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Anexo A
Equacdes no Mathcad

Caélculos feitos no Mathcad para a obtencdo de w, mx e my para o0 caso de
placa com carregamento distribuido, sujeita a carga concentrada e com carga
distribuida em um retangulo parcial.

Al
Placa com Carregamento Distribuido

fck :=35
Ec :=4760\/ka

Ec = 2.816x 10"

v:=0.2
Gi= ¢ G=1.173x 10"
MY24(1+ V)
h:=0.2
h3 4
D :=100Ec — D = 1.956x 10
12.(1 - VZ)
p:=7.71
x:=5 y:=5
a:=10 b:=10

(10016 j 3 3 3 G ) -

m=1n=1 n m

2 2
vn m . X\ . y
— + — || sin| mx-= |-sinf n-x- =
19 b2 g2 ( ( a ( bD

1
—[16 P ). _
mx.—[lﬁ 4] z mx= 34.073
n m=1n

my::(le—j- my = 34.073
m
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A.2.
Placa Sujeita a Carga Concentrada

fck :=35
Ec:=4760/fck

Ec=2.816x 10"

v:=0.2
Ec
R 2(1L+v) G=1.173x 10"
h:=0.2
3
D:= 100(E°’ﬁ D = 1.956x 10"
12\1-v

p :=276.535

x:=5 y:=5

a:=10 b:=10

/{SM::S n:=5

G ) o ) 1 i e )
19 19 |sin| mx-= |-sin n~n~E -| sin| mm-= |-sin n~n~E
a a
w :=| 1004
[ abDj Z z 2 2 2
75 m=1n=1 n m
_+_
b2 a2
w =1.638

PIDY - :

m=1n=1 n2 2

v . e) . n . x\ . y
— + — || SINf MT-— |-SIN| N-T-— -l sinf m-t-— |-SIN| N-t-—
19 19 b2 2 a b a b
mx:=
i3 a b

mx= 92.896

n? vt . g) . n . X\ . y
— + —— || sin| mm-= |-sin| n-xw-— | || sin| mm-= |-sin| n-@-=
19 19 b2 2 a b a b
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A.3.

Placa com Carga Distribuida em um Retangulo Parcial

A 19 19
w::(lOOlG - J Z Z

fck :=35
Ec:= (4760[7K)

Ec-2.816x 10"

v:=0.2
Ec
S 2(1+v) G=1.173x 10
h:=0.2
3
h 4
D:=100EC: ——— D =1.956x 10
12-(1—\/2)
p :=277.897
x:=5 y:=5
a:=10 b:=10
g:=5 ni=5
M
U= 0.5 v:=0.5

|=

(Sin(m.nz).sm(m.g ‘5‘”(”'“‘2%))‘(S‘“(m“f)‘“”(

nUVD)m=1n=1

w = 1.638

N [N——
N|3N

3
VN N

D‘l:
[N
o

[N
©
=
©
TN
<
o
=]
I\)| N
n
Nlam
~
TN
L,

S
e
3
a
© |
N
2.

S
e
2
a
|
N
Na—
TN
28
S
TN
3
a
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o) oot

mx= 87.049

my:= [16

a

[Z_z N V_ff].(sm(mn.z)4sin(n.n.g)j.(sm(m.n.%

w{rezg)) (e Joe)

UV m=1n=1

my = 87.049
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Tabela B.1 - TensbGes da laje nervurada para os modelos considerando

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

Sem offset Com offset Solidos
Comp (m)

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
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Tabela C.1 — Quadro Resumo do coeficiente ¢ calculado para lajes macigas para

diferentes larguras da faixa de protensao.

MODELO 1 MODELO 2 MODELO 3 MODELO 4
Faixas | Secao
Omax | Prmin | Pmax | Pmin | Pmaxext | Pmaxint | Prmin | Pmax ext | Pmaxint | Prmin
A-A | 1.03 | 0.10 1.00 | 0.13 1.01 0.83 |0.14| 101 | 0.84 |0.14
L/4 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| 056 | 0.50 |0.48
A-A | 0.78 0.00 0.76 0.02 0.77 0.56 |[0.04| 0.77 0.57 |0.03
L/8 B-B 0.54 0.03 0.41 0.13 0.44 032 |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
A-A | 0.38 | -0.01 0.37 0.00 0.38 0.26 [0.01| 0.38 0.26 |0.01
L/20 | 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
A-A | 0.20 | -0.01 | 0.20 | 0.00 0.20 0.13 |0.00| 0.20 | 0.13 |0.00
L/40 | 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
Memoria de Calculo

7

Neste anexo é apresentada a memoria de calculo do carregamento

equivalente de protenséo.

