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1. INTRODUCAO
Este documento tem por objetivo fornecer informagdes sobre os parametros e

critérios adotados para o calculo do alongamento tedrico dos cabos de protensao.

2. DESCRICAO

Os cabos foram divididos em sec¢des, e a cada duas se¢des foi medida a
variagdo angular em elevagdo e em planta, da esquerda para a direita; no caso de
cabos do tipo ativo-passivo e no caso de cabos do tipo ativo-ativo, também foram

medidas as variagdes angulares da direita para a esquerda.

Estas variacdes angulares foram utilizadas para determinar as tensdes devido
as perdas por atrito em cada secdo. A partir destes valores foi entdo construido o
grafico mostrando a variacdo da tensdo ao longo dos cabos de protensao para as

seguintes curvas:

» 0o(x) = Curva de perda de tensao no caso de cabo ativo-passivo.

» Oesq(X) = Curva de perda de tensao partindo da esquerda no caso de cabo do
tipo ativo-ativo.

» 0odir(x) = Curva de perda de tensdo partindo da direita no caso de cabo do tipo

ativo-ativo.

Para os cabos do tipo ativo-passivo, foi calculada a area sob a curva o(x) do
grafico de variagao da forga ao longo do cabo de protensdo e esta area foi dividida
pelo comprimento do elemento estrutural, para que se pudesse determinar a tensao
média.

Para os cabos do tipo ativo-passivo, foi calculada a area sob a curva Gesq(X), da
secao inicial do grafico até a intersegdo com a curva adir(X) e logo apos, foi calculada
a area sob a curva odir(X) da intersegdo com a curva Oesq(X) até a secgao final do
diagrama; estas areas foram somadas e divididas pelo comprimento do elemento

estrutural para que se pudesse determinar a tensao média.
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Para determinacdo da forca média, foi utilizada a tensdo média multiplicada

pela area tedrica nominal da cordoalha.

3. PARAMETROS DE PROJETO
Caracteristicas das cordoalhas

Tabela 1 - Caracteristicas das cordoalhas de sete fios com relaxagio baixa - RB

Area da Massa Cargade |Carga a 1% de | Alongamento | Relaxagéo
Categoria Designagao” Dismetro Tolerancia seghio de ago nominal ruptura deformagio total na méxima
nominal no da cordoalha minima minima? ruptura apos
da diametro nominal kg 000 m minimo™ 1000 h*
cordoalha nominal N kN KN
mm % %
mm mm
Minimo | Nominal | Maximo
CP 190 RE 9.5 9.5 54, 56,2 57 441,0 104, 93,9
RB 190 CP 190 RB 12,7 12,7 X 100,8 102, 792,0 1872 68,
CP 190 RB 15, 15,2 +04 138, 1434 146, 1126.0 265, 239, 35 35
CP RB_ 9,5 9.5 -02 54, 56,2 7.3 441,0 1157 03,
RB 210 CP RB 12,7 12,7 98, 100.9 102,9 7920 2070 86,
CP RB 152 15,2 139, 143.4 1463 11260 2938 264.4

considera-se Tkgfimm-> = 10MPa

* Base de medida: 600 mm minime.

NOTA  Recomenda-se para célculo estrutural a utilizagdo do valor nominal da area.

2 O valer da carga a 1% de alongamento € considerado equivalente & carga, a 0,2% de alongamento permanente.

% Os trés digitos constantes na designagéo correspondem ao limite minimo da resisténcia & tragéo na unidade kgrﬂmmz. Para os efeitos desta Norma,

4 Medida a 20°C com aplicagiio de carga inicial correspondente a 80% da carga de ruptura conforme NBR 7484. Os resultados de relaxagdo apés 1 000 h podem ser obtidos
por extrapolagiio de ensaios de 100 h de duragao.

Coeficientes para calculo das perdas de protensao por atrito

1= 0,50 entre cabo e concreto (sem bainha);

1L = 0,30 entre barras ou fios com mossas ou saliéncias e bainha metalica;

1L = 0,20 entre fios lisos ou cordoalhas e bainha metalica;

1= 0,10 entre fios lisos ou cordoalhas e bainha metalica lubrificada;

1L = 0,05 entre cordoalha e bainha de polipropileno lubrificada;

k & o coeficiente de perda por metro provocada por curvaturas nao intencionais do cabo. Na falta
de dados experimentais, pode ser adotado o valor 0,01 pw (1/m).
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4. DOCUMENTOS DE REFERENCIA

> 85EA16-EACE-PE-CXX-P02-PT-EST-008-R02
85EA16-EACE-PE-CXX-P02-PT-EST-009-R02
85EA16-EACE-PE-CXX-P02-PT-EST-010-R02
85EA16-EACE-PE-CXX-P02-PT-EST-011-R02
85EA16-EACE-PE-CXX-P02-PT-EST-012-R02
85EA16-EACE-PE-CXX-P02-PT-EST-013-R02
85EA16-EACE-PE-CXX-P02-PT-EST-014-R02
DES - FORMA C

YV V V V V V VY

5. REFERENCIAS BIBLIOGRAFICAS

> NBR 7483:2004
> NBR 6118:2004

6. ANEXOS
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BLOCO C

Devido a similaridade desse bloco, esta memoria atende ao 2° pavimento e cobertura.
V2 - CABOS C1 a C28
o ® 66 O &6 6© O O, ay

| 309.0 | 309.0 i 309.0 | 309.0 i 309.0 | 309.0 i 309.0 | 309.0 | 309.0 \ 309.0 |
e [ =t — , [T ——= f
CABOS C1=C2 (4215.2mm)
t = tonne
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 30.90m
cm m
rad
k = B3-u=0.002-— n=11 i=1,2.n
m
0 0 0
309 0 1.88
618 1.57 1.88
927 3.52 1.88
1236 5.11 1.88
S = Ocm, —— L=11545 |cm Ao‘elevagao = 0 |° Ao‘planta =| 1.88 |°
1854 5.11 1.88
2163 2.66 1.88
2472 2.24 1.88
2781 5.2 1.88
3090 5.7 19.88

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘eleva<;éoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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(o)
O'esq = 0'1~e
13947.78
13771.18
13569.82
13299.66
12968.88
12804.67 kof
g = . —_—
esq 5
12486.2 | M
12268.97
12069.55
11765.89
10879
0 0
57 19.88
5.2 1.88
2.24 1.88
2.66 1.88
ABelevagao = | 511 |7 Abpjanta = | 1.88 |°
0 1.88
5.11 1.88
3.52 1.88
1.57 1.88
0 1.88
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise
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_ — (W 0+K-S)
Odir = 91°¢

13947.78
12896.43
12571.96
12367.61
12152.45
ogir=| 11850.2 >
11700.16 | M

11409.15

kgf

11182.01
11018.51
10879

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp(b S reveree (Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 309 618 927 1236 1545 1854 2163 2472 2781
x (cm)
L
cC=— d = Om
2
Given
d = 0ggq(C) d = o (c)
intersecao
= Find(c,d) intersecdo = 2083.4-cm
Sintersecéo
kg
Cintersecdo = 12316.62-——
cm
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rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 274525.17~g—2
‘0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 129139.47~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 403664.65-kg—'m
2
cm
Area kg
o = Oy, = 13063.58-——
L 2
cm
L = 31.80 A =143.4 2 E = 1950000 —kg
cabo = °+-0YM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 187

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =213-mm

CABOS C3=C4 (4915.2mm)

NN RN AN CEN (RN (7N ) (o) A (41
(1 2 3 4)(5) 6/\7 8)(9) ‘1-.0/'|"J.1/'

\/\ /\/\/\ /\/\/\,,
1128.3,128.3,128.3,128.3,128.3,128.3,128.3,128.3,128.3,128.3
| LADO AJI_IVO | | | | | | | | |
cs. celE _I — 1 — I_]'__7|__,_|_7——*—_ | 1 1 1 __7__7__|_j::__::_7\__7_
CS C4 — [7___7__J 1 | | | | | | | ~ %
Cc1,C2r— | ! L ! | ! ! ! ! CS’\CZI
| | | | | | | V24 | | |
Area 143.4mm? fptk 265.8kN 1853.56 MPa fpyk 239.2kN 1668.06 MPa
tedrica_aco ~ ' ey = : ey = .
a6 Ar€aierica_ago Ar€aie4rica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78- —2 p = 0.20 B =001— e=272 L =12.83m
cm m
rad ,
kK = 3-p=0.002.-— n=11 i=1,2.n
m
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0
128.3
256.6
384.9
513.2

L
S =0m,——.. L=| 6415
n-1

aj= |Orad if i=1

769.8
898.1
1026.4
1154.7
1283

cm

3.76
1.34

Ao

elevacdo = Aopanta =

2.29
3.71

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = 91
13947.78
13874.21
13801.03
13582.37
13474.44
Oesq = | 13403.37
13332.67
13262.34
13117.12

12911.5

12843.4

a = cspline (S ,O

) a
o(X) = interp (— ,S,
g

esa)

Oesq j
—_— , X
g

e (p- otk S)

kgf

cm
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13947.784
11158.227|
8368.67
o(x)
5579.113
2789.557
0
0 128.3 256.6 384.9 513.2 641.5 769.8 898.1 1026.4 1154.7 1283
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 172094.02-—2
0 cm
Area kg
Om = = 1341341 - ——
L 2
cm
L = 13.65 A =143.4 2 E = 1950000 —kg
cabo = +2-0°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 19-2°

N _M_%.mm
tedrico = Etesrico_aco _

CABOS C5=C6 (4915.2mm)

o v v w o © O © © O O
woonto |

| 323,0 L 323,0 | 3230 L 323,0 L 323.0 L 323,0 L
LADO ATIVO ! ! ! ! ! !
Area 143.4mm? fptk 265.8kN 1853.56 MPa  fpyk 239.2kN 1668.06 MPa
tedrica_aco ~ ' =i = : ey = .
a6 Ar€aterica_ago Ar€aie4rica_aco
pi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78- —2 p = 0.20 B =001— e=272 L = 32.30m
cm m
ra
kK = 3-p=0.002.— n=11 =1,2..n
m
CURITIBA - BRASILIA - RIO DE JANEIRO
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0 0
323 0
646 0.93
969 0
1292 5.11
S = 0cm,ﬁ.. L= 1615 |cm Acgleyacao = | 511 |° Aoplanta =
1938 0
2261 6.43
2584 5.82
2907 0.61
3230 6

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (P otk S)
O'esq = 0'1~e
13947.78
13763
13570.79
13391
13052.85
12723.23 kof
g = . —_—
esq >
12554.67 | €M
12184.42
11849.08
11688.34
10797.82
0 0
6 19.97
0.61 1.97
5.82 1.97
6.43 1.97
AeeIeva<;z§1o = o Aeplanta =| 197 |°
511 1.97
511 1.97
0 1.97
0.93 1.97
0 1.97

CURITIBA - BRASILIA - RIO DE JANEIRO
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n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12885.13
12710.33
12360.52
11995.99

kgf
ogir = | 11837.07 [-——
11538.15 | €M
11246.78
11097.78
10942.79
10797.82

a= cspline(S,o— b= cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reveree (Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0 323 646 969 1292 1615 1938 2261 2584 2907 3230
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
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L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Gintersegao = 12272.58 —2
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 33-95m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 228-mm

d = ogir(c)

intersegdo = 2193.77-cm

. kg-m
Areaq = 289404.76'—2
cm
. kg-m
Area, = 133415.01'—2
cm
. kg-m
Area = 422819.77-—2
cm
13090.4 kg
O = A4
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18.8:t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago
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CABOS C7=C8=C25=C26 (6815.2mm)

ONORORORONO

1 146.7 | 146.7 | 146.7 | 146.7 | 146.7 |

LADO ATIVO - VOUTE : ‘ : LADO PASSIVO
CQ‘C'\OL—J‘-’/IJ/ ‘ I | \Cg C1
! f ; /o4 f |
[
t = tonne
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272 L =7.34m

cm m
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
146.8 0 18.89
L 293.6 511 | 0.89 |

R P Belevagio = | ; 7 Bplanta =| 4 gg

587.2 5.11 0.89

734 0 0.89

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13019.47
12748.38 | kgt
°SA | 12623.01 | .2
12360.18

12285.71

CURITIBA - BRASILIA - RIO DE JANEIRO
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a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 8-15m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

146.8 293.6 440.4 587.2

x (cm)

. kg-m

Area = 93560.75-—2
cm

12746.7 kg
O = S
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=53-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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CABOS C9=C10=C27=C28 (6215.2mm)

A\ e 2\ A\ AN =\ AN
\ ! { ) | ) ( ) ( ) 1 |
\_/ =/ >/ N/ \>/ N4
T T T T T T
| 2027 | 2027 | 202.7 | 2027 | 2027 |
'LADO ATIVO - VOUTE : : LADO PASSIVO '
‘ — P——— =
S ' | TCrcs Ll oC0 ¢
’ V24 ‘ '
Area 143.4mm? fptk 265.8kN 1853.56 MPa fpyk 239.2kN 1668.06 MPa
tedrica_aco ~ ' ey = : ey = .
a6 Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L =10.14m
cm m
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
202.8 1.63 13.24
405.6 437 | 1.24 |
S = 0cm, 1 L= 608.4 cm Aaelevagéio = 0 Aaplanta = 104
811.2 4.37 1.24
1014 1.63 1.24

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13259.3
12997.89 | kgt
°SA | 12889.37 | .2
12635.25

12494.46

CURITIBA - BRASILIA - RIO DE JANEIRO
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a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

o 'L: JUSTICA FEDERAL

= Trtunat bagon fes

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 10.95m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

202.8 405.6 608.4 811.2

x (cm)

. kg-m

Area = 131651.65-—2
cm

12983.4 kg
O = A4
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.6-t

=73-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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1014
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CABOS C11=C12 (4915.2mm)

@@@@@@@Q@.@@@Q@.@QQ.@

5 207.2 5 07 07.2 5 207.2 5 207 5 207.2 5 2072 ; 07.2 5 207.2 5 207.2 5 207 5 207.2 5 2072 “1 072 g 2072 g 2072 g 2072 g 2072 | 2072

i 5 ]i e e R s RS —
t = tonne

. 2 265.8kN 239.2kN

Areateérica_ago = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aiebrica_ago Ar€aiedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — u = 0.20 B =001— e=272 L = 41.45m
cm m
rad
k = B3-p=0.002-— n=21 i=1,2.n
m
0 0 0
207.25 1.79 17.26
414.5 4.21 1.26
621.75 3.87 1.26
829 1.26 1.26
1036.25 2.61 1.26
12435 0 1.26
1450.75 0 1.26
1658 0 1.26
1865.25 0 1.26
S = Ocm, 1 L=| 20725 |cm Ao‘elevagao = 0 |° Ao‘planta =| 1.26 |°
n j—
2279.75 0 1.26
2487 0 1.26
2694.25 0 1.26
2901.5 0 1.26
3108.75 0 1.26
3316 3.1 1.26
3523.25 3.1 1.26
3730.5 0 1.26
3937.75 2.39 1.26
4145 3.61 17.26

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

aj= |Orad if i=1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

i-rad otherwise

_ —(waskS)
O'esq = 0'1~e

13947.78
13073.71
12821.44
12588.29
12458.49
12282.07
12177.59
12074
11971.28
11869.45
kgf
Oesq = | 1176847 |- —
11668.36 | ™M
11569.1
11470.68
11373.11
11276.36
11099.3
10925.03
10832.09
10686.03

10006.55

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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—
PROJECTING TOMORROW

n=21 i=1,2..n

A6

3.61
2.39

w W
e

elevacdo =

O O O O o o o o o
o

261
1.26
3.87
4.21
1.79

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

Aeplanta =

i-rad otherwise

o ’g JUSTICA FEDERAL

17.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26 |°
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
1.26
17.26

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR
PROJECTING TOMORROW

— (W 0+K-S)
Odir = 91°¢

13947.78
13060.9
12884.78
12775.18
12574.59
12377.15
12271.86
12167.47
12063.96
11961.34
kgf
ogir = | 11859.58 |- —
11758.7 | M
11658.67
11559.49
11461.15
11363.66
11202.74
11087.22
10885.61
10675.56
10006.55

a= cspline(S’Uesq)

(X interp(al S 7esq x}
O- = - 2 2 - b
esq g g

ogir(X) = interp (— ,S,
g

o ‘L: JUSTICA FEDERAL

= rtounat pagioma

b = cspline (S , Udir)

revers: (O'dir) ’ XJ

13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0
0 414.5 829

2487 29015 3316 3730.5 4145

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

L
cC=—
2
Given
d= O'esq (c)
intersecao
= Find(c, d)
Tintersecao
kg
Tintersegao = 11813.9-—
cm
rintersecéo
Area; = T (9 X
“0
rL
Area, = o i () dx
“intersecéo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 43.05m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =275-mm

d = ogir(c)

interse¢do = 1978.96-cm

. kg-m
Areaq = 246088.97'—2
cm
. kg-m
Area, = 270393.11'—2
cm
. kg-m
Area = 516482.08-—2
cm
12460.36 kg
Omn = 36 ——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=17.91

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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—
ACE | BR ‘L‘ JUSTIGA FEDERAL

J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

CABOS C13=C14 (42915.2mm)

@O@Q@@@Q@Q@@@.@Q@.Q.@

1.2 ‘L 2212 ‘l 2212 :L 2212 ‘l 2212 ‘l 2212 1{ 2212 ‘l 2212 1{ 2212 ‘l 221,2 "1 221,2 ‘l 2212 "1 221,2 1‘; 2212 ‘l 2212 1‘; 221,2 ‘l 2212 ‘L 221,2 ‘l 2212 ‘L 2212 ‘l

I — o — ;i:_i i I i H ——— [ T 1

: 2 265.8kN 239.2kN

Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- A u = 0.20 B =001— e=272 L = 44.25m
cm m
rad
k = B3-p=0.002-— n=21 i=1,2.n
m
0 0 0
221.25 2.32 13.33
442.5 3.68 1.33
663.75 0.21 1.33
885 3.65 1.33
1106.25 3.87 1.33
13275 0 1.33
1548.75 0 1.33
1770 0 1.33
1991.25 0 1.33
L
S = Ocm,—1 .L=] 22125 |cm Ao‘elevagao = 0 |° Ao‘planta =| 133 |°
n j—
2433.75 0 1.33
2655 0 1.33
2876.25 0 1.33
3097.5 0 1.33
3318.75 3.1 1.33
3540 0 1.33
3761.25 3.1 1.33
3982.5 0 1.33
4203.75 1.85 1.33
4425 4.15 13.33

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" o5
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ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

aj= |Orad if i=1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

i-rad otherwise

_ —(waskS)
O'esq = 0'1~e

13947.78
13245.6
13008.22
12890.06
12660.3
12425.64
12313.48
12202.33
12092.18
11983.03
kgf
Oesq = | 11874.87 | —
11767.68 | M
11661.46
11556.19
11451.88
11267.85
11166.14
10986.71
10887.54
10753.6

10196.88

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

n=21 i=1,2..n

4.15
1.85

3.1

w
=

AeeIeva<;z§10 =

O O O o o o o o

3.87
3.65
0.21
3.68
2.32

6= |Orad if i=1

Aeplanta =

o ’g JUSTICA FEDERAL

13.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
133 |°
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
13.33

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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PROJECTING TOMORROW

— (W 0+K-S)
Odir = 91°¢

13947.78
13225.71
13063
12945.09
12737.07
12622.1
12419.27
12307.16
12196.07
12085.98
kgf
ogir = | 11976.89 |- —
11868.78 | M
11761.64
11655.47
11550.27
11446.01
11233.85
11033.61
10933.39
10737.44
10196.88

a= cspline(S’Uesq)

(X interp(a S 7esq x}
O- = - 2 2 - b
esq g g

ogir(X) = interp (— ,S,
g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

b = cspline (S , Udir)

revers: (O'dir) ’ XJ

13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0
0 442.5 885

2655 3097.5 3540 3982.5 4425

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Gintersegao = 11925.85 —2
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area2 - o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 45.85m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 297-mm

d = ogir(c)

interse¢do = 2107.96-cm

. kg-m
Areaq = 265568.16'—2
cm
. kg-m
Area, = 292642.43'—2
cm
. kg-m
Area = 558210.59-—2
cm
12614.93 kg
Omn = 93 ——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=18.1t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

kg

= 1950000 —
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PROJECTING TOMORROW W

