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Anexo A 
Equações no Mathcad 

Cálculos feitos no Mathcad para a obtenção de w, mx e my para o caso de 

placa com carregamento distribuído, sujeita a carga concentrada e com carga 

distribuída em um retângulo parcial. 

A.1. 
Placa com Carregamento Distribuído 
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A.2. 
Placa Sujeita a Carga Concentrada 
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A.3. 
Placa com Carga Distribuída em um Retângulo Parcial 
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Anexo B 
Tensões para Laje Nervurada 

Tabela B.1 – Tensões da laje nervurada para os modelos considerando 

excentricidade (Offset), sem considerar excentricidade e modelo com sólidos. 

Top Bott Med Top Bott Med Top Bott Med

0.0 -0.83 -0.83 -0.83 -0.78 -0.88 -0.83 -0.76 -0.86 -0.81

0.3 -0.75 -0.75 -0.75 -0.69 -0.80 -0.75 -0.69 -0.78 -0.73

0.6 -0.66 -0.66 -0.66 -0.62 -0.72 -0.67 -0.61 -0.70 -0.65

0.9 -0.58 -0.58 -0.58 -0.53 -0.65 -0.59 -0.53 -0.64 -0.59

1.3 -0.50 -0.50 -0.50 -0.46 -0.53 -0.49 -0.46 -0.29 -0.37

1.7 -0.37 -0.37 -0.37 -0.33 -0.36 -0.35 -0.37 -0.21 -0.29

2.6 -0.18 -0.18 -0.18 -0.17 -0.18 -0.17 -0.18 -0.09 -0.14

3.4 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.05 -0.08

4.2 -0.07 -0.07 -0.07 -0.07 -0.07 -0.07 -0.07 -0.04 -0.05

5.0 -0.06 -0.06 -0.06 -0.07 -0.06 -0.06 -0.06 -0.03 -0.05

5.8 -0.08 -0.08 -0.08 -0.09 -0.07 -0.08 -0.08 -0.04 -0.06

6.6 -0.13 -0.13 -0.14 -0.13 -0.12 -0.13 -0.12 -0.06 -0.13

7.4 -0.23 -0.23 -0.24 -0.20 -0.21 -0.21 -0.21 -0.10 -0.21

8.3 -0.43 -0.43 -0.43 -0.36 -0.40 -0.38 -0.40 -0.22 -0.38

9.1 -0.58 -0.58 -0.58 -0.49 -0.72 -0.60 -0.49 -0.70 -0.59

9.4 -0.60 -0.60 -0.60 -0.51 -0.74 -0.62 -0.51 -0.70 -0.60

9.7 -0.62 -0.62 -0.62 -0.52 -0.75 -0.63 -0.51 -0.71 -0.61

10.0 -0.62 -0.62 -0.62 -0.52 -0.75 -0.64 -0.52 -0.72 -0.62

10.3 -0.62 -0.62 -0.62 -0.52 -0.75 -0.63 -0.51 -0.71 -0.61

10.6 -0.60 -0.60 -0.60 -0.51 -0.74 -0.62 -0.51 -0.70 -0.60

10.9 -0.58 -0.58 -0.58 -0.49 -0.72 -0.60 -0.49 -0.70 -0.59

11.3 -0.56 -0.56 -0.56 -0.48 -0.60 -0.54 -0.46 -0.39 -0.43

11.7 -0.43 -0.43 -0.43 -0.36 -0.40 -0.38 -0.40 -0.24 -0.32

12.6 -0.23 -0.23 -0.23 -0.20 -0.21 -0.20 -0.21 -0.12 -0.17

13.4 -0.13 -0.13 -0.14 -0.13 -0.12 -0.13 -0.12 -0.06 -0.13

14.2 -0.08 -0.08 -0.09 -0.09 -0.07 -0.09 -0.08 -0.04 -0.09

15.0 -0.06 -0.06 -0.07 -0.07 -0.06 -0.07 -0.06 -0.03 -0.07

15.8 -0.07 -0.07 -0.07 -0.07 -0.07 -0.08 -0.07 -0.04 -0.08

16.6 -0.10 -0.10 -0.11 -0.10 -0.10 -0.11 -0.10 -0.06 -0.11

17.4 -0.18 -0.18 -0.20 -0.17 -0.18 -0.19 -0.18 -0.10 -0.19

18.3 -0.37 -0.37 -0.37 -0.33 -0.36 -0.35 -0.37 -0.23 -0.30

18.8 -0.50 -0.50 -0.50 -0.46 -0.53 -0.49 -0.46 -0.15 -0.31

19.1 -0.58 -0.58 -0.58 -0.53 -0.65 -0.59 -0.53 -0.64 -0.59

19.4 -0.66 -0.66 -0.66 -0.62 -0.72 -0.67 -0.61 -0.70 -0.65

19.7 -0.75 -0.75 -0.75 -0.69 -0.80 -0.75 -0.69 -0.78 -0.73

20.0 -0.83 -0.83 -0.83 -0.78 -0.88 -0.83 -0.76 -0.86 -0.81

Solidos
Comp  (m)

Sem offset Com offset
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Anexo C 
Coeficiente ϕ 

 

Tabela C.1 – Quadro Resumo do coeficiente ϕ calculado para lajes maciças para 

diferentes larguras da faixa de protensão. 

