.17 159
Z33 21.53 36 36.63 2.10 L 70x7 1.36 154
300
L80x8
\ 250
L70x7 200
=
=
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\ f;
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ek TR
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Painel Horizontal Superior do Trogo Horizontal
Modelo de Calculo

- -
- -
of o

2.41

2.41
2.41
2.41

2.41

Al

241

Diagrama de Momentos Fletores

7803

-78.23

50.06
18

Diagrama de Esforcos Transversos

1727

2599

3485

o8

3105

21 .8

-25.99

Diagonais
Tramos | Zonas| Vedgmax (KN) | @ (°) | Ncedmax=Vedamax/sen(a) | Lery (M) | Perfil Adotado | iv(cm) | A (Lery/iv)
Zn 17.27 36 29.38 1.86 L 60x6 1.17 159
4 Za 11.41 36 19.41 1.86 L 60x6 1.17 159
Za3 25.99 36 44.22 1.86 L 60x6 1.17 159
Zs1 21.81 36 37.11 1.86 L 60x6 1.17 159
5 Zs) 7.23 36 12.30 1.86 L 60x6 1.17 159
Zs3 21.81 36 37.11 1.86 L 60x6 1.17 159
Zs1 25.99 36 44.22 1.86 L 60x6 1.17 159
6 Zs2 11.41 36 19.41 1.86 L 60x6 1.17 159
Zs3 17.27 36 29.38 1.86 L 60x6 1.17 159
L60x6 AW \ 160
\ 140
120
L50x5
100 &
&
§
60 Z
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243 40
———0 762 20
752 R —
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ANEXO V
Dimensionamento dos Elementos Metalicos






Diagonais dos Painéis Verticais da Estrutura Secundéaria

1° Procedimento — A partir do “SAP2000” (Barra mais solicitada)

rame : 360 ¥ Mid: 19.367 Combo: ELU _PASS (Wy Wzz_ Design Type: Brace
—I_€lée Y Mid:- 0.550 Shape: TUBOSOx4 Frame Type: DCL-MRF
oc : 0.000 Z Mid: 5.500 Class: Class 1 Relled : Mo
STRESS CHECK FORCES & MOMENTS
Locatien Ned Med, vy Med,z=z Ved,z Ved, vy
0.000 <76.920 0.000 0.000 -0.04% 0.000
Curve Alpha Ner LambkdaBar Phi Chi
Major (y-y) c 0.430 207.675 0.913 1.031 0.592
MajorBiy-y) c 0.450 Z207.87% 0.513 1.091 0.592
Minor (z-z) c 0.450 207.€7% 0.%13 l.091 0.5%2
MinorB{z-z) c 0.490 Z207.879 0.913 1.091 0.592
Torsional TF c 0.450 207.6€75 0.91z2 1.081 0.592
PMM DEMAND/CAPACITY RATIO (Governing Equation EC3 €.3.3(4)-6.61)
D/C Ratio: 0.761 = 0.751 + 0.010 + 0.000 < 1.000 CE

= NEd/ (Chi_y NRk/GammaMl) + kyy (My, Ed+NEd eNy)/(Chi_ LT My, Rk/CammaMl)
+ kyz (Mz, Ed+NEd eNz)/ (Mz,Rk/GammaMl)

(EC3 6.3.3(4)-6.861)

2° Procedimento — A partir da Folha de Calculo em “Excel” (Barras mais solicitadas)

Resisténcia a Encurvadura

Barra Combinacao Nc,Ed - Nb,Rd -
o Condicionante iy | Perfil fLe(m) |2 gy | Racio
359 | ELU PASS (Wyy Wzz T+) | 75.98 | Tubo50x4 | 1.62 85 | 0.60| 103.16 | 0.74
360 |ELU PASS (Wy Wzz T+) | 76.92 |Tubo50x4| 1.62 | 85 |0.60| 103.16 | 0.75
739 |ELU_PASS (Wy Wzz T-) | 59.24 |Tubo50x4| 1.62 | 85 |0.60| 103.16 | 0.57
740 | ELU_PASS_(Wyy Wzz T-) | 58.85 |Tubo50x4| 1.62 | 85 |0.60| 103.16 | 0.57
812 | ELU_PASS (Wyy Wzz T-) | 63.74 | Tubo50x4| 1.68 | 88 |0.57| 99.22 | 0.64
813 | ELU_PASS (Wy Wzz_T-) | 63.99 | Tubo50x4| 1.68 | 88 |0.57| 99.22 | 0.64
Restantes Barras
350
TUBO 60x6 300
TUBO 50x6,3 250
200 Z
TUBO 50x4 ———— <
150 %
100
9 OO \\
o Oo 50
(0]
@ s 0o \
0 0.5 1 15 2 2.5 3
L, (m)




Cordodes da Estrutura Secundaria

VerificacOes

Estados Limites Ultimos

Perfil A |y We|,y Wp|,y iy Avy I Wel,z Wpl,z iz Av;
(cm?) | (cm?) [ (cm?3) [ (cm?3) | (cm?) | (cm?) | (cm?) | (cm?) | (cm?) | (cm) | (cm?)
Tubo 11.36|144.1|27.92|36.13| 3.56 | 3.79 |47.37|18.48|21.93| 2.04 | 7.57
100x50x4
Barra Combinacéo Secgdo | Need | Vyed | Vzed | Myed | Mzed
n° Condicionante (m) (KN) | (kKN) | (KN) | (kN.m) | (kN.m)
si- |0.00(99.84|0.47 | 415| -2.23 | 0.15
2240 |ELU_PASS (Wyy Wzz T-)|sm-|0.50/99.83|0.30 | 3.98 | -0.20 | -0.04
sf-11.00[99.81|0.14 |3.82| 175 | -0.15
- 2240
=
M3:My M2:Mz
1° Procedimento — A partir da Folha de Calculo em “Excel”
~ Esforgo Transverso
Compressao - -
Eixo z-z Eixo y-y
Barra Seccao NcRd Réacio Vpl.zRd Réacio Vply.rd Réacio
ne (m) (kN) Nc,Ed/Nc,Rd (kN) Vz,Ed/VpI,z,Rd (kN) Vy,Ed/VpI,y,Rd
si- |0.00| 266.96 0.374 102.75 0.040 51.38 0.009
2240 | sm- |0.50 | 266.96 0.374 102.75 0.039 51.38 0.006
sf- | 1.00 | 266.96 0.374 102.75 0.037 51.38 0.003
Flexao com Esforco Transverso
Eixo y-y Eixo z-z
Barra| Seccd0 |Vied/Vpizrd| Myvrd Réacio VyedVplyrd | MzvRrd Réacio
n° (m) <05 (KN.m) | Myesa/My.v rd <05 (KN.m) | Mzed/Mzv rd
si- |0.00| Veqs/sign. | 8.49 0.263 Veq 8/ sign. | 5.15 0.030
2240 | sm - [0.50 | Veqs/sign. | 8.49 0.024 VEeg s/ sign. | 5.15 0.008
sf- [1.00| Veqs/sign. | 8.49 0.206 Veq 8/ sign. | 5.15 0.029




Flexdo Composta com Esforco Transverso ~ .
- - Flex&@o Desviada
Eixo y-y Eixo z-z
Barra x n aw | Mnyrd Réacio MnzRrd Récio -~
o - R

o Secgao (KN.m) | Myea/Mugma | 2 | (kNm) | MueaMinora | ¢ | P acio

si- | 0.00 0.374 | 0.500 | 7.09 0.315 0.300 3.79 0.004 1971 |1.971 0.078

2240 |sm-| 1.08 0.374 | 0.500 | 7.09 0.028 0.300 3.79 0.011 1.971|1.971 0.015

sf- | 2.16 0.374 | 0.500 | 7.09 0.247 0.300 3.79 0.004 1.971 | 1.971 0.010

Encurvadura por Compressdo (Coluna)
Eixo y- Eixo z-
- IX0 y-y N - X0 -2 N Plano de Raécio
o cry — b,y,Rd cr,z — b,z,Rd
Barran (m) M| Ay Ay kN) | (m) M| & Az (kN) Encurvadura | Nced/NbRrd

2240 3.00 84| 0.897 | 0.736 | 196.45 | 1.00 | 50 | 0.522 | 0.917 | 244.92 y-y 0.508

Encurvadura por Flexdo Composta com Compressao (Coluna-Viga)

NRk My Rk MZ Rk
] , ,
Barran®| y. L KT (kN) | (kN.m) | (KN.m)

2240 |0.917|0.736|1.000|266.96 | 8.49 5.15 |0.663|0.400(0.897|0.271|0.538|0.452 0.752 0.563

Cmy sz kyy kyz kzy kzz Eq661 dO EC3 '1'1 Eq662 dO EC3 '1'1




2° Procedimento — A partir do software “Semicomp+”

Barra n°2240 (Secc¢éo)

SEMICOMP Cross-Section Check

Choose method EN 1993-1-1 (elastic Resistance)

Nes =i -99.841 kN
My g = -2.234ikNm Vg = 4.149}kN Perform cross-section
M eq = 0.153ikNm Vyes = 0.460ikN checks

cy={ 220000 awet 1.0000  yuwf 0161 ef  1.000}
c’{tf = ?_ ?_0_9 & flange — 1.000 Yiange =§ 95_;_2{:} & mod,cl3/4 f_________N_?_N_-j
Boundaries Class1 Class2 Class 3
Clty < Cfy, max= | 33.000i 38.000] 58070
ety £ oftf pax = 33.000; 38.000 43.018
Note: This tool is only applicable to Class 1
to 3. For Class 4 elastic cross-section values
Cross section class =I:I are used for all calculations.
Moty ra= 8.28:kNm Moz pe= 5.05:kNm Vo zra= 101.20:kN
Meiy ra= 6.56ikNm Meiz pa= 4 .34 kNm Violyra= 50.60:kN

EN 1993-1-1,6.23/6.2.4
Tension or compression

........................

Uesyeo = ok
EN 1993-1-1, 6.2.5
Bending moment
Ustrong a. = 0.270i<1,0 ok
Uweaa = 0.030i<1,0 ok
EN 1993-1-1,6.2.6
Shear e
U2 plastic= 0.041i<1,0 ok Uy pasic=] ___0.009;<1,0 ok
U 2 castic= 0.048i<10 ok Uyeastc=i  0.010i<1,0 ok
Nafty = 23.000i <72/ 3 60.000jok
EN 1993-1-1,6.2.9
Bending and axial force R "
U(G.H]J(G.#Z]ZE 0.11 ok UF = 0_582§

______________________________________________

Comment: Shear Interaction is not considered within this
software tool. If the utilization for shear is higher that 0.5,
an additional check for shear interaction is necessary.




3° Procedimento — A partir do software “SAP2000”

Barra n°2240 (Coluna-Viga)

STRESS CHECK FORCES & MOMENTS

Location Ned Med, yy Med, zz Ved, = Ved, y Ted

0.000 -99.841 -2.284 0.163 -4.149 0.469 0.004
PMM DEMAND/CAPACITY BATIO (Governing Equation EC3 6.3.3(4)-6.61)

D/C Ratio: 0.752 = 0.S508 + 0.236 + 0.008 < 1.000 OE

+ kyz (Mz,Ed+NEd eNz)/ (Mz,Rk/CammaMl)

= NEd/ (Chi_y NRk/GammaMl) + kyy (My,Ed+NEd eNy)/(Chi_LT My, Rk/GammaMl)

(EC3 6.3.3(4)-6.61)

AXIAL FORCE DESIGN

Ned He, Bd Ne, Bd

Force Capacity Capacity

Bxial -35_B841 266.960 266.960
Hpl,Rd Nu,Rd Nex, T Necx, TF
Z66.960 294.451 52642.199 331.509
Cuarve Alpha Ner LanbdaBar Phi
Major (y-¥) e 0.210 831.509 0.B897 0.975
MajorB(y-y) a 0.2lo0 331.509 0.B897 0.975
Minor (z-z) a 0.210 581.713 0.521 0.670
MinorB (z-z) a D.210 581.713 0.521 0.&870
Torsional TF =a 0.210 831.50% 0.B897 3.975

MOMENT DESTEN

Med Med, span Me, Rd Mv, Rd
Moment Moment Capacity Capacity
Major (y-y) -2.234 -2.234 B.490 B.490
Minor (z-z) 0.153 &.153 5.153 5.153
Curve AlphalT LambdaBarlT PhiLT ChiLT
LTB d 0.760 0.103 0.469 1.000
kyy kyz kzy kzz
Factors 0.897 &.277 0.538 0.462

An/Rg

1.000
Chi Nb,Rd
0.736 196.488
0.736 196.488
0.9517 244.528
0.917 244.928
0.736 196.488
Mn,Rd Mb,Rd
Capacity Capacitcy
7.086 B.490

3.786
Cc1 Mer
2.700 796.503




Comparacao de Resultados

Estado Limite Ultimo | Folha de Calculo | **Semicomp+"" | Desvio A (%)
Compressao 0.374 0.380 1.6%
Flexdo y-y 0.263 0.270 2.6%

z-2 0.030 0.030 0.0%
Esforco y-y 0.009 0.009 0.0%
Transverso Z-7 0.040 0.041 2.4%
Flexdo Desviada 0.104 0.110 5.5%
Folha de Calculo | “SAP2000” | Desvio A (%)
o Ay 0.897 0.897 0.0%
E ~ 0.522 0.521 0.2%
‘% Ay 0.736 0.736 0.0%
o Az 0.917 0.917 0.0%
R&cio | N¢ed/Nbzrd 0.508 0.508 0.0%
Folha de Calculo | ""SAP2000" | Desvio A (%)
2 o Kyy 0.897 0.914 0.0%
5o g« Kyz 0.271 0.546 2.2%
= C 8 Kk 0.538 0.549 0.0%
g £
o Kz 0.452 0.91 2.2%
Réacio |Eq. 6.61 0.752 0.752 0.0%
Estados Limites de Utilizacao
Combinagéo L
(0] .
Barra n Cond|cionante 6V (cm) 6adm|ss|ve| (Cm) RaCIO
2240 | ELS_PASS (Wy Wzz (T-) | 0.38 1.2 0.32




Prumos da Estrutura Secundaria

VerificacOes

Estados Limites Ultimos

1° Procedimento — A partir da Folha de Calculo em “Excel”

Perfil A |y=|z Wel,y: Wel,z Wpl.y= Wpl,Z iy: iZ AVV: AVZ
(cm?) | (cm%) (cmd) (cmd) (cm?)| (cm?)

Tubo 50x50x6,3 | 11.01 | 35.78 13.10 18.17 1.84 5.30
Barra n° Combinacdo | Secc@0 | Nced |Vyed|Vzed| Myed | Myed
Condicionante (m) (KN) | (kN) [ (KN) { (KN.m) | (kN.m)

si- [0.00/13.04| 7.27|2.89| -052 | -0.29

1617 ELU S1Y |sm-|0.30(13.01|7.27 |2.89| 0.03 -1.91
sf-10.60(12.99|7.27|2.89| 0.85 -4.09

4.09
M2:Mz M3:My

~ Esforgo Transverso
Compressao - -
Eixo z-z Eixo y-y
Barra| Seccdo Ne.Rd Récio VpizRd Réacio Voply.Rd Récio
n° (m) (KN) | Need/Nerd | (KN) | Vzed/Vpizrd | (KN) | Vyed/Vplyrd
si- |0.00]| 258.74 0.050 74.69 0.039 74.69 0.097
1617 | sm- | 0.30 | 258.74 0.050 74.69 0.039 74.69 0.097
sf- |0.60| 258.74 0.050 74.69 0.039 74.69 0.097
Flexao com Esforco Transverso
Eixo y-y Eixo z-z
Barra| Sec¢do |Vied/Vpizrd| Myvrd Récio VyedVplyrd | MzvRrd Racio
n° (m) <05 (KN.m) | Myed/My v rd <05 (KN.m) | Mzed/Mzv rd
Si- |0.00| Vegs/sign. | 4.27 0.121 Vg 8/ sign. | 4.27 0.068
1617 |sm-|0.30 | Veq s/ sign. | 4.27 0.007 VEeq S/ sign. | 4.27 0.447
sf- [0.60| Veqs/sign. | 4.27 0.199 VEeq S/ sign. | 4.27 0.957




Flexdo Composta com Esforco Transverso ~ .
- - Flex&@o Desviada
Eixo y-y Eixo z-z
Barra ~ Ned/Npird | Ned/hw.tw.fy Mn,yrd Réacio Ned/hw.tw.fy Mn zRd Récio L .
o | e | g5 <05 | ReA-Myral Nim) | Myeo/Muyma| <1 | R84 MaRd| N m) | Mpea/Mama| @ | B [RECIO
si- [0.00f 0.05 0.24 N.A. 4.27 0.121 0.24 N.A. 4.27 0.068 1.66 | 1.66 | 0.041
1617 |sm-|0.30| 0.05 0.23 N.A. 4.27 0.007 0.23 N.A. 4.27 0.447 1.66 | 1.66 | 0.262
sf-10.60| 0.05 0.23 N.A. 4.27 0.199 0.23 N.A. 4.27 0.957 1.66|1.66 | 0.999
“N.A.”- reducdo de momento fletor pelo esforco normal nédo aplicavel.
Encurvadura por Compressao (Coluna)
Eixo y- Eixo z-z .
o _y . Nb.y,Rd — No-ra | Plano de Encurvadura Ra/uo
Barra n Lcr,y (m) ;\.y ;vy Xy (kN) Lcr,z (m) )\.z )\.z XZ (kN) NC,Ed Nb,Rd
1617 0.60 33.28 0.354 0.964 249.53 0.60 33.28 | 0.354 | 0.964 | 249.53 y-ylz-z 0.052
Encurvadura por Flexdo Composta com Compressao (Coluna-Viga)
Bal’l’a no XZ Xy XLT (II\I<RNK) (I’IE/II\TY?TK]) (::/Il\i'?rk]) Cmy sz kyy kyz kzy kzz Eq661 dO EC3 ‘1'1 Eq662 dO EC3 '1'1
1617 |0.964|0.964|1.000|258.74| 4.27 4.27 |0.400|0.628|0.403|0.380|0.242|0.634 0.496 0.707
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2° Procedimento — A partir do software “Semicomp+”

Barra n® 1617 (Secgéo)

SEMICOMP Cross-Section Check

Choose method |EN 1993-1-1 (elastic Resistance)

Neg = -13.037 kN
M, eq = 0.851 kNm Vg = 2.883:kN Perform cross-section
M.eo = -4.088ikNm Vyes =i 7.2741kN checks
Reference values for classification
oty =l 49370 aywE 10000  y.mt 0778 ¢+ 1,000}
C"rtf = 4 9:_3_7_ la’ﬂange = 0.783 l)‘r/ﬂange =i - [_)_4_30_ gmou_.cn'af‘f :___N?_N_JI
Boundaries Class1 Class2 Class3
clty € clty max = 33.000; 38.000 45313
ity € oty pax = 431167 49649 79.553
Note: This tool is only applicable to Class 1
to 3. For Class 4 elastic cross-section values
Cross section class ::l are used for all calculations.