CABOS C15=C16 (4915.2mm)

O 0 e 66 0 e e 0 O

| 2402 | 2402 | 2402 | 2402 | 2402 | 2402 | 2402 | 2402 | 2402 | 2402 |
LADO ATIVO - VOUTE ' ! ' ' ! ' ! ' ' LADO ATIVO - VOUTE
+ C"’-(“"HH,OF || ‘ | Lj i iii ' LJ ! | | " Chog :L,jm?'cw +
1 vas 1 1 1 | V4T |
t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = = 1853.56 MPa fpyk = = 1668.06 MPa

Ar€aierica_ago Ar€aiedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B = 0.01? e=272 L = 24.02m
cm
H:B-u=o.002.ﬂ n=11 i=1,2.n
m
0 0 0
240.2 5.37 19.46
480.4 2.48 1.46
720.6 4.78 1.46
960.8 7.33 1.46
S = Ocm,ﬁ .L=] 1201 |cm Ao‘elevagao =| 07 |° Ao‘planta =| 1.46 |°
1441.2 1.16 1.46
1681.4 5.48 1.46
1921.6 4.98 1.46
2161.8 4.56 1.46
2402 3.09 19.46

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
12936.46
12745.78
12465.31
12086.11
kgf
Tesq = | 11960.39 |- —
11825.85 | M
11538.48
11277.03
11036.97

10254

n=11 i=1,2.n

AeeIeva<;z§10 =

6= |Orad if i=1

Aeplanta =

19.46
1.46
1.46
1.46
1.46
1.46
1.46
1.46
1.46

19.46

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°€
13947.78
12958.31
12682.46
12395.1
12093.9
kgf
ogir = | 11957.85 [-——
11833.47 | €M
11473.48
11221.02
11055.62

10254

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp( S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 240.2 480.4 720.6 960.8 1201 14412 16814 1921.6 2161.8 2402
x (cm)
L
c=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1203.35-cm
Sintersecéo
kg
Cintersecdo = 11959.66 -—2
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 151713.99-9—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 151510.78-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 303224.78-k(‘:)—'m
2
cm
Area kg
o = Oy = 12623.85 ——
L 2
cm
L = 25.70 A =143.4 2 E = 1950000 —kg
cabo = 4°-/YM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.1-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 166-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 33
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— Sy o acers 1 14 e
PROJECTING TOMORROW W

CABOS C17=C18 (4915.2mm)

O 6o v 6 6 0O @

® © ©

‘L 268.2 1'L 268.2 1'L 268.2 1'L 268.2 1'1 268.2 «‘L 268.2 '\i' 268.2 "L 268.2 1{ 268.2 :L 268.2 ‘L
'LADO ATIVO - VOUTE ' ' ' ' ' LADO ATIVO - VOUTE '
+ mr.U‘HL_J; o | |W,1 T . I_i \ '_' T ‘ I | WSVC*S +
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 26.82m
cm m
rad
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
268.2 6 16.63
536.4 0 1.63
804.6 6.63 1.63
1072.8 4.1 1.63
S =0cm,——.L=| 1341 |cm Aagjeyacao = | 253 |° Acpjanta = | 1.63 |°
1609.2 251 1.63
1877.4 4.12 1.63
2145.6 6.63 1.63
2413.8 1.58 1.63
2682 4.42 16.63
aj= |Orad if i=1
i A CON 20t is1
Qi-1) + ( O‘elevagéoi) +( O‘plantai) >
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 34
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PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
13042.9
12899.53
12528.35
12270.88
kgf
Oesq = | 12077.68 |-—
11888.23 | M
11643.15
11308.13

11158.86

10452.12

n=11 i=1,2.n

AeeIeva<;z§10 =

6= |Orad if i=1

Aeplanta =

16.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63

16.63

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°€
13947.78
13064.41
12891.96
12521
12262.88
kgf
ogir = | 12070.52 |- ——
11880.48 | €M
11636.32
11301.5

11177.26

10452.12

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp( S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 268.2 536.4 804.6 1072.8 1341 1609.2 1877.4 21456 2413.8 2682
x (cm)
L
c=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1346.02-cm
Sintersecéo
kg
Cintersecdo = 12074.16 -—2
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 171248.16~g—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 170641.06~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 341889.21-'«‘:]—'m
2
cm
Area kg
o = Oy = 12747.55 ——
L 2
cm
L = 28.50 A =143.4 2 E = 1950000 —kg
cabo = 49-2UM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.3-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 186-mm

CABOS C19=C20 (4215.2mm)

O ® 66 v 6 6 0 © © O O

L 309.1 i 309.1 i 309.1 i 309.1 i 309.1 i 309.1 i 309.1 L 309.1 L 309.1 L 3081 |

TE ' ' ' ' ' ' ' ' ' ADO ATIVO '

ADO ATIVO - VO

I e | | = H—= ] B e ——
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 30.91m
cm m
rad ,
k = 3-u=0.002-— n=11 i=1,2.n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0 0
309.1 6 19.88
618.2 5.84 1.88
927.3 2.55 1.88
1236.4 33 1.88

S = Ocm,——..L=| 15455 |cm Acgleyacao = | 002 [° Acpjanta = | 1.88
1854.6 4.91 1.88
2163.7 4.94 1.88
2472.8 3.64 1.88
2781.9 1.46 1.88
3091 0 1.88

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
12892.59
12541.65
12327.27
12089.95
kgf
Oesq = | 11936.85 | —
11647.55 | M
11364.14
11133.74

10973.57

10834.6

n=11 i=1,2.n

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0

0 1.88
1.46 1.88
3.64 1.88
4.94 1.88

Aeelevagéo: 4.91 |° Aeplanta =| 188 |°

0.02 1.88
3.3 1.88
2.55 1.88
5.84 1.88

6 19.88

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°€
13947.78
13771.15
13573.04
13297.85
12974.3
kgf
ogir = | 12659.85 [-——
12499.53 | €M
12258.89
12049.35

11721.36

10834.6

a= cspline(S,o— b= cspline(S,odir)

esa)
reverse ("dir) J
e

(X interp(al S 7esq x} (X) interp( S
0 = T a9, OH; = —,o,
esq g g dir 9 9

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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PROJECTING TOMORROW

o ‘k_ JUSTICA FEDERAL

13947.784
11158.227
Tesq(¥)  8368.67
odil  g570113
2789.557
0
0 309.1
L
c=—
2
Given
d= O'esq (c)
intersecéo
= Find(c, d)
Cintersecéo
kg
Ointersecéo = 12293.94._2
cm
rintersecéo
Areal - Cesq ) dx
Y0
L
Area2 - iy (9 O
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 32:60m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = m A®esrica_aco

618.2

=218-mm

CURITIBA - BRASILIA - RIO DE JANEIRO

927.3 1236.4 15455 1854.6 2163.7
x (cm)
d = Om
d = ogir(c)
intersegdo = 969.22-cm
. kg-m
Areaq = 124029.94~—2
cm
. kg-m
Areas = 279114.5 - ———
2
cm
. kg-m
Area = 403144.45-—2
cm
13042.52 kg
Omn = 02—
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

=18.7-t

"Conrebumdo para wm Brasi Melbhor™

2472.8

Ete()rico_a(;o

2781.9

3091

kg

= 1950000 —

cm
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ACE | BR ‘kmsnc,\ FEDERAL

‘ Tribunal Regional 10 Regido)
PROJECTING TOMORROW j

CABOS C21=C22 (4915.2mm)

@@@@@@@Q@Q@

I 3231 ‘L 323.1 i 323.1 ‘L 3231 i 3231 ‘L 3231 IL 3231 ‘L 3231 i 3231 '1 3231 i

LADO ATIVO

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — p = 0.20 g =001— e=272 L = 32.31m
cm m
rad ,
= B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
323.1 6 13.97
646.2 0.91 1.97
969.3 4.94 1.97
1292.4 5.84 1.97
L
S = Ocm,m .L=1]1615.5 |cm Aaelevagéo = 0 AOLplanta = 1.97
1938.6 4.94 1.97
2261.7 4.94 1.97
2584.8 0 1.97
2907.9 1.22 1.97
3231 0 1.97

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 41
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=/ACE|BR
—
PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
13141.65
12958.47
12638.19
12289.53
kgf
Tesq = | 12126.69 |- —
11826.97 | M
11534.66
11381.82

11217.41

11068.78

n=11 i=1,2.n

1.22

4.94

A6 4.94 |°

elevacdo ~
5.84
4.94
0.91

6= |Orad if i=1

Aeplanta =

1.97
1.97
1.97
1.97
1.97
1.97
1.97
1.97
1.97
13.97

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°€
13947.78
13762.98
13564.17
13384.44
13053.63
kgf
O'dir = 12731 —
12562.32 | €M

12215.74
11913.82

11747.76

11068.78

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp( S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 323.1 646.2 969.3 12924 16155 1938.6 2261.7 2584.8 2907.9 3231
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1148.95-cm
Sintersecéo
kg
Cintersecdo = 12423.64-—2
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 43



=/CE|BR = menecen,
PROJECTING TOMORROW W‘
rintersecao
. . kg-m
Areaq = cresq(x) dx Areaq = 149505.26-—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 275824.3-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 425329.55-kg—'m
2
cm
Area kg
O = o = 13164.02.——
L 2
cm
L = 33.95 A =143.4 2 E = 1950000 _kg
cabo = ©9-9°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 18:9°t
(Gm)'(Lcabo)
Alteorico = £~ 229-mm
tedrico_aco
CABOS C23=C24 (4915.2mm)
D (D) (3 ( N (7 A8 A7)
(1)(2)(3)(4)(5)(6)(7)(8)(9)10) A1)

1128.3,128.3,128.3,128.3 ,128.3,128.3 ,128.3,128.3,128.3,128.3 |

LAL)C] ATIVO
_ ;___:__T;—— f — — T E§1 ,C22
‘| Ic?.a.cz . l ‘ el mggﬁﬁ
V51
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Ar€aiebrica_ago Ar€aie4rica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78- —2 p = 0.20 B =001— e=272 L =12.83m
cm m
rad
kK = 3-p=0.002.-— n=11 i=1,2.n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" a4
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0
128.3 0
256.6 0
384.9 3.76
513.2 1.33
S = Ocm, —r L=| 641.5 |cm Aogleyacio =| O |° Aopanta =
769.8 0
898.1 0
1026.4 2.29
1154.7 3.71
1283 0

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13874.21
13801.03
13582.37
13474.85
kgf
Tesq = | 13403.77 |- —
13333.07 | M
13262.74
13117.51

12911.89

12843.78

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —,S,——,x
g g

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78

45



—

ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

13947.784
11158.227|
8368.67
o(x)
5579.113
2789.557
0
0 128.3 256.6 384.9 513.2 641.5 769.8 898.1 1026.4 1154.7 1283
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 172097.33-—2
0 cm
Area kg
o = o = 13413.67 ——
L 2
cm
L = 13.65 A =143.4 2 E = 1950000 —kg
cabo = +2-0°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm

Fmédia_cabo = “m A®egrica_ago = 19-2°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 94-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 46



=A/ACEBR

PROJECTING TOMORROW

o ‘k_ JUSTICA FEDERAL

= J gt s s

V2 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA (4215.2mm)

b = 25cm n=3
ag = 18cm

d = 15cm

F]_ = Finicial'COS(lo) = 784.46 kN

T1

ap
0.25-F1-| 1 - — | = 54.91kN
a1

F2 = Fipicial C0S(5°) = 781.59kN

ap
Ty = 0.25-Fp-| 1 - — | = 54.71kN

a1
ap =2d+(n-1)-b=80cm

784.46
Fk =1 78159 [kN
781.59

2 n-a;
Th=—|1-— ~ZF: 97.82kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasid Melbhor™

qg=2 F
c =7cm

a1=a0+c=25cm

F3 = Fipjcial C0S(5°) = 781.59kN

ap
0.25-F3:| 1 - — | = 54.71kN

T3 =
a1
k=1.n
54.91
Tk =| 54.71 |kN
54.71

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =4.5cm
fyd

inicial = 491 Ar®ae¢rica_ago

z F = 2347.64kN

= 784.58 kN

47
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-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

= Asl = 1.26cm2

ASfretagem

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

ASZ

As = 2.250m2

estribos ~ 2

EXTREMIDADE ATIVA (6915.2mm)

ay= Area da placa de distribuicdo
d = Distancia entre a face do concreto ao eixo da ancoragem

n = NUmero de ancoragens

n=1 Finicial = 6-01~Areateérica_ago = 1176.86 kN
ag = 22cm
d = 18.5cm ag = 2-.d=37-cm
4 kN
F = n-Finicial'€0s(6°) = 1170.42kN T=025F|1-—|=118.62kN fyd = 43.48 —
33 2
cm
T 2
Asg = — =2.73cm
fyd
A B max(AsZ,As3) s 2
Sestribos = 5 = ¢.2oCm
L = max(a ar,a )— 80cm bitola = 10mm adotados = ceil Aestribos =3
- 1-92-93) = estribo ~ - ol o |~
(b'to aestribo)
—
4
Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm

perpendiculares ao tragado do cabo em planta.

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melbhor™
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

V3 - CABOS C1 a C32
o o o o 6 © O ® a

I 308.8 i 3088 | 308.8 i 308.8 | 308.8 i 308.8 i 308.8 L 308.8 i 308.8 L 308.8 i
" ADO ATIVO ' ' ™r ' _ ' . " ' _ ' ™ —_ﬂiﬂf;:ou‘_ - 1L
| — L B — | L
CABOS C1=C2 (4215.2mm)
t = tonne
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Ar€aierica_ago Ar€aiedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 30.88m
cm m
rad .
k = B3-u=0.002-— n=11 i=1,2.n
m
0 0 0
308.8 0 1.88
617.6 1.32 1.88
926.4 3.79 1.88
1235.2 5.16 1.88
S = Ocm, —— L=| 1544 |cm Ao‘elevagao =|0.01|° Ao‘planta =| 1.88 |°
1852.8 5.17 1.88
2161.6 5.1 1.88
2470.4 0.32 1.88
2779.2 4.64 1.88
3088 6.2 19.88

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

Oesq = 1€ (o)
13947.78
13771.24
13577.14
13295.74
12962.98
kgf
Oesq= | 127989 | —
12478.17 | M
12168.26
12013.11
11732.31
10842.57
0 0
6.2 19.88
4.64 188
0.32 188
5.1 1.88
Abglevagio = | 517 ° Abpjanta = | 188 |°
0.01 188
5.16 188
3.79 188
1.32 188
0 1.88
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12890.03
12588.73
12428.22
12119.55
ogir = | 11815.84 >
11666.28 | M

11374.3

kgf

11138.56
10981.57

10842.57

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 308.8 617.6 926.4 1235.2 1544 1852.8 2161.6 2470.4 2779.2 3088
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 2017.47-cm
Sintersecéo
kg
Cintersecdo = 12294.82 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 266301.4-—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 137180.1’3>~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 403481.5’3;-'«‘:]—'m
2
cm
Area kg
o = Oy = 13066.11-——
L 2
cm
L = 32.55 A =143.4 2 E = 1950000 —kg
cabo = 904-2°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.7-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =218-mm

CABOS C3=C4 (4915.2mm)

o © 66 o & ©®© O ©® © O O

i 319.0 i 319.0 L 319.0 | 319.0 | 319.0 i 319.0 i 319.0 L 319.0 i 319.0 | 319.0 ;
: i LADO ATIVO ! ! T~T ! ! ! ! ! T"T ! ADO ATIVO = VOU III
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = O'pi = 13947.78-—2 p = 0.20 B =001— e=272 L = 31.90m
cm m
rad .
kK = 3-p=0.002.-— n=11 i=1,2..n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR i eoenn,
— Sy o acers 1 14 e
PROJECTING TOMORROW W

0 0
319 0.11
638 0.82
957 0.01
1276 5.08

S = Ocm,ﬁ .L=]1595 [cm Aaelevagao =232 |° Aaplanta =
1914 2.64
2233 5.24
2552 5.13
2871 0.1
3190 6.06

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Tesq = Ul'e_(uﬂms)
13947.78
13763.96
13574.93
13396.16
13060.19
kgf
Tesq = | 1283999 |- —
12612.48 | €M
12289.75
11979.58
11821.71
10921.25
0 0
6.06 19.97
0.1 1.97
5.13 1.97
5.24 1.97
Aeelevagéo: 2.64 |° Aeplanta: 197 °
2.32 1.97
5.08 1.97
0.01 1.97
0.82 1.97
0.11 1.97

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

1.97
1.97
1.97
1.97
1.97
1.97
1.97
1.97
1.97
19.97
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=/ACEBR i eoenn,
— Sy o acers 1 14 e
PROJECTING TOMORROW W

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12885.38
12715.58
12394.66
12077.51
kgf
ogir=| 118635 |[——
11663.48 | €M
11370.97
11221.22

11067.11

10921.25

a= cspline(S,o— b= cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reveree (Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0 319 638 957 1276 1595 1914 2233 2552 2871 3190
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Gintersegao = 12342.21 —2
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 33-95m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 228-mm

d = ogir(c)

interse¢do = 2186.16-cm

. kg-m
Areaq = 288937.63'—2
cm
. kg-m
Area, = 129444.02'—2
cm
. kg-m
Area = 418381.64-—2
cm
13115.41 kg
Omn = Al ——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18.8:t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

kg

= 1950000 ——
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=/ACE|BR
—
PROJECTING TOMORROW

CABOS C5=C6 (6915.2mm)

W“ ibunal Reg:

o ’L& JUSTICA FEDERAL
T pomal Faderal 4 14 Aot

f//-_1_i\ ///é‘\\ f//é‘ \« r/ 4&\\ / P \'\ / ., \\
( ) '1 ) \ ) | J ( |
NS N N N N N
T T T T T T
, 1904 | 1904 | 1904 | 1904 | 1904 |
| | 1 1 1 |
' LADO ATIVO'- VOUTE : T“T : LADO PASSIVO !
J _,,L_J-——:;-_:‘;i‘_‘i?—?—f*-*‘”"_ ' ' _’"*‘*-w—i?ii'i:::_-;;—f——-w-,L,_ I
% [Ch.C6 c7.C8 | ! 07.cs IC5iCe+
o | - L, [ Paia |
\ | |
t = tonne
Area 143.4mm? fptk 265.8kN 1853.56 MPa fpyk 239.2kN 1668.06 MPa
tedrica_aco ~ . =3 = . = — = .
a6 Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 9.52m
cm m
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
190.4 0.82 13.24
L 380.8 5.25 | 1.24 |
S = Ocm,m .L= 571 2 cm Aaelevagéio = 0 AOLplanta = 104
761.6 5.25 1.24
952 0.82 1.24
aj= |Orad if i=1
i A CON 20t is1
Q(i-1) + ( aelevagéoi) + ( O‘plantai) >
i-rad otherwise
— (pot+K:S)
O'esq = 0'1~e
13947.78
13266.04
12969.1 kgf
Oesq = T,
12864.01 cm2
12576.06
12463.42
CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 190.4 380.8 571.2 761.6 952
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 123363.34-—2
0 cm
Area kg
O = O = 12958.33. ——
L 2
cm
L = 10.35 A =143.4 2 E = 1950000 —kg
cabo = +U-9oM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18:6°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 69-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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o 'L& JUSTICA FEDERAL

—
=/ACE|BR
—
PROJECTING TOMORROW

CABOS C7=C8 (6915.2mm)

/ - \ //-' - '-\\\\ / - ---._\\ //..-- - \ //-' - \
l 1 2 | 3 o ) | 5 ) 6 /
A N S A N N
- R T T T

= Trtnat gt Fec

-
,

,_.
RN
I I

1129.7 129.7 {129.7 |[129.7 |129.7 |
T

LADO ATIVO - VOUTE

239.2kN

_ LC_J‘GG - ic7 ,[;8 I I I C7,CB‘ 95166\1
' ' 1| PAaia ' '
I I I I
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk =
tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 - —— p = 0.20 g =001— e=272
2 m
cm
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0
129.8 0
s-o . 259.6 A 4.7 A
= Ocm, L= cm o 50 = (o} =
n—1 3894 elevacao 275 planta
519.2 4.7
649 0
aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13027.08
12778.71 | kgf
12618.54 sz
12377.96

