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– Dados para o cálculo do parâmetro γz da direção X
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um <boom= na década de 1980, com o 
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família <29= (14x19x29, 14x19x14 e 14x19x44) e 





•

•



• –

• –

• –

• –

• –

• –



•

•

R = Ct ∗ Al
●

●

●

●









• R1 = 5,0 ∗ 2,773,45 = 4,01 kN/m
R2 = 5,0 ∗ 1,632,55 = 3,20 kN/m

• R1 = 5,0 ∗ 0,461,35 = 1,70 kN/m
R2 = 5,0 ∗ 1,272,55 = 2,49 kN/m

•











Rlin = (Rlaje +  PPlin) ∗ llin2
●

●

●

●

PPlin = base ∗ altura ∗ 14 kN/m³



• Rlin = (1,70 +  0,14 ∗ 2,20 ∗ 14) ∗ 0,602 = 1,80 kN
• Rlin = (4,01 +  0,14 ∗ 1,60 ∗ 14) ∗ 1,352 = 4,83 kN
• Rlin = (4,01 + 2,57 +  0,14 ∗ 0,60 ∗ 14) ∗ 0,602 = 2,33 kN
•











Rlin, dist = Rlinlpr

PPpr =  0,14 ∗ 2,80 ∗ 14 =  5,49 KN/m



• lpr = 3,31 mRpr = 5,49 + 4,01 = 9,50 kN/mCpr = 9,50 ∗ 3,31 = 31,45 kNlpr = 0,44 mRpr = 5,49 + 1,70 + 1,800,44 = 11,29 kN/mCpr = 11,29 ∗ 0,44 = 4,97 kNlpr = 0,30 mRpr = 5,49 + 7,55 + 3,270,30 = 23,95 kN/mCpr = 23,95 ∗ 0,30 = 7,18 kNlpr = 0,30 mRpr = 5,49 + 5,24 + 1,920,30 = 17,14 kN/mCpr = 17,14 ∗ 0,30 = 5,14 kNlpr = 0,44 mRpr = 5,49 + 3,20 + 4,270,44 = 18,40 kN/mCpr = 18,40 ∗ 0,44 = 8,10 kNlpr = 2,55 mRpr = 5,49 + 5,69 = 11,17 kN/mCpr = 11,17 ∗ 2,55 = 28,49 kNlg = 3,31 + 0,44 + 0,30 + 0,30 + 0,44 + 2,55 = 7,34 mCg, tot, tipo = 31,45 + 4,97 + 7,18 + 5,14 + 8,10 + 28,49 = 85,34 kN
Cg, dis = 85,347,34 = 11,63 kN/m

σnor, Vert, tipo = 11,630,14 = 83,07 kN/m2 = 0,083 MPa
σnor, Vert, 1ºpav = 0,083 ∗ 10 = 0,830 MPa



• lpr = 0,45 mRpr = 5,49 + 3,46 + 4,56 + 3,450,45 = 21,17 kN/mCpr = 21,17 ∗ 0,45 = 9,53 kNlpr = 2,71 mRpr = 5,49 + 3,56 + 3,56 = 14,11 kN/mCpr = 14,11 ∗ 2,71 = 38,25 kNlpr = 0,74 mRpr = 5,49 + 4,41 + 3,96 ∗ 20,74 = 20,61 kN/mCpr = 20,61 ∗ 0,74 = 15,25 kNlpr = 0,59 mRpr = 5,49 + 4,41 + 2,25 + 3,530,59 = 18,13 kN/mCpr = 18,13 ∗ 0,59 = 10,70 kNlpr = 3,76 mRpr = 5,49 + 4,41 + 4,56 = 14,46 kN/mCpr = 14,46 ∗ 3,76 = 54,36 kNlg = 0,45 ∗ 2 + 2,71 + 0,74 + 0,59 ∗ 2 + 3,76 = 9,29mCg, tot, tipo = 9,53 ∗ 2 + 38,25 + 15,25 + 10,70 ∗ 2 + 54,36 = 148,31 kN
Cg, dis = 148,319,29 = 15,96 kN/m

σnor, Vert, tipo = 15,960,14 = 114,03 kN/m2 = 0,114 MPa
σnor, Vert, 1ºpav = 0,114 ∗ 10 = 1,140 MPa

