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Características dos Equipamentos 

  Qtd 

 Peso 
Unitário 

Largura Prof. Altura Peso Peso Maciço Total 

    

 
[kg] [mm] [mm] [mm] [kg] [kN/m ]2 

[kN/m 
]2 

[kN/m2] 

CONJUNTO 

QMT 30 kV (5 
Celas) 

1 
 

5500 5000 
2768 

3156 5500 3.5 1.5 5.0 

QMT 30 kV (6 
Celas) 

1 
 

6000 6000 
2768 

3156 6000 3.2 1.5 4.7 

QMT 10kV 1  5000 4800 1566 2119 5000 5.5 1.5 7.0 

TF 2398 kVA 1  7800 2950 1500 2000 8500 15.2 1.5 16.7 

Retificadores 1  1000 2000 1050 2000 1000 3.4 1.5 4.9 

TF 5MVA 1  9100 1500 2550 2850 9100 18.6 1.5 20.1 

Q 750DC 1  6000 6100 1400 2300 6000 5.7 1.5 7.2 

TSA 160 kVA 1  1980 1700 830 1680 1980 9.4 1.5 10.9 

PST 
QMT 10 kV 1  5000 3700 1566 2119 5000 7.0 1.5 8.5 

TF 800 kVA 1  3615 1500 865 2050 3615 18.5 1.5 20.0 

Sala de 

Ventilação 

  2  3000     6000     1 

  4  2250     9000       

  4  500     2000       

  1  1000     1000       
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𝑇 

º

Δ𝑇

Δ𝑇

∆𝑇𝑈,𝑐𝑜𝑛 =   
𝑇2+𝑇9

2
−𝑇0 = −2 ℃ ∆𝑇𝑈,𝑒𝑥𝑝 =

𝑇1+𝑇7

2
− 𝑇0 = 5 ℃
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

 

ε

𝜀𝑐𝑎(𝑡) = 𝛽𝑎𝑠(𝑡)𝜀𝑐𝑎(∞)

𝜀𝑐𝑎(∞) = 2.5 (𝑓𝑐𝑘 − 10)10−6

𝛽𝑎𝑠(𝑡) = 1 − 𝑒𝑥𝑝(−0.2𝑡0.5)

ε

𝜀𝑐𝑑(𝑡) = 𝛽𝑑𝑠(𝑡, 𝑡𝑠)𝑘ℎ𝜀𝑐𝑑,0

𝛽𝑑𝑠(𝑡, 𝑡𝑠) =
(𝑡 − 𝑡𝑠)

(𝑡 − 𝑡𝑠) + 0.04√ℎ0
3

ε

𝜀𝑐𝑠 = 𝜀𝑐𝑑 + 𝜀𝑐𝑎
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SGik

SQ1k

SQjk

γ

γ

 𝑖

 =  ∑
=1

 +   + (ψ1,1ou ψ2,1)  + ∑ ψ2
=1

Sd

SQ,1

SFa

(ψ1,1ou ψ2,1) 

 

 =  ∑
=1

 +  + ∑ ψ2
=1

₂ çã á 𝑗

 

∑ ∑ ψ
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1. Materials
Reinforcement  EC2

Name Type Emod Gmod α fy.k
[kg/m 3] [MPa] [MPa] [m/mK] [MPa]

B 500B Reinforcement steel 7850.0 2.0000e+05 8.3333e+04 0.00 500.0

Concrete  EN 1992-2
Name Type Unit mass E mod Poisson  - nu G mod Thermal  exp Colour

[kg/m3] [MPa] [MPa] [m/mK]
C20/25(EN1992-2) Concrete 2500.0 3.0000e+04 0.2 1.2500e+04 0.00
C30/37(EN1992-2) Concrete 2500.0 3.2800e+04 0.2 1.3667e+04 0.00

2. Subsoils
Name C1x C1z C1y Stiffness C2x C2y

[MN/m 3] [MN/m 3] [MN/m 3] [MN/m] [MN/m]
Shaft 1 0.0000e+00 Flexible 0.0000e+00 4.0000e-01 0.0000e+00 0.0000e+00
Shaft 2 0.0000e+00 Flexible 0.0000e+00 7.5000e-01 0.0000e+00 0.0000e+00
Shaft 3 1.6200e+00 Flexible 1.6200e+00 8.1000e+00 0.0000e+00 0.0000e+00
Shaft 4 6.7500e+00 Flexible 6.7500e+00 3.3780e+01 0.0000e+00 0.0000e+00
Tunnel North 1 5.6000e+00 Flexible 5.6000e+00 2.8034e+01 0.0000e+00 0.0000e+00
Tunnel North 2 4.0000e+00 Flexible 4.0000e+00 2.0000e+01 0.0000e+00 0.0000e+00
Tunnel South 1 3.6000e+00 Flexible 3.6000e+00 1.8050e+01 0.0000e+00 0.0000e+00
Tunnel South 2 2.1400e+00 Flexible 2.1400e+00 1.0730e+01 0.0000e+00 0.0000e+00