12310.58

Oesq =

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ar€aiedrica_aco

18.82
0.82
0.82
0.82
0.82

= 1668.06 MPa

L = 6.49m
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PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 7-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

129.8 259.6 389.4 519.2
x (cm)
. kg-m
Area = 82808.77-—2
cm
12759.44 kg
Omn = A4 —
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=48-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ete()rico_ago

649

kg

= 1950000 —

59

cm
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

CABOS C9=C10 (4915.2mm)

@ & & v 66 © 0 6 © O O

i 310.1 1'L 3101 j 310.1 1L 310.1 i 3101 1'1 310.1 ;L 3104 1'1 3101 ‘L 310.1 1{ 310,1 ‘i
- OUTE r’\f—l ! ! ! r‘“ PAS ! ! ! ! ﬂpm LADO ATIVO
I J — I Lot paza I L I _| I U -
t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 p = 0.20 B =0.01— e=272 L = 31.01lm
cm m
rad .
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0
310.1 6.1 13.89
620.2 3.26 1.89
930.3 3.3 1.89
1240.4 5.57 1.89
S = Ocm, —— L =1 1550.5 [cm Ao‘elevagao =11.85 |° Aaplanta =] 1.89 |°
1860.6 5.21 1.89
2170.7 5.74 1.89
2480.8 1.61 1.89
2790.9 6.29 1.89
3101 0.19 1.89

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

O'esq _ 0'1~e_ (p- otk S)
13947.78
13146.61
12894.59
12645.88
12312.29
kgf
Oesq = | 11734.21 |- —
11438.22 | M

11130.22
10965.95

10651.15

10515.34

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

13947.784
11158.227
8368.67

O'esq(x)

5579.113

2789.557

0 310.1 620.2

L
Area = J cresq(x) dx

0
Area
0' =
m L
Leabo = 31.90m
F

média_cabo = m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 195-mm

930.3 1240.4 1550.5 1860.6 2170.7 2480.8 2790.9 3101

x (cm)
. kg-m
Area = 369113.86-—2
cm
11903.06 kg
oy = .06-——
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atebrica_ago = ~42-4- MM tedrico_aco =
cm

=17.1t

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ‘g JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

CABOS C11=C12 (4915.2mm)

0,090

| 282.1 } 282.1 } 282.1 282.1 282.1 282.1 282.1 I 2821 282.1 282.1
.A.:l(I:A_*llch-v(:u'k ' |—'\"| ' ! ' r’" BAS ! ' HF”" LADO ATIVO
+W ' ' ' ' ' - ' L Cinciz IHIDTL
l L’\'J PAZA l l L] l | | I , L] | , Vg
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L =2821m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 62



—

=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0
282.1 5.03
564.2 6.9
846.3 5.99
1128.4 4.31

S = 0cm,ﬁ..L: 1410.5 |cm Acgleyacao = | 10-62 [° Aoplanta =
1692.6 3.83
1974.7 4.34
2256.8 5.18
2538.9 7.63
2821 5.97

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
12917.35
12529.55
12190.71
11927.04

kgf
Oesq = | 11422.68 | —
11192.84 | M
10949.69
10682.37
10336.02

10057.18

CURITIBA - BRASILIA - RIO DE JANEIRO
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19.74
1.74
1.74
1.74
1.74
1.74
1.74
1.74
1.74
1.74
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PROJECTING TOMORROW

o 'L: JUSTICA FEDERAL

S
a-= cspline(S,oeSq)
00 = int (a g Jesq j
Opeq(X) = interp| —, S, ,X
esq g
13947.784
11158.227|
8368.67|
O'esq(x)
5579.113
2789.557
0
0 282.1 564.2 846.3 1128.4 14105 1692.6 1974.7 2256.8 2538.9 2821
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 327321.12-—2
0 cm
Area kg
o = o = 11603.02.——
L 2
cm
L = 29.10 A =143.4 2 E = 1950000 —kg
cabo = ¢7-1YM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A€egrica_ago = 16:6°t
(Gm)'(Lcabo)
Altedrico = £~ 1/8:mm
tedrico_aco
CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

CABOS C13=C14 (62915.2mm)

O B O O O O O I

1'[ 233.9 1[ 233.9 wL 233.9 1L 233.9 Ti. 233.9 1L 233.9 1[ 233.9 1[ 233.9 1[ 233.9 1[ 233.9 1[
LADO PASSIVC - VOUTE H;J_,N,. ! V39 ! ! ! |—“\fl LADO ATIVO -VOUTE 1
' v ' ; ‘ ' T e ;
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 23.39m
cm m
rad
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
233.9 0.84 13.47
467.8 3.46 1.47
701.7 7.68 1.47
935.6 5.98 1.47
S = Ocm, 1 L=11169.5 [cm Ao‘elevagao =171 Ao‘planta =| 1.47 |°
n j—
1403.4 0 1.47
1637.3 9.02 1.47
1871.2 9.02 1.47
2105.1 0 1.47
2339 8.13 13.47

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

O'esq _ 0'1~e_ (p- otk S)
13947.78
13243.83
13010.17
12600.78
12275.25
kgf
Oesq = | 1212217 |- —
12003.84 | M

11572.68
11157.01

11048.1

10408.9

a= cspline(S’Uesq)

a Oesq
oesq(x) = interp| —,S,—— ., X
9

g
13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 233.9 467.8 701.7 935.6 1169.5 14034 1637.3 1871.2 2105.1 2339
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 283523.11-—2
0 cm
Area kg
O = O = 1212155 ——
L 2
cm
L = 24.25 A =143.4 2 E = 1950000 —kg
cabo = ##-&2M r®atebrica_ago = ~42-4- MM tedrico_aco = >
cm

Fmédia_cabo = “m A®egrica_ago = 174

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 151-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

CABOS C15=C16 (6215.2mm)

D2 OLOOOOO WY

| 2059 | 2059 | 205.9 2059 | 2059 | 2058 | 2059 | 2059 | 2059 | 2059 |

ADO PASSIVO - VOUTE I"lr,Ad V39 r’\{—‘ LADO ATIVO + VOUTE
‘ e ' i i ‘ ‘ Ladens i
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 20.59m
cm m
rad ,
k = B3-p=0.002-— n=11 i=1,2.n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

0
205.9
411.8
617.7
823.6

L
S =0cm,——..L=| 1029.5
n-1

1235.4
1441.3
1647.2
1853.1
2059

aj= |Orad if i=1

cm

6.41
3.69
5.15
7.68

Acglevacgo = | 0 |° Aopanta =

10.3
9.33
3.16

3.88

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = %1
13947.78
13192.73
12960.31
12669.95
12279.43
Oesq=| 121736

12068.68
11591.32
11170.27
10992.47

10430.47

e (p- otk S)

kgf

cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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13.3
13
13
13
13
13
13
13
13

13.3
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PROJECTING TOMORROW

o 'L: JUSTICA FEDERAL

S
a-= cspline(S,oeSq)
00 = int (a g Jesq j
Opeq(X) = interp| —, S, ,X
esq g
13947.784
11158.227|
8368.67|
O'esq(x)
5579.113
2789.557
0
0 205.9 411.8 617.7 823.6 1029.5 12354 1441.3 1647.2 1853.1 2059
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 249694.25-—2
0 cm
Area kg
o = o = 12126.97 ——
L 2
cm
L = 21.45 A =143.4 2 E = 1950000 —kg
cabo = #+4°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 174
(Gm)'(Lcabo)
Alteorico = £ - 183-mm
tedrico_aco
CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR wsca e
PROJECTING TOMORROW =

CABOS C17=C18 (4915.2mm)

OO o6 6060000 60K 66O o o

}_=2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 | 2450 |

' LanoaTvavouTE |—'\-|‘ ' : ' -mm : : Lot B
Hazreem ; = il = I} i === ) w
. —r ‘ . . . . ‘ ™ . . T
t = tonne
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78- — p = 0.20 B =0.01— e=272 L = 49.00m
cm m
rad ,
kK = 3-p=0.002.— n=21 i=1,2.n
m
0 0 0
245 5.73 19.54
490 0.34 1.54
735 6.89 1.54
980 1.34 1.54
1225 5.55 1.54
1470 1.04 1.54
1715 5.84 1.54
1960 6.78 1.54
2205 0.11 1.54
L
S = Ocm,m .L=12450 |cm Aaelevagéio =16.18 AOLplanta = 1.54
2695 0.52 1.54
2940 6.7 1.54
3185 0 1.54
3430 6.89 1.54
3675 5.63 1.54
3920 1.26 1.54
4165 0 1.54
4410 0 1.54
4655 1.17 1.54
4900 0 1.54
CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 70



—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

aj= |Orad if i=1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

i-rad otherwise

_ —(waskS)
O'esq = 0'1~e

13947.78
12927.29
12793.48
12421.04
12272.56
11969.49
11833.97
11530.46
11198.98
11084.34
kgf
Tesq = | 1078764 | —
10674.18 | M
10370.14
10264.12
9965.31
9716.6
9602.18
9504.02
9406.86
9297.9

9202.84

CURITIBA - BRASILIA - RIO DE JANEIRO
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n=21

A6 0.52

elevacéo ~
6.18
0.11
6.78
5.84
1.04
5.55
1.34
6.89
0.34

5.73

6= |Orad if i=1

—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

i=1,2..n

1.54
1.54
1.54
1.54
1.54
1.54
1.54
1.54
1.54
Aeplanta: 1.54 °
1.54
1.54
1.54
1.54
1.54
1.54
1.54
1.54
1.54
19.54

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13805.2
13645.28
13505.79
13367.72
13210.3
12880.61
12505.63
12377.78
12025.22

kgf
ogir = | 11898.73 |- —
11580.24 | M
11461.7
11132.19
10846.68
10723.87
10459.05
10334.02
10033.18
9929.32
9202.84

a= cspline(S,oeSq) b= cspline(S,odir)

reverse ("dir) J
X

(X interp(al S 7esq x} (X) interp( S
0 = T a9, OH; = —,o,
esq g dir 9 9

g

13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0 490 980 1470 1960 2450 2940 3430 3920 4410 4900
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 73



—
=/ACE|BR
—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Cintersecdo = 11321.28 —,
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area2 - o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 50-70m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 327-mm

d = ogir(c)

interse¢do = 1850.34-cm

. kg-m
Areaq = 228174.86'—2
cm
. kg-m
Area, = 388839.09'—2
cm
. kg-m
Area = 617013.95-—2
cm
12592.12 kg
Omn = A2 —
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=18.1t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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ACE | BR ‘L‘ JUSTIGA FEDERAL

J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

CABOS C19=C20 (4915.2mm)

@@@@@@@Q@.@@@.@.@...@

l 2374 l 237.4 l 2374 l 237.4 l 2374 l 237.4 L 2374 l 2374 L 2374 l 2374 L 2374 l 2374 L 2374 l 2374 L 2374 l 2374 L 2374 l 2374 L 2374 \ 2374 L
4D ATV - VEUTE .,—-q ' ' ' ! ' L e . ' . ' ' ‘—ﬂq a1 ' . | LADO ATV
i \ . i i1 il T Fe=r . *—1—0———_:::5E
1 I I I |

e ] ] ] | ] LT | ] | ] | ] R

2 265.8kN 239.2kN
= 143.4mm fptk = = = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aiebrica_ago Ar€aiedrica_aco

Aréaiegrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- A u = 0.20 B =001— e=272 L = 47.48m
cm m
rad
k = B3-p=0.002-— n=21 i=1,2.n
m
0 0 0

237.4 5.93 19.5
474.8 2.28 15
712.2 4.75 15
949.6 6.89 15
1187 0 15
1424.4 6.15 15
1661.8 0.74 15
1899.2 6.89 15
2136.6 0 15

S = Ocm, —— L=| 2374 |cm Ao‘elevagao =|6.89 |° Ao‘planta =| 15 |°
2611.4 3.51 15
2848.8 3.38 15
3086.2 25 15
3323.6 4.39 15
3561 6.89 15
3798.4 0 15
4035.8 0 15
4273.2 5.1 15
4510.6 0 15
4748 0 15

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 75



—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

aj= |Orad if i=1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

i-rad otherwise

_ —(waskS)
O'esq = 0'1~e

13947.78
12928.41
12745.17
12466.15
12105.44
11985.18
11667.72
11544.85
11210.8
11099.43
kgf
Oesq = | 1077826 |- —
10585.23 | M
10399.97
10245.91
10033.57
9743.25
9646.45
9550.62
9330.62
9237.93

9146.16

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

n=21 i=1,2.n
0 0
0 1.5
0 1.5
5.1 15
0 1.5
0 1.5
6.89 15
4.39 15
2.5 15
3.38 15
ABglevacao = | 3-51 |° Abpjanta = | 15 |°
6.89 15
0 1.5
6.89 15
0.74 15
6.15 15
0 15
6.89 15
4.75 15
2.28 15
5.93 19.5

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR
PROJECTING TOMORROW

— (W 0+K-S)
Odir = 91°¢

13947.78
13809.22
13672.04
13357.1
13224.41
13093.03
12714.18
12450.7
12266.25
12051.58
kgf
ogir = | 11835.73 |- —
11493.27 | M
11379.09
11049.83
10933.47
10643.87
10538.13
10233.21
10009.18
9867.31
9146.16

a= cspline(S’Uesq)

(X interp(al S 7esq x}
O- = - 2 2 - b
esq g g

o ‘L: JUSTICA FEDERAL

=

ogir(X) = interp (— ,S,
g

Tribunal Regional

b = cspline (S , Udir)

revers: (O'dir) ’ XJ

13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0
0 474.8 949.6

2848.8

3323.6 3798.4 4273.2 4748

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Ointersecéo = 11291.74._2
cm

rintersecao

Areal - Cesq () dx
Y0
L

Area2 - iy (9 O
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 49-20m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 316-mm

d = ogir(c)

interse¢do = 1834.71-cm

. kg-m
Areaq = 225135.51'—2
cm
. kg-m
Area, = 369869.41'—2
cm
. kg-m
Area = 595004.92 - ——
cm
12531.7 kg
O = S
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18-t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

kg

= 1950000 —

79

cm
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C21=C22=C25=C26 (6915.2mm)

1IL 202.8 1[ 202.8

¢ P A /_ . A .'/..-- - A

(3) (4 ) (5 )

) . ..\'\..__ _.z/;l .-\'\..__ _.z/;l
T T

1IL 202.8 1[ 202.8 1[ 202.8 1'[

' LADO ATIVD - VOUTE

! r“| PAG' LADO PASSIVO !

S ——
| | C28,co4 C21.023~

t = tonne

2

Areateérica_ago = 143.4mm

()'pI

13947.78 kof
01 = Opi = Ao ——
1 pi 2

cm

rad
kK = 3-p=0.002.—
m

202.8

L 405.6
S=0m,——. L=

n-1 608.4

811.2

1014

aj= |Orad if i=1

cm

==
T | | T T T
Bl [ [

265.8kN 239.2kN

fptk = = 1853.56 MPa fpyk =

Ar€aierica_ago Ar€aiedrica_aco

= min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

p = 0.20 g =001— e=272

1.42

4.66 |

Aocglevacao = 0 Aopanta =

4.66
1.42

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e
13947.78
13258.57
12984.02 | Kkgf
Oesq '
12873.82 sz
12607.23

12472.69

CURITIBA - BRASILIA - RIO DE JANEIRO
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13.28
1.28
1.28
1.28
1.28

= 1668.06 MPa

L = 10.14m

80
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 202.8 405.6 608.4 811.2 1014
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 131509.53-—2
0 cm
Area kg
O = O = 12969.38 - ——
L 2
cm
L = 10.95 A =143.4 2 E = 1950000 —kg
cabo = +U-9°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18:6°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 73-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW bR
CABOS C23=C24=C27=C28 (6215.2mm)

., -

™,

//..-— \ ;’/..--—--\\\. ./, . y — \\\. .r/,.- - | ./,..
(1) (2)(3)(4)(5)(6)
\‘\..__ / .\-..__ _./’/ .\\x.__ __.// -.\‘\.._ __.-/f \\-.__ / .\\..__ /
T T T T T T
1142.2 1 142.2 | 142.2 | 142.2 | 142.2 |
I I I I I I
LADO ATIVO - VOUTE : r“| PAG LADO PASSIVO
L ' ' e ———
_[C_ N Cc22- |023‘024 I I I I C23,C24__ CQT.CEE_Q] =
| LJ | |
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =0.01— e=272 L = 7.10m
cm m
rad
k = B3-u=0.002-— n==6 i=1,2.n
m
0 0 0
142 0 16.89
s_o . 284 A 5.89 A 0.89
= Ocm, L= cm o o ° o = °
n—1 426 elevacao 0.37 planta 0.89
568 5.89 0.89
710 0 0.89

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13111.94
12805.7 | kgt
°SA | 12726.49 | 2
12429.25

12355.55

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 142 284 426 568 710
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 91029.57-—2
0 cm
Area kg
O = o = 12821.07 ——
L 2
cm
L = 7.95 A =143.4 2 E = 1950000 —kg
cabo = /-9°oM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 184t

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =52-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR 'L‘ JUSHCA FEOERAL

J rntegon
PROJECTING TOMORROW j

CABOS C29=C30 (4215.2mm)

(1)(2) 3 4 )(9)(6)(7)(8)( 9 ) (1 0 (1 1
T T T T T T T T
1'1127 21'L127 21i 12721[1272 L12721L127 2|127 2 1127 2 L‘IZT 2 L127 2|
| | | rl\"-./_ll pAJ’ | | | | | LADO ATIVO |
e : : — C17,C18
|__629.C”Q | | | | | L JI_T"‘—-—1—-____|:::":|ch9‘03(]
. . . | . . . — . —— 14 =C19,C20
= |
t = tonne
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Areaiesrica_aco Areaiegrica_ago
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78- —2 p = 0.20 B =001— e=272 L =12.72m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
127.2 0 0.8
254.4 4.48 0.8
381.6 1.59 0.8
508.8 0 0.8
S =0cm,—.L=| 636 |cm Aagjevacao =| 0 |° Aapianta = | 08 |°
763.2 0 0.8
890.4 1.5 0.8
1017.6 3.6 0.8
1144.8 0 0.8
1272 0 0.8

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

_ — (po+kK:S)
O'esq = 0'1~e
13947.78
13873.55
13620.21
13501.46
13429.6
kgf
esq = | 13358.12 >
13287.02 | €M
13174.85
12973.29

12904.25

12835.56

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

=

Triuna! Reg

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 127.2 254.4 381.6 508.8 636 763.2 890.4 1017.6 11448 1272
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 169862.38-—2
0 cm
Area kg
O = oy = 13353.96 ——
L 2
cm
L = 13.55 A =143.4 2 E = 1950000 —kg
cabo = +2-2°M r®atebrica_ago = ~42-4- MM tedrico_aco =
cm
F =19.1-t

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =93-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C31=C32 (42¢15.2mm)

/ \ ’\ Vi \\ ’\ f‘ Vi ’ \ e \ ’ N\ ‘ g \
(1)(2)(3)(4)(5)(6)(7)(8)(9)(10)(11)
\__l__,/ \.,__I__,./ \,__l___, \,__l__,/ ‘\,__l__,/ \I \\,__l__,» I/ \___l__,_/ \_,__l__,, \,__l__,,/
1124.1[124.1{124.1{124.1,124.1{124.1{124.1,124.1124.1{124.1
'  LADO'ATIVO l l l l l | | l l l
C3C4 ffF—F— Lttt ' ——t——
caCad——_—— 1 —+—— 1 | 1 | | | | 1 C31.ca: T
(:’1'IG2 -t T T T T T T T | T T T -
[ | | My PAIA
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_acgo
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L=1241m
cm m
rad .
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
124.1 0 0.78
248.2 0 0.78
372.3 3.14 0.78
496.4 1.95 0.78
S = 0cm, 1 L=| 620.5 |(cm Aaelevagéio = o |I° Aaplanta =10.78 |°
n j—
744.6 0 0.78
868.7 0 0.78
992.8 1.9 0.78
1116.9 4.18 0.78
1241 0 0.78