•









σ

σ



q = 0,613 ∗ Vk²
Vk = V0 ∗ S1 ∗ S2 ∗ S3
• –

•

• S2 = bm ∗ Fr ∗ (z/10)p
•

• Ae =  2,90 ∗  16,34 =  47,39 m²
• Ae =  2,90 ∗  16,64 =  48,26 m²

–



Fa = Ca ∗ q ∗ Ae ∗ fv
• fv = 1,0



• S2 = 0,94 ∗ 0,98 ∗ (2,9010 )0,105 = 0,809Vk = 31 ∗ 1 ∗ 0,809 ∗ 1 = 25,08 m/sq = 0,613 ∗ 25,082 = 385,47 N/m²Fa, X = 1,22 ∗ 385,47 ∗ 47,39 ∗ 1,0 = 22.284,62 N = 22,28 kNFa, Y = 1,23 ∗ 385,47 ∗ 48,26 ∗ 1,0 = 22.879,77 N = 22,88 kN
• S2 = 0,94 ∗ 0,98 ∗ (5,810)0,105 = 0,870Vk = 31 ∗ 1 ∗ 0,870 ∗ 1 = 26,97 m/sq = 0,613 ∗ 26,972 = 445,87 N/m²Fa, X = 1,22 ∗ 445,87 ∗ 47,39 ∗ 1,0 = 25.776,35 N = 25,78 kNFa, Y = 1,23 ∗ 445,87 ∗ 48,26 ∗ 1,0 = 26.464,76 N = 26,46 kN
•



��� �� Fd =  ΔP ∗ ϕ

ϕ = 1100 ∗ √H =  1100 ∗ √29 =  0,00186 rad
ΔP (kN)

Fd =  ΔP ∗ ϕ = 2.218,76 ∗ 0,00186 = 4,12 kN



• Llin = 60 + 220 ∗ 2/3 = 206,67 cm
• Llin = 135 + 160 ∗ 2/3 = 241,67 cm
• Llin = 60 + 60 ∗ 2/3 = 100,00 cm
• Llin = 75 + 60 ∗ 2/3 = 115 cm
• Llin = 120 + 160 ∗ 2/3 = 226,67 cm
• Llin = 105 + 160 ∗ 2/3 = 211,67 cm
• Llin = 90 + 60 ∗ 2/3 = 130 cm











m4

•

▪ σnor, Hor = NormalAtot = 2137,070,7042 = 2194,65 kN/m2 = 20,195 Mpa
▪ σnor, Esq = Momento(Iy/XEsq) = 226,88(1,111/2,10) = 428,02 kN/m² = 0,428 Mpa



▪σnor, Dir = Momento(Iy/XDir) = 2226,88(1,111/1,79) = 2366,35 kN/m² = 20,366 Mpa
▪ σnor, Hor, Esq =  σnor, Hor + σnor, Esq = 20,195 + 0,428 = 0,233 MPa
▪ σnor, Hor, Dir =  σnor, Hor + σnor, Dir = 20,195 2 0,366 = 20,561 MPa

 σcis = CortanteAalma = 68,270,5446 = 125,36 kN/m2 = 0,125 Mpa
•

▪ σnor, Hor = NormalAtot = 24,870,4102 = 60,63 kN/m2 = 0,061 Mpa
▪ σnor, Esq = Momento(Iy/XEsq) = 40,95(0,1449/0,85) = 240,46 kN/m² = 0,240 Mpa
▪σnor, Dir = Momento(Iy/XDir) = 240,95(0,1449/1,24) = 2350,10 kN/m² = 20,350 Mpa
▪ σnor, Hor, Esq =  σnor, Hor + σnor, Esq = 0,061 + 0,240 = 0,301 MPa
▪ σnor, Hor, Dir =  σnor, Hor + σnor, Dir = 0,061 2 0,350 = 20,289 MPa