Faixas Seção 
MODELO 1 MODELO 2 MODELO 3 MODELO 4 

φmax φmin φmax φmin φmax ext φmax int φmin φmax ext φmax int φmin 

L/4 

A-A 1.03 0.10 1.00 0.13 1.01 0.83 0.14 1.01 0.84 0.14 

B-B 0.87 0.21 0.70 0.34 0.73 0.60 0.36 0.74 0.61 0.36 

C-C 1.04 -0.04 0.52 0.48 0.55 0.49 0.47 0.56 0.50 0.48 

L/8 

A-A 0.78 0.00 0.76 0.02 0.77 0.56 0.04 0.77 0.57 0.03 

B-B 0.54 0.03 0.41 0.13 0.44 0.32 0.15 0.44 0.33 0.14 

C-C 1.03 -0.04 0.26 0.24 0.29 0.24 0.23 0.30 0.25 0.23 

L/20 

A-A 0.38 -0.01 0.37 0.00 0.38 0.26 0.01 0.38 0.26 0.01 

B-B 0.24 0.00 0.18 0.04 0.19 0.13 0.05 0.19 0.13 0.06 

C-C 1.04 -0.05 0.10 0.09 0.12 0.10 0.09 0.13 0.10 0.09 

L/40 

A-A 0.20 -0.01 0.20 0.00 0.20 0.13 0.00 0.20 0.13 0.00 

B-B 0.12 0.00 0.09 0.02 0.10 0.06 0.03 0.10 0.07 0.03 

C-C 0.80 -0.05 0.05 0.05 0.06 0.05 0.04 0.06 0.05 0.05 
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Anexo D 
Memória de Cálculo 

 

Neste anexo é apresentada a memória de cálculo do carregamento 

equivalente de protensão. 

 
 

Zona 1 Faixa 1

Espessura da laje: 0.23 m Espessura da laje:

Largura nervura: 0.6 m Largura faixa

Número de cabos: 3 Número de cabos:

Força de protensão: P= 360 kN Força de protensão:

Fz= 13.2 kN                 Fz= 13.2 kN F1= 75.4 kN

Fx     Fx

    θ1                       f1       θ1 Fy               f1

0.13 m 0.04 m 0.13 0.04

ω1= 4.48 kN/m² 53.06 kN/m²

L= 9.82 m 5.60 m

f1= 0.13-0.04 f1= 0.09 m f1=f3=

ω1= (8*0.09*360)/(9.82^2*0.6) ω1= 4.48 kN/m² Σω= 26.40 kN f2

θ1= (4*0.09)/(9.82) θ1= 0.037 ω1=

Fv= P*θ1 Fz= 13.2 kN ΣFz= 26.40 kN ω2=

Fx= P Fx= 360 kN Fx= 360 kN ω3=

θ1= (4*0.13-(0.19+0.02-0.13))/(5.6)=

Zona 2 y 4 θ2= (4*0.13+(0.19+0.02-0.13))/(5.6)=

Espessura da laje: 0.23 m θ3= (4*0.15)/0.06=

Largura nervura: 0.6 m θ4= (4*0.13+(0.19+0.02-0.13))/(9.07)=

Número de cabos: 1 θ5= (4*0.13-(0.19+0.02-0.13))/(9.07)=

Força de protensão: P= 120 kN

F1= 6.8 kN 19.7 kN F3= 20.9 kN 26.0 kN 11.4 kN

    Fx Fx Faixa 2

θ1       f1 0.02 f2           θ3 θ3 f3         θ4 f4    θ6 Espessura da laje:

0.13 0.04 0.19 0.04 0.04 0.19 0.13 m Largura faixa

3.42 kN/m² 4.47 kN/m² 4.47 kN/m² 9.72 kN/m² Número de cabos:

Força de protensão:

7.80 m 7.80 m 7.80 m 4.6 m F1=

f1=f4= (0.19+0.02+0.13)/2)-0.04 f1=f4= 0.13 m Fy= 1440 kN

f2=f3= 0.19+0.02-0.04 f2=f3= 0.17 m 0.02 m

0.09 m

ω1= (8*0.13*120)/(7.8^2*0.6) ω1= 3.42 kN/m² ω1= 16.00 kN 302.96 kN/m²

ω2= (8*0.17*120)/(7.8^2*0.6) ω2= 4.47 kN/m² ω2= 20.92 kN

ω3= (8*0.17*120)/(7.8^2*0.6) ω3= 4.47 kN/m² ω3= 20.92 kN 0.98 m

ω4= (8*0.13*120)/(4.6^2*0.6) ω4= 9.72 kN/m² ω4= 26.98 kN

Σω= 84.83 kN f1=

DIREÇÃO X DIREÇÃO Y
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θ1= (4*0.13-(0.19+0.02-0.13))/(7.8)= 0.0564 F1= P*θ1 F1= 6.8 kN ω1=