Mgz pa= 4.00:kNm Voizre= 71.82i kKN
Me)zpa= 3.08kNm Voly,ra= 71.82{ kKN
EN 1993-1-1,6.2.3/6.2.4
Tension or compression
Ussyee) ok
EN 1993-1-1, 6.2.5
Bending moment
Ustrong & = 0.213i<1,0 ok
Uieaka = 1.0231<1,0 ot ok
EN 1993-1-1, 6.2.6
Shear e
U 2 plastic= 0.040{< 1,0 ok U yplastic=| ok
U zchstc= 0.044i<10 ok U y-slastic=| ok
hfty = 5937{72s/y =|_ 60.000i ok
EN 1993-1-1, 6.2.9
Bending and axial force S ——
Ussyesa™,_ 1.415/1<10  [otok UF=|  1.067|

Comment: Shear Interaction is not considered within this
software tool. If the utilization for shear is higher that 0.5,
an additional check for shear interaction is necessary.




Barra n® 1617 (Coluna-Viga)

SEMICOMP Member Check
Choose method for Choose method for
member check cross-section resistance Perform member
design check
Method 2 (EN 1993-1-1 AnnexB) v EN 1993-1-1:2010-12 ~

Section classification for member design check (based on |. order cross-section forces)
Reference values for classification in the worst section along the member

ohty, = 4937 @ye =1 Ve =] 0778 &= 1000
chy = 4 937! & fange :* _________ 0.783} wiqange = -0.430
Boundaries Class1 Class2 Class3

CMy S Cl max = | 33.0000 38.0000 45313

Note: This tool is only applicable to Class 1

chy £ oftpmax = | 43.116 49.649 79.553 to 3. For Class 4 elastic cross-section values
are used for all calculations. The user should
wember e - [T
Member Check
Myyms=Y 3968 ki
Neg =| 248.783!kN Myzra=]  3.996{kNm Nes=1 -13.037kN
M, gg = 3.996 kNm M,y ra= 3.080ikNm M, £g max = 0.851 kNm
M;gg = 3,996 kNm Mezpa={ 3.080:kNm M £d max = 4.088;kNm
Strong ax.rsbuck!mg Weai_f_fr_g{{g_{)_z_{_(_:_{(ﬁng Lateral torsional buckling
Ley=,  0.600/m lez=}  0.600im M,, = inf_{kNm
Nery =i 1886.209 kN Ng . =i 1886.209{kN o= 0.00i[-]
ay= 0.21i[] a,= 0.21i[] A= 0.000:[-]
Ay = 0.363[-] Az= 0.363:[-] Z 1T mod = 1.000i[-]
Zy=i___ 0962/ 725 0.962][] s =|___0.000/[]

EN 1993-1-1, 6.3.3

Uniform member in bending and axial compression Global interaction factors
Kyy = 0.404
Eq. (6.61): U=i 0530i<1,0 ok Kyz = 0.380
Eq. (6.62): U={ 0.755i<1,0 ok Kz = 0.242
Kz = 0634

Cross-section check at each end of the member
Left end: U=i{ 0129i=1.0 ok UF = 0173
Right end- u=i 1115i<10 [Hotok UF = 1.067

Additional member checks
EN 1993-1-1, 6.3.1
Strong axis flexural buckling check

Eq (6_46} NEd‘;Nb.Rd = E ok
ok
EN 1993-1-1, 6.3.2
Lateral torsional buckling
Eq. (6.54): Megg/Mp ga :‘__ <10 ok
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3° Procedimento — A partir do software “SAP2000”

Barra n® 1617 (Secgéo)

STRESS CHECE FORCES & MOMENTS
Location Hed Med, vy Med, zz Ved, z Vad, ¥ d
0.600 =0.513 0.851 -4.088 -2 .888 T.274 0.0&3
P DEMAND/CAPACITY RATIO Governing Equation EC3 €.2.9.1(8))
D/C Ratio: 0.9533 = 0.1953)~1.680 + (0.957)~1.660 < 1.000 OF
= (My,Ed/Mn, y Rd)~Alpha + (Mz Ed/Mn, z Rd)“Beta EC3 6.2.9.11(¢
Comparacdo de Resultados
Estado Limit , . .
> T’Jl(t)imlc;m ¢ Folha de Calculo | **Semicomp+" | “SAP2000” | Desvio A (%)
Compressao 0.050 0.052 - 3.8%
~ y-y 0.199 0.213 - 6.6%
Fl
80 0.957 1.023 i 6.5%
Esforco |y-y 0.097 0.101 - 4.0%
Transverso | z-z 0.039 0.040 - 2.5%
Flexao Desviada 0.999 1.115 0.999 5.25%
Folha de Calculo | *Semicomp+"* | Desvio A (%)
o Ay 0.354 0.363 2.5%
2 b 0.354 0.363 2.5%
‘% Ay 0.964 0.962 0.2%
o Az 0.964 0.962 0.2%
Racio | Nced/Nbzrd 0.052 0.054 3.7%
Folha de Calculo | "*Semicomp+" | Desvio A (%)
8 o Kyy 0.403 0.404 0.2%
5,8 ke 0.380 0.380 0.0%
(&) —
g © g ky 0.242 0.242 0.0%
O 7| kx 0.640 0.634 0.9%
. . |Eq.6.61 0.496 0.529 6.7%
Racio
Eq. 6.62 0.707 0.755 6.8%

Estados Limites de Utilizacdo

Combinacéo

Barra n® ..
Condicionante

6V (cm)

Sadmissivel (Cm)

1617 0.25 0.24

ELS Wyy Wzz (T-)

Racio
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Diagonais do Painel Horizontal Inferior dos Caix0es Trelicados

1° Procedimento — A partir do “SAP2000” (barra mais solicitada)

rame : @85 X Mid: 47.865 Combo: ELU _Wyy Wzz_(T-) Design Type: Brace
Lan T 2.144 ¥ Mid: 0.000 Shape: LE0XE Frame Type: DCL-MRF
Loc : 0.000 Z Mid: 11.218 Class: Class 3 Rolled : Yes
STRESS CHECE FORCES & MOM -1
Location Med, vy Med,zz Ved, z Ved, y
0.000 0.000 0.000 -0.075 0.000
Curve Alpha Ner LambdaBar Phi Chi
Major (y-y) b 0.340 165.102 0.9%2 1.126 0.6802
MajorBiy-¥y) b 0.340 165.102 0.952 l.126 0.602
Minor (z-z2) b 0.340 40.505 2.002 2.811 0.20%
MinorB(z-z) b 0.340 40.505 Z.002 Z.811 0.20%9
Torsional TF b 0.340 148.057 1.047 1.182 0.5867
PMM DEMAND/CAPARCITY RATIO (Governing Equation EC3 €.3.3(4)-6.62)
D/C Ratio: 0.940 = 0.905 + 0.035 + 0.000 < 1.000 OK

= NEd/(Chi_ =z NRk/GammaMl) + kzy (My, Ed+NEd eNy)/(Chi_ LT My, Rk/GCammaMl)
+ kzz (Mz, Ed+NEd eNz)/(Mz, Bk/GammaMl)

(EC3 €.3.3(4)-6.62)

2° Procedimento — A partir da Folha de Calculo em “Excel” (barras mais solicitadas)

Resisténcia a Encurvadura
Barra Combinacao N Ed . Lery Nb,Rd,v 4
o Condicionante &Ny | PRy | M| | gy | RGO
39 ELU_S1Y 13.02 | L50x5 1.62 167 | 0.31 | 34.91 | 0.37
229 ELU_S1Y 24,42 | L60x6 | 2.237 191 | 0.26 | 41.91 | 0.58
685 | ELU Wyy Wzz (T-) | 30.72 | L60x6 | 2.144 | 183 | 0.27 | 44.45 | 0.69
1096 | ELU Wyy Wzz (T+) | 19.89 | L60x6 | 1.966 | 168 | 0.31 | 49.85 | 0.40
Restantes Barras
L70x7 N 200
L60x6 N \ 150
L50x5N 100 é’
L40x5 \\\\ z
> \0\‘\ 50
® —
‘ — 0
0 1 4 5
LCI‘,V (m)

14

4)=180 OTramo 1l @ Restantes Tramos




Diagonais dos Painéis Verticais dos Caixdes Trelicados

Diagonais mais solicitadas do Tramo 1
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Diagonais mais solicitadas do Tramo 4

Nl/ Ig

~—-Iﬂl’7!=‘-.

TN

1247

1° Procedimento — A partir do “SAP2000” (Diagonal Comprimida mais solicitada)

(Frame : ZE X Mid: 16.703 Combo: ELU_S1X Design Type: Brace
Le —I-"E82 ¥ Mid: -0.550 Shape: LE0XE Frame Type: DCL-MRF
Loc = 0.000 Z Mid: 3.958 Class: Class 3 Rolled : Yes
STRESS CHECK FORCES & MOMENTS
Location Ned Med, vy Med, z=z Ved, =z Ved, ¥y
0.000 0.000 0.000 -0.028 0.000
Curve Alpha Nerx LambdaBar Phi Chi
Major (y-y) b 0.340 268.104 0.778 0.%01 0.738
MajorB(y-y) b 0.340 268.104 0.778 0.501 0.738
Minor (=z-z) b 0.340 65.775 1.571 1.567 0.317
MinozB(z-z) b 0.340 65.775 1.571 1.967 0.317
Torsional TF b 0.340 22Z2.540 0.854 0.976 0.691
PMM DEMAND/CAPACITY RATIO (Governing Equation EC3 6.3.3(4)-6.62)
D/C Ratio: 0.848 = 0.838 + 0.010 + 0.000 < 1.000 OK
= NEd/(Chi_z NRk/GammaMl) + kzy (My,Ed+NEd eNy)/(Chi_LT My, Rk/GammaM1)
+ kzz (Mz,Ed+NEd eNz)/ (Mz, Rk/GammaM1) (EC3 6.3.3(4)-6.62)
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2° Procedimento — A partir da Folha de Calculo em “Excel” (Diagonais

Comprimidas mais solicitadas)

Resisténcia a Encurvadura
Barra Combinacao NcEd | Lery NbRdv | 4~
Tramo | Zona o Condicionante (kN) Perfil (m) Wo| o (kN) Récio
. | Zu [ 130 [ ELU_PASS (Wy Wzz T+) | 30.9 |L50x5] 156 161]032| 36.5 | 0.85
Zi, | 268 ELU_S1X 43.1 |L60x6| 1.68 | 143|0.37| 60.5 | 0.71
2 Zyn | 479 ELU_S1Y 9.8 |L60x6|2.12|181(0.28| 45.0 | 0.22
3 Z3 | 904 | ELU_PASS (Wyy Wzz_T-) | 34.7 |L60x6|2.12|181(0.28| 45.1 | 0.76
4 Zyp | 1197 ELU_S1X 20.4 | L60x6|2.12 1181 |0.28| 45.1 | 0.45
5 Zs; | 1223 ELU_S1Y 8.13 | L60x6|2.12 |181|0.28| 45.1 | 0.18
6 Zsy | 1247 ELU_S1Y 18.4 |L60x6|2.12|181]0.28| 45.1 | 041
1° Procedimento — A partir do “SAP2000” (Diagonal Tracionada mais solicitada)
< rame : 702 X Mid: 45.39B3 Combo: ELU_PASS_(Wyy WzzDesign Type: Brace
Length: 2.537 ¥ Mid: -0.550 Shape: LB0OXS2 Frame Type: DCL-MREF]
Loc : 1.268 Z Mid: 11.545 Class: Class 3 Rolled : Yes
STRESS CHECE FORCES & MOM -1
Location Ned Med, vy Med, zz Ved, z Ved, ¥ Ted
1.268 230.990 0.064 0.000 0.000 0.000 -6.700E-04
AXIAL FORCE DESIGH
Ned Ne,Rd Nt,Rd
Force Capacity Capacity
Axial 230.950 2BB.345 2B8B8.345

EMM DEMAND/CAPACITY RATIO (Governing Equation EC3 6.2.1(7))
D/C Ratio: 0.823 = 0.801 + 0.022 + 0.000 < 1.000
= (NEd/NRd) + (My,Ed/My,Rd) + (Mz,K Ed/Mz, Rd)

CK
(EC3 6.2.1(7))

2° Procedimento — A partir da folha de calculo em “Excel” — Diagonais Tracionadas

mais solicitadas

Resisténcia da secc¢éo

Tramo | Zona B?’:;ra C%?wrgj]it()::gigi(ze E\Iktl\EI; Perfil | Nira(KN) | Récio
) Zn | 274 | ELU_PASS (Wy Wzz T+) | 181.7 | L70x7 220.9 0.82
Zx | 702 | ELU_PASS (Wyy Wzz T-) | 230.9 | L80x8 289.1 0.80

3 Z3 | 729 | ELU PASS (Wy Wzz T-) | 190.2 | L70x7 220.9 0.86
Zs3 | 1175 |ELU_PASS (Wyy Wzz T+)| 96.3 |L50x5 112.8 0.85

4 Zy | 1187 | ELU_PASS (Wy Wzz T-) | 70.3 |L50x5 112.8 0.62
Zss | 1282 | ELU_PASS (Wy Wzz T+) | 127.9 | L60x6 162.4 0.79

5 Zs1 | 1211 | ELU_PASS (Wyy Wzz T-) | 114.3 | L60x6 162.4 0.70
Zss | 1233 |ELU_PASS (Wyy Wzz T+)| 114.9 | L60x6 162.4 0.71

6 Zs1 | 1235 | ELU _PASS (Wyy Wzz T-) | 126.9 | L60x6 162.4 0.78
Zss | 1255 |ELU_PASS (Wyy Wzz T+)| 71.2 |L50x5 112.8 0.63
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Quadros Rigidos

VerificacOes

Estados Limites Ultimos

Barras mais solicitadas

QR2
Barra n°258 OR3
Racio 0.688 _ Barra n°48
Bargz\;%ﬂo (SAP2000) | Récio 0.690
Récio 0.531 —~— (SAP2000)
(SAP2000) /
¥
QR5 QR6 QR7
QR4 Barra n°1283 Barra n°1307 Barra n°1258
Barra n°1043 Récio 0.559 Récio 0.452 Racio 0.307
Réci0 0.787 (SAP2000) (SAP2000) (SAR2000)
(SAP2000) / \
Perfll I y Welyy Wpl,y iy Avy I z Wel,z Wpl,z iZ AVZ It IW
(cm?) | (cm?* | (cm®) | (cm®) | (cm?)|(cm?)| (cm*) | (cm®) | (cm?) |(cm)|(cm?) |(cm*) | (cm®)
ngoB 5425|2492 |311.5|353.97| 6.78 | 41.6 {889.24|111.15|169.96| 4.05 |17.59 | 31.37 | 47943.19
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Combinacao Seccao Ne.Ed Vy Ed V2Ed Myed | Mzed
Quadro| Barrane | it (rr?) kN) | (kN) | (kN) | (KNm) | (kN.m)
si- | 0.00 | 30.89 | 11.58 | 46.07 | -25.87 | 9.02
QR1 310 ELU_S1Y sm-|055| 30.89 | 11.64 | 46.29 | -0.35 | 2.90
sf- | 1.10 | 30.89 | 11.69 | 46.51 | 25.66 | 9.02
si- | 0.00 | 230.86 | 0.59 | 48.70 | -33.69 | 0.11
QR2 258 ELU_S1Y sm- | 0.78 | 231.19 | 059 | 48.70 | -0.64 | 0.47
sf- | 1.55 | 23151 | 059 | 48.70 | -38.29 | 0.91
si- | 0.00| 91.19 | 7.89 | 149.91 | -57.39 | -2.11
QR3 48 ELU_S1X sm-|020| 9112 | 7.89 | 149.91 | -28.72 | -0.73
sf- 1039 | 91.03 | 7.89 | 149.91 | -14.46 | -1.55
si- | 0.00 | 6459 | 7.35 | 147.27 | 65.49 | -2.58
QR4 1043 ELU_S1X sm-| 024 | 6449 | 7.35 | 147.27 | 29.95 | -0.69
sf- |1 049 | 6439 | 7.35 | 147.27 | 17.08 | -1.22
si- | 0.00 | 164.63 | 0.36 | 40.52 | -33.05 | 0.06
QR5 1283 ELU_S1Y sm-|0.75| 16494 | 0.36 | 40.52 | -0.78 | 0.27
sf- | 1.50 | 165.26 | 0.36 | 40.52 | -30.89 | 0.54
si- | 0.00 | 148.38 | 0.28 | 30.81 | -25.70 | 0.07
QR6 1307 ELU_S1Y sm-|0.75| 148.69 | 0.28 | 30.81 | -0.78 | 0.20
sf- | 1.50 | 149.00 | 0.28 | 30.81 | -23.67 | 0.41
si- | 0.00 | 56.68 | 8.31 1.08 0.37 | 12.25
QR7 1258 ELU Wxx_(T+)| sm- | 0.75 | 56.25 | 8.31 1.08 -0.45 | 6.02
sf- | 1.50 | 55.83 | 8.31 1.08 -1.26 | -0.21
1° Procedimento — A partir da Folha de Calculo em “Excel”
~ Esforco Transverso
Compressao - -
Eixo z-z Eixo y-y
Barra| Ncrd Racio Vpl.zRd Racio Voply,Rd Racio
n° (kN) Nced/Nerd (kN) Vz,Ed/VpI,z,Rd (kN) Vy,Ed/VpI,y,Rd
QR1 | 310 | 1274.88 0.024 238.66 0.195 564.42 0.021
QR2 | 258 | 1274.88 0.182 238.66 0.204 564.42 0.001
QR3 | 48 | 1274.88 0.072 238.66 0.628 564.42 0.014
QR4 | 1043 | 1274.88 0.051 238.66 0.617 564.42 0.013
QR5 | 1283 | 1274.88 0.130 238.66 0.170 564.42 0.001
QR6 | 1307 | 1274.88 0.117 238.66 0.129 564.42 0.000
QR7 | 1258 | 1274.88 0.044 238.66 0.005 564.42 0.015
Flexao com Esforco Transverso
Eixo y-y Eixo z-z
Barra Vz,Ed/VpI,z,Rd My,V,Rd Racio Vy,Ed/VpI,y,Rd Mzv rd Réacio
n° <05 Pl (KN.m) |Myea/Myvra| <05 | (KN.m) | Myea/M;y
QR1| 310 | Vegs/sign.| - | 83.19 0.311 Veq 8/ sign. | 39.95 0.226
QR2| 258 | Vegs/sign. | - | 83.19 0.460 VEq S/ sign. | 39.95 0.023
QR3| 48 | Vgqc/sign. |0.07| 77.73 0.738 VEeq S/ sign. | 39.95 0.053
QR4 1043 | Vgqc/ sign. | 0.05| 78.63 0.833 VEeq S/ sign. | 39.95 0.065
QR5| 1283 | Vegs/sign. | - 83.19 0.397 VEeq S/ sign. | 39.95 0.013
QR6 | 1307 | Vegs/sign. | - 83.19 0.309 VEeq S/ sign. | 39.95 0.010
QR7]| 1258 | Veq s/ sign. | - 83.19 0.015 Veq 8/ sign. | 39.95 0.307