 σcis = CortanteAalma = 20,880,2926 = 71,36 kN/m2 = 0,071 Mpa
•

▪ σnor, Hor = NormalAtot = 2,682,3212 = 1,15 kN/m2 = 0,001 Mpa



▪ σnor, Esq = Momento(Iy/XEsq) = 533,10(7,6075/3,67) = 257,16 kN/m² = 0,257 Mpa
▪σnor, Dir = Momento(Iy/XDir) = 2533,10(7,6075/3,67) = 2257,16 kN/m² = 20,257 Mpa
▪ σnor, Hor, Esq =  σnor, Hor + σnor, Esq = 0,001 + 0,257 = 0,258 MPa
▪ σnor, Hor, Dir =  σnor, Hor + σnor, Dir = 0,001 2 0,257 = 20,256 MPa

 σcis = CortanteAalma = 59,861,4224 = 42,08 kN/m2 = 0,042 Mpa
•

σ σ σ σ σ σ











m4

•

▪ σnor, Hor = NormalAtot = 00,6202 = 0,00 kN/m2
▪ σnor, Baixo = Momento(Ix/YBaixo) = 108,70(0,6085/1,50) = 267,95 kN/m² = 0,268 Mpa



▪σnor, Cima = Momento(Ix/YCima) = 2108,70(0,6085/1,19) = 2212,57 kN/m² = 20,213 Mpa
▪ σnor, Hor, Baixo =  σnor, Hor + σnor, Esq = 0 + 0,268 = 0,268 MPa
▪ σnor, Hor, Cima =  σnor, Hor + σnor, Dir = 0 2 0,212 = 20,213 MPa
 σcis = CortanteAalma = 18,190,3766 = 48,30 kN/m2 = 0,048 Mpa

•

▪ σnor, Hor = NormalAtot = 0,000,5369 = 0,00 kN/m2
▪ σnor, Baixo = Momento(Ix/YBaixo) = 103,46(1,0266/2,08) = 209,41 kN/m² = 0,209 Mpa
▪ σnor, Cima = Momento(Ix/YCima) = 2103,46(1,0266/2,41) = 2243,07 kN/m² = 20,243 Mpa
▪ σnor, Hor, Baixo =  σnor, Hor + σnor, Esq = 0 + 0,209 = 0,209 MPa
▪ σnor, Hor, Cima =  σnor, Hor + σnor, Dir = 0 2 0,243 = 20,243 MPa
 σcis = CortanteAalma = 10,460,3143 = 33,28 kN/m2 = 0,033 Mpa

•

▪ σnor, Hor = NormalAtot = 1,980,9352 = 2,17 kN/m2 = 0,002 Mpa



▪ σnor, Baixo = Momento(Ix/YBaixo) = 231,69(1,8860/2,47) = 303,43 kN/m² = 0,303 Mpa
▪ σnor, Cima = Momento(Ix/YCima) = 2231,69(1,8860/2,47) = 2303,43 kN/m² = 20,303 Mpa
▪ σnor, Hor, Baixo =  σnor, Hor + σnor, Esq = 0,002 + 0,303 = 0,305 MPa
▪ σnor, Hor, Cima =  σnor, Hor + σnor, Dir = 0,002 2 0,303 = 20,301 MPa
 σcis = CortanteAalma = 40,800,6916 = 58,99 kN/m2 = 0,059 Mpa

•

σ σ σ σ σ σ



σ σ σ σ

σ σ σ σ



∝
z (γ ∝ ∝

∝= Htot ∗ √ NkEIeq
• Htot = npav ∗ hpav = 10 ∗ 2,9 = 29 m
• Nk = npav ∗ ΔP = 10 ∗ 2218,76 = 22187,60 kN

(ΔP é o peso total do pavimento, calculado na tabela 11 do item 

• E = 800 ∗ 7 = 5600 MPa = 5600000 kN/m²

• � = 5,97�10−6 �
• � = 14,51�10−6 �



∝

∝

f = pL33EIeq ∴  Ieq = pL33Ef
• f
• p
• L
• E
• Ieq m4



• Ieq, x = 1 ∗ 2933 ∗ 5,6x106 ∗ 5,97x10−6 = 243,09 m4
∝ x = 29 ∗ √ 22.187,575,6x106 ∗ 243,09 = 0,118

• Ieq, y = 1 ∗ 2933 ∗ 5,6x106 ∗ 14,51x10−6 = 100,05 m4
∝ y = 29 ∗ √ 22.187,575,6x106 ∗ 243,09 = 0,182