θ2= (4*0.13+(0.19+0.02-0.13))/(7.8)= 0.0769 F2= P*(θ2+θ3) F2= 19.7 kN ω2=

θ3= (4*17)/7.8= 0.0872 F3= 2P*θ3 F3= 20.9 kN ω3=

θ4= (4*0.13+(0.19+0.02-0.13))/(4.6)= 0.1297 F4= P*(θ3+θ4) F4= 26.0 kN ω4=

θ5= (4*0.13-(0.19+0.02-0.13))/(4.6)= 0.0951 F5= P*θ5 F5= 11.4 kN

ΣFz= 84.83 kN

Fx= P Fx= 120 kN θ1= (0.12+(0.19+0.02-0.09))/(0.975)=

θ2= (4*0.17)/5.6=

θ3= (4*0.17)/4.41=

Zona 3 θ4= (4*0.13+(0.19+0.02-0.13))/(9.09)=

Espessura da laje: 0.23 m θ5= (4*0.13-(0.19+0.02-0.13))/(9.09)=

Largura nervura: 0.6 m

Número de cabos: 1

Força de protensão: P= 120 kN

Faixa 3

F1= 6.8 kN 19.7 kN F3= 23.4 kN 6.5 kN Espessura da laje:

Fx Fx Largura faixa

θ1       f1 0.02     f2       θ3 θ4 f3            θ5 Número de cabos:

0.13 0.04 0.19 0.04 0.19 0.04 0.13 m Força de protensão:

3.42 kN/m² 4.47 kN/m² 5.05 kN/m²

F1=

7.80 m 7.80 m 6.42 m Fy

0.02 m

f1=f3= (0.19+0.02+0.13)/2)-0.04 f1=f3= 0.13 m 0.09 m

f2 0.19+0.02-0.04 f2 0.17 m 125.39 kN/m²

ω1= (8*0.13*120)/(7.8^2*0.6) ω1= 3.42 kN/m² ω1= 16.00 kN 1.75 m

ω2= (8*0.17*120)/(7.8^2*0.6) ω2= 4.47 kN/m² ω2= 20.92 kN

ω3= (8*0.13*120)/(6.42^2*0.6) ω3= 5.05 kN/m² ω3= 19.44 kN f1=

Σω= 56.36 kN f2=f3=

θ1= (4*0.13-(0.19+0.02-0.13))/(7.8)= 0.0564 F1= P*θ1 F1= 6.8 kN f4=

θ2= (4*0.13+(0.19+0.02-0.13))/(7.8)= 0.0769 F2= P*(θ2+θ3) F2= 19.7 kN

θ3= (4*0.17)/7.8= 0.0872 F3= P*(θ3+θ4) F3= 23.4 kN ω1=

θ4= (4*0.13+(0.19+0.02-0.13))/(6.4)= 0.1075 F4= P*θ5 F4= 6.5 kN ω2=

θ5= (4*0.13-(0.19+0.02-0.13))/(6.4)= 0.0545 ΣFz= 56.36 kN ω3=

Fx= P Fx= 120 kN ω4=

Zona 5

Espessura da laje: 0.23 m

Largura nervura: 0.6 m

Número de cabos: 1

Força de protensão: P= 120 kN

6.8 kN 19.7 kN 20.9 kN 20.9 kN 20.9 kN 20.7 kN 9.3 kN

    Fx

    f1       θ2      0.02  θ3       f3         θ3          f4   θ3      θ3     f5    θ3        θ4   f6     θ5

0.13 0.04 0.19 0.19 0.19 0.19 0.09 f7

3.42 kN/m² 4.47 kN/m² 4.47 kN/m² 4.47 kN/m² 4.47 kN/m² 3.32 kN/m²

7.80 m 7.80 m 7.80 m 7.80 m 7.80 m 9.82 m
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f1=f6= (0.19+0.02+0.13)/2)-0.04 f1=f6= 0.13 m