19




20

Flexdo Composta com Esforco Transverso x .
Eixo y- Eix0 7.2 Flex&o Desviada
Barra n Red. de | Mnyrd Racio Red. de | Mnzrd Racio " B Racio
n° My,Rd (kN.m) My,Ed/MN,y,Rd M rd (kN.m) Mz,Ed/MN,z,Rd
QR1 | 310 - N.A. 83.19 0.311 N.A. 39.95 0.226 2 1 0.322
QR2 | 258 |0.1816| 0.233 | Aplicavel | 77.07 0.497 N.A. 39.95 0.023 2 1 0.270
QR3 | 48 - N.A. 77.73 0.738 N.A. 39.95 0.053 2 1 0.598
QR4 | 1043 - N.A. 78.63 0.833 N.A. 39.95 0.065 2 1 0.758
QRS | 1283 |0.1291| 0.233 | Aplicavel | 82.01 0.403 N.A. 39.95 0.013 2 1 0.164
QR6 | 1307 |0.1164| 0.233 | Aplicavel | 83.21 0.309 N.A. 39.95 0.010 2 1 0.097
QR7 | 1258 - N.A. 83.19 0.015 N.A. 39.95 0.307 2 1 0.307
Encurvadura por Compressao (Colunas)
Eixo y-y Eixo z-z
Barra n° I(‘rcr:)y Ay &y <02 I(‘r;:)z e ~ 22<0,2
QR1 310 1.10 16 0.173 | Ignorar encurvadura | 1.10 27 0.289 | Verificar encurvadura
QR3 48 0.39 6 0.062 | Ignorar encurvadura | 0.39 10 0.104 Ignorar encurvadura
QR4 1043 0.49 7 0.077 | Ignorar encurvadura | 0.49 12 0.129 Ignorar encurvadura
Encurvadura por Compresséo (Colunas)
Eixo y- Eixo z-z , .
B o | Ley |y N T Noyea | Lerz |y ~ Nbzra | ol ge N Ra/cllelo
arran (m) y v Ay (kN) (m) 2 2 Az (kN) ncurvadura | Nced/Nbrd
QR1 310 1.10 16 0.173 1.000 | 1274.88 | 1.10 27 10.289| 0.955 | 1217.03 z-2 0.030
QR2 258 1.55 23 0.244 0.984 | 1254.97 | 155 38 |0.408| 0.893 | 1138.33 z-2 0.204
QR5 1283 1.50 22 0.236 0.987 | 1258.75 | 1.50 37 10394 | 0.900 | 1147.72 Z-2 0.140
QR6 1307 1.50 22 0.236 0.987 | 1258.75 | 1.50 37 10394 | 0.900 | 1147.72 Z-2 0.130
QR7 1258 1.50 22 0.236 0.987 | 1258.75 | 1.50 37 10394 | 0.900 | 1147.72 Z-17 0.050




-33.05 -25.7 1.26
Myca-ELU_SLY Mya- Myeo-ELU_SIX | Myeq-ELU_SIX | Myea-ELUSTY | e o
y.Ed _ ELU_S1Y y,Ed _ y,Ed _ ELU_S].Y ELU_WXX_(T+)
Encurvadura Lateral (Bambeamento)
Rotacéo
Barrano| torz segages Empenamento |, | | C Mer n wr<0,2 Moyra | Racio
(m) em‘?z_z das secces (Kw) | 5| ~* | Y2 | (kN.m) | M7 LT =0 T (KN.m) | Med/Mbra
(Kv)
QR1 310 |[1.10 Livre Livre 1.0/1.0]2.758|0.000| 3526.05 |0.154 | Ign. enc. lateral - - -
QR2 258 |1.55| Livre Livre 1.0/1.0|1.068|0.000| 760.79 |0.331| Verif. enc. lateral | 0.970 | 80.71 0.474
QR3 48 0.39 Livre Livre 1.0/1.0|1.561|0.000|13888.01|0.077| Ign. enc. lateral - - -
QR4 1043 ]0.49 Livre Livre 1.0/1.0]1.553|0.000| 9042.99 |0.096| Ign. enc. lateral - - -
QR5 1283 |1.50| Livre Livre 1.0/1.0/1.037|0.000| 781.71 |0.326 | Verif. enc. lateral | 0.971 | 80.80 0.409
QR6 1307 |1.50| Livre Livre 1.0/1.0/1.044]0.000| 787.46 |0.325| Verif. enc. lateral | 0.972 | 80.83 0.318
QR7 1258 |1.50| Livre Livre 1.0/1.0/2.351]0.000| 1772.68 |0.217 | Verif. enc. lateral | 0.996 | 82.89 0.015




“LTBeamN”

Mode per Mmax,cr [kN.m] % (Mmax) fm) Mode pcr Mmax.cr lkN.m] - x (Mmax) [m] Mode pcr Mmax cr lkN.m] X (Mmax) [m]
1 136.01 35187 11 | |
Mcr — Barra n°310 M. — Barra n°258 Mcr — Barra n°1283
Mode pcr Mmaxc.cr lkN.m] X (Mmix) fm] Mode pcr Mmax cr lkN.m] x (Mmax) m]

1366

-1719.7

15

M¢r —Barra n°1307

Mcr — Barra n°1258

B.L'E-

310

9.02

258

0.91

1283

0.54

.

1307

| 0.4

(=]
%]
iy

1258

12.25

M,eq-ELU_S1Y

M,eq-ELU_S1Y

M_eq-ELU_S1Y

M_eq-ELU_S1Y

M_zed-ELU_Wxx_(T+)

Encurvadura por Flexdo Composta com Compresséo (Colunas-Viga)

Barran®| x| x| wr (IEKIK) (::AI\T:?;) (Qﬂf‘.?ﬁ) Coy | Cour | G | oy | ke | by |k | TE0 90 | OO EP
QR | 310 |0.955| 1.000 | 1.000 | 1274.88 | 83.18 | 39.95 |0.400]0.400|1.000 | 0.400|0.599|0.889|0.999| 0284 0.528
QR2 | 258 | 0.893 | 0.084 | 0.970 | 1274.88 | 83.18 | 39.95 | 0.952|0.952 | 0.648 | 0.960 |0.406 | 0.988|0.677|  0.648 0.687
QR5 | 1283 | 0.900 | 0.987 | 0.971 | 1274.88 | 83.18 | 39.95 | 0.974|0.974|0.646|0.978 | 0.398 |0.704 |0.664| 0536 0.558
QR6 | 1307 | 0.900 | 0.987 | 0.972 | 1274.88 | 83.18 | 39.95 | 0.968|0.968 | 0.665|0.973|0.409|0.729|0.681|  0.431 0.452
QR7 | 1258 | 0.900 | 0.987 | 0.996 | 1274.88 | 83.18 | 39.95 | 0.483|0.483 | 0.593 | 0.484|0.359|0.9920.599 |  0.162 0.247
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2° Procedimento — A partir do software “Semicomp+”

Barra n°1043 (Sec¢éo)

SEMICOMP Cross-Section Check

Choose method EN 1933-1-1 (elastic Resistance)

Neg = -64 593 kN
My eq = 65.489:kNm Viga = 147 273 kN Perform cross-section
Mg = -2.5841kNm Vyes =L 7.350{kN checks
Reference values for classification
city =1 13.000] a@uew: 0591 Vwew £ -0.840] £+  1.000
c/ti= 4.692 X flange — 1.000 Yeange ={ !}_9_2?_ & mod.cl3rd T NaN.
Boundaries Class1 Class2 Class3
ey < My max= | 59.215] 68187 106.899
ety € Oty pax = 9.000! 10.000{ 13.857

Note: This tool is only applicable to Class 1
to 3. For Class 4 elastic cross-section values

Cross section class = are used for all calculations.

Mul.y.RcI: 83.18:kNm Mpl.z.RcI: 3994 kNm Vgl.z.RcI: 238.68:kN
Mal.y.RcI: 73.20ikNm Mal.z.RcI: 26.12 kNm Vgl.y.RcI: 564.42 KN

EN 1993-1-1,6.2.3/6.24
Tension or compression

Us.sye9) : 0.051;5 1.0 ok

EN 1993-1-1,6.2.5
Bending moment

Ustrong & = 0.787:=1,0 ok
Upeaka. = 0.065i<1,0 ok
EN 1993-1-1, 6.2.6
Shear e
Uz piastic= 0617i<10 ok Uypestc=i  0.013{<1,0 ok
U 3 etastic= 0964i<10 ok Uyenstc=. _ 0.019{<1,0 ok
hy/ty = 18.000; < 72&/n = 60.000jok
EN 1993-1-1, 6.2.9
Bending and axial force e .

Ussves™ __ 0.685/<1,0 ok UF={ __ 0.820]
Comment. Shear Interaction is not considered within this
software tool. If the utilization for shear i1s higher that 0.5,
an additional check for shear interaction is necessary.




Barra n°258 (Coluna-Viga)

SEMICOMP Member Check
Choose method for Choose method for
member check cross-section resistance Perform member
design check
Method 2 (EN 1993-1-1 AnnexB)  ~ EN 1993-1-1:2010-12 v

Section classification for member design check
Reference values for classification in the worst section along the member

(based on I. order cross-section forces)

chy=| 130000 @uF 0009  y..F -3.314
city = 4692 c fange :‘11000 ¥ flange = 0.991
Boundaries Class1 Class2 Class3
clty, S Clty, ma = | FEEEERE L 4573777 486.940
Note: This tool is only applicable to Class 1
ety = oty max = 9.000 10.000 13.781 to 3. For Class 4 elastic cross-section values
are used for all calculations. The user should
check if parts of member are Class 4 in the
Member class = I:l “Additional info"-sheet.
Member Check
S—
— Mgiy.ra = 83.182  kKNm
Ngg =i 1274 908{kN M)z pa= 39941 kNm Neg = 232 514 kN
Myro =i  83.182{kNm Meyra=! 73.203(kNm Mygamex =|  38.290{kNm
M.ps =1 39.941 kNm Mezpa=]  26.121{kNm M gomex =, 0.912{kNm
Strong ax.-sbuck!mg Weaif_ E)_{fg_{)_gg_{fﬁng Lateral torsional buckling
Lery - 1.550im Leez = 1.550im M, = 760.79:KNm
Nery =1 21498.287 kN Nerz =i 7671.355 kN &\ TF 0.34:[-]
ayF 0.34:[-] a,E 0.49:[-] AT F 0.331i[-]
Ay ¥ 0.244[-] Az E 0.408:[-] Fitmod F 1.000:[-]
2yE___ 09851 ze%___0893|[ froa =1 ____0.989|[-

EN 1993-1-1, 6.3.3

Uniform member in bending and axial compression

Global interaction factors

Ky = 0.960
Eqg. (6.61): U={ 0636i<1,0 ok Kyz = 0.406
Eq. (6.62): U= 0674i<10 ok Koy = 0.988
Koz = 0.676
Cross-section check at each end of the member
Left end: U={ 0460i<1,0 ok UF 0.589
Right end: U= 040510 ok UF = 0.541
Additional member checks
EN 1993-1-1, 6.3.1
Strong axis flexural buckling check
Eq. (6.46): Ngg/Nppg = 0.185}5 1,0 ok
Weak axis flexural buck!.rngcheck
Eq. (6.46): Ngg/Nppg = 0_20455 1,0 ok
EN 1993-1-1,6.32
Lateral torsional buckling
Eq. (6.54) Mgy/M; ra : 0_46055 1,0 ok
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3° Procedimento — A partir do software “SAP2000”

Barra n°1043 (Sec¢éo)

STHRESS CHECE FORCES & MOMENTS
Location Ned Med, yy Med, zz Ved, z Ved, y Ted
0.0o0 -64.5693 65.489 —-2.684 -147.273 7.350 —0.028

PMM DEMAND/CAPACITY RATIO (Coverning Equation EC3 &.2.5.1(6y))
D/C Ratio: 0.787 = 0.787 < 1.000 OK
= (My,Ed/Mn,y, Rd) (EC2 6.2.9.1i(6W))

Barra n°258 (Coluna-Viga)

STRESS CHECE FORCES & MOMENTS

Location Hed Med, yy Med, zz Ved, =z
1.653 -231.514 -3B8.290 0.912 48.700 -0.589 -0.013
MM DEMAND/CAPACITY RATIO (Coverning Equation EC3 6.3.3(4)-6.62)
D/C Ratio: 0.688 = 0.203 + 0.465% + 0.015 < 1.000 OK
= NEd/ (Chi_z NRk/GammaMl) + kzy (My, Ed+NEd eNy)/(Chi_LT My, Rk/GammaMl)
+ kzz (Mz, EJ+NEd eNz)/(Mz, Rk/GammaMl) (EC3 6.3.3(4)-6.62)
AXIAL FORCE DESIGHN
Ned Ne,Rd Nt,Rd
Force Capacity Capacity
Axial -231.514 1276.060 1276.060
Npl,Rd Hu,Rd Hex, T Nex, TF An/Rg
1276.050 1407.456 10683.286 10683.286 1.000
Curve  Alpha Ncr  LambdaBar Phi Chi Nb, Rd
Major (y-¥) b 0.340 21417.665 0.244 0.537 0.584 1266.049
MajorBly-y) b 0.340 21417.665 0.244 0.537 0.584 1256.049
Minor (z-z) e 0.490 7640.571 0.409 0.635 0.B93 1139.165
MinorB(z-z) c 0.430 T640.571 0.403 0.635 0.833 1135.165
Torsional TF ¢ 0.490 10689.286 0.346 0.595 0.926 11B1.365
MOMENT DESIGN
Med Med, span Mc,Rd Mw,Rd Mn,Rd Mb,Rd
Moment Moment Capacity Capacity Capacity Capacity
Major (y-¥) -38.290 -38.290 B3.150 B3.150 77.115 BO.&61
Minor (z-z) 2.512 0.912 89.950 39.950 89.960
Curve AlphalT LambdaBarLT PhilT ChilT C1 Mer
LTB a 0.210 0.333 0.563 a.570 1.051 745.288
kyy kyz kzy kzz
Factors 0.960 0.406 0.988 o.677
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Comparacao de Resultados

Barra n°1043 (Sec¢éo)

Estado Limite Ultimo Folha de Calculo | ""Semicomp+" | “SAP2000” | Desvio A (%)
Compressao 0.051 0.051 - 0.0%
Flexdo y-y 0.833 0.787 0.787 5.52%
z-z 0.065 0.065 - 0.0%
y-y 0.013 0.013 - 0.0%
Esforco Transverso g 0617 0617 - 0.0%
Flexdo Composta Desviada 0.758 0.685 - 9.63%
Barra n°258 (Coluna-Viga)
Folha de Calculo | "*Semicomp+" | “SAP2000” | Desvio A (%)
o by 0.244 0.244 0.244 0.00%
2 i 0.408 0.408 0.409 0.12%
g Ay 0.984 0.985 0.984 0.05%
o Xz 0.893 0.893 0.893 0.00%
Racio | N¢ed/Np zrd 0.204 0.204 0.203 0.25%
Folha de Célculo | “Semicomp+” | “SAP2000” | “LTBeamN” | Desvio A (%)
g Mer 760.79 - 749.29 761.44 0.8%
(3]
(g AT 0.331 0.331 0.333 - 0.30%
S
£ AT 0.970 1.000 0.970 - 3.00%
Ré&cio | Med/Mp rd 0.474 0.460 0.475 - 2.84%
Folha de Célculo | “Semicomp+” | "SAP2000" | Desvio A (%)
@ Kyy 0.960 0.960 0.950 0.5%
2 Q
& ° '§~ kyz 0.406 0.406 0.406 0.0%
% Cg Kzy 0.988 0.988 0.988 1.2%
Q £
©) Kz 0.677 0.676 0.677 0.1%
RACiO Eq. 6.61 0.648 0.636 - 1.9%
Eq. 6.62 0.687 0.674 0.688 0.9%
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Estados Limites de Utilizacdo - Flechas

8H,total
+—>
A A
H>
Htotal
6H,intermédio
v <+—
A
H;
v v OH,pilar
H otal
8H,quadro = 8H,’(o’[al _SH,piIar < 3(38
H
6H,l = 6H,intermédi0 _6H,pilar = 3#'](.)
H
6H,2 = 6H,total - 6H,intermédio < ﬁ
Quadros | Hi (m) Combinagao dni(cm) | & issivel (CM) | Racio
1 CondiCionante H,1 H,admissivel
QR1 0.35 ELS Wy Wzz (T-) 0.04 0.12 0.33
QR2 0.35 ELS Wy Wzz (T-) 0.09 0.12 0.75
QR3 0.39 ELS Wy Wzz (T-) 0.10 0.13 0.77
QR4 0.49 ELS Wy Wzz (T-) 0.12 0.16 0.75
QR5 050 | ELS Wyy Wz (T+) 0.15 0.17 0.88
QR6 050 | ELS Wyy Wz (T+) 0.14 0.17 0.82
QR7 0.50 ELS Wy Wzz (T-) 0.09 0.17 0.53
Quadros | Hz(m) Combinagao SH2(CM) | SH,admissivel (CM) | R&ciO
Condicionante ' AAmIsSIve
QRL | 155 | ELS Wy Wzz (T) | 0.22 0.52 0.42
QR2 1.55 ELS Wy Wzz (T-) 0.48 0.52 0.92
QR3 155 | ELS Wy Wzz (T-) 0.49 0.52 0.94
QR4 | 150 | ELS Wy Wzz (T-) | 0.45 0.50 0.90
QR5 150 | ELS Wyy Wz (T+) | 0.50 0.50 | 1.00 |
QR6 | 150 | ELS Wyy Wz (T+) | 0.46 0.50 0.92
QR7 150 | ELS Wy Wzz (T-) 0.33 0.50 0.66
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Combinagéo