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

_ — (po+kK:S)
O'esq = 0'1~e
13947.78
13875.38
13803.35
13614.5
13481.55
kgf
esq = | 13411.57 >
13341.95 | €M
13272.68
13145.2

12919.42

12852.36

a= cspline(S’Uesq)

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

=

Triuna! Reg

00 = int a o Oesq
Opgq(X) = interp| =, 'S, ,X
a g
13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 124.1 248.2 372.3 496.4 620.5 744.6 868.7 992.8 1116.9 1241
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 166596.34-—2
0 cm
Area kg
O = O = 13424.36 ——
L 2
cm
L = 13.25 A =143.4 2 E = 1950000 —kg
cabo = +2-4°M r®atebrica_ago = ~42-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 19-3°t

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =91-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

o ‘k_ JUSTICA FEDERAL

= J gt s s

V3 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA (4215.2mm)

b = 25cm n=3
ag = 18cm

d = 15cm

F]_ = Finicial'COS(lo) = 784.46 kN

T1

ap
0.25-F1-| 1 - — | = 54.91kN
a1

F2 = Fipicial C0S(5°) = 781.59kN

ap
Ty = 0.25-Fp-| 1 - — | = 54.71kN

a1
ap =2d+(n-1)-b=80cm

784.46
Fk =1 78159 [kN
781.59

2 n-a;
Th=—|1-— ~ZF: 97.82kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasid Melbhor™

qg=2 F
c =7cm

a1=a0+c=25cm

F3 = Fipjcial C0S(5°) = 781.59kN

ap
0.25-F3:| 1 - — | = 54.71kN

T3 =
a1
k=1.n
54.91
Tk =| 54.71 |kN
54.71

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =4.5cm
fyd

inicial = 491 Ar®ae¢rica_ago

z F = 2347.64kN

= 784.58 kN
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-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

= Asl = 1.26cm2

ASfretagem

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

ASZ

As = 2.250m2

estribos ~ 2

EXTREMIDADE ATIVA (6915.2mm)

ay= Area da placa de distribuicdo
d = Distancia entre a face do concreto ao eixo da ancoragem

n = NUmero de ancoragens

n=1 Finicial = 6-01~Areateérica_ago = 1176.86 kN
ag = 22cm
d = 18.5cm ag = 2-.d=37-cm
4 kN
F = n-Finicial'€0s(6°) = 1170.42kN T=025F|1-—|=118.62kN fyd = 43.48 —
33 2
cm
T 2
Asg = — =2.73cm
fyd
A B max(AsZ,As3) s 2
Sestribos = 5 = ¢.2oCm
L = max(a ar,a )— 80cm bitola = 10mm adotados = ceil Aestribos =3
- 1-92-93) = estribo ~ - ol o |~
(b'to aestribo)
—
4
Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm

perpendiculares ao tragado do cabo em planta.

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

V4 =V9 - CABOS C1 a C10

CABOS C1=C2 (4915.2mm)

t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001— e=272 L = 28.86m
cm m
rad ,
k = B3-u=0.002-— n=11 i=1,2.n
m
0 0 0
288.6 0 1.88
577.2 4.61 1.88
865.8 1.39 1.88
1154.4 4.14 1.88
S = Ocm, —— L=| 1443 |cm Ao‘elevagao =161 |° Ao‘planta =| 1.88 |°
1731.6 5.75 1.88
2020.2 0 1.88
2308.8 8.28 1.88
2597.4 8.78 1.88
2886 5.58 19.88

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

Oesq = 91°€ (octs-9)
13947.78
13776.8
13461.52
13275.26
12991.02
kgf
Oesq = | 12805.14 |- —
12465.41 | M
12312.6
11884.24
11451.24
10593.6
0 0
5.58 19.88
8.78 188
8.28 188
0 1.88
Abglevagso = | 573 |° Abpjanta = | 188 |°
1.61 188
4.14 188
1.39 188
4.61 188
0 1.88
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR i eoenn,
— Sy o acers 1 14 e
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12903.16
12433.05
12000.49
11853.38
ogir=| 11538.9 >
11373.8 | M

11130.27

kgf

10976.27
10725.08

10593.6

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp(b S reveree (Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 288.6 577.2 865.8 1154.4 1443 1731.6 2020.2 2308.8 2597.4 2886
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) intersegdo = 2134.47-cm
Sintersecéo
kg
Cintersecdo = 12168.15-——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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J rntegon
PROJECTING TOMORROW j

rintersecao

. . kg-m
Areaq = X) dx Areaq = 279308.99 - ——
1 Gesq( ) 1 5
‘0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 96697.18-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 376006.17-kg—'m
2
cm
Area kg
o = oy = 13028.63 ——
L 2
cm
L = 30.55 A =143.4 2 E = 1950000 —kg
cabo = °U-oom r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 187
(Gm)'(Lcabo)
Algegrico = = = 204-mm
tedrico_aco
CABOS C3=C4 (4915.2mm)
TN AN AN o — N =N . —
1)(2)(3)(4)(5)(8)(7)(8)(9)1011)
Il‘I‘IQ 4[1194 119. 4[1194111941119 4L119 4[]194[1194['1194[
o L
566:,_7-——-’_1"_#__[__-7‘_?-’1'%__‘: 0 N 1 1 | |__7_ |__j_’ ;-:_7:1.
8\13 gé‘” _7__7_|_7__7 L L t L L L L 1 1 LS,IC.:I |
I\"22 1 | 1 1 1 1 | V2'|4 1 1
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272 L=11.94m
cm m
rad ,
kK = 3-p=0.002.-— n=11 i=1,2..n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
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S = 0cm,
n-1

aj= |Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

0
119.4
238.8
358.2
477.6

597
716.4
835.8
955.2

1074.6
1194

cm

Ao

elevacdo ~

Q(i-1) + /(Ao‘eleva(;éoi)z + (

i-rad otherwise

Oesq = 91
13947.78
13876.68
13805.94
13507.12
13432.14

e (p otk

S)

kgf

o =| 13363.66 [-——

esq
13295.54

13227.76
13059.04
12879.41

12813.75

a= cspline(S’Uesq)

cm

(X interp(al S 7esq x}
G = - 2 2 - b
esq g g

if i>1

5.53
0.47

2.89
3.19

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
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0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78




—

ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

13947.784
11158.227
8368.67|
Tesq(®
5579.113
2789.557
0
0 119.4 238.8 358.2 477.6 597 716.4 835.8 955.2 1074.6 1194
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 159765.17-—2
0 cm
Area kg
O = o = 13380.67 ——
L 2
cm
L = 12.80 A =143.4 2 E = 1950000 —kg
cabo = +4-0YM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =19.2-t

média_cabo = m A®esrica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 88-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

CABOS C5=C6 (4915.2mm)

= rtounat pagioma

o ‘L: JUSTICA FEDERAL

O o o o 66 6 0 © © O O

L 302,6 L 3028 L 302,6 L 302.6 | 3026 L 3026 L 302,86 | 30286 3026 L 302.6 '
WTVO ! ' ! ! ' ! ! ' | ATIVO - VOUTE '
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_acgo
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 30.26m
cm m
rad .
kK = 3-p=0.002.— n=11 i=1,2..n
m
0 0 0
302.6 0 1.97
605.2 1.17 1.97
907.8 0 1.97
1210.4 5.75 1.97
S = 0cm, 1 L=| 1513 |cm Aaelevaqéo =10.18 |° Ao‘planta =1| 1.97 |°
n —
1815.6 5.57 1.97
2118.2 4.3 1.97
2420.8 0.06 1.97
2723.4 4.24 1.97
3026 6.07 18.97
aj= |Orad if i=1
~ A O 2 it is1
Qi-1) + ( O‘elevagéoi) +( O‘plantai) >
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
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—
ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

_ - (patk:S)
O'esq = 0'1~e
13947.78
13768.62
13576.52
13402.13
13041.61
12873.71 kof
g = . —_—
esq >
12534.85 | ¢M
12255.2
12097.74
11830.09
10968.96
0 0
6.07 18.97
4.24 1.97
0.06 1.97
4.3 1.97
ABelevagao = | 557 | Abpjanta = | 1.97 |°
0.18 1.97
5.75 1.97
0 1.97
1.17 1.97
0 1.97
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"



—

=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12932.5
12646.39
12483.9
12205.39
ogir = | 11884.11 >
11731.12 | M

11415.55

kgf

11268.92
11111.69

10968.96

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 302.6 605.2 907.8 1210.4 1513 1815.6 2118.2 2420.8 27234 3026
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1983.12-cm
Sintersecéo
kg
Cintersecdo = 12360.67 -——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 98



—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 262694.52-9—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 134125.72-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 396820.24-k(‘:)—'m
2
cm
Area kg
o = oy = 13113.69 ——
L 2
cm
L = 31.95 A =143.4 2 E = 1950000 —kg
cabo = °+-9°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F = 18.8-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =215-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C7=C8 (4915.2mm)

DIOIOJOION0,

1129.7 1129.7 1129.7 1 129.7 ;129.7 |

ATIVO - VOUTE PASSIVO

T T T T
B e C9,c1p
% coc0 =g e

]

| | | V24 |
t = tonne
Area 143.4mm? fptk 265.8kN 1853.56 MPa fpyk 239.2kN
tedrica_aco ~ ' ey = : ey
a6 Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272
2 m
cm
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
129.8 0 18.85
s_o L . 259.6 A 4.74 A 0.85
=0cm,—— .. L= cm (61 5 = ° (6" =
n-1 380.4 elevagdo = | 5 g planta = | 4 gg
519.2 4.74 0.85
649 0 0.85

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13025.72
12775.38 | kgf
12618.66 sz
12376.14

12307.49

esq

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

= 1668.06 MPa

L = 6.49m
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=/ACE|BR
—
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 7-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

129.8 259.6 389.4 519.2
x (cm)
. kg-m
Area = 82798.44-—2
cm
12757.85 kg
Omn = .85 ——
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=48-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

Ete()rico_ago

649

kg

= 1950000 —

101
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=/ACE|BR
—
PROJECTING TOMORROW

CABOS C9=C10 (4915.2mm)

OREORONO

’Ll JUSTIGA FEDERAL |

W“ Tribunat Region

& ®

, 1904 _ 1904 _ 1904 | 1904 . 1904

ATIVO - VC)UTE PASSIVO
- :
| C9 C
| | | | |
V24
) 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aierica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001—
2 m
cm
rad
k = B3-u=0.002-— n==6 i=1,2.n
m
0 0
190.4 0.87
s_o . 380.8 A 5.2
= Ocm, .L= cm a -
n-1 571.2 elevagéo 0
761.6 5.2
952 0.87

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e
13947.78
13265.9
12971.16 | kgf
Oesq =

12866.05 sz

12580.19

12466.29

Ar€aiedrica_aco

e=272 L = 9.52m

13.24

1.24
Aopanta = 194
1.24
1.24

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 190.4 380.8 571.2 761.6 952
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 123381.78-—2
0 cm
Area kg
O = O = 12960.27 ——
L 2
cm
L = 10.35 A =143.4 2 E = 1950000 —kg
cabo = +U-9oM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18:6°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 69-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=A/ACEBR

PROJECTING TOMORROW

ay= Area da placa de distribuicdo
b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

o ‘k_ JUSTICA FEDERAL
ant

L s
V4 =V9 - CALCULO DAS ARMADURAS DE FRETAGEM

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA (Esquerda)

b = 25cm n=3
ag = 18cm

d = 15cm

F]_ = Finicial'COS(lo) = 784.46 kN

T1

ap
0.25-F1-| 1 - — | = 54.91kN
a1

F2 = Fipicial C0S(5°) = 781.59kN

ap
Ty = 0.25-Fp-| 1 - — | = 54.71kN

a1
ap =2d+(n-1)-b=80cm

784.46
Fk =1 78159 [kN
781.59

2 n-a;
Th=—|1-— ~ZF: 97.82kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO

qg=2 F
c =7cm

a1=a0+c=25cm

F3 = Fipjcial C0S(5°) = 781.59kN

ap
0.25-F3:| 1 - — | = 54.71kN

T3 =
a1
k=1.n
54.91
Tk =| 54.71 |kN
54.71

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =4.5cm
fyd

"Conrebumdo para wm Brasid Melbhor™

inicial = 491 Ar®ae¢rica_ago

z F = 2347.64kN

= 784.58 kN

104
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-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

= Asl = 1.26cm2

ASfretagem

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa e passiva.

ASZ

As = 2.250m2

estribos ~ 2

EXTREMIDADE ATIVA (Direita)

ay= Area da placa de distribuicdo
d = Distancia entre a face do concreto ao eixo da ancoragem

n = NUmero de ancoragens

n=1 Finicial = 4:91-Ar€tggrica_ago = 784-58 kN
ag = 18cm
d = 33cm ag = 2-d=66-cm
% kN
F = n-Fipjcigl-c0s(6°) = 780.28 kN T =0.25F|1-— |=141.87kN fyd = 43.48 —
33 2
cm
T 2
Asg = — =3.26cm
fyd
A B max(AsZ,As3) s 5
Sestribos =~ 5, -~ &22CM
L= max(a a,a )— 80cm bitola, = 10mm adotados = ceil ASestribos =3
- 1-92>93) ~ estribo = = " 5| =
(b'to aestribo)
mT—

4

Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm
perpendiculares ao tragado do cabo em planta.

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
ACE | BR ‘kmsnc,\ FEDERAL

‘ Tribunal Regional 10 Regido)
PROJECTING TOMORROW j

V6 - CABOS C1 a C14

@@@@@@@Q@Q@

WL 290.0 ‘L 290.0 W‘L 290.0 1{ 290.0 1{ 290.0 1{ 290.0 1{ 290.0 1{ 290.0 1{ 290.0 1{ 290.0 ]IL
LADO ATIVC QOUTE ! ! 1 1 1 1 1 1 1 LADO ATIVO 1
CABOS C1=C2 (4915.2mm)
t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = Opj = 13947.78 - —— p = 0.20 g =001— e=272 L = 29.00m

cm m
rad ,
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0

290 5.58 1.89

580 5.68 1.89

870 0 1.89

1160 5.26 1.89
S = Ocm, —— L =1 1450 |cm Aaelevagao =|5.65 |° Aaplanta =| 189 [°

1740 0.91 1.89

2030 6.56 1.89

2320 5.1 1.89

2610 0 1.89

2900 0 19.89

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
13584.86
13227
13064.03
12737.53
12403.22
12241.53
11884.13
11593.19
11450.36

10620.56

51
6.56
0.91
5.65
5.26

5.68

5.58

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

19.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=/ACEBR i eoenn,
— Sy o acers 1 14 e
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12937
12777.61
12464.8
12100.88
ogir = | 11943.13 >
11629.67 | M
11339.02

kgf

11199.31
10904.29

10620.56

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp(b S reveree (Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 290 580 870 1160 1450 1740 2030 2320 2610 2900
x (cm)
L
cC=— d = Om
2
Given
d = 0ggq(C) d = o (c)
intersecao
= Find(c,d) interse¢do = 1809.16-cm
Sintersecéo
kg
Cintersecdo = 12174.15-——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 108



—
=/ACE|BR
—
PROJECTING TOMORROW

rintersecao

'Ll JUSTIGA FEDERAL |

Truna Ragion

=

. . kg-m
Areaq = cresq(x) dx Areaq = 234965.82~—2
Y0 cm
rL
Area, = oqir(X) dx Area, = 140052 31'kg_~m
2~ dir 2= : 2
“intersecdo cm
. . p . kg-m
Area = (Areal) + (Areaz) Area = 375018.12 - ——
cm
Area kg
O = O = 12931.66-——
L 2
cm
L = 30.70 A =143.4 2 E = 1950000 _kg
cabo = °U-/YmM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = 0'm'Are""te()rica_ago =185
(Gm)'(Lcabo)
Algegrico = = = 204-mm
tedrico_aco
CABOS C3=C4 (4915.2mm)
(1)(2)1 3 4 5 6 (7)(8)1 9 10 ‘I1
NN N NN N NN
[118.3118.3/118.3, 3 118. 31 18.31118.3/118.3{118.3/118.3, 3 118. 31
l l l | | l | 1 I LADOATIVO
———— —— 505
'c3,Ca | | T 1 C34
V51
| | | | | | |
Area 143.4mm? fptk 265.8kN 1853.56 MPa fpyk 239.2kN 1668.06 MPa
tedrica_aco ~ ' =i = : ey = .
a6 Ar€aiebrica_ago Ar€aie4rica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272 L =11.83m
cm m
rad
kK = 3-p=0.002.-— n=11 i=1,2.n
m
CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACE|BR
—
PROJECTING TOMORROW

0
118.3
236.6
354.9
473.2
.L=] 5915 |cm Aa
709.8

S = 0Ocm, — elevagéo =

828.1
946.4
1064.7
1183

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = Ul'e_(mms)
13947.78
13877.47
13638.45
13511.81
13443.7

kgf
Oesq = | 13375.93 | —
13308.5 | M
13138.71
13001.88

12936.33

12871.12

a= cspline(S’Uesq)

(X interp(al S 7esq x}
G = - 2 2 - b
esq g g

2.9
2.19

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77




—

ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 118.3 236.6 354.9 473.2 591.5 709.8 828.1 946.4 1064.7 1183
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 158121.57-—2
0 cm
Area kg
O = Oy = 13366.15 ——
L 2
cm
L = 12.65 A =143.4 2 E = 1950000 —kg
cabo = +4:0°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =19.2-t

média_cabo = m A®esrica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =87-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR i eoenn,
— Sy o acers 1 14 e
PROJECTING TOMORROW W

CABOS C5=C6 (4915.2mm)

S

1 LAD

302.7

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 30.27m
cm m
rad ,
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
302.7 6 1.97
605.4 0 1.97
908.1 5.26 1.97
1210.8 5.26 1.97
S = Ocm, —— L=11513.5 [cm Ao‘elevagao =258 |° Ao‘planta =| 1.97 |°
1816.2 3.98 1.97
2118.9 6.56 1.97
2421.6 0 1.97
2724.3 1.17 1.97
3027 0 13.97

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

_ - (watk-S)
O'esq = 0'1~e
13947.78
13561.33
13387.11
13047.96
12717.4
12498.22 kof
g = . —_—
esq >
122317 | M
11870.64
11718.13
11554.62
10938.26
0 0
0 13.97
1.17 1.97
0 1.97
6.56 1.97
ABelevagao = | 398 |7 Abpjanta = | 1.97 |°
2.58 1.97
5.26 1.97
5.26 1.97
0 1.97
6 1.97
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13203.77
13019.53
12852.26
12472.88
ogir=| 12206.9 >
11996.51 | M

11692.59

kgf

11396.37
11249.96

10938.26

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 302.7 605.4 908.1 1210.8 15135 1816.2 2118.9 24216 27243 3027
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1685.5-cm
Sintersecéo
kg
Cintersecdo = 12364.24 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 114



—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 220862.04-9—2
Y0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 174575.62-—2
“intersecdo cm
. . p . kg-m
Area = (Areal) + (Areaz) Area = 395437.67 - ——
cm
Area kg
Om = o = 13063.68 ——
L 2
cm
L = 31.95 A = 1434 2 E = 1950000 _kg
cabo = °+-9°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.7-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 214-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C7=C8 (4915.2mm)

../’ R \\\._ .//.. 77-7-\\\ ,'//;-7- K\‘\ /7- ‘\“.‘ _" /HW-V\\‘ /7\
1102 (3 )(4)(5)(6)
/ \ 4 \ / \ / . , \\ /

\\

,_,_’_,.’ |
1“29.71|L129.71‘L129.71“29.71“29.7W‘L
I LADO PASSIVO ! ' LADO ATIVO - VOUTE
o ' V51 ‘
| | |
t = tonne

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 6.49m
cm m
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
129.8 0 18.85
s_o L . 259.6 A 4.74 A 0.85
=0cm,——. L= cm Q 5o = ° o = °
n-1 380.4 elevagdo = | 5 g planta = | 4 gg
519.2 4.74 0.85
649 0 0.85