f2=f3=f4=f5= 0.19+0.02-0.04 f2=f3=f4=f5= 0.17 m

f7= (0.13+0.09)/2)-0.04 f7= 0.07 m

ω1= (8*0.13*120)/(7.8^2*0.6) ω1= 3.42 kN/m² ω1= 16.00 kN

ω2= (8*0.17*120)/(7.8^2*0.6) ω2= 4.47 kN/m² ω2= 20.92 kN

ω3= (8*0.17*120)/(7.8^2*0.6) ω3= 4.47 kN/m² ω3= 20.92 kN

ω4= (8*0.17*120)/(7.8^2*0.6) ω4= 4.47 kN/m² ω4= 20.92 kN

ω5= (8*0.17*120)/(7.8^2*0.6) ω5= 4.47 kN/m² ω5= 20.92 kN

ω6= (8*(0.13+0.07)*120)/(9.8^2*0.6) ω6= 3.32 kN/m² ω6= 19.55 kN

Σω= 119.24 kN

θ1= (4*0.13-(0.19+0.02-0.13))/(7.8)= 0.0564 F1= P*θ1 F1= 6.77 kN

θ2= (4*0.13+(0.19+0.02-0.13))/(7.8)= 0.0769 F2= P*(θ2+θ3) F2= 19.69 kN

θ3= (4*0.17)/7.8= 0.0872 F3= 2P*θ3 F3= 20.92 kN

θ4= (4*0.13+(0.19+0.02-0.13))/(9.8)= 0.0611 F4= 2P*θ3 F4= 20.92 kN

θ5= (4*0.13-(0.19+0.02-0.13))/(9.8)= 0.0448 F5= 2P*θ3 F5= 20.92 kN

θ6= (4*0.07-(0.13-0.09))/(9.8)= 0.0244 F6= P*(θ3+θ4+θ6) F6= 20.73 kN

θ7= (4*0.07+(0.13-0.09-0.02))/(9.8)= 0.0326 F7= P*(θ5+θ7) F7= 9.29 kN

ΣFz= 119.24 kN

Fh= P Fh= 120 kN

Zona 6

Espessura da laje: 0.23 m

Largura nervura: 0.6 m

Número de cabos: 1

Força de protensão: P= 120 kN

10.5 kN 20.9 kN 20.9 kN 20.9 kN 20.7 kN 9.3 kN

Fx Fx

0.02  θ1          f1    θ1             θ1      f2  θ1       θ1    f3      θ1       θ1      f4     θ1         θ2     f5       θ3 0.02 cm