DIREGAO X
Zonal
Espessura da laje: 0.23m
Largura nervura: 0.6m
Numero de cabos: 3
Forca de protensédo: P= 360 kN
Fz+ 13.2kN Fz= 18.2kN
F
o1 il U1
0.13 $ .04 m
0 O O O
L=9.82m
fl= 0.13-0.04 f1= 0.09 m
1= (8*0.09*360)/(9.82"2*0.6) ®1= 4.48 KN/ Y= 26.40 kN
81= (4*0.09)/(9.82) 01= 0.037
Fv=P*01 Fz= 13.2kN XFz= 26.40 kN
Fx= P Fx= 360 kN Fx= 360 kN
Zona2y4
Espessura da laje: 0.23m
Largura nervura: 0.6m
Nuamero de cabos: 1
Forca de protensdo: P= 120 kN
ﬁl: 6.8 kN 19.7 kN \L F3= 20£ kN 26.0 KN 114 jN
FX

fl 0.00.

5

01

0.13 0.04 0.19 6.0 0.04
3.42 kN/? A 4.47 kN/ne A 4.47 kN/n?
7 N N N N N N 4 O S O S O Y O O S O |

7.80m 7.80m 7.80m 46m

fl=f4= (0.19+0.02+0.13)/2)-0.04 f1=f4= 0.13m

f2=f3= 0.19+0.02-0.04 £2=f3= 0.17m
o1= (8*0.13120)/(7.8"2%0.6) ol= 3.42 KN/ ®1= 16,00 kN
®2= (8*0.17%120)/(7.8°2*0.6) 2= 447 KN/m? ®2= 20.92 kN
3= (8*0.17%120)/(7.8"2*0.6) w3= 447N/ ®3= 20,92 kN
4= (8*0.13¥120)/(4.6/2%0.6) wd= 9.72 KN/me 4= 26,98 kN

Y= 8483 kN
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01= (4*0.13-(0.19+0.02-0.13))/(7.8)= 0.0564 F1= P*01 F1= 6.8kN
02= (4*0.13+(0.19+0.02-0.13))/(7.8)= 0.0769 F2= P*(02+03) F2= 19.7kN
03= (4*17)/7.8= 0.0872 F3= 2P*03 F3=20.9 kN
04= (4*0.13+(0.19+0.02-0.13))/(4.6)= 0.1297 F4= P*(03+04) F4= 26.0kN
05= (4*0.13-(0.19+0.02-0.13))/(4.6)= 0.0951 F5= P*05 F5= 114 kN
TFz= 84.83 kN
Fx= P Fx= 120 kN
Zona3
Espessura da laje: 0.23m
Largura nervura: 0.6m
Numero de cabos: 1
Forga de protenséo: P= 120 kN
F1: 6.8 kN 19.7 kN F3= 23.4kN 6.5 kN
ﬂ \L \f/ Fx
0.13 0.04 0.19 ; ; 0.13m
3.42 KN/ A 4,47 KNP A 5.05 KN/
AAAAAAAN A AL AL LT T 17
7.80m 7.80m 6.42m
f1=f3= (0.19+0.02+0.13)/2)-0.04 f1=f3= 0.13m
2 0.19+0.02-0.04 2 017m
1= (8*0.13*120)/(7.8"2*0.6) ol= 3.42 kN/me 1= 16.00 kN
®2= (8*0.17*120)/(7.8"2*0.6) 2= 4.47 kN/m2 ®2= 20.92 kN
3= (8*0.13%120)/(6.42°2%0.6) 3= 5.05 kN/m2 3= 19.44 kN
Yo= 56.36 kN
01= (4*0.13-(0.19+0.02-0.13))/(7.8)= 0.0564 F1= P*01 F1= 6.8 kN
02= (4*0.13+(0.19+0.02-0.13))/(7.8)= 0.0769 F2= P*(02+03) F2= 19.7kN
03= (4*0.17)/7.8= 0.0872 F3= P*(03+04) F3= 234 kN
04= (4*0.13+(0.19+0.02-0.13))/(6.4)= 0.1075 F4= P*05 F4= 65kN
05= (4*0.13-(0.19+0.02-0.13))/(6.4)= 0.0545 EFz= 56.36 kN
Fx= P Fx= 120 kN
Zona 5
Espessura da laje: 0.23m
Largura nervura: 0.6m
Numero de cabos: 1
Forca de protensdo: P= 120 kN
6.8 kN 19.7 kN 0.9 kN 20{9 kN N