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13025.72
12775.38 | kgt
°SA " | 12618.66 | .2
12376.14

12307.49

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 7-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

129.8 259.6 389.4 519.2
x (cm)
. kg-m
Area = 82798.44-—2
cm
12757.85 kg
Omn = .85 ——
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=48-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

Ete()rico_ago

649

kg

= 1950000 —
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—
PROJECTING TOMORROW

CABOS C9=C10 (4915.2mm)

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

( 1 2 | [ 3 ,_ 4 | ( 5 6 |
N S N N/ N S AN N
T T T T T T
i 182.4 i 182.4 i 182.4 i 182.4 i 182.4 :1
i1 LADO PASSIVO [ 1 LADO ATIVO - VOUTE 1
T T [ E— —— I  E— E— T T
I g —_— |
] co,QMY! c7,C8 ! ! C7.cs L_1Co,c10 ]
T T T V51 T T T
| I | |
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk =
tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272
2 m
cm
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0
182.4 0.48
364.8 5.59 |
S = 0cm, n_1” L= 5472 cm Aaelevagéio = 0 AOLplanta =
729.6 3.67
912 2.41

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13271.25
12961.75 | kgf
eS| 12861.01 | .2
12642.76

12479.1

239.2kN

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ar€aiedrica_aco

13.19
1.19
1.19
1.19
1.19

= 1668.06 MPa

L = 9.12m
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PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 9:95m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

182.4 364.8 547.2 729.6
x (cm)
. kg-m
Area = 118339.1-—2
cm
12975.78 kg
Omn = A8 ——
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.6-t

= 66-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

Ete()rico_ago

912

kg

= 1950000 —
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cm
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

CABOS C11=C12 (4915.2mm)

D @ 6 ® 6 ® C

\

=~ N, I 7 A AN
) ] | ! | ) |
\"I'/ .\"T/ T T T T T I E|3 ? 1 |O/ 1 |1
:L 213.5 ]'L 2135 1{ 213.5 1L 2135 1'1 213.5 1'1 213.5 ]'L 213.5 ]'L 213.5 :L 213.5 1'1 2135 ]'L
LADO ATIVO - VOUTE ! ! ! ! ! ! ! ' LADO PASSIVO
e e I B I B E——— e m——
1 ‘ ‘ e =" —— | | C11 (::12
Va3 Va7
I I I I
t = tonne
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = O'pi =13947.78 . —— p = 0.20 B =001— e=272 L =21.35m
cm m
rad .
kK = 3-p=0.002.— n=11 i=1,2..n
m
0 0 0
213.5 7.38 19.39
427 6.26 1.39
640.5 1.02 1.39
854 6.52 1.39
S = 0cm, p— L= 1067.5 [cm Aaebva?&o = 0 |° Aaplanta =] 1.39 |°
1281 0 1.39
1494.5 2.88 1.39
1708 0 1.39
1921.5 2.88 1.39
2135 1.54 1.39

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

Oesq = 0'1~e_ (p- otk S)
13947.78
12918.11
12578.34
12449.6
12111.4

kgf
12001.43

esq >

11892.45 | €M

11710.32

11603.99

11426.28
11295.5

a= cspline(S’Uesq)

a
Tacn(X) = interp(— ,S,
esq g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

Oesq J
,X
g

13947.784
11158.227
8368.67

O'esq(x)

5579.113

2789.557

L
Area = J cresq(x) dx
0

Leabo = 22.20m

F

Altesrico =

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

2135 427 640.5 854 1067.5

x (cm)

1281 1494.5 1708 1921.5

. kg-m
Area = 258741.41-—2

cm

12119.04 kg
O = 04—
m 2

cm

=143.4-mm

Ar€aiegrica_aco Etedrico_aco

=17.4-t

=138-mm

tedrico_aco

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melbhor™
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kg

= 1950000 ——
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=ACE/BR S
PROJECTING TOMORROW bR
CABOS C13=C14 (4915.2mm)

N N N D (B 2 T
) @ ® @ &6 6 O

® ® ® @

N N N - |
238.7 1'1 238.7 1'1 238.7 1[
1 1

-
238.7 w‘L 238.7
|

R —
T
|
T
1
T

T T
238.7 1'1 238.7 1i, 238.7 1i, 238.7
1 1 1

LADO ATIVO - VQUTE LADO PASSIVO

= — il ' [ ' R [ [ CT3cq1 1 |
TLC’IB'UH T ci1.c12 | T T—— I I - f—— | ‘ " Clitoro i Ly
T T T T

T T Va3 T T T T VaT
| | | | | | | | | | |

T
L 238.7
1

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 23.87m
cm m
rad ,
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
238.7 5.43 13.55
477.4 1.95 1.55
716.1 5.21 1.55
954.8 5.43 1.55
S = Ocm, 1 L=11193.5 [cm Ao‘elevagao =1.09 |° Ao‘planta =| 155 |°
n j—
1432.2 0 1.55
1670.9 2.88 1.55
1909.6 0 1.55
2148.3 2.88 1.55
2387 0 1.55

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

O'esq _ 0'1~e_ (p- otk S)
13947.78
13191.75
13015.26
12709.81
12402.39
kgf
Oesq = | 12261.95 |- —
12137.7 | €M

11942.76
11821.75

11631.89

11514.03

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

13947.784
11158.227
8368.67

O'esq(x)

5579.113

2789.557

0 238.7 477.4

L
Area = J cresq(x) dx

0
Area
Om = C
Leabo = 24-70m
Fmédia_cabo = 0'm'Are""te()rica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 157-mm

716.1 954.8 11935 1432.2 16709 1909.6 2148.3 2387

x (cm)
. kg-m
Area = 295351.8-—2
cm
12373.35 kg
oy = 35—
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atebrica_ago = ~42-4- MM tedrico_aco = >
cm

=177t

CURITIBA - BRASILIA - RIO DE JANEIRO
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=A/ACEBR

PROJECTING TOMORROW

o ‘k_ JUSTICA FEDERAL

= J gt s s

V6 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA (Direita)

b = 25cm n=3
ag = 18cm

d = 15cm

F]_ = Finicial'COS(lo) = 784.46 kN

T1

ap
0.25-F1-| 1 - — | = 54.91kN
a1

F2 = Fipicial C0S(5°) = 781.59kN

ap
Ty = 0.25-Fp-| 1 - — | = 54.71kN

a1
ap =2d+(n-1)-b=80cm

784.46
Fk =1 78159 [kN
781.59

2 n-a;
Th=—|1-— ~ZF: 97.82kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasid Melbhor™

qg=2 F
c =7cm

a1=a0+c=25cm

F3 = Fipjcial C0S(5°) = 781.59kN

ap
0.25-F3:| 1 - — | = 54.71kN

T3 =
a1
k=1.n
54.91
Tk =| 54.71 |kN
54.71

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =4.5cm
fyd

inicial = 491 Ar®ae¢rica_ago

z F = 2347.64kN

= 784.58 kN
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-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

= Asl = 1.26cm2

ASfretagem

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

ASZ

As = 2.250m2

estribos ~ 2

EXTREMIDADE ATIVA (Esquerda)

ay= Area da placa de distribuicdo
d = Distancia entre a face do concreto ao eixo da ancoragem

n = NUmero de ancoragens

n=1 Finicial = 4-01~Areateérica_ago = 784.58 KN
ag = 22cm
d = 18.5cm ag = 2-d=37-cm
2o kN
F= n'FiniciaI'COS(Go) = 780.28kN T=025F|1-—|=79.08kN fyd = 43.48 —
33 2
cm
T 2
As3 = —=1.82cm
fyd
A B max(AsZ,As3) s 2
Sestribos = 5 = Z.2oCm
L = max(a an,a )— 80cm bitola = 10mm adotados = ceil Aestribos =3
- 1-92,93) ~ estribo ~ - ol o |~
(b'to aestribo)
—

4

Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm
perpendiculares ao tragado do cabo em planta.

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

V10 =V17 =V19 - CABOS Cl1 a C14

o3 o) Iy o BN e N ) a A “
I\l_/ N/ '\.T/J \ 4_/ '\5/ '\9/] I\T_/ - \9/] @TQ’ \.T®
1l 267.6 1l 267.6 ‘L 267.6 1l 267.6 1l 267.6 1l 267.6 1l 267.6 Il 267.6 1l 267.6 Il 267.6 1l
1 LADO ATIVO - VOUWTE 1 1 1 1 1 1 1 ! LADO ATIVO 1
I I - I I I I I e I I I
CABOS C1=C2 (4215.2mm)
t = tonne
P 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
0q = O'pi = 13947.78-—2 p = 0.20 B =001— e=272 L = 26.76m
cm m
rad .
kK = 3-p=0.002.— n=11 i=1,2..n
m
0 0 0
267.6 4.72 19.8
535.2 5.33 1.8
802.8 1.22 1.8
1070.4 5.26 1.8
S = 0cm, 1 L=| 1338 |cm Aaebvac&o =1|6.56 |° Aamama =] 18 |°
1605.6 5.24 1.8
1873.2 1.32 1.8
2140.8 51 1.8
2408.4 0 1.8
2676 0 1.8

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
12921.81
12602.91
12440.84
12136.61
11788.56
11501.04
11350.87
11079.13
10950.97

10824.29

51
1.32
5.24
6.56
5.26
1.22
5.33

4.72

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

1.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89
19.89

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13782.11
13618.4
13290.96
13114.07
ogir = | 12792.88 >
12424.95 | M

12119.85
11960.87
11664.47
10803.16

kgf

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 267.6 535.2 802.8 1070.4 1338 1605.6 1873.2 2140.8 2408.4 2676
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) intersecdo = 951.7-cm
Sintersecéo
kg
Cintersecdo = 12286.55-——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

rintersecao

Area; = cresq(x) dx
Y0
rL

Area, = ogir(X) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
moo

Leabo = 28.45m

. kg-m
Areaq = 121726.93~—2
cm
. kg-m
Area, = 228412.55~—2
cm
. kg-m
Area = 350139.48 - ——
cm
13084.43 kg
Omn = A3 ——
m 2
cm

Areateérica_ago = 143.4-mm

Fmédia_cabo = “m A®egrica_ago = 18-8°t
(Gm)'(Lcabo)
Alteorico = £ - 191-mm
tedrico_aco
CABOS C3=C4 (4915.2mm)
(1)(2)(3)(4)(5)(6)(7)(8)(9)10/11
1H 18. 31'1118 31'L1'18 31‘L1’18 3“18 3[118 3 118. 3L118 3L118 3[1‘18 3
| | | | | | | 1 1+ LADOATIVO
—— == g -5
R B E e -
‘ V51 ‘ ‘
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = — = 1853.56 MPa

Ar€aiebrica_ago

Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = Opj = 13947.78 —— w = 0.20 B =001—
cm m
rad
k = 3-u=0.002-— n=11 i=1,2.n
m

'Ll JUSTIGA FEDERAL |

=

fpyk =

Truna Ragion

kg
Ete()rico_ago = 1950000_2
cm
239.2kN
p = 1668.06 MPa
Ar€aie4rica_aco
e=272 L =11.83m

CURITIBA - BRASILIA - RIO DE JANEIRO

"Conrebumdo para wm Brasi A-fﬂ.’é!ﬂr’"
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0 0
118.3 0 0.8
236.6 3.63 0.8
354.9 2.44 0.8
473.2 0 0.8

S = Ocm,——..L=| 5915 |cm Acglevacio =| 0 |° Acpjanta = | 08 |°
709.8 0 0.8
828.1 2.77 0.8
946.4 2.33 0.8
1064.7 0 0.8
1183 0 0.8

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13876.02
13664.77
13510.83
13441.31

kgf
Oesq = | 13372.16 | —
13303.35 | M
13139.01
12995.72

12928.86

12862.34

a= cspline(S’Uesq)

(X interp(al S 7esq x}
G = - 2 2 - b
esq g g

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 118.3 236.6 354.9 473.2 591.5 709.8 828.1 946.4 1064.7 1183
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 158110.01-—2
0 cm
Area kg
O = Oy = 13365.17 ——
L 2
cm
L = 12.65 A =143.4 2 E = 1950000 —kg
cabo = +4:0°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =19.2-t

média_cabo = m A®esrica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =87-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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— \
=/ACEBR i eoenn,
— Sy T g e 4 g
PROJECTING TOMORROW W

CABOS C5=C6 (4915.2mm)

0,0_® ®

®

v

SO

280.2 2802 | 2802 280.2 280.2 280.2 280.2 280.2 2802 | 2802
1 LADO ATIVO - VOUTE LADO ATIVO
+ e i C5,C6
[EE [ | | | 1 | 1 ‘ 1 [ EEE‘S
Va7 V51
| | | | | | | | |
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 28.02m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
280.2 5.72 13.89
560.4 0.28 1.89
840.6 5.26 1.89
1120.8 2.89 1.89
S =0Ocm,———..L=| 1401 |cm Adgjeyacao = | 893 |° Acpjanta = | 189 |°
1681.2 2.76 1.89
1961.4 3.8 1.89
2241.6 0 1.89
2521.8 1.17 1.89
2802 0 1.89
aj= |Orad if i=1
i A CON 20t is1
Qi-1) + ( O‘elevagéoi) +( O‘plantai) >
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
13161.31
13000.76
12678.32
12456.42
11998.36
11792.8
11554.45
11414.33
11262.81

11126.22

1.17

3.8
2.76
8.93
2.89
5.26
0.28

5.72

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

1.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89
1.89
13.89

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13778.64
13595.73
13430.86
13159.4
ogir = | 12933.95 >
12458.33 | M

12240.27

kgf

11936.7
11791.09

11126.22

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 280.2 560.4 840.6 1120.8 1401 1681.2 1961.4 2241.6 2521.8 2802
x (cm)
L
cC=— d = Om
2
Given
d = 0ggq(C) d = o (c)
intersecao
= Find(c,d) interse¢do = 1119.94.-cm
Sintersecéo
kg
Cintersecdo = 12457.5:
cm
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ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 145453.58-9—2
Y0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 224793.55-—2
“intersecdo cm
. . p . kg-m
Area = (Areal) + (Areaz) Area = 370247.12 - ——
cm
Area kg
Om = o = 13213.67 ——
L 2
cm
L = 29.70 A = 1434 2 E = 1950000 _kg
cabo = ¢9-/YM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.9-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =201-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 135



—

=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C7=C8 (4915.2mm)

( 1 ) 112 ) :j3 ) :j4 ) :j5 ) [6 j:
N S N N N N N

1129.7 | 129.7 [129.7 [129.7 |129.7 |

LADO PASSIVO 1 I I LADO ATIVO- VOUTE
L —————————  9c1p |
L — — £9,C10
L_ﬁg.c‘m 67,08 | | | I C7.cg L_r T

T T T V5'1 T T T 1
| | | |
t = tonne

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 6.49m
cm m
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
129.8 0 18.88
s_o L . 259.6 A 4.74 A 0.88
=0cm,——. L= cm Q 5o = ° o = °
n-1 380.4 elevagdo = | 5 g planta = | 5 gg
519.2 4.74 0.88
649 0 0.88

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13024.35
127738 | kgf
12616.69 | .2

12373.98
12304.05

esq
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=/ACE|BR
—
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 7-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

129.8 259.6 389.4 519.2
x (cm)
. kg-m
Area = 82787.02-—2
cm
12756.09 kg
Omn = 09 ——
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=48-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ete()rico_ago

649

kg

= 1950000 —
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=/ACE|BR
—
PROJECTING TOMORROW

CABOS C9=C10 (4915.2mm)

’ . \

o ’L& JUSTICA FEDERAL

= Trtunat bagon fes

(3 ) (O )
\ // \
- -

239.2kN

]i 182.4 1IL 182.4 1[ 182.4 1[ 182.4 1IL 182.4 1'[
i LADO PASSIVO I i LADO ATIVO - VOUTE
(17— —— —————  9,C10
7 L_kect0¢rce | | C7cs L)
T T T V51 T T T
| | | | | |
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk =
tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
09 = 0y = 13947.78 - —— p = 0.20 g =001— e=272
pi 2 m
cm
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0
182.4 0.48
s-o . 364.8 A 5.59 A
= Ocm, .L= cm (61 5 = ° (6" =
n—1 547.2 elevacao 0 planta
729.6 3.67
912 241
aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13269.4
12959.55 | kgf
12857.04 sz
12638.31

12473.92

Oesq =

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ar€aiedrica_aco

13.23
1.23
1.23
1.23
1.23

= 1668.06 MPa

L = 9.12m
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—

ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 182.4 364.8 547.2 729.6 912
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 118311.29-—2
0 cm
Area kg
O = O = 12972.73. ——
L 2
cm
L = 9.95 A =143.4 2 E = 1950000 —kg
cabo = ¥-9°oM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18:6°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 66-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 139



st

— \

=/CE BR i eoenn,
— s ol Facer da 11 Argita
PROJECTING TOMORROW

CABOS C11=C12 (4915.2mm)

2N A PR N A P TN AN Py AN S
(1) (2) (3) (4) (5) (&) (7) (8) (9) (10) (A1)
NNV R SN N NG AN AN AR SN
T T T T T T T T T T T
| 168.5 11 168.5 1[ 168.5 1[ 168.5 11 168.5 1L 168.5 1L 168.5 1[ 68.5 1'[ 168.5 1'L 168.5 |
LADO ATIVO l l l l l l 1 I LADO PASSIVO
CI3.C1[——1 ™ T ' Lol i = —— | |
C11,012] —f—f——— 1= : = e R ! ' 1 Clicez C13icik |L
V43 ' ' ' ' ' ' ' YN ' '
| | | | | |
t = tonne
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
o = O'pi = 13947.78-—2 p = 0.20 B =001— e=272 L = 16.85m
cm m
rad )
kK = 3-p=0.002.— n=11 i=1,2..n
m
0 0 0
168.5 0 1.14
337 3.02 1.14
505.5 0 1.14
674 0 1.14
S =Ocm,———..L=| 8425 |cm Aogleyacio = | 38 |° Aopjanta = | 1.14 |°
1011 3.62 1.14
1179.5 3.5 1.14
1348 3.93 1.14
1516.5 5.08 1.14
1685 0.92 1.14
aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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PROJECTING TOMORROW

O'esq _ 0'1~e_ (p- otk S)
13947.78
13845.65
13644.46
13544.55
13445.37
kgf
Oesq = | 13215.84 |- —
12998.04 | M

12788.92
12565.13

12297.33

12193.44

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

13947.784

11158.227
8368.67
O'esq(x)

5579.113

2789.557

0 168.5 337

L
Area = J cresq(x) dx

0
Area
Om = C
Leabo = 17.70m
F

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 119-mm

505.5 674 842.5 1011 1179.5 1348 1516.5 1685

x (cm)
. kg-m
Area = 221431.47-—2
cm
13141.33 kg
oy = 33—
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atebrica_ago = ~42-4- MM tedrico_aco =
cm

= 18.8:t
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

CABOS C13=C14 (42915.2mm)

AN N N\ AN 'd ’_’\\ ' AN PN o 'y \ £ A A AN
' ) ) I I )| b b ) ) ' )
1_,/ l\g_/ \_;I)?_/ o \5/ N \_7:_/ N QIQ/ \1‘1/
L 1771 1L 1771 1{ 177.1 1'1 177.1 1'1 177.1 1L 1771 1{ 1771 1'1 177.1 1'1 177.1 | 1771 wL
LADO ATIVO ! 1 1 1 | 1 1 1 LADO PASSIVO
CA3Cl[~F——__ T ' T T T e
C11 c«]z%_,‘___ I ———— — : — 7_{?_4&7_7__7_7 ! ! ‘ ! GH!C{? CT'J\_‘_T TL
V43 ! ! ! j VAT
| | | | |
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 p = 0.20 B =0.01— e=272 L=17.71m
cm m
rad .
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0
177.1 0 1.19
354.2 2.35 1.19
531.3 3.47 1.19
708.4 0 1.19
S = Ocm, —— L=| 8855 |cm Aaelevagéo =1582| Aaplanta =11.19 |°
1062.6 1.61 1.19
1239.7 6.35 1.19
1416.8 1.08 1.19
1593.9 2.68 1.19
1771 3.32 1.19