0.19 0.04 0.04 0.19 0.19 0.09 0.04 0.13 cm

4.47 kN/m² 4.47 kN/m² 4.47 kN/m² 4.47 kN/m² 3.32 kN/m²

7.80 m 7.80 m 7.80 m 7.80 m 9.82 m

f1=f2=f3=f4= 0.19+0.02-0.04 f1=f2=f3=f4= 0.17 m

f5= (0.19+0.02+0.13)/2)-0.04 f5= 0.13 m

f6= ((0.09+0.13)/2)-0.04 f6= 0.07 m

ω1= (8*0.17*120)/(7.8^2*0.6) ω1= 4.47 kN/m² ω1= 20.92 kN

ω2= (8*0.17*120)/(7.8^2*0.6) ω2= 4.47 kN/m² ω2= 20.92 kN

ω3= (8*0.17*120)/(7.8^2*0.6) ω3= 4.47 kN/m² ω3= 20.92 kN

ω4= (8*0.17*120)/(7.8^2*0.6) ω4= 4.47 kN/m² ω4= 20.92 kN

ω5= (8*(0.13+0.07)*120)/(9.82^2*0.6) ω5= 3.32 kN/m² ω5= 19.55 kN

Σω= 103.24 kN

F1= P*θ1 F1= 10.46 kN

θ1= (4*0.17)/7.8= 0.0872 F2= 2P*θ1 F2= 20.92 kN

θ2= (4*0.13+(0.19+0.02-0.13))/(9.8)= 0.0611 F3= 2P*θ1 F3= 20.92 kN

θ3= (4*0.13-(0.19+0.02-0.13))/(9.8)= 0.0448 F4= 2P*θ1 F4= 20.92 kN

θ4= (4*0.07-(0.13-0.09))/(9.8)= 0.0244 F5= P*(θ1+θ2+θ4) F5= 20.73 kN

θ5= (4*0.07+(0.13-0.09))/(9.8)= 0.0326 F6= P*(θ3+θ5) F6= 9.29 kN

ΣFz= 103.24 kN

9.287169043 Fx= P Fx= 120 kN
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Faixa 1

Espessura da laje: 0.23 m

Largura faixa 0.6 cm

Número de cabos: 8

Força de protensão: P= 960 kN

F1= 75.4 kN 232.9 kN F3= 200.9 kN                F4= 39.2 kN

Fy               f1 0.02   f2          f3            Fy

0.13 0.04 0.19 0.06 0.19 0.04 0.13 m

53.06 kN/m² 97.83 kN/m² 20.23 kN/m²

5.60 m 4.43 m 9.07 m

f1=f3= (0.19+0.02+0.13)/2)-0.04 f1=f3= 0.13 m

f2 0.19+0.02-0.06 f2 0.15 m

ω1= (8*0.13*960)/(5.6^2*0.6) ω1= 53.06 kN/m² ω1= 178.29 kN

ω2= (8*0.15*960)/(4.43^2*0.6) ω2= 97.83 kN/m² ω2= 260.05 kN

ω3= (8*0.13*960)/(9.07^2*0.6) ω3= 20.23 kN/m² ω3= 110.08 kN

Σω= 548.41 kN

θ1= (4*0.13-(0.19+0.02-0.13))/(5.6)= 0.0786 F1= P*θ1 F1= 75.4 kN

θ2= (4*0.13+(0.19+0.02-0.13))/(5.6)= 0.1071 F2= P*(θ2+θ3) F2= 232.9 kN

θ3= (4*0.15)/0.06= 0.1354 F3= P*(θ3+θ4) F3= 200.9 kN

θ4= (4*0.13+(0.19+0.02-0.13))/(9.07)= 0.0739 F4= P*θ5 F4= 39.2 kN

θ5= (4*0.13-(0.19+0.02-0.13))/(9.07)= 0.0408 ΣFz= 548.41 kN

Fy= P Fy= 960 kN

Faixa 2

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 12

Força de protensão: P= 1440 kN

F1= 529.3 kN 396.9 kN F3= 317.1 kN F4= 69.7 kN

Fy= 1440 kN Fy

0.02 m       θ2          f2  θ2              θ3        f3   θ3         θ4       f4 θ5

0.09 m 0.19 0.19 0.04 0.19 0.04 0.13 m

302.96 kN/m² 52.04 kN/m² 83.92 kN/m²

15.10 kN/m²

0.98 m 5.60 m 4.41 m 9.09 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2=f3= 0.19+0.02-0.04 f2=f3= 0.17

f4= (0.19+0.02+0.13)/2)-0.04 f4= 0.13 m

DIREÇÃO Y

ω1= (2*0.12*1440)/(0.975^2*1.2) ω1= 302.96 kN/m² ω1= 354.46 kN

ω2= (8*0.17*1440)/(5.6^2*1.2) ω2= 52.04 kN/m² ω2= 349.71 kN

ω3= (8*0.17*1440)/(4.41^2*1.2) ω3= 83.92 kN/m² ω3= 444.08 kN

ω4= (8*0.13*1440)/(9.09^2*1.2) ω4= 15.10 kN/m² ω4= 164.75 kN

Σω= 1313.01 kN

θ1= (0.12+(0.19+0.02-0.09))/(0.975)= 0.2462 F1= P*(θ1+θ2) F1= 529.3 kN

θ2= (4*0.17)/5.6= 0.1214 F2= P*(θ2+θ3) F2= 396.9 kN

θ3= (4*0.17)/4.41= 0.1542 F3= P*(θ3+θ4) F3= 317.1 kN

θ4= (4*0.13+(0.19+0.02-0.13))/(9.09)= 0.0660 F4= P*θ5 F4= 69.7 kN

θ5= (4*0.13-(0.19+0.02-0.13))/(9.09)= 0.0484 ΣFz= 1313.01 kN

Fy= P Fy= 1440 kN
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Faixa 3

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 16

Força de protensão: P= 1920 kN

F1= 496.5 kN 529.2 kN F3= 422.8 kN F4= 92.9 kN

Fy Fy

0.02 m  θ1      θ2        f2       f2     θ2     θ3     f3   θ3          θ4           f4       θ5

0.09 m 0.19 0.04 0.19 0.19 0.04 0.13 m

125.39 kN/m² 69.39 kN/m² 111.89 kN/m²

20.14 kN/m²

1.75 m 5.60 m 4.41 m 9.09 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2=f3= 0.19+0.02-0.04 f2=f3= 0.17

f4= (0.19+0.02+0.13)/2)-0.04 f4= 0.13 m

ω1= (2*0.12*1920)/(1.75^2*1.2) ω1= 125.39 kN/m² ω1= 263.31 kN

ω2= (8*0.17*1920)/(5.6^2*1.2) ω2= 69.39 kN/m² ω2= 466.29 kN

ω3= (8*0.17*1920)/(4.41^2*1.2) ω3= 111.89 kN/m² ω3= 592.11 kN

ω4= (8*0.13*1920)/(9.09^2*1.2) ω4= 20.14 kN/m² ω4= 219.67 kN

Σω= 1541.38 kN

θ1= (0.12+(0.19+0.02-0.09))/(1.75)= 0.1371 F1= P*(θ1+θ2) F1= 496.5 kN

θ2= (4*0.17)/5.6= 0.1214 F2= P*(θ2+θ3) F2= 529.2 kN

θ3= (4*0.17)/4.41= 0.1542 F3= P*(θ3+θ4) F3= 422.8 kN

θ4= (4*0.13+(0.19+0.02-0.13))/(9.09)= 0.0660 F4= P*θ5 F4= 92.9 kN

θ5= (4*0.13-(0.19+0.02-0.13))/(9.09)= 0.0484 ΣFz= 1541.38 kN

Fy= P Fy=  kN

Faixa 4

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 10

Força de protensão: P= 1200 kN

F1= 267.4 kN 298.4 kN F3= 110.0 kN

Fy Fy

0.02 m  θ1        θ2          f2           θ2   θ3       f3     θ4

0.09 m 0.19 0.04 0.19 0.13 m

40.98 kN/m² 44.96 kN/m² 45.14 kN/m²

2.42 m 5.50 m 4.80 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2= 0.19+0.02-0.04 f2= 0.17 m