∝
∝

γ

γz = 11 2 ΔMtot, d M1, tot, d⁄
•

• ΔM



ΔM

• M1, tot, d = ∑M1M1 = h ∗ F
• ΔMtot, d = P ∗ ∑e 

• γz = 11 2 16,44 5.930,86⁄ = 1,003
• γz = 11 2 27,55 6.071,70⁄ = 1,005

γ

ΔM

∑e =



γ

ΔM

∑e =

edifício em análise apresentou valores de γ

coeficiente de ponderação Ψ

• (1,4 ∗ 0,5 ∗ Qac + 1,4 ∗ G)1 2 ( hef40∗tef)3 + 1,4 ∗ Qhor1,5 f 0,7 ∗ fk, Hor2,0



• (1,4 ∗ Qac + 1,4 ∗ G)1 2 ( hef40∗tef)3 + 1,4 ∗ 0,6 ∗ Qhor1,5 f 0,7 ∗ fk, Aci2,0

• hef = 2,80 m (altura da parede)
• tef = 0,14 m (espessura do bloco)
• Qac = σnor, Vert ∗ 25%
• G = σnor, Vert ∗ 75%
• Qac = maior tensão normal devido aos esforços horizontais

σ ou σ

σ ou σ

• fpk, min = maior resistência necessária obtida (fk, Hor ou fk, Aci)
•

(1,4 ∗ 0,5 ∗ 0,25 ∗ 0,830 + 1,4 ∗ 0,75 ∗ 0,830)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,5611,5 f 0,7 ∗ fk, Hor2,0fk, Hor g 4,82 Mpa
(1,4 ∗ 0,25 ∗ 0,830 + 1,4 ∗ 0,75 ∗ 0,830)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,6 ∗ 0,5611,5 f 0,7 ∗ fk, Aci2,0fk, Aci g 4,69 Mpa

 fpk, min = 4,82 MPa



•

(1,4 ∗ 0,5 ∗ 0,25 ∗ 0,904 + 1,4 ∗ 0,75 ∗ 0,904)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,3011,5 f 0,7 ∗ fk, Hor2,0fk, Hor g 4,42 Mpa
(1,4 ∗ 0,25 ∗ 0,904 + 1,4 ∗ 0,75 ∗ 0,904)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,6 ∗ 0,3011,5 f 0,7 ∗ fk, Aci2,0fk, Aci g 4,61 Mpa

 fpk, min = 4,61 MPa
•

(1,4 ∗ 0,5 ∗ 0,25 ∗ 0,830 + 1,4 ∗ 0,75 ∗ 0,830)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,2681,5 f 0,7 ∗ fk, Hor2,0fk, Hor g 4,04 Mpa
(1,4 ∗ 0,25 ∗ 0,830 + 1,4 ∗ 0,75 ∗ 0,830)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,6 ∗ 0,2681,5 f 0,7 ∗ fk, Aci2,0fk, Aci g 4,23 Mpa

 fpk, min = 4,23 MPa
•

(1,4 ∗ 0,5 ∗ 0,25 ∗ 0,904 + 1,4 ∗ 0,75 ∗ 0,904)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,1851,5 f 0,7 ∗ fk, Hor2,0fk, Hor g 4,11 Mpa
(1,4 ∗ 0,25 ∗ 0,904 + 1,4 ∗ 0,75 ∗ 0,904)1 2 ( 2,8040∗0,14)3 + 1,4 ∗ 0,6 ∗ 0,1851,5 f 0,7 ∗ fk, Aci2,0fk, Aci g 4,43 Mpa

 fpk, min = 4,43 MPa



•



• 1,5 <  fa <  3,4 →  ftk =  0,10 MPa3,5 <  fa <  7,0 →  ftk =  0,20 MPafa >  7,0 →  ftk =  0,25 MPa
• 20,9 ∗ G + 1,4 ∗ Qhor f ft2,0