0.13 — &19
3.42 kN/n? [.) 4.47 KNIm? = 4.47 kN/m? A 447 KN 447 kN 3.32 KN/

AAAAAANMAAANAARANMNAARAANNMARMRARA AN AR AN AN AAAAAMN

N 7.80m 7.80m 7.80m 7.80m 7.80m 9.82m
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f1=f6= (0.19+0.02+0.13)/2)-0.04 fl=f6= 0.13 m
f2=f3=f4=f5= 0.19+0.02-0.04 f2=f3=f4=f5= 0.17 m
7= (0.13+0.09)/2)-0.04 f7=0.07m
1= (8*0.13*120)/(7.8"2*0.6) ol= 3.42 KN/ ®1= 16.00 kN
®2= (8*0.17*120)/(7.8"2*0.6) 2= 4.47 KN/m? ®2= 20.92 kN
®3= (8*0.17*120)/(7.8"2*0.6) ®3= 4.47 kKN/me? g ®3= 20.92 kN
®4= (8*0.17*120)/(7.8"2*0.6) 4= 4.47 KN/ ®4= 20.92 kN
5= (8*0.17*120)/(7.8"2*0.6) 5= 4.47 KN/m? 5= 20.92 kN
6= (8%(0.13+0.07)*120)/(9.8"2*0.6) 6= 3.32 kN/m? 6= 19.55 kN
o= 119.24 kN
1= (4*0.13-(0.19+0.02-0.13))/(7.8)= 0.0564 F1= P*01 F1= 6.77kN
2= (4*0.13+(0.19+0.02-0.13))/(7.8)= 0.0769 F2= P*(92+03) F2= 19.69 kN
03= (4*0.17)/7.8= 0.0872 F3= 2P*03 F3= 20.92 kN
04= (4*0.13+(0.19+0.02-0.13))/(9.8)= 0.0611 F4= 2P*03 F4= 20.92 kN
05= (4*0.13-(0.19+0.02-0.13))/(9.8)= 0.0448 F5= 2P*63 F5= 20.92 kN
96= (4*0.07-(0.13-0.09))/(9.8)= 0.0244 F6= P*(03+04+06) F6= 20.73kN
7= (4*0.07+(0.13-0.09-0.02))/(9.8)= 0.0326 F7= P*(95+07) F7= 9.29kN
YFz= 119.24 kN
Fh=P Fh= 120 kN
Zona 6
Espessura da laje: 0.23m
Largura nervura: 0.6m
Numero de cabos: 1
Forca de protenséo: P= 120 kN
10.5 kN ZOikN ZO.Q\tN 20.9kN 20.7)kN 9.3lkN
Fx N \lz Ex
0.02 o191 7 = 0.02cm
0.19 0:04 0.04 0.19 019 ° 0.09 0.13¢cm
4.47 KN/me A 4.47 KN/ A 4.47 kV&hZ 4.47 KN/ nA 3.32 kN/ mA
— e
7.80m 7.80m 7.80m 7.80m 9.82m
f1=f2=f3=f4= 0.19+0.02-0.04 f1=f2=f3=f4= 0.17m
5= (0.19+0.02+0.13)/2)-0.04 5= 0.13m
f6= ((0.09+0.13)/2)-0.04 f6= 0.07m
1= (8*0.17*%120)/(7.8"2*0.6) ol= 4.47 kKN/me ol=20.92 kN
®2= (8*0.17*120)/(7.8"2*0.6) 2= 4.47 KN/ ®2=20.92 kN
3= (8*0.17%120)/(7.8"2*0.6) 3= 447 KNImR 3= 20.92 kN
®4= (8*0.17*120)/(7.8"2*0.6) 4= 4.47 KN/m? g o4= 20.92 kN
®5= (8*(0.13+0.07)*120)/(9.82"2*0.6) ®5= 3.32 kN/m? ®5= 19.55 kN
YXo= 103.24 kN
Fl1= P*01 F1= 10.46 kN
01= (4*0.17)/7.8= 0.0872 F2=2P*01 F2= 20.92 kN
02= (4*0.13+(0.19+0.02-0.13))/(9.8)= 0.0611 F3= 2P*01 F3= 20.92 kN
03= (4*0.13-(0.19+0.02-0.13))/(9.8)= 0.0448 F4= 2P*01 F4= 20.92 kN
04= (4*0.07-(0.13-0.09))/(9.8)= 0.0244 F5= P*(01+02+04) F5= 20.73 kN
05= (4*0.07+(0.13-0.09))/(9.8)= 0.0326 F6= P*(03+05) F6= 9.29 kN