3. Cross-sections
1500X500
Type Rectangle
Detailed 1500; 500
Shape  type Thick-walled
Item  material C30/37(EN1992-2)
Fabrication concrete
Colour
A [m2] 7.5000e-01
Ay [m2], Az [m2] 6.2715e-01 6.2523e-01
AL [m2/m],  AD [m2/m] 4.0000e+00 4.0000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 250 750
α [deg] 0.00
Iy [m4], Iz [m4] 1.4063e-01 1.5625e-02
iy [mm],  iz [mm] 433 144
Wel.y [m3], Wel.z [m3] 1.8750e-01 6.2500e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 4.9256e-02 1.8364e-03
βy [mm],  βz [mm] 0 0
Picture

1200X300
Type Rectangle
Detailed 1200; 300

Shape  type Thick-walled
Item  material C20/25(EN1992-2)
Fabrication concrete
Colour
A [m2] 3.6000e-01
Ay [m2], Az [m2] 3.0179e-01 3.0009e-01
AL [m2/m],  AD [m2/m] 3.0000e+00 3.0000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 150 600
α [deg] 0.00
Iy [m4], Iz [m4] 4.3200e-02 2.7000e-03
iy [mm],  iz [mm] 346 87
Wel.y [m3], Wel.z [m3] 7.2000e-02 1.8000e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 9.0713e-03 2.4554e-04
βy [mm],  βz [mm] 0 0
Picture

C900X600
Type Rectangle
Detailed 900; 600
Shape  type Thick-walled
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Item  material C20/25(EN1992-2)
Fabrication concrete
Colour
A [m2] 5.4000e-01
Ay [m2], Az [m2] 4.5070e-01 4.5031e-01
AL [m2/m],  AD [m2/m] 3.0000e+00 3.0000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 300 450
α [deg] 0.00
Iy [m4], Iz [m4] 3.6450e-02 1.6200e-02
iy [mm],  iz [mm] 260 173
Wel.y [m3], Wel.z [m3] 8.1000e-02 5.4000e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 3.8000e-02 1.7444e-04
βy [mm],  βz [mm] 0 0
Picture

C900X300
Type Rectangle
Detailed 900; 300
Shape  type Thick-walled
Item  material C20/25(EN1992-2)
Fabrication concrete
Colour
A [m2] 2.7000e-01
Ay [m2], Az [m2] 2.2583e-01 2.2509e-01
AL [m2/m],  AD [m2/m] 2.4000e+00 2.4000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 150 450
α [deg] 0.00
Iy [m4], Iz [m4] 1.8225e-02 2.0250e-03
iy [mm],  iz [mm] 260 87
Wel.y [m3], Wel.z [m3] 4.0500e-02 1.3500e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 6.3830e-03 8.5637e-05
βy [mm],  βz [mm] 0 0
Picture

C1550X30
Type Rectangle
Detailed 1550; 300

Shape  type Thick-walled
Item  material C20/25(EN1992-2)
Fabrication concrete
Colour
A [m2] 4.6500e-01
Ay [m2], Az [m2] 3.8993e-01 3.8759e-01
AL [m2/m],  AD [m2/m] 3.7000e+00 3.7000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 150 775
α [deg] 0.00
Iy [m4], Iz [m4] 9.3097e-02 3.4875e-03
iy [mm],  iz [mm] 447 87
Wel.y [m3], Wel.z [m3] 1.2013e-01 2.3250e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 1.2203e-02 5.8273e-04
βy [mm],  βz [mm] 0 0
Picture

B700X300
Type Rectangle
Detailed 700; 300
Shape  type Thick-walled
Item  material C30/37(EN1992-2)
Fabrication concrete
Colour
A [m2] 2.1000e-01
Ay [m2], Az [m2] 1.7549e-01 1.7509e-01
AL [m2/m],  AD [m2/m] 2.0000e+00 2.0000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 150 350
α [deg] 0.00
Iy [m4], Iz [m4] 8.5750e-03 1.5750e-03
iy [mm],  iz [mm] 202 87
Wel.y [m3], Wel.z [m3] 2.4500e-02 1.0500e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 4.5909e-03 3.0270e-05
βy [mm],  βz [mm] 0 0
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Picture

C2500X500
Type Rectangle
Detailed 2500; 500
Shape  type Thick-walled
Item  material C30/37(EN1992-2)
Fabrication concrete
Colour
A [m2] 1.2500e+00
Ay [m2], Az [m2] 1.0476e+00 1.0419e+00
AL [m2/m],  AD [m2/m] 6.0000e+00 6.0000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 250 1250
α [deg] 0.00
Iy [m4], Iz [m4] 6.5104e-01 2.6042e-02
iy [mm],  iz [mm] 722 144
Wel.y [m3], Wel.z [m3] 5.2083e-01 1.0417e-01
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 9.0726e-02 1.1210e-02
βy [mm],  βz [mm] 0 0
Picture