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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PROJECTING TOMORROW

O'esq _ 0'1~e_ (p- otk S)
13947.78
13840.86
13665.68
13444.11
13341.04
kgf
Tesq = | 13021.05 |- —
12884.65 | M

12552.79
12438.44

12268.24

12075.28

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

13947.784
11158.227
8368.67

O'esq(x)

5579.113

2789.557

0 177.1 354.2

L
Area = J cresq(x) dx

0
Area
Om = C
Leabo = 18:55M
F

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 124-mm

531.3 708.4 8855 1062.6 1239.7 1416.8 1593.9 1771

x (cm)
. kg-m
Area = 231066.3-—2
cm
13047.22 kg
oy = 22—
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atebrica_ago = ~42-4- MM tedrico_aco =
cm

=18.7-t
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EACE | BR = ‘k_ JUSTIGA FEE'ER‘\E‘ ey

| THEKiglonai Federa!
PROJECTING TOMORROW W'

V10 = V17 = V19 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem
n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA (Esquerda)

ag = 18cm n=2 q=2 Finicial = 4'01'Areateérica_ago = 784.58 KN
d = 15cm aq =2d=30cm
Fq = Finicial'COS(zo) = 784.1kN Fo = Finicial'COS(So) = 776.94 kN
) )
T1 =0.25-F1-| 1 - — | = 78.41kN Ty = 0.25-Fp-| 1 - — | = 77.69kN
a1 a1
k=1.n
784.1 78.41
Fi = kN Tk = kN z F = 1561.04 kN
776.94 77.69
kN max (T) 2
fyd = 43.48—2 Asq = =1.8cm
cm fyd
2 Asq 2
ASfretagem = AS1 = 1.8cm ASestribos = > 0.9cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=A/ACEBR

PROJECTING TOMORROW

EXTREMIDADE ATIVA (Direita)

o ‘k_ JUSTICA FEDERAL
ant

= J gt s s

b = 25cm n=3 q=2 Finicial = 784-58 kN
ag=18cm c =7cm
d = 15cm ag =agp+Cc=25cm
Fq = Finicial'COS(lo) = 784.46 KN F3 = Finicial'COS(So) = 781.59kN
) )
Tq1 = 0.25-F1-|1- — | =54.91kN T3 = 0.25-F3:|1—- — | =54.71kN
a a
3 3
Fo = Finicial'COS(So) = 781.59kN
)
To = 0.25-Fp-| 1 — — | = 54.71 kN
a3
ag=2d+(n-1)-b=80cm k=1.n
784.46 54.91
Fi = | 781.59 |kN Tk =|54.71 |kN z F = 2347.64kN
781.59 54.71
2 n-ag kN
Th=—|1-— ~ZF:97.82kN fyd = 43.48 —
3 a4 cm
T
max (T n
Sg = (1) = 1.26cm2 Asy=0q|—|= 4.50m2
d fyd
A = As,,As,) =18 2
Sfretagem = max( S1> 33) =1.8cm

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

max(Asl, As4)

2
ASestribos = > =2.25cm
L= max(a a )— 80cm bitola, = 10mm adotados = ceil ASestribos =3
- 1-4)~ estribo = = - > 1=
(b'to aestribo)
mT—
4

Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm
perpendiculares ao tragado do cabo em planta.
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—
ACE | BR ‘kmsnc,\ FEDERAL

‘ Tribunal Regional 10 Regido)
PROJECTING TOMORROW j

V14 - CABOS C1 a C14

o o ® ©»o &6 6 o0 © © O

i 340.9 L 340.9 L 340.9 I 340.9 L 340.9 L 340.9 | 340.9 L 340.9 L 340.9 | 340.9 ;
: . L *‘—H——:ﬁ:u
CABOS C1=C2 (4215.2mm)
t = tonne
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = 0pj = 13947.78 - —2 p = 0.20 B =001— e=272 L = 34.09m

cm m
rad .
kK = 3-p=0.002.— n=11 i=1,2..n
m
0 0 0

340.9 0 2.38

681.8 6 2.38

1022.7 0 2.38

1363.6 5.75 2.38
S = Ocm,——..L = | 17045 |cm Aogleyacio = | 575 |° Aoplanta = | 2:38 |°

2045.4 0.74 2.38

2386.3 5.21 2.38

2727.2 5.95 2.38

3068.1 4.27 2.38

3409 0 2.38

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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—
PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
13738.4
13341.04
13140.77
12771.02
kgf
Oesq = | 12411.68 |- —
12220.56 | M
11897.26
11555.03

11282.34

11112.97

4.27
5.95
5.21

A6 0.74 |°

elevacdo ~
5.75

5.75

n=11

6= |Orad if i=1

Aeplanta =

2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°€
13947.78
13738.4
13414.19
13028.32
12683.65
kgf
ogir = | 12488.34 |- ——
12136.95 | €M
11795.45
11618.38
11282.34
11112.97
a-= cspline(S,oeSq) b = cspline(S,odir)
() - (a S O'esq J () - (b S reverse(crdir) J
o X) = interp| —,S,——,X oq4i(X) = interp| —,S, ——=, X
esq g g dir 9 9
13947.784
11158.227|
TesqX)  8368.67
%di®) 5576 113
2789.557
0
0 340.9 681.8 1022.7 1363.6 17045 20454 2386.3 2727.2 3068.1 3409
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1659.86-cm
Sintersecéo
kg
Sintersecéo ~ 12446.91 Y
cm
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—
PROJECTING TOMORROW

rintersecao

'Ll JUSTIGA FEDERAL |

Truna Ragion

=

. . kg-m
Areaq = X) dx Area, = 220125.69 - ——
1 Gesq( ) 1 5
‘0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 230744.71~—2
“intersecdo cm
. . p . kg-m
Area = (Areal) + (Areaz) Area = 450870.4-—2
cm
Area kg
om = oy = 13225.88.——
L 2
cm
L = 35.80 A = 1434 2 E = 1950000 _kg
cabo = ©°-0UM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m Ar®eérica_ago = 191
(Gm)'(Lcabo)
Altesrico = £ .~ 243:mm
tedrico_aco
CABOS C3=C4 (4915.2mm)
1 2 (3)(4)(5) 6 ) 7 8 19 )(10)(11)
\ - "'r' ‘.._7r_.o S - ey \"’r"' s e S~ - - \‘"r'/ S \__, -
1118.3,118.3,118.3,118.3/118.3,118.3,118.3,118.3,118.3,118.3,
' LADO ATIVO LADO1 : : : : : : :
C5Ce-f— —— ' ———————
[_,H:Cd"'_ __—___17___ | I T L_JI 1 1 1 1 1 1 (:3|C4_I ‘|,-
cA c2 L L I L L L L 1 L L
. 1 1 1 I 1 1 1 1 V;I£4 1 1
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78- —2 p = 0.20 B =001— e=272 L =11.83m
cm m
rad
kK = 3-p=0.002.-— n=11 i=1,2.n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0 0
118.3 0 0.83
236.6 0 0.83
354.9 5.37 0.83
473.2 0.63 0.83

S = Ocm,——..L=| 5915 |cm Acglevacio =| 0 |° Acpjanta = | 083 [°
709.8 0 0.83
828.1 0 0.83
946.4 2.44 0.83
1064.7 3.63 0.83
1183 0 0.83

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13874.57
13801.73
13510.41
13429.55

kgf
Tesq = | 13359.05 |- —
13288.92 | M
13219.16
13069.81

12870.54

12802.98

a= cspline(S’Uesq)

(X interp(al S 7esq x}
G = - 2 2 - b
esq g g

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 118.3 236.6 354.9 473.2 591.5 709.8 828.1 946.4 1064.7 1183
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 158255.79-—2
0 cm
Area kg
O = o = 13377.5.——
L 2
cm
L = 12.65 A =143.4 2 E = 1950000 —kg
cabo = +4:0°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
,: - 19.2:t

média_cabo = m A®esrica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =87-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ‘L‘ JUSTIGA FEDERAL

J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

CABOS C5=C6 (4915.2mm)

o o ® ©»o &6 6 o0 © © O

i 340.9 L 340.9 L 340.9 I 340.9 L 340.9 L 340.9 | 340.9 L 340.9 L 340.9 | 340.9 ;
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
teorlca_ago teorlca_a(;o
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —2 p = 0.20 B =001— e=272 L = 34.09m
cm m
rad .
= B-p=0.002-— n=11 i=1,2..n
m
0 0 0
340.9 0.53 2.38
681.8 0.64 2.38
1022.7 0 2.38
1363.6 5.75 2.38
S = Ocm,——..L = | 17045 |cm Aogleyacio = | 575 |° Aoplanta = | 2:38 |°
n j—
2045.4 0.76 2.38
2386.3 5.19 2.38
2727.2 5.95 2.38
3068.1 2.16 2.38
3409 0 2.38

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
13735.6
13525.41
13322.37
12947.52
12583.21
12389.19
12062.19
11715.21
11505.8

11333.08

2.16
5.95
5.19
0.76
5.75
5.75

0.64

0.53

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13738.4
13492.82
13104.69
12758.81
ogir = | 12562.08 >
12208.62 | M

11865.1

kgf

11686.98
11508.14

11333.08

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 340.9 681.8 1022.7 1363.6 17045 20454 2386.3 2727.2 3068.1 3409
x (cm)
L
c=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1717.83-cm
Sintersecéo
kg
Cintersecdo = 12573.45 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 229405.15-9—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 224481.6-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 453886.75-kg—'m
2
cm
Area kg
o = Oy = 13314.37 ——
L 2
cm
L = 35.75 A =143.4 2 E = 1950000 —kg
cabo = 9°-/°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =19.1-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 244-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C7=C8 (4915.2mm)

( 1 ) 112 ) :j3 ) :j4 ) :j5 ) [6 j:
N S N N N N N

1129.7 | 129.7 [129.7 [129.7 |129.7 |

LADO PASSIVO | I I LADO ATIVO- VOUTE
L — ——— C9,C1 l
L — — £9,C10
L_ﬁg.c‘m 67,08 | | | I C7.cg L_r T

T T T V5'1 T T T 1
| | | |
t = tonne

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272 L = 6.49m
cm m
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
129.8 0 18.91
s_o L . 259.6 A 4.74 A 0.91
=0cm,——. L= cm Q 5o = ° o = °
n-1 380.4 elevagdo = | 5 g planta = | 4 g7
519.2 4.74 0.91
649 0 0.91

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13022.99
1277222 | Kgf
©9 1 126147 | 2
12371.79

12300.58

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 7-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

129.8 259.6 389.4 519.2
x (cm)

. kg-m

Area = 82775.5-—2
cm
12754.31 kg

Om = Lol—

m 2
cm

= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=48-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg
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PROJECTING TOMORROW

CABOS C9=C10 (4915.2mm)

“, __.f/d-.-- ~ --\\__ :_,’J.--- T \\___ _r/,--- . ---.‘\\___ / /---_- ..-‘\‘-. g )
1 ,| :. 2 ,| |. 3 ,: |, 4 ,: I, 5 : .. 6 i
N, ! 5, ! b / M\ ,-". N ,.-"
N o N N )
T T T T

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

239.2kN

Ar€aiedrica_aco

S~ S
- -
1'[ 190.4 1[ 190.4 1[ 190.4 1'L 190.4 1'L 190.4 ]i
LADO ATIVO -VOUTE : : LADO PASSIVO !
L el ——— — ————— —— €910
T ] c7.C8 | | C7cg L.l
1 1 1 V24 1 1 1
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk =
tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001— e=272
2 m
cm
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0
190.4 0.87
s_o . 380.8 A 5.2 A
= Ocm, L= cm o 50 = (o} =
n—1 571.2 elevacao 0 planta
761.6 5.2
952 0.87

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13261.74
12966.11 | kgf
°s4 | 12857.01 | 2
12570.4

12453.35

CURITIBA - BRASILIA - RIO DE JANEIRO
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1.33
1.33
1.33
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= 1668.06 MPa

L = 9.52m
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 190.4 380.8 571.2 761.6 952
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 123315.81-—2
0 cm
Area kg
O = O = 12953.34 . ——
L 2
cm
L = 10.35 A =143.4 2 E = 1950000 —kg
cabo = +U-9oM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18:6°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 69-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 159



— k
=/ACEBR f = ssncn reocens
— Sy [ TR e 1 ey
PROJECTING TOMORROW j

V14 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem
n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA (Direita)

ag = 18cm n=2 q=2 Finicial = 4'01'Areateérica_ago = 784.58 KN
d = 27.5cm aq = 2d=55cm
Fq = Finicial'COS(zo) = 784.1kN Fo = Finicial'COS(4°) = 782.66 KN
) )
T1 = 0.25-F1-| 1 - — | = 131.87kN To = 0.25-Fp-| 1 - — | = 131.63kN
a1 a1
k=1.n
784.1 131.87
Fi = kN Tk = kN z F = 1566.76 kN
782.66 131.63
kN max (T) 2
fyd = 43.48—2 Asq = =3.03cm
cm fyd
2 Asq 2
ASfretagem = Asq = 3.03cm ASastribos = T =152cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

EXTREMIDADE ATIVA (Esquerda)

W" Tribunal Regiona Feders

b = 25cm n=3 qg=2 Finicial = 784.58 kN
ag = 18cm c =7cm
d = 15cm ag =agp+Cc=25cm
Fq = Finicial'COS(lo) = 784.46 KN F3 = Finicial'COS(So) = 781.59kN
ag ag
Tq1 = 0.25-F1-|1- — | =54.91kN T3 = 0.25-F3:|1—- — | =54.71kN
ag ag

F2 = Fipicial C0S(5°) = 781.59kN

)
To = 0.25-Fp-| 1 - — | = 54.71kN
ag
ag=2d+(n-1)-b=80cm k=1.n
784.46 54.91
Fi = | 781.59 |kN Tk =|54.71 |kN z F = 2347.64kN
781.59 54.71
2 n-ag kN
Th=—|1-— ~ZF:97.82kN fyd = 43.48 —
3 a4 cm
max(T) 2 Th 2
Asg = =1.26cm Asy = Q| — | =45cm
fyd fyd
2
Asfretagem = max(Asl,As3) = 3.03cm

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

max(Asl, As4)

2
ASestribos = > =2.25cm
L= max(a a )— 80cm bitola, = 10mm adotados = ceil ASestribos =3
- 1-4)~ estribo = = - > 1=
(b'to aestribo)
mT—
4

Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm
perpendiculares ao tragado do cabo em planta.

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 161



—
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J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

V18 - CABOS C1 a C18

@@@@@@@Q@Q@

‘ 290.0 1 290.0 1 290.0 ‘ 290.0 ‘ 290.0 1 290.0 1 290.0 ‘ 290.0 290.0 290.0
1 LADOD ATIVC ' ' ' ' ' ' ' ' LADO ATIVO + VOUTE
CABOS C1=C2 (4915.2mm)
t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = Opj = 13947.78 - —— p = 0.20 g =001— e=272 L = 29.00m

cm m
rad ,
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0

290 0 2.1

580 0 2.1

870 5.1 2.1

1160 5.62 2.1
S = Ocm, 1 L =1 1450 |cm Aaelevagao =10.03 |° Ao‘planta =21

n j—

1740 5.65 2.1

2030 5.26 2.1

2320 0 2.1

2610 5.68 2.1

2900 5.58 20.1

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
13765.84
13586.27
13250.13
12900.49
kgf
Oesq = | 127822 | —
12395 | M
12082.08
11924.47

11607.53

10729.95

5.58
5.68

5.26

A6 5.65 |°

elevacdo ~
0.03
5.62

51

n=11

6= |Orad if i=1

Aeplanta =

20.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12893.26
12550.57
12386.86
12074.14
ogir = | 11754.37 >
11601.03 | M

11294.91

kgf

11015.46
10871.76

10729.95

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 290 580 870 1160 1450 1740 2030 2320 2610 2900
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1871.96-cm
Sintersecéo
kg
Cintersecdo = 12233.09 -—2
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

rintersecao

Area; = cresq(x) dx
Y0
rL

Area, = ogir(X) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 30.70m
F

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 205-mm

CABOS C3=C4 (4915.2mm)

T
{

N,
-

S

(2 )

SN 4
-

/

- —| — |

./..-—— -\\. r/-'_' . ,’- - . :',.-r—r,\. ./__,_,_\\. ://—'-.‘\‘. K/'_'-
(3)(4)(5)(6)(7)(8)(9
R N S . SN NN

T T T T T T T

o 'L: JUSTICA FEDERAL

<
. kg-m
Areal = 246554.05'—2
cm
. kg-m
Area2 = 131396.29 - ——
2
cm
. kg-m
Area = 377950.34-—2
cm
13032.77 kg
O = i Jp—
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm

=18.7-t

N — 'a\... P
)(10) (1
AN N

—

~
1 A
A
—

1118.3,118.3,118.3,118.3,118.3,118.3,118.3118.3/118.3,118.3,

1 IADO ArTIVO 1 1 1 1 1 1 1 1 1
C5,C6 — —_‘__—7__%———“‘ i__i_,_l_———-l_ I I I ———7I____,j_-_-lf—__
c3{34_.__7—_:—__\7____L___—7|—|L7J 1 1 1 1 1 1 Cj—.EzI*
c1.02~ : : : : : : : : : :
1 I 1 1 1 1 1 V24 1 1 1 1
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 - —— p = 0.20 g =001— e=272 L =11.83m
cm m
rad
kK = B-p=0.002-— n=11 i=1,2.n
m

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

0 0 0
118.3 0 0.86
236.6 0 0.86
354.9 2.33 0.86
473.2 2.77 0.86

S = Ocm,——..L=| 5915 |cm Acglevacio =| 0 |° Acpjanta = | 086 |°
709.8 0 0.86
828.1 0 0.86
946.4 2.44 0.86
1064.7 3.63 0.86
1183 0 0.86

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13873.11
13798.84
13647.4
13478

kgf
Tesq = | 13405.84 |- —
13334.07 | M
13262.69
13112.4

12912.17

12843.04

a= cspline(S’Uesq)

(X interp(al S 7esq x}
G = - 2 2 - b
esq g g

CURITIBA - BRASILIA - RIO DE JANEIRO
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ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 118.3 236.6 354.9 473.2 591.5 709.8 828.1 946.4 1064.7 1183
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 158764.73-—2
0 cm
Area kg
O = O = 1342052 ——
L 2
cm
L = 12.65 A =143.4 2 E = 1950000 —kg
cabo = +4:0°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =19.2-t

média_cabo = m A®esrica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =87-mm
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ACE | BR ‘L‘ JUSTIGA FEDERAL

J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

CABOS C5=C6 (4915.2mm)

®» ® & o 66 66 0o &©® © O O

l 302.7 L 302.7 1i 302.7 L 302.7 1i 302.7 i, 302.7 11 302.7 1i, 302.7 L 302.7 l 302.7 L
1 LADO ATIV | 1 | 1 1 | 1 | LADO ATIVO - VOUTE 1
s T T
| | | # | | | | “ | |
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — p = 0.20 g =001— e=272 L = 30.27m
cm m
rad ,
= B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
302.7 0 2.2
605.4 1.17 2.2
908.1 0 2.2
1210.8 6.56 2.2
S = Ocm, —— L=11513.5 [cm Aaelevagao =398 |° Aaplanta =22 |°
1816.2 2.58 2.2
2118.9 5.26 2.2
2421.6 3.94 2.2
2724.3 1.32 2.2
3027 6 20.2

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
13757.54
13556.08
13371.18
12973.33
12691.95
12466.91
12147.48
11885.46
11708.4

10812.43

1.32
3.94
5.26
2.58
3.98
6.56

1.17

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

20.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12880.45
12688.56
12414.87
12096.77
ogir = | 11882.29 >
11624.57 | €M