f3= (0.13+0.02+0.19)/2)-0.04 f3= 0.13 m

ω1= (2*0.12*1200)/(2.42^2*1.2) ω1= 40.98 kN/m² ω1= 119.01 kN

ω2= (8*0.17*1200)/(5.5^2*1.2) ω2= 44.96 kN/m² ω2= 296.73 kN

ω3= (8*0.13*1200)/(4.8^2*1.2) ω3= 45.14 kN/m² ω3= 260.00 kN

Σω= 675.74 kN

θ1= (0.12+(0.19+0.02-0.09))/(2.42)= 0.0992 F1= P*(θ1+θ2) F1= 267.4 kN

θ2= (4*0.17)/5.5= 0.1236 F2= P*(θ2+θ3) F2= 298.4 kN

θ3= (4*0.13+(0.19+0.02-0.13))/(4.8)= 0.1250 F3= P*θ4 F3= 110.0 kN

θ4= (4*0.13-(0.19+0.02-0.13))/(4.8)= 0.0917 ΣFz= 675.74 kN

Fy= P Fy= 1200 kN
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Faixa 9

Espessura da laje: 0.23 m

Largura faixa 1.2 cm

Número de cabos: 5

Força de protensão: P= 600 kN

48.4 kN 48.4 kN

Fy

f1 Fy f4= 0.13-0.04 f4= 0.09 m

0.04 0.13 m Fy= P Fy= 600 kN

18.10 kN/m²

4.46 m

ω1= (8*0.09*600)/(4.46^2*1.2) ω1= 18.10 kN/m² ω1= 96.86 kN

θ1= (4*0.09)/4.46= 0.0807 F1= P*θ1 F1= 48.4 kN

F2= P*θ1 F2= 48.4 kN

ΣFz= 96.86 kN

Faixa 5

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 14

Força de protensão: P= 1680 kN

F1= 337.6 kN 546.4 kN F3= 245.6 kN

Fy Fy

0.02 m  θ1        θ2 f2         θ2  θ3       f3  θ4

0.09 m 0.19 0.04 0.19 0.13 m

32.81 kN/m² 65.29 kN/m² 160.70 kN/m²

3.20 m 5.40 m 3.01 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2= 0.19+0.02-0.04 f2= 0.17 m

f3= (0.13+0.02+0.19)/2)-0.04 f3= 0.13 m

ω1= (2*0.12*1680)/(3.2^2*1.2) ω1= 32.81 kN/m² ω1= 126.00 kN

ω2= (8*0.17*1680)/(5.4^2*1.2) ω2= 65.29 kN/m² ω2= 423.11 kN

ω3= (8*0.13*1680)/(3.01^2*1.2) ω3= 160.70 kN/m² ω3= 580.47 kN

Σω= 1129.58 kN

θ1= (0.12+(0.19+0.02-0.09))/(3.2)= 0.0750 F1= P*(θ1+θ2) F1= 337.6 kN

θ2= (4*0.17)/5.4= 0.1259 F2= P*(θ2+θ3) F2= 546.4 kN

θ3= (4*0.13+(0.19+0.02-0.13))/(3.01)= 0.1993 F3= P*θ4 F3= 245.6 kN

θ4= (4*0.13-(0.19+0.02-0.13))/(3.01)= 0.1462 ΣFz= 1129.58 kN

Fy= P Fy= 1680 kN
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Faixa 6

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 18

Força de protensão: P= 2160 kN

F1= 406.0 kN F2= 702.6 kN 315.7 kN

Fy Fy

0.02 m  θ1        θ2 f2          θ2  θ3       f3

0.09 m 0.19 0.04 0.04 0.13 m

28.84 kN/m² 83.95 kN/m² 206.62 kN/m²

3.87 m 5.40 m 3.01 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2= 0.19+0.02-0.04 f2= 0.17 m

f3= ((0.19+0.02+0.13)/2)-0.04 f3= 0.13 m

ω1= (2*0.12*2160)/(3.87^2*1.2) ω1= 28.84 kN/m² ω1= 133.95 kN

ω2= (8*0.17*2160)/(5.4^2*1.2) ω2= 83.95 kN/m² ω2= 544.00 kN

ω3= (8*0.13*2160)/(3.01^2*1.2) ω3= 206.62 kN/m² ω3= 746.31 kN

Σω= 1424.27 kN

θ1= (0.12+(0.19+0.02-0.09))/(3.87)= 0.0620 F1= P*(θ1+θ2) F1= 406.0 kN

θ2= (4*0.17)/5.4= 0.1259 F2= P*(θ2+θ3) F2= 702.6 kN

θ3= (4*0.13+(0.19+0.02-0.13))/(3.01)= 0.1993 F3= P*θ4 F3= 315.7 kN

θ4= (4*0.13-(0.19+0.02-0.13))/(3.01)= 0.1462 ΣFz= 1424.27 kN

Fy= P Fy= 2160 kN

Faixa 7

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 10

Força de protensão: P= 1200 kN

F1= 212.2 kN 336.4 kN F3= 257.2 kN F4= 52.9 kN

Fy Fy

0.02 m  θ1    θ2         f2          θ2        θ3       f3       θ3          θ4         f4        θ5