Quadros | Hiotal (m) Condicionante OH,quadro (Cm) OH admissivel (Cm) Récio
QR1 1.90 ELS Wy Wzz_(T-) 0.26 0.63 0.41
QR2 1.90 ELS Wy Wzz_(T-) 0.57 0.63 0.90
QR3 194 | ELS Wy Wz (T-) 0.59 0.65 0.91
QR4 1.99 ELS Wy Wzz_(T-) 0.57 0.66 0.86
QR5 200 | ELS Wyy Wz (T+4) 0.64 0.67 0.96
QR6 2.00 ELS Wyy Wz (T+) 0.60 0.67 0.90
QR7 2.00 ELS Wy Wzz (T-) 0.42 0.67 0.63
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Pilar Composto

Perfil A |y We|,y Wpl,y iy Avy |z Wel,z Wpl,z iz sz lt IW
(cm?) | (cm?*) | (cm®) | (cm3) | (cm?)|(cm?)| (cm*) | (cm3) | (cm?3) |(cm)|(cm?) | (cm*) | (cm®)
ngg 54.25| 2492 | 311.5|353.97| 6.78 | 41.6 [889.24|111.15|169.96| 4.05 | 17.59 | 31.37 | 47943.19
Barra Combinacao Seccédo Ne¢.Ed Vyed | Vzed Myed | Mzed
n° Condicionante (m) (kN) (kN) | (kKN) [ (kN.m) |(kN.m)
si- | 0.00 | 257.65 | 4.64 | 27.09 | -10.06 | -2.28
1900 ELU_S1X sm- | 0.30 | 257.74 | 464 | 26.99 | -2.09 | -1.05
sf- | 0.59 | 257.82 | 464 | 2691 | -6.95 | -1.02
si- | 0.00 | 135.61 | 9.81 | 51.17 | -13.63 | -2.35
29 ELU_S1X sm- | 0.21 | 13569 | 9.81 | 51.17 | -2.97 | -1.24
sf- | 0.42 | 13578 | 9.81 | 51.17 | -10.15 | -1.95
si- | 0.00 | 262.83 | 7.01 | 23.05 | -10.17 | 3.11
1901 ELU_S1X sm- | 0.30 | 26292 | 7.01 | 23.14 | -2.09 1.32
sf- | 059 | 263.01 | 7.01 | 23.23 | -7.03 1.31
si- | 0.00 | 137.13 | 7.79 | 47.80 | -13.79 | 3.09
30 ELU S1X sm- | 021 | 137.22 | 7.79 | 47.80 | -2.96 1.38
sf- | 0.42 | 137.30 | 7.79 | 47.80 | -10.26 | 2.35
1° Procedimento — A partir da Folha de Calculo em “Excel”
Esforgo Transverso
Compressao
Eixo z-z Eixo y-y
Barra| Ncrd Récio VpizRd Récio Voply.rd Récio
n° (KN) | Nced/Nerd | (KN) | Voed/Vpizra | (KN) | Vyed/Vplyrd
1900 | 1274.88 0.202 238.66 0.113 564.42 0.008
29 | 1274.88 0.107 238.66 0.214 564.42 0.017
1901 | 1274.88 0.206 238.66 0.097 564.42 0.012
30 | 1274.88 0.108 238.66 0.200 564.42 0.014
Flexdo com Esforco Transverso
Eixo y-y Eixo z-z
Barra Vz,Ed/VpI,z,Rd My,v,Rd Racio Vy,Ed/Vpl,y,Rd Mz,v,Rd Récio
ne <0,5 (kN.m) MyEd/My,V,Rd <05 (kN.m) Mzed/Mz v Rd
1900 | Veq S/sign. | 83.19 0.121 Veq S/ Sign. 39.95 0.057
29 | Veas/sign. | 83.19 0.164 Ve S/ sign. 39.95 0.059
1901 | Veq S/ sign. | 83.19 0.122 Ve S/ sign. 39.95 0.078
30 | VesS/sign. | 83.19 0.166 Veq S/ sign. 39.95 0.077
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Flexdo Composta com Esfor¢o Transverso ~ .
. - Flexao Desviada
Eixo y-y Eixo z-z
Barra| n a Red. de | MnyRrd Racio Red. de | Mnzrd Racio a B Racio
n° My rd (KN.m) | Myed/Mnyrd| Mzrd | (KN.m) | Mzed/MnzRd
1900 | 0.20 | 0.23 |Aplicavel.| 75.14 0.134 Aplicavel.| 39.95 0.057 2 1.01 0.073
29 0.11 | 0.23 |Aplicavel.| 84.15 0.162 N.A. 39.95 0.059 2 1.00 0.085
1901 | 0.21 | 0.23 |Aplicavel.| 74.75 0.136 Aplicavel.| 39.95 0.078 2 |1.03 0.090
30 0.11 | 0.23 |Aplicavel.| 84.04 0.164 N.A. 39.95 0.077 2 1.00 0.104
Encurvadura por Compressao (Colunas)
Eixo y-y Eixo z-z
Barra n° Lery(m) Ay Ay 3y<0,2 Lerz (M) A A .<0,2
1900 0.59 9 | 0.093 | Ignorar encurvadura 0.59 15 0.155 | Ignorar encurvadura
29 0.42 6 | 0.066 | Ignorar encurvadura 0.42 10 0.110 | Ignorar encurvadura
1901 0.59 9 |0.093 | Ignorar encurvadura 0.59 15 0.155 | Ignorar encurvadura
30 0.42 6 | 0.066 | Ignorar encurvadura 0.42 10 0.110 | Ignorar encurvadura
Encurvadura Lateral (Bambeamento)
Lcr, | Rotacdo em z-z Restricao Mer - -
N° (m) Q(KL) ao Empenamgento (Kw) KilKul G| G (kN.m) M hr<0,2
1900 0.59 Sim Né&o 1.0/1.0]/1.184|0.000| 4785.11 |0.132 | Ignorar encurvadura lateral
29 0.42 Sim Nao 1.0/1.0|1.145|0.000| 9061.70 |0.096 | Ignorar encurvadura lateral
1901 0.59 Sim Néo 1.0/1.0|1.184|0.000| 4783.11 |0.132 | Ignorar encurvadura lateral
30 0.42 Sim Néo 1.0/1.0|1.145|0.000| 9067.99 |0.096 | Ignorar encurvadura lateral




2° Procedimento — A partir do software “Semicomp+”

Barra n® 1901 (Seccéo)

SEMICOMP Cross-Section Check

Choose method EN 1993-1-1 (elastic Resistance) -

Neg =i -263.008:kN
Myeq = -10.174 {kNm Vzeg = 23.228{kN Perform cross-section
Mzeg ={  3.105;kNm Vyga = 7.005ikN checks

My =l 13000]  aum: 10000  wuewtr 0391 s£  1.000]
clty={ 4 (_39?_ & flange = 1.000 Viange ={ pB_QS_ € mod i34 :___N_a_N_J:
Boundaries Class1 Class2 Class3
cly = Clty max = 33.000; 38.000 52 566
city € oty pax = 9.000; 10.000 14.030
MNote: This tool is only applicable to Class 1
to 3. For Class 4 elastic cross-section values
Cross section class =|:I are used for all calculations.
Mgy ra= 83.18:kNm Mgz ra= 39.94: kNm Vi zrd= 238.68: kN
Mel.y.Rd: 73 20{kNm Meyz pa= 26_12{kNm Vpl,y,Rd: 564.42 kN

Nre=| 127491 kN

EN 1993-1-1,6.2.3/6.2.4
Tension or compression

Ugsieo : ____________ 0 QDGJE 1,0 ok

EN 1993-1-1, 6.2.5
Bending moment

Ustrnng A= 0.122:=10 ok
Useaka. = 0.078{<1,0 ok
EN 1993-1-1, 6.2.6
Shear
u z-plastic™ 0.097i< ok
U : ciastic= 0.152 ok
ho/te = 18.000; <

EN 1993-1-1,6.2.9
Bending and axial force

ok

Us1yiga2=]

Comment: Shear Interaction is not considered within this
software tool. If the utilization for shear is higher that 0.5,
an additional check for shear interaction is necessary.




Comparacao de Resultados

Estado Limite Ultimo Folha de Calculo | 'Semicomp+" | Desvio A (%)
Compressao 0.206 0.206 0.0%
~ y-y 0.122 0.122 0.0%
Flexao 7.2 0.078 0.078 0.0%
Esforco y-y 0.012 0.012 0.0%
Transverso z-7 0.097 0.097 0.0%
Flexdo Composta Desviada 0.090 0.090 0.0%
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ANEXO VI
Relatorios do Dimensionamento das LigacGes Metalicas

“Robot Structural Analysis Professional”






Cobre-junta dos Corddes dos Caixoes Trelicados do Troco Horizontal

=

(HEB 140-HEB 140)
Pagina 1 de 8

Autodesk Robot Structural Analysis Professional 2016 O K
Calculation of the beam-to-beam splice connection
EN 1993-1-8:2005/AC:2009 Féaéig

I. General

Connection no.:
Connection name:

Right beam

HEB 140

1.

Section:
hp =
b1 =
twb1 =
tib1 =

b1 =
Ap1 =
lyb1 =
Material:
fyb1 =
fun1 =

2.

Section:
hp2 =

bz =
twh2 =
ti2 =

o2 =

Ap2 =
|yb2 =
Material:

42.96
1509.23
5235

140

140

7

12

12

42.96

1509.23
S235

[mm]
[mm]
[mm]
[mm]
[mm]
[cm?]
[cm?]

&0 A 40
. iy . ‘ —I =EB 140
+ i +
45 100 100 45
A A
Ei'i-‘—":"'—‘ :xE!IEI ! X
: _... s ' - o+
+ 2 + <+
o

|
4ty

$
+

Empalme_Corddes_do_Caixao

Height of beam section

Width of beam section

Thickness of the web of beam section
Thickness of the flange of beam section
Radius of beam section fillet
Cross-sectional area of a beam

Moment of inertia of the beam section

235.00 [MPa] Resistance
360.00 [MPa]

Left beam

140  [mm]
140  [mm]
7 [mm]
12 [mm]
12 [mm]
[em?]

[cm*]

HEB 140

Height of beam section

Width of beam section

Thickness of the web of beam section
Thickness of the flange of beam section
Radius of beam section fillet
Cross-sectional area of a beam

Moment of inertia of the beam section
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fyp2 = 235.00 [MPa] Resistance
fubz = 360.00 [MPa]

3. Splice plate
Type: bilateral

low = 390 [mm] Plate length

hpw = 100 [mm] Plate height

tow = 5 [mm] Plate thickness

Material: S235

fypw = 235.00 [MPa] Design resistance

fupw = 360.00 [MPa] Tensile resistance
4. Upper external plate

lpe = 370 [mm] Plate length

hpe = 140 [mm] Plate height

tpe = 5 [mm] Plate thickness

Material: ~ S235

Type = 235.00 [MPa] Design resistance

fupe = 360.00 [MPa] Tensile resistance
5. Lower external plate

lpe = 370 [mm] Plate length

hpe = 140 [mm] Plate height

tpe = 5 [mm] Plate thickness

Material: S235

Type = 235.00 [MPa] Design resistance

fupe = 360.00 [MPa] Tensile resistance

6. Rightside

6.1. Bolts connecting a splice plate with the beam web
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class= 5.6 Bolt class

d= 10 [mm] Bolt diameter

do= 11 [mm] Bolt opening diameter

As= 0.58 [cm?] Effective section area of a bolt
Av= 0.79 [cm?] Area of bolt section

fyo = 300.00 [MPa] Yield strength of bolt
fuo= 500.00 [MPa] Bolt tensile resistance

nh= 2 Number of bolt columns
nv= 1 Number of bolt rows
e1= 50 [mm] Level of first bolt

p2 = 100 [mm] Horizontal spacing

6.2. Bolts connecting a flange plate with the beam top flange
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6 Bolt class

d= 10 [mm] Bolt diameter

do= 11 [mm] Bolt opening diameter

As= 0.58 [em?] Effective section area of a bolt
v= 0.79 [em?] Area of bolt section

fyo = 300.00 [MPa] Yield strength of bolt

fub = 500.00 [MPa] Bolt tensile resistance

Nh = 1 Number of bolt columns

nv = 2 Number of bolt rows

er= 30 [mm] Level of first bolt

p1= 40 [mm] Vertical spacing
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Bolts connecting a flange plate with the beam bottom flange

The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6

d= 10 [mm]
do= 11 [mm]
As= 0.58 [cm?]
Av= 0.79 [cm?]
fyo = 300.00 [MPa]
fub = 500.00 [MPa]
Nh = 1

nv= 2

e1= 30 [mm]
p1= 40 [mm]

7. Leftside

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section
Yield strength of bolt
Bolt tensile resistance
Number of bolt columns
Number of bolt rows
Level of first bolt
Vertical spacing

7.1. Bolts connecting a splice plate with the beam web
The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6
d= 10
do= 11
As= 0.58
Ay = 0.79
fyo = 300.00
fun = 500.00
Nh = 2
ny = 1
er 50
p2= 100

7.2.

Bolt class
[mm]  Bolt diameter
[mm]  Bolt opening diameter
[cm?]  Effective section area of a bolt
[cm?]  Area of bolt section
[MPa] Yield strength of bolt
[MPa] Bolt tensile resistance
Number of bolt columns
Number of bolt rows
[mm]  Level of first bolt
[mm]  Horizontal spacing

Bolts connecting a flange plate with the beam top flange

The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6

d= 10 [mm]
do = 11 [mm]
As= 0.58 [cm?]
Ay = 0.79 [cm?
fyo = 300.00 [MPa]
fup = 500.00 [MPa]
Nh = 1

nv= 2

e1 30  [mm]
p1= 40 [mm]

7.3.

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section
Yield strength of bolt
Bolt tensile resistance
Number of bolt columns
Number of bolt rows
Level of first bolt
Vertical spacing

Bolts connecting a flange plate with the beam bottom flange

The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6

d= 10 [mm]
do= 11 [mm]
As= 0.58 [cm?]
Av= 0.79 [cm?]
fyo=  300.00 [MPa]
fio= 500.00 [MPa]
Nh = 1

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section

Yield strength of bolt

Bolt tensile resistance
Number of bolt columns
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8. Material factors

mo=  1.00 Partial safety factor [2.2]
m2= 125 Partial safety factor [2.2]
1. Loads

Case: Manual calculations.

1. Ultimate limit state
Near = 34.42 [KN] Axial force
Vzed = -1.58 [kN] Shear force
My,gd1

*

1.89 [k Bending moment
m]

Nesz = 34.42 [KN] Axial force
Vzed2 = -1.58 [kN] Shear force

*
E/ly,EdZ 1.89 [l:n] Bending moment

111. Results

Results for one side of connection (geometry and loads are symmetrical)

Axial force
) SO SN EQUIVALENT FORCES Resultant force
Plate Ai[cm2] FORCES Ni(My.ea) [KN] Nea [KN]
Ni [kN] i y,Ed Ed,i
Apw=
1(%0 14.34 - Ned,pw= 14.34
Apfue= 10.04 11.71 NEed,pfue= 21.75
7.00 : ' plueT £
Aptie=7.00 10.04 -11.71 NEd pfle= -1.67

—=—=1
Ni=(Nea*Ai)/(2*Awp+ApfuetApfle)

Ned,i = Ni+Ni(My,ed)

Shear force Z
Plat Ai [cm2] Vzed,i [KN]

Az,pw: 10.00 Vz,Ed,pw: -1.58

Bending moment Y

Resultant
_ EQUIVALENT FORCES force
Plate lyi [cm4] My [KN*m] Mycai
[KN*m]
M _
] lypw= 83.33 0.19 o ly'gEd"’W
] Iy pfue= 368.08 0.85 -
] ly,pfle= 368.08 0.85 -

My,i=(My,ed*ly,i)/ (2*lpw+ I pfue+ I ple)
1. Bolts connecting a splice plate with the beam web
1.1. Bolt capacities

Fvra= 37.70 [kN] Shear bolt resistance in the unthreaded portion of a bolt Fv.rd= 0.6*fus* Av*m/Im2
Bolt bearing on the beam
Direction x
kix = 2.50 Coefficient for calculation of Fprd kix = min[2.8*(e1/do)-1.7, 2.5]
kix>0.0 2.50>0.00 verified
bx = 1.00 Coefficient for calculation of Fyrd Ibx=min[ez/(3do), pa/(3+do)-0.25,
fub/fu, 1]
bx > 0.0 1.00 > 0.00 verified



Foraix =50.40 [kN] Bearing resistance of a single bolt

Direction z

kiz= 2.50 Coefficient for calculation of Fnrd

kiz>0.0
bz = 1.00
bz > 0.0

Foraiz= 5040  [kN]
Bolt bearing on the plate

Direction x
kix = 2.50
kix>0.0

bx = 1.00

px > 0.0
Fordx = 72.00 [KN]
Direction z

2.50 > 0.00 verified

Coefficient for calculation of Fprd

Bearing resistance of a single bolt

Coefficient for calculation of Ford
Coefficient for calculation of Ford

Bearing resistance of a single bolt

1.00 >0.00 verified

2.50 > 0.00 verified

1.00 >0.00 verified

kiz= 2.50 Coefficient for calculation of Fsrd
kiz>0.0 2.50>0.00 verified
bz = 1.00 Coefficient for calculation of Fsrd
pz>0.0 1.00 > 0.00 verified
Fora2z = 72.00 [k]N Bearing resistance of a single bolt
1.2.  Ultimate limit state
Bolt shear
e = 100 [mm] Shear force eccentricity relative to the center of gravity
of a bolt group

My = 0.03 [kN*m] Real bending moment

_ Component force in a bolt due to influence of the
Pan = (B [kN] longitudinal force on the x direction

_ Component force in a bolt due to influence of the shear
Feve = 0.79 KNI f5rce vz on the z direction

_ Component force in a bolt due to influence of the
Famy = 0.34 kNI oment My on the z direction
FxEed = 7.17 [kN] Design total force in a bolt on the direction x
Fzed = 1.13 [KN] Design total force in a bolt on the direction z
Fed = 7.26 [KN] Resultant shear force in a bolt
Frax = 50.40 [kN] Effective design capacity of a bolt on the direction x
Fras = 5040 [kN] g_ffect_lve design capacity of a bolt on the

irection z

|FxEd| < Frix |7.17| < 50.40 verified  (0.14)
|FzEd| < Frdz [1.13] < 50.40 verified  (0.02)
Fed < FuRrd 7.26 < 37.70 verified  (0.19)

2. Bolts connecting a flange plate with the beam top

flange

2.1. Bolt capacities

Fura= 1885 [kN]

Bolt bearing on the beam flange

Direction x
kix = 2.50
kix> 0.0
bx = 0.91
px > 0.0

Foraix= 7855  [KN]