9.287169043

XFz= 103.24 kN
Fx=P Fx= 120 kN
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DIREGAO Y
Faixa 1
Espessura da laje: 0.23m
Largura faixa 0.6cm
Namero de cabos: 8
Forca de protenséo: P= 960 kN
F1= | 754 kN \L 232.9 kN F3:\l/200.9 kN F4= 39.2kN
Fy B2 Fy
013 0.04 0.19 0.06 0.19 013m
53.06 kN/m® A 97.83kN/me &N 2023 kN/
AAAAAANAAMAINN AN NAAT AT AAN
5.60 m 443 m 9.07m
f1=3= (0.19+0.02+0.13)/2)-0.04 f1=f3= 0.13m
2 0.19+0.02-0.06 f20.15m
ol= (8+0.13*960)/(5.6"2*0.6) ol= 53.06 kN/n? ol= 17829 kN
®2= (8*0.15*960)/(4.43"2*0.6) 2= 97.83 kN/m? ®2= 260.05 kN
®3= (8*0.13*960)/(9.0772*0.6) 3= 20.23 KN/m? ®3= 110.08 kN
Yo= 54841 kN
1= (4*0.13-(0.19+0.02-0.13))/(5.6)= 0.0786 F1= P*91 F1= 754 kN
02= (4*0.13+(0.19+0.02-0.13))/(5.6)= 0.1071 F2= P*(02+03) F2= 232.9 kN
03= (4*0.15)/0.06= 0.1354 F3= P*(03+04) F3= 200.9 kN
4= (4*0.13+(0.19+0.02-0.13))/(9.07)= 0.0739 F4= P*95 F4= 39.2 kN
5= (4*0.13-(0.19+0.02-0.13))/(9.07)= 0.0408 EFz= 548.41 kN
Fy="P Fy= 960 kN
Faixa 2
Espessura da laje: 0.23m
Largura faixa 1.20m
Numero de cabos: 12
Forca de protenséo: P= 1440 kN
F1= 529.3 kN 396.9 kN F3= 317.1kN F4= 69.7 kN
Fy= 1440 KN \l/ Fy
o2h T B[ 02 e B 0emeld 5
009" 0.19 0.19 04 0.19 0.13m
30296 KNI ZS 52,04 KN/ A 83.92 KN/
| o o o o e e e Y A 1210 kNIn¥
0.98m 5.60 m 441 m 9.09m
f1= (0.19+0.02-0.09) f1= 0.12m
f2=f3= 0.19+0.02-0.04 f2=f3= 0.17
f4= (0.19+0.02+0.13)/2)-0.04 f4= 013 m
1= (2*0.12*1440)/(0.975"2*1.2) ol= 302.96 KN/ 1= 354.46 kN
©2= (8*0.17*1440)/(5.6"2*1.2) 02= 52.04 kN/m2 2= 349.71 kN
3= (8*0.17*1440)/(4.41°2%1.2) 3=  83.92kN/n? 3= 444.08 kN
4= (8*0.13*1440)/(9.09"2*1.2) 04= 15.10 kN/m? o4= 164.75 kN
Yo= 1313.01 kN
1= (0.12+(0.19+0.02-0.09))/(0.975)= 0.2462 F1= P*(01+02) F1= 529.3 kN
02= (4*0.17)/5.6= 0.1214 F2= P*(02:+63) F2= 396.9 kN
03= (4*0.17)/4.41= 0.1542 F3= P*(03+04) F3= 317.1kN
4= (4*0.13+(0.19+0.02-0.13))/(9.09)= 0.0660 F4= P*05 F4= 69.7 kN
5= (4*0.13-(0.19+0.02-0.13))/(9.09)= 0.0484 TFz= 1313.01 kN
Fy=P Fy= 1440 kN
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Faixa 3
Espessura da laje:
Largura faixa
Nuamero de cabos:

Forca de protenséo:

0.23m
1.20m
16

P= 1920 kN

Fi= 49i5 KN 529.2\ll/<N F3= 412.8 KN F4= 92.9kN
% R
o.ozh - S
0.0 0.19 . i
12530 kN/m?__ 2N 69.39 kN/n? 111.89 kKN/me 25
o o o o e o I U\ Y 2014 I/ )
1.75m 5.60 m 4.41m 9.09m
fl= (0.19+0.02-0.09) fl= 0.12m
f2=f3= 0.19+0.02-0.04 f2=f3= 0.17
f4= (0.19+0.02+0.13)/2)-0.04 f4= 0.13m
o= (240.12%1920)/(1.75°2*1.2) ol= 12539 KN/m? ol= 26331 kN
2= (80.17%1920)/(5.6°2*1.2) ©2=  6939KN/mP 2= 466.29 KN
3= (8*0.17%1920)/(4.4172*1.2) ©3=  11189KN/mP ©3= 592,11 kN
wd= (80.131920)/(9.09°2+1.2) od=  2014KN/mP wd= 219.67 kKN

Y= 1541.38 kN

1= (0.12+(0.19+0.02-0.09))/(1.75)= 0.1371 F1= P*(01+02) F1= 4965 kN
02= (4*0.17)/5.6= 0.1214 F2= P*(02+03) F2=529.2 kN
03= (4*0.17)/4.41= 0.1542 F3= P*(03+04) F3= 422.8 kN
04= (4*0.13+(0.19+0.02-0.13))/(9.09)= 0.0660 F4= P*05 F4= 92.9 kN
5= (4*0.13-(0.19+0.02-0.13))/(9.09)= 0.0484 LFz= 1541.38 kN
Fy=P Fy= kN
Faixa 4
Espessura da laje: 0.23m
Largura faixa 1.20m
Nuamero de cabos: 10
Forca de protenséo: P= 1200 kN
F1= 267.4\tN 298.4 ki F3= 110.p kN
Fy Fy
0.02 02 e =041
0.09nf 0.19 0. 0.13m
40.98 kN/m? A 44.96 kN/n? A 45.14 kN/m?
——— A AN AANAADPNTARAL]
242m 550m 4.80m
f1= (0.19+0.02-0.09) fl= 012m
f2= 0.19+0.02-0.04 f2=017m
3= (0.13+0.02+0.19)/2)-0.04 f3=0.13m
ol= (2*0.12*1200)/(2.42"2*1.2) ol= 40.98 kN/m? ®l= 119.01 kN
®2= (8*0.17*1200)/(5.5"2*1.2) 2= 44.96 kN/n? ®2= 296.73 kN
®3= (8*0.13*1200)/(4.8"2*1.2) 3= 45.14 kKN/n? ®3= 260.00 kN
Yo=675.74 KN
1= (0.12+(0.19+0.02-0.09))/(2.42)= 0.0992 F1= P*(01+02) F1= 267.4 kN
02= (4*0.17)/5.5= 0.1236 F2= P*(62+03) F2= 298.4 kN
03= (4*0.13+(0.19+0.02-0.13))/(4.8)= 0.1250 F3= P*04 F3= 110.0kN
04= (4*0.13-(0.19+0.02-0.13))/(4.8)= 0.0017 LFz= 675.74 kN
Fy=P Fy= 1200 kN
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Faixa 9
Espessura da laje: 0.23m
Largura faixa 12cm
Numero de cabos: 5
Forca de protenséo: P= 600 kN
484 kN k8.4 kN
=
fl Fy f4= 0.13-0.04
; 0.13m Fy=P
A 18.10 kN/me?
L ]
446 m
1= (8*0.09*600)/(4.46"2*1.2) 1= 18.10 kN/m?
01= (4*0.09)/4.46= 0.0807 F1= P*01
F2=P*01
Faixa 5
Espessura da laje: 0.23m
Largura faixa 1.20m
Nuamero de cabos: 14
Forca de protenséo: P= 1680 kN
Fi= 3376 iN 546.4 kri F3= 2456 kN
LA Fy
0.02 | g .
0.09n ™ 0.19 0.13m
32.81 kN/m? A 65.29 kN/m? 160.70 kN/m?
AP P AT T T
3.20m 540m 3.01m
f1= (0.19+0.02-0.09) fl= 0.12m
2= 0.19+0.02-0.04 f2=0.17m
3= (0.13+0.02+0.19)/2)-0.04 f3=0.13m
ol= (2*0.12*1680)/(3.2/2*1.2) ol= 32.81 kN/m?
®2= (8*0.17*1680)/(5.4"2*1.2) ®2= 65.29 kN/m?