σ

σ

σ



● 1,5 <  fa <  3,4 →  fvk =  (0,10 + 0,5 ∗ 0,9 ∗ G) MPa f  1,0 MPa
● 3,5 <  fa <  7,0 →  fvk =  (0,15 + 0,5 ∗ 0,9 ∗ G) MPa f  1,4 MPa
● fa >  7,0 →  fvk =  (0,35 + 0,5 ∗ 0,9 ∗ G) MPa f  1,7 MPa

•

• ft2,0 = (20,9 ∗ 0,623 + 1,4 ∗ 0,561) = 0,22 MPa
 fa = 6,0 MPa →   ftk2,0 = 0,202,0 = 0,10 MPa < ft2,0 ∴ não ok

• fa = 6,0 MPa →   fvk =  (0,15 + 0,5 ∗ 0,9 ∗ 0,623) = 0,43 MPaσcis = 0,125 MPa < fvk ∴ ok
•

• ft2,0 = 20,9 ∗ 0,678 + 1,4 ∗ 0,301 = 20,19 MPaftk2,0  =  0,10 MPa > ft2,0 ∴ ok
• fvk =  (0,15 + 0,5 ∗ 0,9 ∗ 0,678) = 0,46 MPaσcis = 0,071 MPa < fvk ∴ ok

•

• ft2,0 = 20,9 ∗ 0,623 + 1,4 ∗ 0,268 = 20,19 MPaftk2,0  =  0,10 MPa > ft2,0 ∴ ok
• fvk =  (0,15 + 0,5 ∗ 0,9 ∗ 0,623) = 0,43 MPaσcis = 0,048 MPa < fvk ∴ ok



•

• ft2,0 = 20,9 ∗ 0,678 + 1,4 ∗ 0,185 = 20,35 MPaftk2,0  =  0,10 MPa > ft2,0 ∴ ok
• fvk =  (0,15 + 0,5 ∗ 0,9 ∗ 0,678) = 0,46 MPaσcis = 0,025 MPa < fvk ∴ ok

•

σ



σ

• G = 0,623 MPa (compressão)σnor, Hor, Esq = +0,233 MPa (tração)σnor, Hor, Dir = 20,561 MPa (compressão)ft, esq = 20,9 ∗ 0,623 + 1,4 ∗ 0,233 = 20,234 Mpa = 2234 kN/m²ft, dir = 20,9 ∗ 0,623 2 1,4 ∗ 0,516 = 21,346 Mpa = 21346 kN/m²




• G = 0,623 MPa (compressão)σnor, Hor, Esq = 20,233 MPa (compressão)σnor, Hor, Dir = +0,561 MPa (tração)ft, esq = 20,9 ∗ 0,623 2 1,4 ∗ 0,233 = 20,887 Mpa = 2887 kN/m²ft, dir = 20,9 ∗ 0,623 + 1,4 ∗ 0,516 = +0,225 Mpa = +225 kN/m²


Xt = ft, dirft, esq + ft, dir ∗ lpr = 225887 + 225 ∗ 3,89 = 0,79 m



σ σ

• σt, A = 0,350,79 ∗ 225 = 99,68 kN/m² = 100  kN/m²
σt, B = 0,490,79 ∗ 225 = 139,56 kN/m² = 140  kN/m²
ft, aba = 100 + 1402 ∗ 0,14 ∗ 0,84 = 14,12 kN



• ft, alma = 0,79 ∗ 0,14 ∗ 2252 = 12,44 kN
• ft =  ft, alma + ft, aba = 12,44 + 14,12 = 26,56 kN

As, min = 0,10% ∗ tpr ∗ lalma = 0,001 ∗ 14 ∗ 389 = 5,45 cm²As = ftfyd = 26,5643,48 = 0,61 cm2 <  As, min ∴ atotar As = As, min 



•

•

•





•

•

•

•

•

•

•



•

•

•





possui uma lista de fabricante chamada <CONCRE30=



•

•

•

•

•

<coeficiente para a plastificação = 









ligadas a um nó <mestre= de forma a simular o efeito de diafragma rígido.



• qi = 2218,7100 ∗ 29 ∗ √29 ∗ 116,34 = 0,009 tf/m²
• qi = 2218,7100 ∗ 29 ∗ √29 ∗ 116,64 = 0,009 tf/m²







F = (D + B) ∗ C ∗ A



•

•







≤ 0,60

≤ 1,10
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