Direction y
kiy = 2.50

Coefficient for calculation of Fyrd

Coefficient for calculation of Fprd

Coefficient for calculation of Fyrd

Bearing resistance of a single bolt

Shear resistance of the shank of a single bolt

2.50>0.00 verified

0.91>0.00 verified

Pagina 5 de 8

Fo,rax=Kax* U px*fu*d* Y til vz
k1z=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
[lbz=min[e1/(3*do), fub/fu, 1]

Fb,rd1z=K1z* b *fu *d*zti/\ M2

kix=min[2.8*(e1/do)-1.7, 2.5]
bx=min[e2/(3*do), p2/(3*do)-0.25, fun/fu, 1]
Fo,ra2x=Kax* [ px*fu*d* Y til [ Im2
k1z=min[2.8*(e2/do)-1.7, 1.4*(p2/d0)-1.7, 2.5]

Lbz=min[e1/(3*do), fub/fu, 1]

Fb,rd2z=K1z* [ b*fu *d*zti/\ M2

€0 = e20+0.5*(s1+(c-1)*p2)
My=My,ed,pw+Vz,Ed,pw*€0

FxN=|NEed,pw|/Nb
FZ,VZ=|VZ,Ed,pW|/nb

Fzmy=|My[*xi/¥ (xi?+2i2)

Fx,Ed = Fx,N

Fzed = FzvztFzmy

Fed = [J( Fxed® + Fzed?)
Frax=min(Ford1,x, Ford2,x)

Frdz=min(Ford1,z, Ford2,z)

Fv,rd= 0.6*fun*Av*m/ [ Im2

kix=min[2.8*(e2/do)-1.7, 2.5]
I=min[ex/(3*do), p1/(3*do)-0.25, fun/fu, 1]
Fb,ra1x=Kix™! ‘bx*fu*d*zti/\ Im2

kiy = min[2.8*(ex/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
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kiy > 0.0 2.50 > 0.00 verified
= 0.76 Coefficient for calculation of Fprd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.76 > 0.00 verified
Fbra1y = 65.45 [KN] Bearing resistance of a single bolt Fordry=K1y* [ Toy*fu*d* Y ti/ [ Im2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fprd kix=min[2.8*(e2/do)-1.7, 2.5]
kix>0.0 2.50 > 0.00 verified
= 0.96 Coefficient for calculation of Furd bx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 0.96 > 0.00 verified
Fora2x= 34.64 [kN] Bearing resistance of a single bolt Fo ra2x=Kax* [ bx*fu*d* Y til [ Im2
Direction y
kay = 2.50 Coefficient for calculation of Fyrd kiy=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50 > 0.00 verified
oy = 0.76 Coefficient for calculation of Fprd [lby=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.76 > 0.00 verified
Forazy = 27.27 [kN] Bearing resistance of a single bolt Fo,r2y=Kiy* [ Toy*fu*d*Y il [ Im2
2.2.  Ultimate limit state
Bolt shear
Fea = 5.54[kN] Shear force in a bolt Fed=NEed pfue/Nb
= 1.00 Reduction factor for long connections f = max(0.75, min(1; 1-(L-15*d)/(200*d)))
Fra = 18.85 [kN] Effective design capacity of a bolt Frd = min(Fv,rd; Fo,rd1; Ford2)
|Fed| < DL Frd |5.54] < 18.85 verified (0.29)

3. Bolts connecting a flange plate with the beam bottom flange
3.1. Bolt capacities

Fvwra = 18.85 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fup*Av*m/ [ Im2
Bolt bearing on the beam flange
Direction x
kix = 2.50 Coefficient for calculation of Fyrd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
x= 091 Coefficient for calculation of Fprd bx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 0.91>0.00 verified
Foraix= 7855 [kN] Bearing resistance of a single bolt Fo,rd1x=Kix* L ox*fu*d* Y til LIm2
Direction y
kiy = 2.50 Coefficient for calculation of Fyrd k1y = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50 > 0.00 verified
by = 0.76 Coefficient for calculation of Fprd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.76 > 0.00 verified
Forazy=  65.45 [kN]  Bearing resistance of a single bolt Fo,rd1y=K1y* oy *fu*d*Y til [Im2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fyrd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
x=  0.96 Coefficient for calculation of Fyrd px=min[e/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
bx > 0.0 0.96 > 0.00 verified
Forix= 34.64 [kN] Bearing resistance of a single bolt Fo.razx=Kix*[ox*fu*d*Y til [ Im2
Direction y
kiy= 250 Coefficient for calculation of Fyrd kiy=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
ki >0.0 2.50>0.00 verified
by = 0.76 Coefficient for calculation of Fyrd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.76 > 0.00 verified
Forazy=  27.27 [kN] Bearing resistance of a single bolt Fo,ra2y=K1y* oy *fu*d*Y til LIm2
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3.2.  Ultimate limit state

Bolt shear
Fed = 0.5 [kN] Shear force in a bolt Fed=NEed pfie/Nb
2
_ 10 Reduction ~ factor  for  long _ T "
Lf= 0 connections Lr = max(0.75, min(1; 1-(L-15*d)/(200*d)))
Fra = 1885' [kN] Effective design capacity of a bolt Frd = min(Fv,rd; FbRrd1; FbRrdz)
|Fed| < [ILi*Frd |-0.52| < 18.85 verified (0.03)

4. Verification of the section due to block tearing - [3.10]
41. Beam

Model  Anv [cm2] Ant [cm2] Vo [KN]  Vetfrd [KN] [Vol/Vettrd Status
1 ET 451 8.99 -1.58 (*1) 190.79 (%)  0.01 verified
2 !‘5 8.99 23.35 14.34 (*2) 45829 (*)  0.03 verified
8.99 23.35 14.34 (*2) 45829 (*)  0.03 verified
17.99 0.00 14.34 (*2) 244.08 (**) 0.06 verified
6.42 234 2217 (*3) ffj,;?o 0.09 verified

(*1) Vo = VzEaL

(*2) Vo = Nwed

(*3) Vo = Nued

(*) Veftrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/[ Imo

(**) Veftrd = fu*Ant/ vz + (1/013)*fy*Anv/ Limo

(***) Veftrd = 2*[0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/[ Im0]

4.2.  Splice plate

Nr Model Anv [cm2] Ant [cm2] Vo [KN]  Vefird [KN] [Vol/Vefird Status
1 !T 2.22 6.42 2079 (*1)  122.71(%) 0.01 verified
2 zj—o 6.42 2.22 7.17 (*2) 119.21(*) 0.06 verified
3 !—» 6.42 2.22 7.17 (*2) 119.21(*) 0.06 verified

(*1) Vo = Vzea
(*2) Vo = Nwed
(*) Vefird = 0.5*fu*Ant/ [ Im2 + (1/113)*Fy*Anv/ [ 1m0

4.3.  Upper external plate

Nr  Model Anv [cm2] Ant [cm2] Vo [kN] Vetird [KN] [Vo|/VeftRd Status
1 j—» 6.67 4.92 21.75 (*1) 161.48 (*)  0.13 verified
2 @+ 13.35 3.95 21.75 (*1) 294.89 (**) 0.07 verified

(*1) Vo = Nrueed
(*) Veftrd = 0.5*fu*Ant/ Limz + (1/013)*fy*Anv/ Limo
(**) Vettrd = fu*Ant/ vz + (1/ 3)*fy*Anv/ MO
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5. Verification of sections weakened by openings - [5.4]

5.1. Beam
A= 17.42 [cm?] Area of tension zone of the gross section
Atret =  14.01 [cm?] Net area of the section in tension
0.9*(Atnet/ At) < (fy*Lim2)/(fu™* LImo) 0.72<0.82 verified
W= 215.60 [cm?] Elastic section modulus
Whet = 215.60 [cm®] Elastic section modulus
Mcranet = 50.67 [KN*m] Design resistance of the section for bending Me Rdnet = Whet*fyp/[ Mo
[Mo| < Mc,Rdnet |1.89] < 50.67 verified (0.04)
A= 9.80 [cm?] Effective section area for shear Av = hp*tp
Avnet = 9.03 [cm?] Net area of a section effective for shear Avnet=Av-nv*do*tp
Ay et > (fyp/fup)*Av 9.03 > 6.40 verified
Vprda = 132,96 [kN] Design plastic resistance for shear Vpi,rd=(Av*fyp)/(113* 1 mo)
[Vo| < Vpird |-1.58| < 132.96 verified (0.01)
5.2. Splice plate
A= 5.00 [cm?] Area of tension zone of the gross section
Atnet = 4.45 [cm?] Net area of the section in tension
0.9*(Atnet/ At) < (fy*LIm2)/(fu™* Imo) 0.80<0.82 verified
W = 8.33 [cm®] Elastic section modulus
Whet = 8.32 [ecm’] Elastic section modulus
Mcranet =  1.96 [KN*m] Design resistance of the section for bending Me,Rdnet = Whet*fyp/ [ 1Mo
[Mo| < Mc,Rdnet [0.02] < 1.96 verified (0.01)
A= 5.00 [cm? Effective section area for shear Av = hp*tp
Ay net = 4.45 [cm?] Net area of a section effective for shear Avnet=Av-nv*do*tp
Ay et > (fyp/fup)*Av 4.45 > 3.26 verified
VpiRrd = 67.84 [kN]  Design plastic resistance for shear Vpi,rd=(Av*fyp)/(113* 1 mo)
[Vo| < Vpird [-0.79| < 67.84 verified (0.01)
53. Upper external plate
A= 7.00 [cm?] Area of tension zone of the gross section A=hpi*tpi
Aret = 5.90 [cm?] Net cross-sectional area Anet=A-nv*do*tpi
Npird = 164.50 [kN] Design plastic resistance of the gross section Npi,ra=A*fy/ [ 1m0
Nurd = 152.93 [kN] Design ultimate resistance to normal force of the net section Nu,rd=0.9*Anet*ful [ M2
Fed = 21.75 [kN] Fed = Ned pfue
|Fed| < Nurd [21.75] < 152.93 verified (0.14)
|Fed| < Npli,rd |21.75] < 164.50 verified (0.13)
5.4. Lower external plate
A= 7.00 [cm?] Area of tension zone of the gross section A=hpi*tpi
Aret = 5.90 [cm?] Net cross-sectional area Anet=A-nv*do*tpi
Npird = 164'8 [kN] Design plastic resistance of the gross section Npt,ra=A*fy/[Imo
Nurd = 152'2 [kN] Design ultimate resistance to normal force of the net section  Nurd=0.9*Anet*fu/[ Im2
Fed = -1.67 [kN] Fed = Ned,pfii
|Fed| < Nurd [-1.67| < 152.93 verified (0.01)
|Fed| < Npl,rd |-1.67| < 164.50 verified (0.01)
Connection conforms to the code Ratio 0.29
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Cobre-junta dos Corddes dos Caixoes Trelicados do Troco Horizontal
(HEB 120-HEB 120)

IV. General
Connection no.: 6
Connection name:

1. Right beam
Section: HEB 120
hps = 120
bro1 = 120
twb1 = 7
i1 = 11
b1 = 12
Ap1 = 34.01
lyo1 = 864.37
Material: S235
fybr = 235.00
fub1 = 360.00

2. Left beam
Section:
ho2 = 120  [mm]
bz = 120 [mm]
twb2 = 7 [mm]
tro2 = 11 [mm]
Moz = 12 [mm]
Az = 34.01 [cm?
lyb2 = 864.37 [cm*]
Material: S235
fyb2 = 235.00 [MPg]
fupz = 360.00 [MPa]

=
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Resistance

Height of beam section

Width of beam section

Thickness of the web of beam section
Thickness of the flange of beam section
Radius of beam section fillet
Cross-sectional area of a beam

Moment of inertia of the beam section

Resistance

B

Height of beam section

Width of beam section

Thickness of the web of beam section
Thickness of the flange of beam section
Radius of beam section fillet
Cross-sectional area of a beam

Moment of inertia of the beam section

HEB 120
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3. Splice plate

Type: bilateral
low = 390 [mm] Plate length
hpw = 80 [mm] Plate height
tow = 5 [mm] Plate thickness
Material: S235
fypw = 235.00 [MPa] Design resistance
fupw = 360.00 [MPa] Tensile resistance
4. Upper external plate
lpe = 370 [mm] Plate length
hpe = 120 [mm] Plate height
tpe = 5 [mm] Plate thickness
Material: S235
fype = 235.00 [MPa] Design resistance
fupe = 360.00 [MPa] Tensile resistance
5. Lower external plate
lpe = 370 [mm] Plate length
hipe = 120 [mm] Plate height
tpe = 5 [mm] Plate thickness
Material: S235
fype = 235.00 [MPa] Design resistance
fupe = 360.00 [MPa] Tensile resistance

6. Rightside

6.1. Bolts connecting a splice plate with the beam web
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6 Bolt class

d= 8 [mm] Bolt diameter

do = 9 [mm] Bolt opening diameter
As= 0.37 [cm?] Effective section area of a bolt
Av= 0.50 [ecm?] Area of bolt section

fyb = 300.00 [MPa] Yield strength of bolt

fub = 500.00 [MPa] Bolt tensile resistance

nh = 2 Number of bolt columns
nv = 1 Number of bolt rows
e1= 40 [mm] Level of first bolt

p2 = 80 [mm] Horizontal spacing

6.2. Bolts connecting a flange plate with the beam top flange
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6 Bolt class

d= 8 [mm] Bolt diameter

do= 9 [mm] Bolt opening diameter

As= 0.37 [cm?] Effective section area of a bolt
v= 0.50 [cm?] Area of bolt section

fyo = 300.00 [MPa] Yield strength of bolt

fub = 500.00 [MPa] Bolt tensile resistance

nh= 1 Number of bolt columns

nv = 2 Number of bolt rows

e1= 30 [mm] Level of first bolt

p1= 40 [mm] Vertical spacing

12



6.3.
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Bolts connecting a flange plate with the beam bottom flange

The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6

d= 8 [mm]
do= 9 [mm]
As= 0.37 [cm?]
Av= 0.50 [cm?]
fyo = 300.00 [MPa]
fup = 500.00 [MPa]
Nh = 1

nv = 2

el 30 [mm]
p1= 40 [mm]

7. Leftside

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section
Yield strength of bolt
Bolt tensile resistance
Number of bolt columns
Number of bolt rows
Level of first bolt
Vertical spacing

7.1. Bolts connecting a splice plate with the beam web
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6
d= 8
do = 9
As= 0.37
A= 0.50
fyp = 300.00
fun = 500.00
Nh = 2
nv = 1
e1 40
p2= 80
7.2.

[mm]
[mm]
[cm?]
[em?]
[MPa]
[MPa]

[mm]
[mm]

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section
Yield strength of bolt
Bolt tensile resistance
Number of bolt columns
Number of bolt rows
Level of first bolt
Horizontal spacing

Bolts connecting a flange plate with the beam top flange

The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6
d= 8
do = 9
As = 0.37
A= 0.50
fy = 300.00
fub = 500.00
Nh = 1
nv = 2
er= 30
p1= 40
7.3.

[mm]
[mm]
[em?]
[cm?]
[MPa]
[MPa]

[mm]
[mm]

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section
Yield strength of bolt
Bolt tensile resistance
Number of bolt columns
Number of bolt rows
Level of first bolt
Vertical spacing

Bolts connecting a flange plate with the beam bottom flange

The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6

d= 8 [mm]
do= 9 [mm]
As= 0.37 [cm?
A= 0.50 [cm?]
fyp=  300.00 [MPa]
fuo=  500.00 [MPa]
Nh = 1

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Avrea of bolt section

Yield strength of bolt

Bolt tensile resistance

Number of bolt columns
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8. Material factors

mo=  1.00 Partial safety factor [2.2]
me= 125 Partial safety factor [2.2]
V. Loads

Case:  Manual calculations.

1. Ultimate limit state
Near = 84.45 [kN] Axial force
Vzeq1 = -0.45 [kN] Shear force
Myedar = 0.76 [kN*m] Bending moment
Nez = 84.45 [kN] Axial force
Vzed2 = -0.45 [kN] Shear force
Myes2 = 0.76 [kN*m] Bending moment

VI. Results
Results for one side of connection (geometry and loads are symmetrical)
Axial force
Ai[em?2] EQUIVALENT FORCES EQUIVALENT FORCES Resultant force
' Ni [KN] Ni(My.ed) [KN] Ned,i [KN]
] Apw= 8.00 33.78 - Ned pw= 33.78
[ ] Apfue= 6.00 25.34 5.57 Ned,piue= 30.91
=] Am=600 25.34 557 Negpre= 19.76
Ni=(Neda*Ai)/(2* Awp+ApfuetApfle)
Ned,i = Ni+Ni(My,ed)
Shear force Z
Plate Ai [cm2] Vzed,i [KN]
Vz,Ed,pw: -0.45
lyi [cm4] EQUIVALENT FORCES Resultant force
e My,i [kN*m] My,Ed,i [kN*m]
] lyow= 42.67 0.06 My,£dpw= 0.06
] lypfue= 234.50 0.35 -
| yone= 23450 0.35 .