B2500X600
Type Rectangle
Detailed 1000; 700
Shape  type Thick-walled
Item  material C30/37(EN1992-2)
Fabrication concrete
Colour
A [m2] 7.0000e-01
Ay [m2], Az [m2] 5.8434e-01 5.8382e-01
AL [m2/m],  AD [m2/m] 3.4000e+00 3.4000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 350 500
α [deg] 0.00
Iy [m4], Iz [m4] 5.8333e-02 2.8583e-02
iy [mm],  iz [mm] 289 202
Wel.y [m3], Wel.z [m3] 1.1667e-01 8.1667e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 6.4904e-02 3.0907e-04
βy [mm],  βz [mm] 0 0
Picture

B1200X500
Type Rectangle
Detailed 1300; 500
Shape  type Thick-walled
Item  material C30/37(EN1992-2)
Fabrication concrete
Colour
A [m2] 6.5000e-01
Ay [m2], Az [m2] 5.4317e-01 5.4189e-01
AL [m2/m],  AD [m2/m] 3.6000e+00 3.6000e+00
cY.UCS  [mm],  cZ.UCS  [mm] 250 650
α [deg] 0.00
Iy [m4], Iz [m4] 9.1542e-02 1.3542e-02
iy [mm],  iz [mm] 375 144
Wel.y [m3], Wel.z [m3] 1.4083e-01 5.4167e-02
Wpl.y [m3], Wpl.z [m3] 0.0000e+00 0.0000e+00
Mpl.y.+  [Nm],  Mpl.y.- [Nm] 0.00e+00 0.00e+00
Mpl.z.+  [Nm],  Mpl.z.-  [Nm] 0.00e+00 0.00e+00
dy [mm],  dz [mm] 0 0
It [m4], Iw [m6] 4.0962e-02 1.0355e-03
βy [mm],  βz [mm] 0 0
Picture
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Explanations of symbols
A Area
Ay Shear  Area  in principal  y-direction  -

Calculated  by 2D FEM analysis
Az Shear  Area  in principal  z-direction  -

Calculated  by 2D FEM analysis
AL Circumference  per unit  length
AD Drying  surface  per unit  length
cY.UCS Centroid  coordinate  in Y-direction  of

Input  axis  system
cZ.UCS Centroid  coordinate  in Z-direction  of

Input  axis  system
IY.LCS Second  moment  of area  about  the

YLCS  axis
IZ.LCS Second  moment  of area  about  the

ZLCS axis
IYZ.LCS Product  moment  of area  in the LCS

system
α Rotation  angle  of the principal  axis

system
Iy Second  moment  of area  about  the

principal  y-axis
Iz Second  moment  of area  about  the

principal  z-axis
iy Radius  of gyration  about  the principal

y-axis
iz Radius  of gyration  about  the principal

z-axis

Explanations of symbols
Wel.y Elastic  section  modulus  about  the

principal  y-axis
Wel.z Elastic  section  modulus  about  the

principal  z-axis
Wpl.y Plastic  section  modulus  about  the

principal  y-axis
Wpl.z Plastic  section  modulus  about  the

principal  z-axis
Mpl.y.+ Plastic  moment  about  the principal

y-axis  for a positive  My moment
Mpl.y.- Plastic  moment  about  the principal

y-axis  for a negative  My moment
Mpl.z.+ Plastic  moment  about  the principal

z-axis  for a positive  Mz moment
Mpl.z.- Plastic  moment  about  the principal

z-axis  for a negative  Mz moment
dy Shear  center  coordinate  in principal

y-direction  measured  from the
centroid  - Calculated  by 2D FEM
analysis

dz Shear  center  coordinate  in principal
z-direction  measured  from the
centroid  - Calculated  by 2D FEM
analysis

It Torsional  constant  - Calculated  by 2D
FEM analysis

Iw Warping  constant  - Calculated  by 2D
FEM analysis

βy Mono-symmetry  constant  about  the
principal  y-axis

βz Mono-symmetry  constant  about  the
principal  z-axis

4. Load  cases
Name Description Action type Load group Direction Duration Master load

case
Spec Load type

SelfWeight  Permanent Dead -Z
Self weight

Additional Permanent  Permanent Dead
Standard

Imposed Load  Variable Live Short None
Standard Static

Soil Prs  Permanent Soil
Standard

Water  Permanent Water
Standard

Temp1  Variable Temperature None
Temperature Static

Temp2  Variable Temperature None
Temperature Static

Railway Train  Variable Train Short None
Standard Static

5. Load  groups
Name Load Relation Type

Seismic Seismic Exclusive
Accidental Accidental Exclusive
Live Variable Standard Cat C : Congregation
Roof Live Variable Standard Cat H : Roofs
Temperature Variable Exclusive Temperature
Wind Variable Standard Wind
Dead Permanent
Soil Permanent
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Name Load Relation Type
Water Permanent
Train Variable Standard Cat G : Vehicle >30kN

6. Analysis  model
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7. Loads
7.1.  Additional  Permanent  / Tot.  value
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7.2.  Additional  Permanent  / Tot.  value
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