0.09 m 0.19 0.19 0.04 0.19 0.04 0.13 m

10.70 kN/m² 46.81 kN/m² 69.93 kN/m² 10.44 kN/m²

4.74 m 5.39 m 4.41 m 9.98 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2=f3= 0.19+0.02-0.04 f2=f3= 0.17

f4= (0.19+0.02+0.13)/2)-0.04 f4= 0.13 m

ω1= (2*0.12*1200)/(4.735^2*1.2) ω1= 10.70 kN/m² ω1= 60.82 kN

ω2= (8*0.17*1200)/(5.39^2*1.2) ω2= 46.81 kN/m² ω2= 302.78 kN

ω3= (8*0.17*1200)/(4.41^2*1.2) ω3= 69.93 kN/m² ω3= 370.07 kN

ω4= (8*0.13*1200)/(9.98^2*1.2) ω4= 10.44 kN/m² ω4= 125.05 kN

Σω= 858.72 kN

θ1= (0.12+(0.19+0.02-0.09))/(4.735)= 0.0507 F1= P*(θ1+θ2) F1= 212.2 kN

θ2= (4*0.17)/5.39= 0.1262 F2= P*(θ2+θ3) F2= 336.4 kN

θ3= (4*0.17)/4.41= 0.1542 F3= P*(θ3+θ4) F3= 257.2 kN

θ4= (4*0.13+(0.19+0.02-0.13))/(9.98)= 0.0601 F4= P*θ5 F4= 52.9 kN

θ5= (4*0.13-(0.19+0.02-0.13))/(9.98)= 0.0441 ΣFz= 858.72 kN

Fy= P Fy= 1200 kN
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Faixa 7A

Espessura da laje: 0.23 m

Largura faixa 1.20 m

Número de cabos: 8

Força de protensão: P= 960 kN

F1= 124.4 kN F2= 55.5 kN

Fy Fy

0.02 m  θ1        θ2 f2              θ3

0.09 m 0.19 0.04 0.13

8.56 kN/m² 14.39 kN/m²

4.74 m 7.61 m

f1= (0.19+0.02-0.09) f1= 0.12 m

f2= (0.19+0.02+0.13)/2)-0.04 f2= 0.13 m

ω1= (2*0.12*960)/(4.735^2*1.2) ω1= 8.56 kN/m² ω1= 48.66 kN

ω2= (8*0.13*960)/(7.605^2*1.2) ω2= 14.39 kN/m² ω2= 131.28 kN

Σω= 179.94 kN

θ1= (0.12+(0.19+0.02-0.09))/(4.735)= 0.0507 F1= P*(θ1+θ2) F1= 124.4 kN

θ2= (4*0.13+(0.19+0.02-0.04))/(7.605)= 0.0789 F2= P*θ3 F2= 55.5 kN

θ3= (4*0.13-(0.19+0.02-0.04))/(7.605)= 0.0579 ΣFz= 179.94 kN

Fy= P Fy= 960 kN
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Anexo E 
Tensões para os Modelos de Viga e Casca 

Tabela E.1 – Quadro resumo das tensões calculadas para a seção A e B para os 

modelos de viga e casca, no topo e base da laje. 