My,i=(My,ed*ly,i)/ (2*lpw+IpfuetIpie)
1. Bolts connecting a splice plate with the beam web
1.1. Bolt capacities

Fvrd = 24.13 [kN] Shear bolt resistance in the unthreaded portion of a bolt Fv,ra= 0.6*fus* Av*m/LIm2
Bolt bearing on the beam
Direction x
kix= 250 Coefficient for calculation of Ford kix = min[2.8*(e1/do)-1.7, 2.5]
kix>0.0 2.50 >0.00 verified
= 1.00 Coefficient for calculation of Fyrd bx=min[e2/(3*do), p2/(3*do)-0.25, fun/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Foraix=  37.44 [kN] Bearing resistance of a single bolt Fo rd1x=Kix* o™ fu*d* Y til [ Im2

14
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Direction z
Elz 2.50 Coefficient for calculation of Fprd k1z=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz>0.0 2.50>0.00 verified
bz = 1.00 Coefficient for calculation of Fprd [lbz=min[e1/(3*do), fub/fu, 1]
bz > 0.0 1.00 > 0.00 verified
Fb,ra1z = :174 [kN]  Bearing resistance of a single bolt Fora1z=K1z* oz *fu*d* Y ti/ [Tz
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fyrd kix=min[2.8*(e1/do)-1.7, 2.5]
kix> 0.0 2.50 > 0.00 verified
x= 1.00 Coefficient for calculation of Fyrd bx=min[ez2/(3*do), p2/(3*do)-0.25, fun/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Fora2x = 57.60 [KN] Bearing resistance of a single bolt Fo ra2x=Kix* [ bx*fu*d* Y til [ Im2
Direction z
kiz= 250 Coefficient for calculation of Ford kiz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz>0.0 2.50>0.00 verified
bz = 1.00 Coefficient for calculation of Fprd [lbz=min[e1/(3*do), fub/fu, 1]
[bz> 0.0 1.00 > 0.00 verified
FoRd2z = 57.60 [kN] Bearing resistance of a single bolt Fo,rd2z=K1z* [pz*fu*d*Y til [ Tm2
1.2.  Ultimate limit state
Bolt shear

— * _
eo= 100 [mm] Shear force eccentricity relative to the center of gravity of a bolt group €0 = e*+0.5%(s1+(C

1)*p2)
. _
My= 0.02 [l::]\j Real bending moment My_My'Ed'pWJrVZ'Eipevg

16.8 Component force in a bolt due to influence of the longitudinal force on the x

FxN = 9 [kN] direction FxN=|Ned,pw|/Nb
Ez,Vz 0.23 [KN] g_omp_onent force in a bolt due to influence of the shear force Vz on the z Fove=Vzcapul/o
= irection
Fzmy Component force in a bolt due to influence of the moment My on the z Fzmy=|My[*xi/Y (xi?+
TeW 023 [kN] Lo 2
= direction zi)
Fxed 16.8 . . N B
- 9 [kN] Design total force in a bolt on the direction x Fxed = Fxn
EZ‘Ed 0.45 [kN] Design total force in a bolt on the direction z Fzed = FzvztFzmy
- 2
Fea= 09 [kN] Resultant shear force in a bolt Fea = D Pred 2+
0 Fz,Ed )
ERd'X 37'3 [KN] Effective design capacity of a bolt on the direction x FRdx=m|n('l::§§§21,x),
- X
Fra,z = 37.44 [KN] Effective design capacity of a bolt on the direction z Fraz=min(Ford1,z, Fbra2,2)
[Fxgd| < Frdx |16.89| < 37.44 verified (0.45)
|FzEd| < Frdz |0.45| < 37.44 verified (0.01)
Fed < Fvrd 16.90 < 24.13 verified (0.70)
2. Bolts connecting a flange plate with the beam top flange
2.1. Bolt capacities

Fvrd = 12.06 [kN] Shear resistance of the shank of a single bolt Fv.ra= 0.6*fus* Av*m/Im2
Bolt bearing on the beam flange
Direction x
kix = 2.50 Coefficient for calculation of Fyrd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified

bx = 1.00 Coefficient for calculation of Fyrd bx=min[ex/(3*do), p1/(3*do)-0.25, fun/fu, 1]

bx > 0.0 1.00 > 0.00 verified
Foraix=  63.36 [KN]  Bearing resistance of a single bolt Fo,rd1x=Kix* L ox*fu*d* Y til LIm2
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Direction y
kiy= 250 Coefficient for calculation of Fprd kiy = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy>0.0 2.50 > 0.00 verified
py= 0.56  Coefficient for calculation of Ford by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.56 > 0.00 verified
Fo,razy = 35.20 [kN] Bearing resistance of a single bolt Fo rd1y=Kay* [ Toy*fu*d* Y til [ Im2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fprd kix=min[2.8*(e2/do)-1.7, 2.5]
kix>0.0 2.50 > 0.00 verified
bx = 1.00 Coefficient for calculation of Furd bx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Foriox=  28.80 [kN] Bearing resistance of a single bolt Fo,ra2x=Kix* [ ox*fu*d* Y til [ Im2
Direction y
ky = 2.50 Coefficient for calculation of Fyrd kiy=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50 > 0.00 verified
by = 0.56 Coefficient for calculation of Fprd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.56 >0.00 verified
Fo,rd2y = 16.00 [KN] Bearing resistance of a single bolt Fo,rd2y=Kiy* [y *fu*d* Y til [Im2
2.2.  Ultimate limit state
Bolt shear
Fed = 7.79 [kN] Shear force in a bolt Fed=NEd pfue/Nb
Lf = 1.00 Reduction factor for long connections f = max(0.75, min(1; 1-(L-15*d)/(200*d)))
Fra=  12.06 [kN] Effective design capacity of a bolt Frd = min(Fvrd; Fo,rd1; Ford2)
|Fed| < DL Frd [7.79] < 12.06 verified (0.65)

3. Bolts connecting a flange plate with the beam bottom flange
3.1. Bolt capacities

Fyvrd = 12.06 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fup*Av*m/ [ Im2
Bolt bearing on the beam flange
Direction x
kix = 2.50 Coefficient for calculation of Ford kix=min[2.8*(e2/do)-1.7, 2.5]
kix>0.0 2.50 > 0.00 verified
bx = 1.00 Coefficient for calculation of Ford px=min[ea/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Foraix= 63.36 [KN] Bearing resistance of a single bolt Fo,rd1x=Kix* L ox*fu*d* Y til LIm2
Direction y
kiy = 2.50 Coefficient for calculation of Fyrd k1y = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50>0.00 verified
by = 0.56 Coefficient for calculation of Fyrd py=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.56 > 0.00 verified
Forary= 3520 [KN] Bearing resistance of a single bolt Fo,rd1y=K1y* oy *fu*d*Y til [Im2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fyrd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
bx = 1.00 Coefficient for calculation of Fprd bx=min[ex/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Foriox= 28.80 [kN] Bearing resistance of a single bolt Fo rd2x=Kix* o™ fu*d* Y til [ Im2
Direction y
kiy= 250 Coefficient for calculation of Fyrd k1y=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
ki >0.0 2.50>0.00 verified
by= 0.56 Coefficient for calculation of Fyrd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.56 > 0.00 verified
Forazy = 16.00 [KN] Bearing resistance of a single bolt Fo,ra2y=K1y* oy *fu*d*Y til [Im2
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3.2.  Ultimate limit state

Bolt shear
Fea = 4.88 [kN] Shear force in a bolt Fed=Ned pfie/Nb

= 1.00 Reduction factor for long connections Clee = max(0.75, min(1; 1-(L-15*d)/(200*d)))
Fra = 12.06 [kN] Effective design capacity of a bolt Frd = min(Fv,rd; Fo,rd1; Ford2)
|Fed| < UL Fra |4.88| < 12.06 verified (0.40)

4. Verification of the section due to block tearing - [3.10]
4.1. Beam

Nr  Model Anv [cm2] Ant[cm2] Vo [kN] Vett,rd [KN]  [Vo|/Veffrd Status

1 3.61 7.90 -0.45 (*1) 162.67 (*) 0.00 verified

2 7.90 18.97 33.78 (*2) 380.29 (*) 0.09 verified

3 7.90 18.97 33.78 (*2) 380.29 (*) 0.09 verified

4 15.79 0.00 33.78 (*2) 214.30 (**) 0.16 verified

5 6.21 1.15 31.14 (*3) 201.91 (***) 0.15 verified

6 W1 6.21 1.15 19.53 (*4) 201.91 (***) 0.10 verified

(*1) Vo = VzEaL

(*2) Vo = Nwed

(*3) Vo = Nrued

(*4) Vo = Nried

(*) Vettrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ Imo

(**) Vettra = fu*Ant/[ Im2 + (1/[13)*fy*Anv/[ Imo

(***) Veftra = 2*[0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/[ IM0]

4.2.  Splice plate

Model Anv [cm2] Ant [cm2] Vo [KN] Vetird [KN] [Vo|/Veitra  Status
!T 1.77 6.07 -0.23 (*1)  111.56 (*) 0.00 verified
}j_. 6.07 1.77 16.89 (*2)  107.98 (*) 0.16 verified
J!-' 6.07 1.77 16.89 (*2)  107.98 (*) 0.16 verified

(*1) Vo = Vzea
(*2) Vo = Nwed
(*) Vettrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ Imo

4.3.  Upper external plate

Nr  Model Anv [cm2] Ant [cm2] Vo [kN] Vetird [KN] [Vol/Vettrd Status
1 ij—» 6.82 457 30.91 (*1) 158.48 (*) 0.20 verified
2 E~ 13.65 4.05 30.91 (*1) 301.84 (**)  0.10 verified

(*1) Vo = Nrueed
(*) Vefird = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ 1Mo
(**) Veftrd = fu*Ant/[Im2 + (1/ 3)*fy*Anv/ MO
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Nr  Model

13»
2 [

(*1) Vo = Nfieed

13.65
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Lower external plate
Anv [cm2]

Ant [cm2] Vo [kN] Vett,rd [KN] [Vo|/Veitra  Status
457 19.76 (*1) 158.48 (*) 0.12 verified
4.05 19.76 (*1) 301.84 (**) 0.07 verified

(*) Veftrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ 1m0
(**) Vefird = fu*And/ LImz + (1/013)*fy*Anv/ Limo

5. Verification of sections weakened by openings - [5.4]

5.1. Beam
A= 13.82 [cm?] Area of tension zone of the gross section
Atnet = 11.25 [cm?] Net area of the section in tension
0.9*(Atnet! At) < (fy*[Im2)/(fu* [ mo) 0.73<0.82 verified
W= 144.06 [cm®] Elastic section modulus
Whet=  144.06 [cm®] Elastic section modulus
Mcranet = 33.85 [kN*m] Design resistance of the section for bending Me,Rdnet = Whet*fyp/ [ 1Mo
[Mo| < Mc,Rdnet [0.76] < 33.85 verified (0.02)
Av= 7.80 [cm?] Effective section area for shear Av = hp*tp
Avnet =  7.21 [cm?] Net area of a section effective for shear Avne=Av-nv*do*tp
Av,net > (fyp/fup) *Av 7.21>5.09 verified
Vpird = 105.83 [kN] Design plastic resistance for shear Vpl,ra=(Av*fyp)/ (1 13*[ 1 mo)
[Vo| < Vpird |-0.45| < 105.83 verified (0.00)
5.2. Splice plate
A= 4.00 [cm?] Area of tension zone of the gross section
Atnet = 3.55 [cm?] Net area of the section in tension
0.9*(Atnet/ At) < (fy*[Im2)/(fu* [ mo) 0.80<0.82 verified
W= 5.33 [cm?] Elastic section modulus
Whet = 5.33 [cm®] Elastic section modulus
Mcrdanet = 1.25 [KN*m] Design resistance of the section for bending Me rdnet = Whet*fyp/[ Mo
[Mo| < M Rdnet [0.01] < 1.25 verified (0.01)
Av= 4.00 [cm?] Effective section area for shear Av = hp*tp
Avree=  3.55 [cm?] Net area of a section effective for shear Avnet=Av-nv*do*tp
Av et > (fyp/fup) *Av 3.55>2.61 verified
Vprd = 54.27 [KN] Design plastic resistance for shear Vpird=(Av*fyp)/(113*[Imo)
[Vo| < Vpird |-0.23| < 54.27 verified (0.00)
53. Upper external plate
A= 6.00 [cm?] Area of tension zone of the gross section A=hpi*tpi
Aret = 5.10 [cm?] Net cross-sectional area Anet=A-nv*do*tpi
Npird = 141.00 [kN] Design plastic resistance of the gross section Npt,ra=A*fy/[ 1Mo
Nurd = 132.19 [kN] Design ultimate resistance to normal force of the net section  NuRrd=0.9*Anet*fu/ [ Im2
Fed = 30.91 [kN] Fed = Ned,pfue
|Fed| < NuRrd [30.91] < 132.19 verified (0.23)
|Fed| < Npl,rd [30.91] < 141.00 verified (0.22)
54. Lower external plate
A= 6.00 [cm?] Area of tension zone of the gross section A=hpi*tpi
Anet=  5.10 [cm?] Net cross-sectional area Anet=A-nv*do*tpi
Npi,rd = 141.00 [KN] Design plastic resistance of the gross section Npt,ra=A*fy/[ 1Mo
Nurd = 132.19 [KN] Design ultimate resistance to normal force of the net section Nu,rd=0.9*Anet*fu/ [ Im2
Fea= 19.76 [kN] Fed = Nedprii
|Fed| < NuRrd [19.76] < 132.19 verified (0.15)
|Fed| < Npi,rd [19.76] < 141.00 verified (0.14)
Connection conforms to the code Ratio 0.70
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Cobre-junta dos Corddes dos Pilares (IPE 330 - IPE 330)
Pagina 1 de 10

Autodesk Robot Structural Analysis Professional 2016 O K
@ Calculation of the column-to-column splice

connection Ratio

EN 1993-1-8:2005/AC:2009 0.64

VII. General

Connection no.: 3
Connection name: Empalme_Corddes_dos_Pilares

1. Lower column

Section: IPE 330
he1 = 330 [mm] Height of beam section
b1 = 160 [mm] Width of beam section
twer = 8 [mm] Thickness of the web of beam section
trea = 12 [mm] Thickness of the flange of beam section
fe1 = 18 [mm] Radius of beam section fillet
Aa = 62.61 [cm?] Cross-sectional area of a beam
lyc1 = 11766.90 [cm*] Moment of inertia of the beam section
Material: S235
fyer = 235.00 [MPa] Resistance
fucr = 360.00 [MPa]
2. Upper column
Section: IPE 330
hez = 330 [mm] Height of beam section
bre2 = 160 [mm] Width of beam section
twez = 8 [mm] Thickness of the web of beam section
tre2 = 12 [mm] Thickness of the flange of beam section
re2 = 18 [mm] Radius of beam section fillet
Ac2 = 62.61 [cm?] Cross-sectional area of a beam
lycz = 11766.90 [cm*] Moment of inertia of the beam section
Material:  S235
fyc2 = 235.00 [MPa] Resistance
fucz = 360.00 [MPa]
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3. Splice plate

Type: bilateral
low = 380 [mm] Plate length
hpw = 245 [mm] Plate height
tow = 5 [mm] Plate thickness
Material: S235
Typw = 235.00 [MPa] Design resistance
fupw = 360.00 [MPa] Tensile resistance
4. Right external plate
lpe = 360 [mm] Plate length
hpe = 150 [mm] Plate height
tpe = 10 [mm] Plate thickness
Material: S235
fype = 235.00 [MPa] Design resistance
fupe = 360.00 [MPa] Tensile resistance
5. Left external plate
lpe = 360 [mm] Plate length
hipe = 150 [mm] Plate height
tpe = 10 [mm] Plate thickness
Material: S235
fype = 235.00 [MPa] Design resistance
fupe = 360.00 [MPa] Tensile resistance

6. Lower side

6.1. Bolts connecting a splice plate with the column web
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class= 5.6 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter

As= 0.84 [cm?] Effective section area of a bolt
A= 1.13 [cm?] Area of bolt section

fyo = 300.00 [MPa] Yield strength of bolt
fuo = 500.00 [MPa] Bolt tensile resistance

Nh = 2 Number of bolt columns
ny = 3 Number of bolt rows
e1= 52 [mm] Level of first bolt

p2 = 70 [mm] Horizontal spacing

p1= 70 [mm] Vertical spacing

6.2. Bolts connecting a flange plate with the column right flange
The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6 Bolt class

d= 12 [mm] Bolt diameter

do= 13 [mm] Bolt opening diameter
As= 0.84 [cm?] Effective section area of a bolt
A= 1.13 [cm?] Area of bolt section

fyo = 300.00 [MPa] Yield strength of bolt
fub = 500.00 [MPa] Bolt tensile resistance
nh= 1 Number of bolt columns
nv = 3 Number of bolt rows
er= 30 [mm] Level of first bolt

p1= 60 [mm] Vertical spacing
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Bolts connecting a flange plate with the column left flange

The shear plane passes through the UNTHREADED portion of the bolt.
Connection category A

Class = 5.6 Bolt class
d= 12 [mm] Bolt diameter
do= 13 [mm] Bolt opening diameter
As= 0.84 [cm?] Effective section area of a bolt
Av= 1.13  [ecm?]  Area of bolt section
fyb = 300.00 [MPa] Yield strength of bolt
fub = 500.00 [MPa] Bolt tensile resistance
nh= 1 Number of bolt columns
nv = 3 Number of bolt rows
e 30  [mm] Level of first bolt
p1= 60 [mm]  Vertical spacing

7. Upper side

7.1. Bolts connecting a splice plate with the column web
The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6

d= 12 [mm]
do= 13 [mm]
As= 0.84 [cm?]
Ay = 113 [cm?]
fyo=  300.00 [MPa]
fuo= 500.00 [MPa]
Nh = 2

nv= 3

e1= 52 [mm]
p2 = 70 [mm]
p1= 70 [mm]

7.2.

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Avrea of bolt section
Yield strength of bolt
Bolt tensile resistance
Number of bolt columns
Number of bolt rows
Level of first bolt
Horizontal spacing
Vertical spacing

Bolts connecting a flange plate with the column right flange

The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6 Bolt class

d= 12 [mm] Bolt diameter

do = 13 [mm] Bolt opening diameter
As= 0.84 [cm?  Effective section area of a bolt
Av= 1.13 [cm?]  Area of bolt section

fyp = 300.00 [MPa] Yield strength of bolt
fub = 500.00 [MPa] Bolt tensile resistance
nh = 1 Number of bolt columns
nv= 3 Number of bolt rows
e1= 30 [mm] Level of first bolt

p1= 60 [mm] Vertical spacing

7.3.

Bolts connecting a flange plate with the column left flange

The shear plane passes through the UNTHREADED portion of the bolt.

Connection category A

Class = 5.6

d= 12 [mm]
do= 13 [mm]
As= 0.84 [cm?]
Ay = 1.13 [cm?]
fyry=  300.00 [MPa]
fo=  500.00 [MPa]

Bolt class

Bolt diameter

Bolt opening diameter
Effective section area of a bolt
Area of bolt section

Yield strength of bolt

Bolt tensile resistance
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Mo = 1.00 Partial safety factor [2.2]
M2 = 1.25 Partial safety factor [2.2]
VIIl. Loads
Case: Manual calculations.