11278.69
11124.85
10961.94
10812.43

kgf

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 302.7 605.4 908.1 1210.8 15135 1816.2 2118.9 24216 27243 3027
x (cm)
L
c=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 2000.38-cm
Sintersecéo
kg
Cintersecdo = 12278.44 . ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 263648.52-9—2
Y0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 131887~—2
“intersecdo cm
. . p . kg-m
Area = (Areal) + (Areaz) Area = 395535.52 . ——
cm
Area kg
Om = o = 13066.92 ——
L 2
cm
L = 31.95 A = 1434 2 E = 1950000 _kg
cabo = °+-9°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.7-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 214-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

CABOS C7=C8 (4915.2mm)

( 1 ) 112 ) :j3 ) :j4 ) :j5 ) [6 j:
N S N N N N N

1129.7 | 129.7 [129.7 [129.7 |129.7 |

LADO PASSIVO 1 I I LADO ATIVO- VOUTE
L —————————  9c1p |
L — — £9,C10
L_ﬁg.c‘m 67,08 | | | I C7.cg L_r T

T T T V5'1 T T T 1
| | | |
t = tonne

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 6.49m
cm m
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
129.8 0 18.94
s_o L . 259.6 A 4.74 A 0.94
=0cm,——. L= cm Q 5o = ° o = °
n-1 380.4 elevagdo = | 5 g planta = | g g4
519.2 4.74 0.94
649 0 0.94

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13021.63
12770.62 | kgf
©9 112612.69 | 2
12369.57

12297.09

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACE|BR
—
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 7-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

129.8 259.6 389.4 519.2
x (cm)

. kg-m

Area = 82763.9-—2
cm
12752.53 kg

Om = DS ——

m 2
cm

= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=48-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ete()rico_ago

649

kg

= 1950000 —
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=/ACE|BR
—
PROJECTING TOMORROW

CABOS C9=C10 (4915.2mm)

“, __.f/d-.-- ~ --\\__ :_,’J.--- T \\___ _r/,--- . ---.‘\\___ / /---_- ..-‘\‘-. g )
1 ,| :. 2 ,| |. 3 ,: |, 4 ,: I, 5 : .. 6 i
N, ! 5, ! b / M\ ,-". N ,.-"
N o N N )
T T T T

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

239.2kN

Ar€aiedrica_aco

S~ S
- -
1'[ 190.4 1[ 190.4 1[ 190.4 1'L 190.4 1'L 190.4 ]i
LADO ATIVO -VOUTE : : LADO PASSIVO !
L el ——— — ————— —— €910
T ] c7.C8 | | C7cg L.l
1 1 1 V24 1 1 1
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk =
tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001— e=272
2 m
cm
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0
190.4 0.87
s_o . 380.8 A 5.2 A
= Ocm, L= cm o 50 = (o} =
n—1 571.2 elevacao 0 planta
761.6 5.2
952 0.87

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13259.43
1296329 | kgf
°S | 12851.96 | .2
12564.91

12446.08

CURITIBA - BRASILIA - RIO DE JANEIRO
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13.38
1.38
1.38
1.38
1.38

= 1668.06 MPa

L = 9.52m
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—

=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 190.4 380.8 571.2 761.6 952
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 123278.91-—2
0 cm
Area kg
O = O = 12949.46 ——
L 2
cm
L = 10.35 A =143.4 2 E = 1950000 —kg
cabo = +U-9oM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18:6°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 69-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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o ‘L: JUSTICA FEDERAL

—
—
PROJECTING TOMORROW

CABOS C11=C12 (4915.2mm)

= rtounat pagioma

‘o ) o 'y “\.I ™, I,/“\ e = o g "\I -, i/__\
'\_1_/' '\g) '\:TS/' '\Lj’/ \?_/’ \.9/' '\Z Y, &/ l\‘?_/ @10/' ad T1/'
| 2883 | 2883 | 2883 | 2883 | 2883 | 2883 | 2883 | 2883 | 2883 2883 |
LADO ATIVO - VOUTE 1 1 ' ' ' 1 l|+| P4 1 LADO PASSIVO
1 EpeveTen ] _ i . S H — . O i ——=—Ht-cnex
t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 28.83m
cm m
rad
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
288.3 1.7 20.09
576.6 0 2.09
864.9 0 2.09
1153.2 0 2.09
L
S = Ocm,m .L=114415 |cm Aaelevagéio = 0 AOLplanta = 2.09
1729.8 4.7 2.09
2018.1 4.7 2.09
2306.4 4.11 2.09
2594.7 2.01 2.09
2883 6.97 2.09
aj= |Orad if i=1
~ A 24 (A 20t is1
Qi-1) + ( O‘elevagéoi) +( O‘plantai) LIS
i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

O'esq _ 0'1~e_ (p- otk S)
13947.78
12925.17
12757.45
12591.9
12428.5
kgf
Oesq = | 12267.22 |- —
11979.65 | M

11698.83
11445.85

11265.44

10919.76

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

13947.784

11158.227
8368.67
O'esq(x)

5579.113

2789.557

0 288.3 576.6

L
Area = J cresq(x) dx

0
Area
Om = C
Leabo = 29-70m
F

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 185-mm

864.9 1153.2 14415 1729.8 2018.1 2306.4 2594.7 2883

x (cm)
. kg-m
Area = 350825.26-—2
cm
12168.76 kg
oy = 76 ——
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atebrica_ago = ~42-4- MM tedrico_aco =
cm

=17.4-t

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

CABOS C13=C14 (42915.2mm)

© @& v v 6 6 0 ¢

= rtounat pagioma

o ‘L: JUSTICA FEDERAL

© @ O

‘i 300.5 1{ 300.5 ‘i_ 300.5 1'1 300.5 ‘L 300.5 _“L 300.5 "L 300.5 1'1 300.5 i_ 300.5 1'1 300.5 ‘L
: -’\:!r! ATIVO = VOUTE I ‘ - - : 1 1 n P4 LADO PASSIVO . )
{leheasror— 1 ] ‘ \l = . L i gracu
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Areaiegrica_aco Areaiegrica_ago
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 30.05m
cm m
rad
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
300.5 0 14.18
601 0 2.18
901.5 0 2.18
1202 0 2.18
S = 0om, —— . L= | 15025 |om Acglevacio = | O |° Aapjanta = | 218 |°
n j—
1803 3.45 2.18
2103.5 3.45 2.18
2404 4.11 2.18
2704.5 4.11 2.18
3005 3.05 2.18
aj= |Orad if i=1
i A 2 (A 2 is1
Qi-1) + ( O‘elevagéoi) +( O‘plantai) >
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

O'esq _ 0'1~e_ (p- otk S)
13947.78
13194.67
13016.18
12840.11
12666.42
kgf
Tesq = | 12495.07 |- —
1224453 | €M
11999
11734.97
11476.76

11259.67

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

13947.784

11158.227
8368.67
O'esq(x)

5579.113

2789.557

0 300.5 601

L
Area = J cresq(x) dx

0
Area
Om = C
Leabo = 30-90Mm
F

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 197.mm

901.5 1202 1502.5 1803 21035 2404 2704.5 3005

x (cm)
. kg-m
Area = 373161.33-—2
cm
12418.01 kg
oy = 01—
m 2
cm
A =143.4 2 E = 1950000 —kg
r®atebrica_ago = ~42-4- MM tedrico_aco =
cm

=17.8t

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 179



—
=/ACE|BR
—
PROJECTING TOMORROW

CABO C15 (6g15.2mm)

A NEN BN/
\1 2/ \3/ \4/ N AN ETS

112.8112.8/112.8(112.8/112.8{112.8{112.8/112.8/112.8/112.8)

’Ll JUSTIGA FEDERAL |

=

LADO ATIVO | | | |

i
7
|

Truna Ragion

=N I/ .,7,.\} a)/1n) /1 A
J\ Z J \§,/‘ "\9/' J 0/I J 1)

LADQ@ PASSIVO

E— R e S — 16.C17.C8
% _}64‘—761@' 4’—(571_57,_07{6\7 1 | } Til_ii_i_l | | [l —f-i,i: _7.\ '
L=—J L—d L—d — CTS
L :
| | | | | |
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — u = 0.20 B =001— e=272 L =11.28m
cm m
rad ,
= B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
112.8 0 16.82
225.6 4.12 0.82
338.4 1.87 0.82
451.2 3.31 0.82
L
S = 0cm, H .L= 564 cm Aaelevagéio =] 0.8 AOLplanta = 0.82
676.8 1.13 0.82
789.6 2.98 0.82
902.4 4.11 0.82
1015.2 4.96 0.82
1128 0 0.82
aj= |Orad if i=1
i A CON 20t is1
Qi-1) + ( aelevagéoi) +( O‘plantai) LIS
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

_ — (po+kK:S)
O'esq = 0'1~e
13947.78
13122.81
12902.64
12782.14
12602.43
kgf
esq = | 12523.84 >
12434.87 | €M
12273.72
12068.21

11831.55

11771.15

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

=

Triuna! Reg

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 112.8 225.6 338.4 451.2 564 676.8 789.6 902.4 1015.2 1128
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 141318.45-—2
0 cm
Area kg
O = O = 1252823 ——
L 2
cm
L = 12.10 A =143.4 2 E = 1950000 —kg
cabo = +4-YM r®atebrica_ago = ~42-4- MM tedrico_aco =
cm
E =18t

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 78-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR
PROJECTING TOMORROW
CABO C16 (6g15.2mm)

265.8kN

Area; ¢
teérica_aco A _
Ar€aiebrica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 - —— p = 0.20 g =001—
2 m
cm
rad
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0
112.8 0
225.6 4.1
338.4 1.89
451.2 3.27
L
S = Ocm,—1 .L=| 564 |cm Aaelevagao =10.84 |°
n j—
676.8 1.07
789.6 3.04
902.4 2.35
1015.2 0.33
1128 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

= 143.4mm2 fptk = = 1853.56 MPa fpyk =

o ‘L: JUSTICA FEDERAL

Tribunal Regional

239.2kN

Ar€aiedrica_aco

e=272

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
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18.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82

= 1668.06 MPa

L =11.28m
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—
PROJECTING TOMORROW

_ — (po+kK:S)
O'esq = 0'1~e
13947.78
13031.51
12813.76
12693.27
12516.5
kgf
esq = | 12437.23 >
12350.95 | €M
12188.41
12055.75
11991.53

11930.31

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

=

Triuna! Reg

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 112.8 225.6 338.4 451.2 564 676.8 789.6 902.4 1015.2 1128
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 140887.92-—2
0 cm
Area kg
O = Oy = 12490.06 - ——
L 2
cm
L = 12.10 A =143.4 2 E = 1950000 —kg
cabo = +4-YM r®atebrica_ago = ~42-4- MM tedrico_aco = >
cm
F =17.9-t

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 78-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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CABOS C17=C18 (62915.2mm)

.

( 'i ) fi’\_é

—
=/ACE|BR
—
PROJECTING TOMORROW

N
)|

SN

~N AN N ;/_
T T -

-

N N
6)(7)

o 'L& JUSTICA FEDERAL

=

-

Trbunal Ragiona Fece

(8)(9) 110 (11)
- ._,/ - S __./ o __,/
T T T

133.9/133.9133.9 {133.9133.9 {133.9 | 133.9 | 133.8 | 133.9 | 133.9 |

LADO PASSIVO

LADO ATIVO ! ! . P4 ! '
. Il
Tt f — T — T [ — CA|6_017.C15
efom —ewoe T T[] e
: . . . e . : . 1iC15
[ [ [ [ [ [
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 13.39m
cm m
rad
k = 3-u=0.002-— n=11 i=1,2.n
m
0 0 0
133.9 0.22 18.97
267.8 5.77 0.97
401.7 0 0.97
535.6 0 0.97
L
S = 0cm, m .L=| 669.5 |cm Aaelevagéio =|3.62 AOLplanta =| 0.97
803.4 0.49 0.97
937.3 3.43 0.97
1071.2 1.01 0.97
1205.1 2.35 0.97
1339 0 0.97
aj= |Orad if i=1
i A CON 20t is1
Qi-1) + ( aelevagéoi) +( O‘plantai) >
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

_ — (po+kK:S)
O'esq = 0'1~e
13947.78
13019.14
12721.82
12644.91
12568.46
kgf
esq = | 12371.94 |- >
12292.13 | €M
12107.67
12016.4
11878.38

11806.57

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
(o} = — s s
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

=

Triuna! Reg

13947.784
11158.227
8368.67|
O'esq(x)
5579.113
2789.557
0
0 133.9 267.8 401.7 535.6 669.5 803.4 937.3 1071.2 1205.1 1339
x (cm)
L
. . kg-m
Area = J cresq(x) dx Area = 166543.01-—2
0 cm
Area kg
O = O = 12437.87 ——
L 2
cm
L = 14.20 A =143.4 2 E = 1950000 —kg
cabo = +4-<YM r®atebrica_ago = ~42-4- MM tedrico_aco =
cm
,: - 17.8

média_cabo = “m A®eérica_ago

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =91-mm
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PROJECTING TOMORROW j

V18 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem
n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE PASSIVA (Direita)

ag = 22cm n=2 q=2 Finicial = 6'01'Areateérica_a(;o = 1176.86 kN
d = 15cm aq =2d=30cm
F1 = Finicigl€0s(1°) = 1176.68kN F2 = Finicial €0s(6°) = 1170.42kN
) )
Tq = 0.25-F1-|1- — | = 78.45kN To = 0.25-F-|1 - — | = 78.03kN
a1 a1
k=1.n
1176.68 78.45
F = kN Tk = kN z F = 2347.1kN
1170.42 78.03
kN max (T) 2
fyd = 43.48—2 Asq = =1.8cm
cm fyd
2 Asq 2
ASfretagem = Asq = 1.8cm ASastribos = —2 =0.9cm
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=A/ACEBR S

PROJECTING TOMORROW

W" Tribunal Regiona Feders

EXTREMIDADE ATIVA (Esquerda)

b = 25cm n=3 g=2 Finicial = 1176.86 kN
ag = 18cm c =7cm
d = 15cm ag =agp+Cc=25cm
F1 = Finicial'cos(lo) = 1176.68kN F3 = Finicia|-cos(5°) =1172.39kN
ag ag
Tq = 0.25-F1-|1- — | =82.37kN T3 = 0.25-F3-| 1 - — | = 82.07kN
ag ag

F2 = Finicial €0S(5°) = 1172.39kN

)
To = 0.25-Fp-| 1 - — | = 82.07kN
ag
ag=2d+(n-1)-b=80cm k=1.n
1176.68 82.37
Fi=| 1172.39 | kN Tk =| 82.07 |kN z F = 3521.46 kN
1172.39 82.07
2 n-ag kN
T,=—]1-—— |V F=146.73kN fyd = 43.48 —
n=3 a 2
4 cm
max(T) 2 Th 2
Asg = vd =1.89cm Asy = Q- % =6.75cm
A = Asq,Asq) = 1.89¢cm?
Stretagem = max( S1» 33) =1.89cm

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

max(Asl, As4)

2
ASestribos = > =3.37cm
L= max(a a )— 80cm bitola, = 10mm adotados = ceil ASestribos =5
- 1-4)~ estribo = = - > 1=
(b'to aestribo)
mT—
4

Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm
perpendiculares ao tragado do cabo em planta.
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V20 - CABOS C1 a C28

O e 60 6 66 0 © - 0 O

:L 261.8 1{ 261.8 1‘L 261.8 1'1 261.8 1'1 261.8 L 261.8 1'1 261.8 1'1 261.8 1'1 261.8 1'1 261.8 1‘L

T
LADO ATIVO , , , , , , ) ADp ATIVO = VOUTE

cacs —7 ——
c27.028 T | ‘ || C27 Cog
c1.C27F T T

CABOS C1=C2 (4915.2mm)

t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — u = 0.20 B =001— e=272 L = 26.18m
cm m
rad ,
k = B3-u=0.002-— n=11 i=1,2.n
m
0 0 0
261.8 0 1.97
523.6 0.12 1.97
785.4 5.11 1.97
1047.2 4.83 1.97
S = Ocm, —— L=| 1309 |cm Ao‘elevagao =|0.01|° Ao‘planta =| 1.97 |°
1570.8 4.74 1.97
1832.6 7.28 1.97
2094.4 4.63 1.97
2356.2 2.69 1.97
2618 6.06 19.97

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

Oesq = 91°€ (octs-9)
13947.78
13779.86
13613.78
13286.25
12978.39
kgf
Oesq = | 1282213 |- —
12528.66 | M
12139.41
11865.76
11667.21
10790.86
0 0
6.06 19.97
2.69 197
4.63 197
7.28 197
Abglevagso = | 474 |° Abpjanta = | 1.97 |°
0.01 197
4.83 197
5.11 197
0.12 197
0 1.97
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°€
13947.78
12900.13
12684.27
12398.34
12013.14
kgf
ogir = | 11738.18 |-——
11596.86 | €M
11328.14
11055.6
10922.36
10790.86
a-= cspline(S,oeSq) b = cspline(S,odir)
() - (a S O'esq J () - (b S reverse(crdir) J
o X) = interp| —,S,——,X oq4i(X) = interp| —,S, ——=, X
esq g g dir 9 9
13947.784
11158.227}
TesqX)  8368.67
%di®) 5576 113
2789.557
0
0 261.8 523.6 785.4 1047.2 1309 1570.8 1832.6 2094.4 2356.2 2618
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1739.87-cm
Sintersecéo
kg
Cintersecdo = 12274.48 Y
cm
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ACE | BR ‘L‘ JUSTIGA FEDERAL

J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 229699.17~g—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 112883.36~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 342582.5’3;-“‘:]—'m
2
cm
Area kg
o = Oy = 13085.66 ——
L 2
cm
L = 27.85 A =143.4 2 E = 1950000 —kg
cabo = 4/-6°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F = 18.8-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 187-mm

CABOS C3=C4 (4915.2mm)

@@@@@@@Q@Q@

| 2466 | 2466 | 2466 | 2466 | 2466 | 2466 | 2466 | 2466 | 2466 | 2466
, LADO ATIVC , , , , , , | , LADO ATIVO, - VOUTE
—F— T e ¥ T [ [ o f!
Clle T T vod T T T T T RN T
| | | | | | | | | |
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco

o, = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

pi
kgf rad
01 = Opj = 13947.78- iz u = 0.20 B =0.01— e=272 L = 24.66m
m
cm
rad
= B3-p=0.002-— n=11 i=1,2.n
m
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PROJECTING TOMORROW W

0 0 0
246.6 0.07 1.86
493.2 1.27 1.86
739.8 0.15 1.86
986.4 4.96 1.86

S = 0cm,ﬁ.. L=| 1233 |cm Acgleyacao = | 012 [° Acpanta = | 186 |°
1479.6 2.47 1.86
1726.2 4.35 1.86
1972.8 6.64 1.86
2219.4 9.05 1.86
2466 2.1 19.86

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Tesq = Ul'e_(uﬂms)
13947.78
13789.28
13613.99
13459.05
13147.46
kgf
Oesq = | 1299794 | —
12795.14 | €M
12523.66
12165.66
11721.61
10878.54
0 0
2.1 19.86
9.05 1.86
6.64 1.86
4.35 1.86
Aeelevagéo: 2.47 1° Aeplanta: 186 |°
0.12 1.86
4.96 1.86
0.15 1.86
1.27 1.86
0.07 1.86
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— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

n=11

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12944.59
12472.11
12115.59
11858.52
ogir=| 116735 >
11540.74 | M

11273.56
11145.26
11003.58
10878.54

kgf

a= cspline(S’Uesq)

(X) interp(a S 7esq x}
g = R s T
esq g g

b = cspline (S , Udir)

reverse ("dir) J
X

b
oqir(X) = interp(—,s,
dir 9 9

13947.784

11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0
0 246.6

493.2 739.8 986.4 1233 1479.6 1726.2 1972.8 22194 2466
x (cm)
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PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Ointersecéo = 12317.05 S
cm

rintersecéo

Area; = T (9 X
“0
rL

Area, = o i () dx
“intersecéo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 26-35m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 178-mm

d = ogir(c)

interse¢do = 1873.21-cm

. kg-m
Areaq = 247740.14'—2
cm
. kg-m
Area, = 76834.32 - ———
2
cm
. kg-m
Area = 324574.46-—2
cm
13161.98 kg
Omn = 98- ——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18.9:t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago
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o ’L& JUSTICA FEDERAL