TENSÕES (kN/cm²) NA SEÇÃO A  TENSÕES (kN/cm²) NA SEÇÃO B 

X (m) 
Tipo Viga  Tipo Casca   

X (m) 
Tipo Viga  Tipo Casca   

σ sup σ inf σ sup σ inf σ sup σ inf σ sup σ inf 

0.30 0.75 -1.43 0.75 -1.56 0.30 0.05 -1.16 0.03 -1.09 

1.13 0.36 -1.90 0.58 -1.86 1.35 0.08 -0.89 0.03 -0.78 

1.73 0.18 -2.12 0.44 -2.09 1.95 0.08 -0.64 0.04 -0.56 

2.33 0.08 -2.26 0.34 -2.29 2.55 0.06 -0.44 0.04 -0.39 

2.93 0.02 -2.36 0.27 -2.46 3.15 0.04 -0.30 0.03 -0.29 

3.53 0.01 -2.43 0.23 -2.59 3.75 0.03 -0.23 0.02 -0.24 

4.13 0.01 -2.49 0.21 -2.69 4.35 0.03 -0.22 0.02 -0.24 

4.73 0.02 -2.53 0.19 -2.76 4.95 0.04 -0.26 0.01 -0.30 

5.33 0.04 -2.57 0.18 -2.81 5.55 0.07 -0.37 0.02 -0.40 

5.93 0.05 -2.60 0.18 -2.83 6.15 0.10 -0.56 0.03 -0.56 

6.53 0.06 -2.61 0.18 -2.83 6.75 0.15 -0.79 0.05 -0.72 

7.13 0.06 -2.61 0.17 -2.81 7.95 0.28 -1.00 0.10 -0.68 

7.73 0.06 -2.60 0.16 -2.79 9.15 0.14 -0.80 0.03 -0.69 

8.33 0.05 -2.58 0.16 -2.75 9.75 0.08 -0.57 0.00 -0.52 

8.93 0.04 -2.54 0.14 -2.71 10.35 0.04 -0.38 -0.02 -0.35 

9.53 0.04 -2.49 0.13 -2.64 10.95 0.02 -0.26 -0.04 -0.24 

10.13 0.03 -2.43 0.11 -2.54 11.55 0.00 -0.20 -0.05 -0.20 

10.73 0.03 -2.35 0.10 -2.41 12.15 0.00 -0.21 -0.05 -0.22 

11.33 0.04 -2.25 0.09 -2.28 12.75 0.00 -0.27 -0.04 -0.30 

11.93 0.05 -2.15 0.08 -2.16 13.35 0.02 -0.42 -0.02 -0.45 

12.53 0.07 -2.05 0.07 -2.07 13.95 0.06 -0.67 0.02 -0.66 

13.13 0.07 -1.96 0.04 -2.02 14.55 0.12 -0.96 0.07 -0.86 

13.73 0.06 -1.88 0.01 -1.97 15.75 0.33 -1.19 0.17 -0.86 

14.33 0.03 -1.79 -0.02 -1.92 16.95 0.13 -0.97 0.08 -0.85 

14.93 0.00 -1.70 -0.04 -1.83 17.55 0.05 -0.67 0.02 -0.65 

15.53 -0.04 -1.60 -0.06 -1.72 18.15 0.01 -0.42 -0.02 -0.44 

16.13 -0.07 -1.52 -0.07 -1.59 18.75 -0.01 -0.26 -0.05 -0.29 

16.73 -0.09 -1.45 -0.07 -1.49 19.35 -0.01 -0.18 -0.06 -0.21 

17.33 -0.11 -1.41 -0.08 -1.44 19.95 -0.01 -0.16 -0.06 -0.20 

17.93 -0.11 -1.41 -0.07 -1.45 20.55 0.00 -0.19 -0.06 -0.23 

18.53 -0.11 -1.44 -0.07 -1.53 21.15 0.01 -0.29 -0.04 -0.32 

19.13 -0.09 -1.47 -0.06 -1.65 21.75 0.04 -0.45 -0.02 -0.45 
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19.73 -0.08 -1.50 -0.04 -1.75 22.35 0.08 -0.64 0.01 -0.57 

20.33 -0.06 -1.50 -0.02 -1.80 23.55 0.21 -0.79 0.07 -0.53 

20.93 -0.05 -1.45 0.02 -1.77 24.75 0.09 -0.65 0.03 -0.56 

21.53 -0.02 -1.33 0.08 -1.64 25.35 0.06 -0.47 0.00 -0.44 

22.13 0.02 -1.17 0.15 -1.42 25.95 0.04 -0.32 -0.01 -0.33 

22.73 0.09 -0.94 0.25 -1.13 26.55 0.03 -0.23 -0.02 -0.25 

23.73 0.38 -0.46 0.48 -0.68 27.15 0.03 -0.20 -0.03 -0.22 

          27.75 0.04 -0.21 -0.03 -0.25 

          28.35 0.04 -0.27 -0.02 -0.32 

          28.95 0.05 -0.41 0.00 -0.45 

          29.55 0.08 -0.63 0.04 -0.63 

          30.15 0.13 -0.89 0.09 -0.79 

          31.35 0.29 -1.10 0.15 -0.78 

          32.55 0.12 -0.86 0.06 -0.76 

          33.15 0.06 -0.59 0.00 -0.57 

          33.75 0.03 -0.36 -0.03 -0.47 

          34.35 0.00 -0.23 -0.06 -0.26 

          34.95 -0.01 -0.17 -0.08 -0.20 

          35.55 -0.02 -0.18 -0.08 -0.21 

          36.15 -0.02 -0.27 -0.06 -0.30 

          36.75 0.00 -0.46 -0.03 -0.47 

          37.35 0.05 -0.76 0.02 -0.71 

          37.95 0.15 -1.11 0.10 -0.94 

          39.15 0.47 -1.34 0.23 -0.95 

          40.30 0.18 -1.13 0.05 -1.00 

          40.90 0.07 -0.77 -0.04 -0.74 

          41.50 -0.01 -0.44 -0.10 -0.45 

          42.10 -0.05 -0.21 -0.15 -0.20 

          42.70 -0.08 -0.07 -0.18 -0.04 

          43.30 -0.09 0.00 -0.20 0.06 

          43.90 -0.10 0.02 -0.21 0.08 

          44.50 -0.12 0.00 -0.21 0.05 

          45.10 -0.13 -0.07 -0.21 -0.05 

          45.70 -0.14 -0.21 -0.20 -0.22 

          46.30 -0.13 -0.43 -0.17 -0.47 

          46.90 -0.11 -0.74 -0.13 -0.77 

          47.50 -0.06 -1.07 -0.08 -1.03 

          48.61 0.10 -1.31 0.06 -1.16 
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