1. Ultimate limit state

NEed1 = 339.64 [kN] Axial force
VyEd1 = -1.70  [kN]  Shear force
VzEd = 6.47 [kN]  Shear force
My,gd1 = -1.70 [kN*m] Bending moment
Mvzed = 1.33 [kN*m] Bending moment
Ned2 = 339.64 [kN] Axial force
VyEd2 = -1.70  [kN]  Shear force
VzEd2 = 6.47 [kN]  Shear force
My,edz = -1.70 [kN*m] Bending moment
Mvzed2 = 1.33 [KN*m] Bending moment
IX. Results
Results for one side of connection (geometry and loads are symmetrical)
Axial force
EQUIVALENT FORCES EQUIVALENT FORCES Resultant force
Plate Ai[em?] M [kN] ° Ni(My.ed) [KN] Nea; [KN]
[H} {E] Apw= 2450 152.68 - Negpw= 152.68
&I pfue— 15.00 93.48 -4.38 NEd,pfue— 89.10
Pr—[ﬂ Atie= 15.00 93.48 4.38 Ned pfle= 97.86
M pfle . . . Ed,pfle .
Ni=(Nea*Ai)/(2*Awp+AptuetAptle)
Ned,i = Ni+Ni(My,ed)
Shear force Z
Plate Ai [cm2] Vzed,i [KN]
[H}l?ﬁ] Acpw= 2450 Vagapu= 6.47
Ll
Shear force Y
Plate Ay, [cm2] Vy.ed,i [KN]

il
[‘ﬂ'i_ml Ay fupe= 15.00

i _
I}J'JF r'ﬂ Ay,fipe=15.00
Vy,i=(Vy.ed*Ay,i)/ (AptuetApfle)
Bending moment Y

Plate lyi [cmd]
IIH] lypfie= 4336.25

My,i=(My,ed*ly,i)/ (2* lpw+pue+ I pfie)

22

Vy,Ed,fupe= -0.85

Vy,ed fipe= -0.85

EQUIVALENT FORCES Resultant force

My,i [kN*m] My.ed,i [KN*m]
-0.21 My,Ed,pW: -0.21
-0.74 -
-0.74 -
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Bending moment Z
Plate I2i [cm4] Mz [KN*m]

|z,pfue: 281.25 Mz,Ed,pfue: 0.67

Izpfle= 281.25 MzEd prle= 0.67
Mi:(Mz,Ed*lz,i)/(lz,pfue+|z,pfle)
1. Bolts connecting a splice plate with the column web

1.1. Bolt capacities

Fvra = 54.29 [kN] Shear bolt resistance in the unthreaded portion of a bolt Fv,ra= 0.6*fus* Av*m/LIm2
Bolt bearing on the column web
Direction x
kix= 250 Coefficient for calculation of Fyrd kix = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.50>0.00 verified
= 1.00 Coefficient for calculation of Ford bx=min[ez/(3*do), p2/(3*do)-0.25, fun/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Foraix=  64.80 [kN] Bearing resistance of a single bolt Fo,ra1x=Kix* [ ox*fu*d* Y tif [ 1m2
Direction z
kiz = 2.50 Coefficient for calculation of Fprd kiz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz>0.0 2.50>0.00 verified
z=  1.00 Coefficient for calculation of Fprd bz=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
pz > 0.0 1.00 > 0.00 verified
Foraiz=  64.80 [kN] Bearing resistance of a single bolt Fo,ra1z=K1z* oz *fu*d* Y til [ Im2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fprd kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
= 1.00 Coefficient for calculation of Ford [ox=min[e2/(3*do), p2/(3*do)-0.25, fub/fu, 1]
bx > 0.0 1.00 > 0.00 verified
Fora2x = 86.40 [KN] Bearing resistance of a single bolt Fo,ra2x=Kix* L ox*fu*d* Y til LIm2
Direction z
kiz= 250 Coefficient for calculation of Fo,rd k1z=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz>0.0 2.50 > 0.00 verified
pz=  1.00 Coefficient for calculation of Fy rd Ubz=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]
bz > 0.0 1.00 >0.00 verified
Fo,rd2z = 86.40 [kN] Bearing resistance of a single bolt Fo,rd2z=K1z* Loz *Tu*d* Y til [ Im2
1.2.  Ultimate limit state
Bolt shear
€0 = 95 [mm] Shear force eccentricity relative to the center of gravity of a bolt group eo = e2p+0.5*(s1+(Cc-1)*p2)
My = 0.40 [kl\i*m Real bending moment My=My ed pw+VzEd pw*€0

Component force in a bolt due to influence of the longitudinal force on the

Fxn=25.45 [KkN] Fx.n=|NEed,pw|/Nb

x direction

Fove=  1.08 [KN] dC_omp_onent force in a bolt due to influence of the shear force Vz on the z Fave=Vacdpl/no
irection

Fawy=  1.05 [KN] gic:g:?i%r:]ent force in a bolt due to influence of the moment My on the x Frmy=|My[*2i/Y (xi24+27%)
Fawy= 052 [KN] dCi(r)g?:;t)i(())r:]ent force in a bolt due to influence of the moment My on the z Fomy=IMyPxi/y (xi2+22)
Fxea = 26.50 [kN] Design total force in a bolt on the direction x FxEed = FxntFxmy
Fzea= 1.60 [KN] Design total force in a bolt on the direction z FzEed = FzvztFzmy
Fea= 26.55 [KN] Resultant shear force in a bolt Fed = [( Fxgd® + Fzed?)
Frax= 64.80 [kN] Effective design capacity of a bolt on the direction x Frax=min(Ford1,x, Fbrd2,x)
Fraz= 64.80 [kN] Effective design capacity of a bolt on the direction z Froz=min(Ford1,z, Fordz.z)
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|Fxgd| < Frax |26.50| < 64.80 verified (0.41)
|Fzed| < Frdz |1.60| < 64.80 verified (0.02)
Fed < FvRrd 26.55 < 54.29 verified (0.49)

2. Bolts connecting a flange plate with the column right flange
2.1. Bolt capacities

Fyrd = 27.14  [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fup*Av*m/[Im2
Bolt bearing on the column flange
Direction x
kix = 2.50 Coefficient for calculation of Fyrd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
x= 0.77 Coefficient for calculation of Fyrd Ux=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]
bx > 0.0 0.77 >0.00 verified
Foraix=  76.43 [kN] Bearing resistance of a single bolt Fo,ra1x=Kix* [ ox*fu*d*Y il [1m2
Direction y
kay = 2.50 Coefficient for calculation of Ford kiy = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50 > 0.00 verified
by = 0.90 Coefficient for calculation of Fprd by=min[ez/(3*do), fun/fu, 1]
by > 0.0 0.90 > 0.00 verified
Eb'Rdly 89.17 [kN] Bearing resistance of a single bolt Foraty=K1y* [ Iy*fu*d*3'til w2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fprd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
x=  0.77 Coefficient for calculation of Fy rd bx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 0.77 >0.00 verified
Forix =  66.46 [KN]  Bearing resistance of a single bolt Fo,rd2x=Kix* [ ox*fu*d* Y tif [ Im2
Direction y
ky = 2.50 Coefficient for calculation of Fyrd kiy=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50>0.00 verified
by = 0.77 Coefficient for calculation of Fy rd [lby=min[e2/(3*do), fub/fu, 1]
by > 0.0 0.77 > 0.00 verified
Fo,rd2y = 66.46 [KN]  Bearing resistance of a single bolt Fo,razy=K1y* [oy*fu*d*Y til [ Im2
2.2.  Ultimate limit state
= *(r-
€0 = 90 [mm] Shear force eccentricity relative to the center of gravity of a bolt group & elb+0'15),5;l
x| - *
M;= 059 [k'\i M Real bending moment MZ_MZ'Ed”’f+Vy’Ed"’;0
Fxn= 14.83 [kN] Component force in a bolt due to influence of the longitudinal force on the x direction Fx,N=|NEed,ptl/nb
Fyvy= 0.14 [kN] Component force in a bolt due to influence of the shear force Vy on the y direction Fyvy=|Vy.edpfl/Nb
— *\ 7 2
Fxmz= 1.00 [KN] Component force in a bolt due to influence of the moment Mz on the x direction Fumz=[Mz| y/ZO;_;;
I
_ . . . . Fy,Mz:
Fymz= 1.33 [kN] Component force in a bolt due to influence of the moment Mz on the y direction IMa*xi/S (xi2+y i)
Fxed = 15.82 [KN] Design total force in a bolt on the direction x Fxed = Fxn+FxMmz
Fyea = 1.47 [kN] Design total force in a bolt on the direction y Fymz = Fyvy+Fymz
- 2
Fea= 15.89 [KN] Resultant shear force in a bolt Fea=0( FFX'E;Z;
Y,
Fxrd = 66.46 [KN] Effective design capacity of a bolt on the direction x FX'Rd:mm(FFX'::;;)’
X,
_ . . . L Fy,ra=min(Fy,brd1,
Fyrd = 66.46 [kN] Effective design capacity of a bolt on the direction y Fybraz)
Y,

24



Pagina 7 de 10

|Fxed| < FxRrd |15.82| < 66.46 verified (0.24)
|Fy.ed| < FyRrd |1.47] < 66.46 verified (0.02)
Fed < Fvrd 15.89<27.14 verified (0.59)

3. Bolts connecting a flange plate with the column left flange
3.1. Bolt capacities

Fvrd = 27.14 [KN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fup*Av*m/[Im2
Bolt bearing on the column flange
Direction x
kix= 250 Coefficient for calculation of Fprd kix=min[2.8*(e2/do)-1.7, 2.5]
kix>0.0 2.50>0.00 verified
x= 0.77 Coefficient for calculation of Fyrd Ux=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]
bx > 0.0 0.77 > 0.00 verified
Foriix= 76.43 [kN] Bearing resistance of a single bolt Fo.ra1x=Kix* [ ox*fu*d*Y til [ Im2
Direction y
kay = 2.50 Coefficient for calculation of Fo,rd kiy = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50 > 0.00 verified
by = 0.90 Coefficient for calculation of Fy rd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.90 > 0.00 verified
Forazy=  89.17 [kN] Bearing resistance of a single bolt Fo,rdry=K1y* [ Toy*fu*d* Y til [ Im2
Bolt bearing on the plate
Direction x
kix = 2.50 Coefficient for calculation of Fy rd kix=min[2.8*(e2/do)-1.7, 2.5]
kix > 0.0 2.50>0.00 verified
= 077 Coefficient for calculation of Fyrd bx=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
bx > 0.0 0.77 >0.00 verified
Fordix = 66.46 [kN] Bearing resistance of a single bolt Fo,rd2x=Kix* [ ox*fu*d* Y tif [ 1m2
Direction y
kiy = 2.50 Coefficient for calculation of Fy rd kiy=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kiy > 0.0 2.50>0.00 verified
by = 0.77 Coefficient for calculation of Fyrd by=min[e2/(3*do), fun/fu, 1]
by > 0.0 0.77 > 0.00 verified
= _ [KN Bearing resistance of a single L. ok KE AR
b,Rd2y = 66.46 1 bolt Fo,rd2y=K1y* [ Toy*fu*d* Y til [ Im2

3.2. Ultimate limit state

Bolt shear
€0 = 90 [mm] Shear force eccentricity relative to the center of gravity of a bolt group o = e1p+0.5%(r-1)*p1
* —_ *
M;= 0.59 [l:n] Real bending moment Mz=Mz edprtVy.Edpf i
Fan = 16.3 [KN] C_omp_onent force in a bolt due to influence of the longitudinal force on the x FxN=|NEd,pfl/nb
3 direction
F Component force in a bolt due to influence of the shear force Vy on the
DY 014 [KN] goobon y Yo RwEVyespting
FxMz 1.00 [kN] Component force in a bolt due to influence of the moment Mz on the X Fxmz=|Mz|*yi/Y (xi?+y
= ' direction 2)
Fy.mz 1.33 [kN] Component force in a bolt due to influence of the moment Mz on the y Fymz=
= . direction [Mz*Xi/3(xi2+yi2)
zx'Ed 17'2 [KN] Design total force in a bolt on the direction x FxEed = FxntFxmz
Ey‘Ed 1.47 [kN] Design total force in a bolt on the direction y Fymz = Fywy+Fymz
- 2
Fea= 73 [KN] Resultant shear force in a bolt Fea = D( Pxed z+
9 Fyed®)
EX‘Rd 66'2 [kN] Effective design capacity of a bolt on the direction x FX’Rd:mm(EX':s:ZI)‘
= X,
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Fyrd = 66.46 [KN] Effective design capacity of a bolt on the direction y
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Fy,ra=min(Fy,brd1, Fy,brd2)

|Fxed| < Fxro [17.33 < 66.46 verified (0.26)
|Fyed < Fyro [1.47| < 66.46 verified (0.02)
Fed < Furd 17.39 < 27.14 verified (0.64)
4. Verification of the section due to block tearing - [3.10]
41. Column
Nr Model Anv[cm2] Ant[cm2] Vo [kN] Vettrd [KN]  [Vo|/VeftRrd Status
1 | 1519 829 6.47 (*1) 32540 (*)  0.02 verified
—
2 [5 8.29 3920 15268 (*2) 676.93(*) 023 verified
3 Fi] 8.29 3920 15268 (*2) 676.93(*) 023 verified
4 m 16,57 855 152.68 (*2) 47113 (**)  0.32 verified
5 1351  3.28 88.97 (*3)  461.06 (***) 0.19 verified
6 1351  3.28 97.99 (*4)  461.06 (***) 0.21 verified
(*1) Vo = VzEaL
(*2) Vo = Nugg
(*3) Vo = Nued
(*4) Vo = Nried
(*) Veftrd = 0.5*fu*Ant/ Limz + (1/013)*fy*Anv/ LImo
(**) Vettra = fu*Ant/[ Im2 + (1/[13)*fy*Anv/[ Imo
(***) Vetird = 2*[0.5%Fu*And/ LMz + (1/013)*fy*Anv/ [ Im0]
4.2.  Splice plate
Nr  Model Anv[cm2] Ant[cm2] Vo[KN]  Vefrrd [KN]  [Vol/Veftrd Status
1 i] 8.00 5.52 3.23(*1) 188.10(*)  0.02 verified
—
2 *l 5.52 8.00 76.34 (*2) 190.16 (*)  0.40 verified
3 [“ 5.52 8.00 76.34 (*2) 190.16 (*)  0.40 verified
4 l.?] 11.05 570 76.34 (*2) 314.08 (**) 0.24 verified
(*1) Vo = Vzea
(*2) Vo = Nwed
(*) Vettrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ Imo
(**) Vettrd = fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ Imo
43. Right external plate
Nr  Model An [cm2] Ant [cm2] Vo [KN]  Vertrd [KN]  |Vo|/Vefird Status
1 mml 705 1175 -0.85(*1)  264.85(%) 0.00 verified
-
2 .¢] 11.75 10.05 89.10 (*2)  304.14(*) 0.29 verified
3 [—’l 2350 7.70 89.10 (*2)  540.60 (**) 0.16 verified
(*1) Vo = 0.5*Vyea1
(*2) Vo = Nfueed
(*) Veftrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/ [ 1Mo
(**) Vettrd = fu*Ant/[Im2 + (1/113)*fy*Anv/ [ 1Mo
4.4. Left external plate
Nr  Model Anv[cm2]  Ant[cm2] Vo [KN]  Vefird [KN]  |Vo|/VeftRrd Status
1 7.05 11.75 -0.85 (*1) 264.85(*) 0.00 verified
-
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2 -J 11.75 10.05 907.86 (*2) 30414 (%) 032 verified

3 [?J 2350 7.70 97.86 (*2)  540.60 (**) 0.18 verified

(*1) Vo = 0.5*VyEa1

(*2) Vo = Nrieed

(*) Vettrd = 0.5*fu*Ant/ [ Im2 + (1/113)*fy*Anv/[ 1Mo
(**) Vettrd = fu*Ant/ [ 1m2 + (1/113)*fy*Anv/ [ Imo

5. Verification of sections weakened by openings - [5.4]
51.  Column

A= 19.79 [cm?] Area of tension zone of the gross section

Atnet = 16.80 [cm?] Net area of the section in tension

0.9%(Atnet/At) < (fy*[Im2)/(fu*[Imo) 0.76 < 0.82 verified

W= 713.15 [cm®] Elastic section modulus

Whet=  713.15 [cm®] Elastic section modulus

MecRranet = 167.59 [KN*m] Design resistance of the section for bending Me,Rdnet = Whet*fyp/[ 1Mo

|Mo| < Mc Rnet |-1.70| < 167.59 verified (0.01)

Av= 24.75 [cm?] Effective section area for shear Av = hp*tp

Avnet = 21.82 [cm?] Net area of a section effective for shear Avnet=Av-nv*do*tp

Aynet > (fyp/fup)*Av 21.82 >16.16 verified

Vpird = 335.80 [kN] Design plastic resistance for shear Voi,ra=(Av*fyp)/(113* [1mo)

[Vo| < Vpird |6.47] < 335.80 verified (0.02)
5.2. Splice plate

A= 12.25 [cm?] Area of tension zone of the gross section

Atret= 10.30 [cm?] Net area of the section in tension

0.9%(Atnet/At) < (fy*[Im2)/(fu*[Tmo) 0.76 < 0.82 verified

W= 50.02 [cm?] Elastic section modulus

Whet=  44.80 [cm3] Elastic section modulus

MecRranet = 10.53 [KN*m] Design resistance of the section for bending Me Rdnet = Whet*fyp/ [ 1m0

|Mo| < Mc,Rdnet |0.20] < 10.53 verified (0.02)

Ay = 12.25 [cm?] Effective section area for shear Av = hp*tp

Av et = 10.30 [cm?] Net area of a section effective for shear Avnet=Av-nv*do*tp

Avnet > (fyp/fup) *Av 10.30 > 8.00 verified

Vpird = 166.20 [kN] Design plastic resistance for shear Voi,rd=(Av*fyp)/(113*[1mo)

[Vo| < Vpird |3.23| < 166.20 verified (0.02)
53. Right external plate

A= 15.00 [cm?] Area of tension zone of the gross section

Atnet = 12.40 [cm?] Net area of the section in tension

0.9*(Atnet/At) < (fy*LIm2)/(fu* [ mo) 0.74<0.82 verified

W= 37.50 [cm® Elastic section modulus

Whee= 3043 [cm®] Elastic section modulus

Mecranet = 7.15 [KN*m] Design resistance of the section for bending Me,Rdnet = Whet*fyp/[ 1Mo

|Mo| < Mc,Rdnet |0.67] < 7.15 verified (0.09)

Av= 15.00 [cm?] Effective section area for shear Av = hp*tp

Av et = 12.40 [cm?] Net area of a section effective for shear Avnet=Av-nv*do*tp

Ay net > (fyp/fup) *Av 12.40>9.79 verified

Vpird = 203.52 [kN] Design plastic resistance for shear Voi,ra=(Av*fyp)/(113* [1mo)

[Vo| < Vpird |-0.85| < 203.52 verified (0.00)
5.4. Left external plate

A= 15.00 [cm?] Area of tension zone of the gross section

Atnet = 12.40 [cm?  Net area of the section in tension
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0.9*(Atnet/ At) < (f*[Im2)/(fu™* [ Imo) 0.74<0.82

W= 37.50 [cm®] Elastic section modulus

Whet = 30.43 [cm®] Elastic section modulus

Mcranet = 7.15 [kN*m] Design resistance of the section for bending
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verified

Mc Rdnet = Wnet*fyp/ MO

[Mo| < Mc Rdnet |0.67] < 7.15 verified (0.09)

A= 15.00 [cm?] Effective section area for shear Av = hp*tp

Avnee= 1240 [cm?] Net area of a section effective for shear Avnet=Av-ny*do*tp

Av et = (fyp/fup) *Av 12.40 > 9.79 verified

Vpird = 203.52 [kN] Design plastic resistance for shear Vpird=(Av*fyp)/(L13*Imo)
[Vo| < Vpird |-0.85| < 203.52 verified (0.00)
Connection conforms to the code Ratio 0.64
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Ligacao do Pilar P3 aos Plintos