©3= (8*0.13*1680)/(3.01"2*1.2)

91= (0.12+(0.19+0.02-0.09))/(3.2)= 0.0750
02= (4*0.17)/5.4= 0.1259
03= (4*0.13+(0.19+0.02-0.13))/(3.01)= 0.1993
04= (4%0.13-(0.19+0.02-0.13))/(3.01)= 0.1462

®3= 160.70 kN/m?

Fi= P*(01+02)
F2= P*(02+03)
F3= P*04

Fy=P

155

f4= 0.09m
Fy= 600 kN

ol=96.86 kN

F1= 48.4 kN

F2= 48.4 kN
XFz= 96.86 kN

®1= 126.00 kN
®2= 42311 kN
®3= 580.47 kN
o= 1129.58 kN

F1= 337.6 kN
F2= 546.4 kN
F3= 2456 kN
EFz= 1129.58 kN
Fy= 1680 kN
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Faixa 6
Espessura da laje: 0.23m
Largura faixa 1.20m
Namero de cabos: 18
Forca de protenséo: P= 2160 kN
F1= 406.0\tN Zi 702.6 kKN 1/ 315.7kN
R Fy
0.0211 - I 2 02 o T
0.09 (IFF e 0.19 : 0.13m
28.84 kKN/m? A 83.95 kN/m?
AN A A ARARAAL ] 1]
3.87m 5.40m 3.01m
f1= (0.19+0.02-0.09) f1=0.12m
f2= 0.19+0.02-0.04 f2=017m
3= ((0.19+0.02+0.13)/2)-0.04 f3=0.13m
ol= (2*0.12*2160)/(3.87"2*1.2) ol= 28.84 KN/m? ol= 133.95kN
®2= (8*0.17*%2160)/(5.472*1.2) w2= 83.95 kN/m? ®2= 544.00 kN
®3= (8*0.13%2160)/(3.01"2*1.2) ®3=  206.62 kN/m? ®3= 746.31 kN

o= 1424.27 kN

1= (0.12+(0.19+0.02-0.09))/(3.87)= 0.0620 F1= P*(01+02) F1= 406.0 kN
02= (4*0.17)/5.4= 0.1259 F2= P*(02+03) F2= 702.6 kN
03= (4*0.13+(0.19+0.02-0.13))/(3.01)= 0.1993 F3= P*04 F3= 315.7kN
04= (4*0.13-(0.19+0.02-0.13))/(3.01)= 0.1462 XFz= 1424.27 kN
Fy=P Fy= 2160 kN