)
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Autodesk Robot Structural Analysis Professional 2016 O K
Fixed column base design

Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design ..o
Guide: Design of fastenings in concrete 0.99

. g *
3
§
= 3 F-;\‘”
£
;
5[2;4

X. General
Connection no.: 1
Connection name:  Encastramento_PilarP3_Plinto
X1. Geometry

1. Column
Section: IPE 330
Le= 500 [m] Column length

= 0.0 [Deg] Inclination angle

he = 330 [mm] Height of column section
brc = 160 [mm] Width of column section
twe = 8 [mm] Thickness of the web of column section
tre = 12 [mm] Thickness of the flange of column section
re= 18 [mm] Radius of column section fillet
Ac= 62.61 [cm?] Cross-sectional area of a column
lyc = 11766.90 [cm?] Moment of inertia of the column section
Material:  S235
fye = 235.00 [MPa] Resistance
fuc = 360.00 [MPa] Yield strength of a material

2. Column base
lpa = 700 [mm] Length
bpa = 300 [mm] Width
tpd = 20 [mm] Thickness
Material: S235
fypd = 235.00 [MPa] Resistance
fupd = 360.00 [MPa] Yield strength of a material
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3. Anchorage
The shear plane passes through the UNTHREADED portion of the bolt.
Class = 10.9 Anchor class

fyb = 900.00 [MPa] Yield strength of the anchor material
fub = 1000.00 [MPa] Tensile strength of the anchor material
d= 20 [mm] Bolt diameter
As= 2.45 [cm?] Effective section area of a bolt
Av= 3.14 [cm?] Area of bolt section
NH = 2 Number of bolt columns
nv = 2 Number of bolt rows
Horizontal spacing eni = 170 [mm]
Vertical spacing evi = 80 [mm]
Anchor dimensions
Li= 60 [mm]
L2= 640 [mm]
Ls= 120 [mm]
La= 100 [mm]
Washer
lwd = 50 [mm] Length
bwd = 60 [mm] Width
twd = 10 [mm] Thickness
4. Wedge
Section: IPE 100
lw = 100 [mm] Length
Material:
fyw = 0.00 [MPa] Resistance
5. Material factors
Mo = 1.00 Partial safety factor
M2 = 1.25 Partial safety factor
c= 1.50 Partial safety factor
6. Spread footing
L= 800 [mm] Spread footing length
B= 400 [mm] Spread footing width
H= 2000 [mm] Spread footing height
Concrete
Class Usuario
fok = 38250 [MPa] Characteristic resistance for compression
Grout layer
tg= 50 [mm] Thickness of leveling layer (grout)
fekg = 12.00 [MPa] Characteristic resistance for compression
Ctd = 0.30 Coeff. of friction between the base plate and concrete
7. Welds
ap = 4 [mm] Footing plate of the column base
aw = 4 [mm] Wedge
XIl. Loads
Case: Manual calculations.
Njed« = 526.48 [kN] Axial force
Vjedy= 0.13 [kN] Shear force
Vjedz= 0.88 [kN] Shear force

Mjedz = -0.31 [KN*m] Bending moment
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XIll. Results

1. Tension zone
STEEL FAILURE

Ab = 245 [cm?]  Effective anchor area
fub = 1000.00 [MPa] Tensile strength of the anchor material
Beta = 0.85 Reduction factor of anchor resistance
FtRrds1 = beta*0.9*fun*Av/[1m2
Ftrast = 149.94 [kN] Anchor resistance to steel failure

Ms = 1.20 Partial safety factor
fyb = 900.00 [MPa] Yield strength of the anchor material
FtRra,s2 = fyo*Ab/[Ivs
Ftras2 = 183.75 [KN] Anchor resistance to steel failure
Ftrds = min(FtRrd,st,FtRrd;s2)
Ftrds = 149.94 [kN] Anchor resistance to steel failure
PULL-OUT FAILURE
fok = 38250 [MPa] Characteristic compressive strength of concrete

fera = 0.7*0.3%Fu3/ [ Ic
faa=  7.38 [MPa] Design tensile resistance
Coeff. related to the quality of the bond conditions and concreting

1= 100 conditions

2= 1.00 Coeff. related to the bar diameter
fod = 2.25* 1% [ 12*feta
fod = 16.60 [MPa] Design value of the ultimate bond stress
hef = 640 [mm] Effective anchorage depth

Ftrdp = [1*d*her*fod
Ftrap= 667.46 [KN] Design uplift capacity
CONCRETE CONE FAILURE
her = 210 [mm] Effective anchorage depth
NRkaO = 7.5[N°-5/mm°-5]*fck*heflf’
Nrk® = 446.38 [kN] Characteristic resistance of an anchor
Ser,N = 630 [mm] Critical width of the concrete cone
CorN = 315 [mm] Critical edge distance
Acno = 5680.00 [cm?] Maximum area of concrete cone
Acn=3200.00 [cm?] Actual area of concrete cone

AN = Ac,N/AcNo

_AN 056 Factor related to anchor spacing and edge distance

c= 160 [mm] Minimum edge distance from an anchor
sN=0.7+ 0.3*c/lcarn<1.0
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[Table 3.4]
[Table 3.4]
[3.6.1.(3)]

[Table 3.4]
CEB [3.2.3.2]
CEB [9.2.2]

CEB [9.2.2]

EN 1992-1:[3.1.2]

EN 1992-1:[8.4.2.(2)]
EN 1992-1:[8.4.2.(2)]
EN 1992-1:[8.4.2.(2)]

EN 1992-1:[8.4.2.(2)]
EN 1992-1:[8.4.2.(2)]

EN 1992-1:[8.4.2.(2)]
CEB [9.2.4]

CEB [9.2.4]
CEB [9.2.4]
CEB [9.2.4]
CEB [9.2.4]
CEB [9.2.4]

CEB [9.2.4]
CEB [9.2.4]

sn 0.8 Factor taking account the influence of edges of the concrete member on the distribution of CEB

= 5 stresses in the concrete

een 1.0
= 0

reN = 0.5 + hefmm]/200 < 1.0
reN= 1.00 Shell spalling factor

Factor related to distribution of tensile forces acting on anchors

- ucr,N 1.40
= concrete

me= 2.16 Partial safety factor
FtRrdc = NRk,cO* ANFLIsN* e N* e, N* Cuer, N/ Llme
Firae= 13894  [kN] fl:;lelsL:?: anchor resistance to concrete cone

Factor taking into account whether the anchorage is in cracked or non-cracked

[9.2.4]
CEB
[9.2.4]

CEB [9.2.4]
CEB [9.2.4]
CEB[3.2.3.1]

EN 1992-1:[8.4.2.(2)]
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her = 640 [mm] Effective anchorage depth CEB [9.2.5]
Nrk,® = 7.5[NO5/mm05]*fe*hert
Nrk® = 237491 [kN]  Design uplift capacity CEB [9.2.5]
Ser,N = 1280 [mm] Critical width of the concrete cone CEB [9.2.5]
CorN = 640 [mm] Critical edge distance CEB [9.2.5]
AcNo = 19720.00 [cm?] Maximum area of concrete cone CEB [9.2.5]
AcN = 3200.00 [cm?]  Actual area of concrete cone CEB [9.2.5]
AN = AcN/AcNo
AN . . CEB
- 0.16 Factor related to anchor spacing and edge distance [9.2.5]
B . . CEB
c= 160 [mm]  Minimum edge distance from an anchor [9.2.5]
sN=0.7+ 0.3*c/carn < 1.0
sN 077 Fgctgr tgking account. the influence of edges of the concrete member on the  CEB
= distribution of stresses in the concrete [9.2.5]
_ eeN 1.00 Factor related to distribution of tensile forces acting on anchors [9C22E5Bi
reN = 0.5 + heffmm]/200
<1.0
reNn= 1.00  Shell spalling factor CEB [9.2.5]
Huenn g 49 Factor taking into account whether the anchorage is in cracked or non-cracked CEB [9.2.5]
= concrete
nn = (h/(2%her))?2 < 1.2
hN = 1.20 Coeff. related to the foundation height CEB [9.2.5]
Msp = 2.16 Partial safety factor CEB [3.2.3.1]
Ftrd,sp = NRkcP* T AN* s N* e, N* [ re,N* Cluer N* LT/ T Misp
Ftrdsp = 232.30 [kN] Design anchor resistance to splitting of concrete CEB [9.2.5]
TENSILE RESISTANCE OF AN ANCHOR
Ft,Rd = min(Ft,Rd‘s , Ft‘Rd,p , Ft,Rd,c , Ft,Rd‘sp)
Ftrd = 138.94 [KN] Tensile resistance of an anchor
BENDING OF THE BASE PLATE
Bending moment M ed
left1 = 177 [mm] E]fggc;tllve length for a single bolt for [6.2.6.5]
lett2 = 177 [mm] qu;gcetlzve length for a single bolt for [6.2.6.5]
m= 32 [mm] ‘ISDdi;teance of a bolt from the stiffening [6.2.6.5]
Mopl1rd = 4.16 [KN*m] Plastic resistance of a plate for mode 1 [6.2.4]
Mopl2rd = 4.16 [KN*m] Plastic resistance of a plate for mode 2 [6.2.4]
Frird = 52415 [kN] Resistance of a plate for mode 1 [6.2.4]
Fr2rd = 270.85 [kN] Resistance of a plate for mode 2 [6.2.4]
Frard = 27787 [kN] Resistance of a plate for mode 3 [6.2.4]
Ftplrdz = min(Fr,1rd , FT2Rrd , FT3Rd)
Fipirdz=  270.85 [kN]  Tension resistance of a plate [6.2.4]
TENSILE RESISTANCE OF A COLUMN WEB
Bending moment Mj ed.z
twe = 8 [mm] Effective thickness of the column web [6.2.6.3.(8)]
Detftwe = 177 [mm] Effective width of the web for tension [6.2.6.3.(2)]
Av = 30.81 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
= 0.90 Reduction factor for interaction with shear [6.2.6.3.(4)]
FtweRdz = [ Defrtwe twe fye / [mo
FtweRrdz = 279.87 [kN]  Column web resistance [6.2.6.3.(1)]
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NjRrd = 541.70 [KN] Resistance of a spread footing for axial tension [6.2.8.3]
FrRrdz = min(Ft,pI,Rd,z.Ft,wc,Rd,z)
Frriz= 270.85 [kN] Resistance of a column base in the tension zone [6.2.8.3]
2. Connection capacity check
Njed / Njra < 1,0 (6.24) 0.97 < 1.00 verified (0.97)
€z = 1 [mm] Axial force eccentricity [6.2.8.3]
Zcz = 46 [mm] Lever arm FcRrd, [6.2.8.1.(2)]
Ztz = 40 [mm] Lever arm FrRrd:z [6.2.8.1.(3)]
MijRrd,z = 0.31 [kN*m] Connection resistance for bending [6.2.8.3]
Mikedz / MjRrdz < 1,0 (6.23) 0.99 < 1.00 verified (0.99)
3. Shear
BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE
Shear force Vjedy
dy=0.96 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
by =0.96 Coeff. for resistance calculation F1bRrd [Table 3.4]
kiy= 2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
FivbRrdy = Kiy*[oy*fup*d*tp / [Im2
Fivbrdy =277.09 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
Shear force Vjed,;
dz =4.02 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
bz =1.00 Coeff. for resistance calculation F1vbRrd [Table 3.4]
kiz= 2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
Fiwordz = K1,z* oz *fup*d*tp / [1m2
Fiw,raz =288.00 [KN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
SHEAR OF AN ANCHOR BOLT
b= 0.25 Coeff. for resistance calculation F2,vb,rd [6.2.2.(7)]
Ao = 3.14 [cm?]  Area of bolt section [6.2.2.(7)]
fun = 1000.00 [MPa] Tensile strength of the anchor material [6.2.2.(7)]
M2 = 1.25 Partial safety factor [6.2.2.(7)]
Faub,rd = [1b*fun*Avb/ [ 1m2
Favwbrd = 62.33 [KN]  Shear resistance of a bolt - without lever arm [6.2.2.(7)]
m= 200 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mrks = 0.29 [KN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2]
Ism = 70 [mm] Lever arm length CEB [9.3.2.2]
vs= 120 Partial safety factor CEB [3.2.3.2]
FvRdsm = M*MRk,s/(lsm*\ \Ms)
Fv.rdsm = 6.90 [KN] Shear resistance of a bolt - with lever arm CEB [9.3.1]
CONCRETE PRY-OUT FAILURE
NRk.c = 300.10 [kN]  Design uplift capacity CEB [9.2.4]
ks = 2.00 Factor related to the anchor length CEB [9.3.3]
Mc = 2.16 Partial safety factor CEB [3.2.3.1]
Fvrd.cp = Ka*Nrke/ [ 1Mc
Fvracp = 277.87 [KN]  Concrete resistance for pry-out failure CEB [9.3.1]

CONCRETE EDGE FAILURE
Shear force Vjedy
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VRkey? = 672.36 [kN] Characteristic resistance of an anchor CEB [9.3.4.(a)]
AVy = 1.00 Factor related to anchor spacing and edge distance CEB [9.3.4]
hVy = 1.00 Factor related to the foundation thickness CEB [9.3.4.(c)]
vy = 1.00 gfactor related to the influence of edges parallel to the shear load CEB [9.3.4.(d)]

irection
Factor taking account a group effect when different shear loads
eV = 1.00 are acting or?the individ?JaI a%chors in a group CEB[3.34.(e)]
ovy = 1.00 Factor related to the angle at which the shear load is applied CEB [9.3.4.()]
uerVy = 1.00 Factor related to the type of edge reinforcement used CEB [9.3.4.(0)]
Mc = 2.16 Partial safety factor CEB [3.2.3.1]

FvRrdcy = VRk,c,yO* AVY* vy * s vy™ e vy™ o vy™ Huern vyl Lve

Fvracy= 31128 [KN] Concrete resistance for edge failure CEB [9.3.1]

Shear force Vjed,;

Vrke’ = 1857.31 [kN] Characteristic resistance of an anchor CEB [9.3.4.(3)]
AVz= 0.34 Factor related to anchor spacing and edge distance CEB [9.3.4]
hv.z = 1.00 Factor related to the foundation thickness CEB [9.3.4.(c)]
sVz = 0.80 Factor related to the influence of edges parallel to the shear load direction CEB [9.3.4.(d)]

Factor taking account a group effect when different shear loads are acting on the
eeviz = 1.00 individual ar?chors ina groug ’ CEB[3.34.(¢)]
Nz = 1.00 Factor related to the angle at which the shear load is applied CEB [9.3.4.(f)]
uerV,z = 1.00 Factor related to the type of edge reinforcement used CEB [9.3.4.(9)]
Mc = 2.16 Partial safety factor CEB [3.2.3.1]

FvRrdez = VRk,c,zo*\ AV hvz* sv.z*lee vz ovz® Duer v [Me

Fvrdcz= 233.40 [KN] Concrete resistance for edge failure CEB [9.3.1]

SPLITTING RESISTANCE

Cta = 0.30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]

Neea=  0.00 [kN] Compressive force [6.2.2.(6)]

Fitrd = Ctd*Nc,Ed

Fird = 0.00 [KkN] Slip resistance [6.2.2.(6)]

BEARING PRESSURE OF THE WEDGE ONTO CONCRETE

Fv,Rd,wg,y = 1.4*|w*bwy*fck/‘ Ie

Fvrawgy = 3570.00 [kN] Resistance for bearing pressure of the wedge onto concrete

Fv,rdwgz = 1.4%lw*bwz*few/ e

Fvrawgz = 1963.50 [kN] Resistance for bearing pressure of the wedge onto concrete

SHEAR CHECK

VjRrdy = Nb*mMin(F1vb,rdy, F2,vb,Rd, Fv.Rdsm, FvRdcp, FvRdcy) + FvRdwgy + FfRd

Vijrdy= 3597.58 [kN] Connection resistance for shear CEB[9.3.1]

Vigdy ! Virdy < 1,0 0.00 <1.00 verified (0.00)

Vj,Rd,z = nb*min(Fl,vb,Rd,z, F2vb,Rd, Fv,Rrd;sm, Fv,Rd,cp, Fv,Rd,c,z) + Fv,Rd,Wg,z + FtRd

Virdz= 1991.08 [kN] Connection resistance for shear CEB[9.3.1]

Vijedz ! Vjrdz < 1,0 0.00<1.00 verified (0.00)

Vigedy ! Virdy + Viedz / Virdz < 1,0 0.00 < 1.00 verified (0.00)

4. Welds between the column and the base plate
0= 78.44  [MPa]  Normal stress in a weld [4.5.3.(7)]

= 7844 [MPa]  Perpendicular tangent stress [4.5.3.(7)]
yil = 0.05 [MPa] Tangent stress parallel to Vijedy [4.5.3.(7)]
M= 0.36 [MPa]  Tangent stress parallel to Vjed: [4.5.3.(7)]
w = 0.80 Resistance-dependent coefficient [4.5.3.(7)]
o/ (0.9*fu/[Im2)) < 1.0 (4.1) 0.30<1.00 verified (0.30)
(02 + 3.0 (Lyn? + 003) 1 (ful(Dw*m2))) < 1.0 (4.1) 0.44 < 1.00 verified (0.44)
(T2 + 3.0 (Hz? + D)/ (ful (Dw*[Tm2))) < 1.0 (4.1)0.42 < 1.00 verified (0.42)

5. Connection stiffness

Bending moment M ed

ki3z = Ec*[1(Acz)/(1.275*E)

kisz = 64 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
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lets = 177 [mm] Effective length for a single bolt for mode 2

m= 32 [mm] Distance of a bolt from the stiffening edge

kisz = 0.425%lese*t,%/(m°)

kisz = 19 [mm] Stiffness coeff. of the base plate subjected to tension

Lo = 250 [mm] Effective anchorage depth

kiez = 1.6%An/Lb

kie,z = 2 [mm] Stiffness coeff. of an anchor subjected to tension
0z = 1.50 Column slenderness

Sjiniz=  337.94 [kN*m] Initial rotational stiffness
Sirigz = 9930.60 [KN*m] Stiffness of a rigid connection
Sjiniz < Sjrig.z SEMI-RIGID

6. Weakest component:
BASE PLATE - BENDING

Connection conforms to the code Ratio 0.99
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[6.2.6.5]
[6.2.6.5]

[Table 6.11]
[Table 6.11]

[Table 6.11]
[5.2.2.5.(2)]
[6.3.1.(4)]
[5.2.2.5]
[5.2.2.5.(2)]
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