Faixa 7

Espessura da laje: 0.23m

Largura faixa 1.20m

Numero de cabos: 10

Forga de protenséo: P= 1200 kN

F1= 2\t2.2 kN 336t kN F3= \tS?.Z kN F4= 52.9 kN
Fy Fy

't

o

0.19

0.13m

0.19 04 0.19 ]
10.70kN/me &8 4681 KN/ A 93 KN/ 10.44 kN/m2
o I S O N 3 I N/ O N OO\ |
4.74m 5.39m 441 m 9.98 m
f1= (0.19+0.02-0.09) fl= 012m
f2=f3= 0.19+0.02-0.04 f2=f3= 0.17
f4= (0.19+0.02+0.13)/2)-0.04 4= 013 m
ol= (2*0.12*1200)/(4.735"2*1.2) ol= 10.70 kN/m? o1= 60.82 kN
©2= (8*0.17*1200)/(5.39"2*1.2) 2= 46.81 kN/mre 2= 302.78 kN
©3= (8*0.17*1200)/(4.41°2*1.2) 3= 69.93 kN/m? ®3= 370.07 kN
4= (8*0.13*1200)/(9.98"2*1.2) 4= 10.44 kN/me o4= 125.05kN
o= 858.72 kN
1= (0.12+(0.19+0.02-0.09))/(4.735)= 0.0507 F1= P*(01+62) Fl= 212.2 kN
02= (4*0.17)/5.39= 0.1262 F2= P*(62+03) F2= 336.4 kN
03= (4*0.17)/4.41= 0.1542 F3= P*(03+04) F3= 257.2 kN
04= (4*0.13+(0.19+0.02-0.13))/(9.98)= 0.0601 F4= P*05 F4= 52.9 kN
05= (4*0.13-(0.19+0.02-0.13))/(9.98)= 0.0441 LFz= 858.72 kN
Fy=P Fy= 1200 kN
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Faixa7A
Espessura da laje: 0.23m
Largura faixa 1.20m
Nuamero de cabos: 8
Forca de protenséo: P=960 kN
Fl= 124.4 \tN 555 kN
Fy Le_Ey
0.0211
009 0.13
8.56 KN/m? 14,39 kN/n?
A A A A
4.74m 7.61m
f1= (0.19+0.02-0.09)
f2= (0.19+0.02+0.13)/2)-0.04
ol= (2*0.12*960)/(4.735"2*1.2)
®2= (8*0.13*960)/(7.605"2*1.2)
1= (0.12+(0.19+0.02-0.09))/(4.735)= 0.0507
02= (4*0.13+(0.19+0.02-0.04))/(7.605)= 0.0789
03= (4*0.13-(0.19+0.02-0.04))/(7.605)= 0.0579

f1=0.12m
f2=0.13m

ol= 8.56 KN/
2= 1439KN/n?
Fl= P*(01+02)

F2= P*03

Fy=P

1= 48.66 kN
®2= 131.28 kN
Xo=179.94 kN

Fl= 1244 kN
F2= 555 kN

YFz= 179.94 kN
Fy= 960 kN
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Anexo E

TensOes para os Modelos de Viga e Casca
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Tabela E.1 — Quadro resumo das tensdes calculadas para a secdo A e B para os

modelos de viga e casca, ho topo e base da laje.

TENSOES (kN/cm?) NA SECAO A TENSOES (kN/cm?) NA SECAO B
X (m) Tipo Viga.\ Tipo Cascaf X (m) Tipo Vigaj Tipo Casc.a
osup | oinf | osup | ginf osup | oinf | osup | ginf
0.30 0.75| -1.43| 0.75 |-156| 0.30| 0.05| -1.16| 0.03| -1.09
1.13 0.36| -1.90| 058 |-1.86| 1.35| 0.08| -0.89| 0.03| -0.78
1.73 0.18| -2.12| 044 |-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 |-246| 3.15| 0.04| -0.30| 0.03| -0.29
3.53 0.01| -2.43| 0.23 |-259| 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| 019 |-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 |-254] 1155| 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| 1455| 0.12| -096| 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| -042| -0.02| -0.44
16.13 | -0.07| -1.52| -0.07 |-159| 18.75| -0.01| -0.26| -0.05| -0.29
16.73 -0.09| -1.45| -0.07 |-1.49] 1935| -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 |-145| 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
2093 | -0.05| -1.45| 0.02 |-1.77| 24.75 0.09| -0.65| 0.03| -0.56
2153 | -0.02| -1.33| 0.08 |-1.64| 25.35 0.06| -047| 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
3495| -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
39.15 047| -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
4450 -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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