—
=/ACE|BR
—
PROJECTING TOMORROW

CABOS C5=C6 (4915.2mm)

= Trtunat bagon fes

p \ o \ o "«\\. \ ~ “ s «
1) (2) (3) (4) (5) (6
\__l___., NS S~ \.__l___./ \.._,__l__/

| 165.4 | 165.4 | 165.4

LADO PASSIVO

165.4 | 165.4

|
A‘L
|

LADO ATIVO - VOUTE

[ —
|"C5LQ€1 c7.C8 ! Czcg ©Cscd 7
T T V24 T T
[
t = tonne
: 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kof rad
01 = 0pj = 13947.78-i2 p = 0.20 B =001— e=272 L =8.27m
cm m
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
165.4 1.93 15.25
s_o L . 330.8 A 4.14 A 1.25
=0cm,—— .. L= cm (61 5 = ° (6" = °
n—1 496.2 elevacao 0 planta 1.25
661.6 4.14 1.25
827 1.93 1.25
aj= |Orad if i=1
- A 24 (A 20t is1
Q(i-1) + ( aelevagéoi) + ( O‘plantai) >
i-rad otherwise
_ — (pot+K:S)
O'esq = 0'1~e
13947.78
13175.45
12935.19 | kgf
Oesq = T,
12836.34 cm2
12602.27
12460.23
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 165.4 330.8 496.2 661.6 827
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 106937.93-—2
0 cm
Area kg
O = o = 1293083 ——
L 2
cm
L =9.10 A =143.4 2 E = 1950000 —kg
cabo = 9-+YUM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 18-9°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 60-mm
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o 'L& JUSTICA FEDERAL

Trbunal Ragiona Fece

—
=/ACE|BR
—
PROJECTING TOMORROW

CABOS C7=C8 (4915.2mm)

=

_.r/..-( \ ,./ 7\ .-’/.-7 O N / 7--.\\‘ / 7--.‘\\ //.---7 \

1 )2)(3)4)5)(6)

\ - ,/: .\\__ __/') \ __,/I \ ___./f "\___ ~ __/'J
' T T e e T

T
1109.4/109.4/109.4,109.4109.4,

LADO PASSIVO | . . LADQ ATIVO,- VOUTE
e ey
EEECER ' ' ' C7cs Cocq T
T T T V24 T T T
Area 143.4mm? fptk 265 8kN 1853.56 MPa  fpyk 239.2kN 1668.06 MPa
tedrica_aco ~ . =3 = . = — = .
a6 Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L =547m
cm m
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
109.4 0 18.82
218.8 4.5 0.82
SO T b g0 |1 Alelevagao = | 5 15 Alplanta = | g
437.6 4.5 0.82
547 0 0.82
aj= |Orad if i=1
- A 24 (A 20t is1
Qi-1) + ( aelevagéoi) + ( O‘plantai) >
i-rad otherwise
— (po+K:S)
O'esq = 0'1~e
13947.78
13032.4
12797.93 | kgf
Oesq =
12625.69 Cm2
12398.55
12336.09
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PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 6-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

109.4 218.8 328.2 437.6
x (cm)
. kg-m
Area = 69865.29-—2
cm
12772.45 kg
Omn = A5 ——
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=41-mm
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kg
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ACE | BR ‘L‘ JUSTIGA FEDERAL

J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

CABOS C9=C10 (4915.2mm)

®®@@@@®.®m.@

351.5 351.5 351.5 3515 3515 3515 351.5 3515 3515
LADO ATIVO = VOUTE ,ln ATIVO = VOUTE |

t = tonne

2 265.8kN 239.2kN
= 143.4mm fptk = = = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aiebrica_ago Ar€aiedrica_aco

Aréaiegrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — u = 0.20 B =001— e=272 L = 35.15m
cm m
rad
= B3-p=0.002-— n=11 i=1,2.n
m
0 0 0
351.5 6.07 2.65
703 1.61 2.65
1054.5 0 2.65
1406 4.86 2.65
S = Ocm, 1 L=|1757.5 |cm Ao‘elevagao =325 Ao‘planta =| 2.65 |°
n j—
2109 8.86 2.65
2460.5 8.86 2.65
2812 7.61 2.65
3163.5 7.61 2.65
3515 4.07 16.65

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

Oesq = 1€ (o)
13947.78
13533.54
13294.06
13079.38
12739.21
kgf
Oesq = | 12466.15 |- —
11985.6 | M
11523.57
11125.46
10741.1
10046.43
0 0
4.07 16.65
7.61 2.65
7.61 2.65
8.86 2.65
Abglevagso = | 886 ° Abpjanta = | 265 |°
3.25 265
4.86 265
0 2.65
1.61 265
6.07 265
n=11

6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°€
13947.78
13045.72
12595.02
12159.89
11691.15
kgf
ogir = | 11240.48 |- ——
10999.54 | €M
10713.46
10540.45
10353.94
10046.43
a-= cspline(S,oeSq) b = cspline(S,odir)
() - (a S O'esq J () - (b S reverse(crdir) J
o X) = interp| —,S,——,X oq4i(X) = interp| —,S, ——=, X
esq g g dir 9 9
13947.784
11158.227|
TesqX)  8368.67
%di®) 5576 113
2789.557
0
0 351.5 703 1054.5 1406 1757.5 2109 2460.5 2812 3163.5 3515
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) intersegdo = 2215.82-cm
Sintersecéo
kg
Cintersecdo = 11836.05 Y
cm
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ACE | BR ‘kmsnc,\ FEDERAL

‘ Tribunal Regional 10 Regido)
PROJECTING TOMORROW j

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 287160.5-—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 165405.61~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 452566.11-'(9—'m
2
cm
Area kg
o = oy = 12875.28 ——
L 2
cm
L = 36.85 A =143.4 2 E = 1950000 —kg
cabo = ©0-6°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =18.5-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 243-mm

CABOS C11=C12 (4915.2mm)

@@@@@@@Q@Q@

i 3235 '1 3235 'L 3235 i 3235 l 3235 'L 3235 i 3235 'L 3235 '1 3235 '1 3235 'L
ADO ATIVO - YOUTE

L L T \ I ! | e |
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78- — u = 0.20 B =001— e=272 L = 32.35m
cm m
rad ,
k = 3-u=0.002-— n=11 i=1,2.n
m
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

0 0 0
3235 6.07 2.44
647 1.61 2.44
970.5 0 2.44
1294 4.86 2.44

S = 0cm,ﬁ..L: 1617.5 |cm Acgleyacio = | 325 |° Acpanta = | 244 [°
1941 10.19 2.44
2264.5 10.19 2.44
2588 3.61 2.44
29115 0 2.44
3235 9.69 20.44

aj= |Orad if i=1

2 2 . .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (P otk S)
O'esq = 0'1~e
13947.78
13544.96
13320.98
13122.82
12793.03
12531.49 kof
o = . —_—
esq >
12003.51 | €M
11497.78
11251.19
11083.83
10176.25
0 0
9.69 20.44
0 2.44
3.61 2.44
10.19 2.44
AOgleyacao = | 10-19 |° AOpjanta = | 244 |°
3.25 2.44
4.86 2.44
0 2.44
1.61 2.44
6.07 2.44
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— \
=/ACEBR i eoenn,
— Sy o acers 1 14 e
PROJECTING TOMORROW W

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
12805.69
12615.2
12344.65
11824.55
ogir = | 11326.36
11094.8 | €M
10815.97
10655.08
10478.89
10176.25

kgf

a= cspline(S,oeSq) b= cspline(S,odir)

reverse ("dir) J
X

(X) interp(al S 7esq x} (X) interp(b S
0 = T a9, OH; = —,o,
esq g g dir 9 9

13947.784
11158.227

TesqX)  8368.67

o dir(X)

5579.113
2789.557
0
0 323.5 647 970.5 1294 1617.5 1941 2264.5 2588 2911.5 3235
x (cm)
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=/ACE|BR
—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Ointersecéo = 11911.37-—2
cm

rintersecéo

Area; = T (9 X
“0
rL

Area, = o i () dx
“intersecéo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 34.05m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 225-mm

d = ogir(c)

interse¢do = 1992.68-cm

. kg-m
Areaq = 259458.37'—2
cm
. kg-m
Area, = 157765.92'—2
cm
. kg-m
Area = 417224.29-—2
cm
12897.2 kg
O = 22—
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18.51

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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= 1950000 ——
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—

=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

CABOS C13=C14 (42915.2mm)

© v o »© & 6 0 © a

! 3996 1l 3996 ‘[ 3996 ‘l 389,6 ‘L 3996 ‘l 399,6 _‘[ 389.,6 1[ 3996 ‘[ 3996 ‘l 389,6 ‘[

2 265.8kN 239.2kN
= 143.4mm fptk = = 1853.56 MPa fpyk = = 1668.06 MPa

Ar€aiebrica_ago Ar€aiedrica_aco

Aréaiegrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 p = 0.20 g =001— e=272 L = 39.96m
cm m
rad
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0
399.6 6.07 17.01
799.2 4.76 3.01
1198.8 4.76 3.01
1598.4 4.88 3.01
L
S = 0cm, E .L= 1998 cm Aaelevagéo =894 AOLplanta = 3.01
2397.6 4.06 3.01
2797.2 0 3.01
3196.8 0 3.01
3596.4 0 3.01
3996 1.14 3.01

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
12991.37
12637.07
12292.43
11952.94
11473.7
11183.32
10978.34
10777.12
10579.59

10378.12

1.14

4.06
8.94
4.88
4.76
4.76

6.07

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

3.01
3.01
3.01
3.01
3.01
3.01
3.01
3.01
3.01
17.01

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13682.17
13431.39
13185.21
12943.54
kgf
O'dir= 12615.96 —2
12110.14 | €M
11775.68
11454.54

11142.15

10378.12

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reverse(crdir) x}
g = R > > adi = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0
0 399.6 799.2 1198.8 1598.4 1998 2397.6 2797.2 3196.8 3596.4 3996
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACE|BR
—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Gintersegao = 12039.03 —2
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 41.65m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =277-mm

d = ogir(c)

interse¢do = 1511.42.cm

. kg-m
Areaq = 192484.08'—2
cm
. kg-m
Area, = 326048.54'—2
cm
. kg-m
Area = 518532.61-—2
cm
12976.29 kg
Omn = 29 ——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18.6-t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 ——
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—

=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

CABOS C15=C16 (4915.2mm)

© © ©

®© & 6 0 ®

‘l 3858 !. 385.6 |l 385.6 ‘l 385.6 ‘I. 385.6 ‘l 385.8 ‘L 385.8 _‘L 385.6 ‘I. 385.6 ‘l 385.6 ‘{
LADD ATIVG - VOUTE . . . LADO ATIVO
[ H | 1 — 1 = | — ———fae
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L = 38.56m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
385.6 11.76 20.91
771.2 5.69 2.91
1156.8 4.04 2.91
1542.4 3.22 2.91
S = Oom,——.L=| 1928 |cm Aoglevacao = | 488 |° Aopjanta = | 291 |°
2313.6 4.06 2.91
2699.2 0.23 2.91
3084.8 0.23 2.91
3470.4 51 2.91
3856 0 2.91
aj= |Orad if i=1
i A CON 20t is1
Qi-1) + ( O‘eleva(;éoi) +( O‘plantai) >
i-rad otherwise
CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACE|BR
—
PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
12728.8
12352.35
12046.27
11773.99
kgf
Oesq = | 114541 | —
11169.64 | M
10971.47
10776.81

10477.06

10291.5

5.1
0.23
0.23

A6 4.06 |°

elevacdo ~
4.88
3.22
4.04

5.69

11.76

n=11

6= |Orad if i=1

Aeplanta =

291
291
291
291
291
291
291
291
291
20.91

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13700.75
13319.68
13083.36
12851.23
kgf
O'dir= 12532.07 —2
12191.58 | €M
11916.02
11620.75

11277.07

10291.5

a-= cspline(S,oeSq) b = cspline(S,odir)

reverse ("dir) J
X

(X) interp(al S 7esq x} (X) interp( S
0 = T 9, 5 OH; = —,o,
esq g g dir 9 9

13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 385.6 7712 1156.8 1542.4 1928 23136 2699.2 3084.8 34704 3856
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Cintersecdo = 11983.42 —
cm

rintersecao

Area; = Sesq () dx
Y0
rL

Area, = iy () dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 40.25m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 266-mm

d = ogir(c)

intersecdo = 1243.3-cm

. kg-m
Areaq = 156683.86'—2
cm
. kg-m
Area, = 339493.82'—2
cm
. kg-m
Area = 496177.68-—2
cm
12867.68 kg
Omn = .68.-——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

= 18.51

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 ——
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ACE | BR 'L& JUSTIGA FEDERAL

- eral da 18 Regido
PROJECTING TOMORROW j

CABOS C17=C18=C21=C22 (4215.2mm)

\ _//--_-.-.‘\\ _/'"-_--"\‘ / N /’/.-.-_- N {/'..--_-”.\\‘.

) (2) (3) (4) (5) (6)
ANy T 4 - - e ~ AN T e

W‘L 165.4 1'[ 165.4 1IL 165.4 1[ 165.4 1'[ 165.4 1IL

LADO PASSIVO ' 'LADO ATIVO - VOUTE

T T 1 — — T
C19,020 C17.C18 7

I T ——
<c17L18 ¢10,C20 | |

]

| VA7
t = tonne
. 2 265.8kN
Areateérica_ago = 143.4mm fptk = Aron o = 1853.56 MPa
tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 - —— p = 0.20 g =001—
2 m
cm
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0
165.4 1.93
s-o L . 330.8 A 4.14
=0cm,—— . L= cm o 30 = °
n-1 496.2 elevagéo 0
661.6 4.14
827 1.93

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13266.91
13024.99 | Kgf
©9 11202545 | .2
12689.75

12546.73

239.2kN
= 1668.06 MPa

Aopanta =

Ar€aiedrica_aco

e=272 L = 8.27m

13.25
1.25
1.25
1.25
1.25

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 165.4 330.8 496.2 661.6 827
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 107625.56-—2
0 cm
Area kg
O = o = 13013.97 ——
L 2
cm
L =9.10 A =143.4 2 E = 1950000 —kg
cabo = 9-+YUM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 187

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =61-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
ACE | BR 'L& JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

CABOS C19=C20=C23=C24 (4915.2mm)

___./""' N _"“\_‘ \ Vg ""‘\_ /"" ~ ™,
If 1 i 2 [ 3 I 4 i 5 1 6 ]
.\\\ /}/_.- N . .//," \\\. / -.\\ ./,‘_.- '._\ . -"/,-' \ ..’/‘_;
T T T T T T

.
:L1 09.41[1 09.41[1 09.41[1 09.41[1 09.41[

LADJ ATIVO - VOUTE

[d T o T Aaste—1 |
-T‘Chzucﬂcﬁ 6191020' [ [ 1C19,C2p C17,pj§

Va7
| | | |

2 265.8kN 239.2kN
= 143.4mm fptk = — = 1853.56 MPa fpyk = = 1668.06 MPa

Ar€aierica_ago Ar€aiedrica_aco

Aréaiegrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
o = O'pi = 13947.78-—2 p = 0.20 B =001— e=272 L =547m
cm m
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
109.4 0 18.82
s_o . 218.8 A 4.5 A 0.82
= Ocm, .L= cm (61 5 = ° (6" = °
n-1 328.2 elevagdo = | 5 15 planta = | ¢ g5
437.6 4.5 0.82
547 0 0.82

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (po+K:S)
O'esq = 0'1~e

13947.78
13032.4
12797.93 | kgf
°S | 12625.60 | .2
12398.55

12336.09

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

= ’Lg JUSTIGA FEDI

= st hagieat

13947.784

11158.227

8368.67
a(x)

5579.113

2789.557

L
Area = J o(x) dx

0
Area
O =
m L
Leabo = 6-30m
F

(Gm) '(Lcabo)

tedrico_aco

Altesrico =

média_cabo = “m A®eérica_aco

109.4 218.8 328.2 437.6
x (cm)
. kg-m
Area = 69865.29-—2
cm
12772.45 kg
Omn = A5 ——
m 2
cm
= 143.4~mm2

Ar€aiegrica_aco

= 18.3:t

=41-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ete()rico_ago

547

kg

= 1950000 —

217

cm



o 'L& JUSTICA FEDERAL

Trbunal Ragiona Fece

—
=/ACE|BR
—
PROJECTING TOMORROW

CABOS C25=C26 (4915.2mm)

=

(1 ‘2) (3) (4) (5) (6)
T T T T T T
L 2029 | 2029 | 2029 | 2029 | 2029 |
| | | | LADO ATIVO
e — | —————C13,C14
[ |c25C%® | e | ci e
T T V51 T T T 15.C‘[6
[ [ [
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L =10.15m
cm m
rad
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
203 0 1.53
s_o . 406 A 4.77 A 1.53
= Ocm, L= cm Q 30 = ° o =
n—1 609 elevacéo 0.33 planta 153
812 2.3 1.53
1015 3.77 1.53
aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevaqéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = 91

13947.78
13817.28
13522.76
13394.58
13212.29
12973.2

esq

e (p- otk S)

kgf

cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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—

ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 203 406 609 812 1015
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 136896.62-—2
0 cm
Area kg
O = Oy = 13487.35.——
L 2
cm
L = 11.00 A =143.4 2 E = 1950000 —kg
cabo = ++-YYmM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m Ar®tegrica_ago = 19-3°t

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 76-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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—
PROJECTING TOMORROW

CABOS C27=C28 (4915.2mm)

o ’L& JUSTICA FEDERAL

= Trtunat bagon fes

(1) (2 ) (3) (4 ) (5 (O )
N4 . N4 S S S N
T T T T T T
]'L 201.0 1'[ 201.0 1'L 201.0 1'[ 201.0 1'L 201.0 1'[
'LADO ATIVO ' ' ' ' '
c3CA————————— 1+ —— — — |
cerc28 11— ————— [T ! ! 27,02 l
C102 T T T V24 T T
[ [ [ [
Area 143.4mm? fptk 265.8kN 1853.56 MPa fpyk 239.2kN
tedrica_aco ~ : = = : =%
a6 Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272
2 m
cm
rad ,
kK = 3-p=0.002.— n==6 i=1,2.n
m
0 0 0
201 0.02 1.52
402 456 | 1.52
S = 0cm, 1 L= 603 cm Aaelevagéio = 0.57 Aaplanta = 150
804 1.76 1.52
1005 4.23 1.52

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

_ — (pot+K:S)
O'esq = 0'1~e

13947.78
13818.31
G 13533.88 | kgf
®9 11340341 | 2
13241.71

12983.27

CURITIBA - BRASILIA - RIO DE JANEIRO
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L = 10.05m
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ACE | BR ‘L& JUSTICA FED|
- J Tribunal Regional F.

PROJECTING TOMORROW j

a= cspline(S’Uesq)

_ a Oesq
o(X) = interp| —, S, , X
g g

13947.784
11158.227|
8368.67|
o(x)
5579.113
2789.557
0
0 201 402 603 804 1005
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 135668.08-—2
0 cm
Area kg
O = O = 13499.31.——
L 2
cm
L = 10.90 A =143.4 2 E = 1950000 —kg
cabo = +U-9YmM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®tegrica_ago = 194

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 75-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=A/ACEBR

PROJECTING TOMORROW

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

o ‘k_ JUSTICA FEDERAL

L s
V20 - CALCULO DAS ARMADURAS DE FRETAGEM

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 25cm n=3
ag = 18cm

d = 15cm

F]_ = Finicial'COS(zo) = 784.1 kN

T1

ap
0.25-F1-| 1 - — | = 54.89kN
a1

F2 = Fipicial C0S(5°) = 781.59kN

ap
Ty = 0.25-Fp-| 1 - — | = 54.71kN

a1
ap =2d+(n-1)-b=80cm

784.1
Fk =1 78159 [kN
781.59

2 n-a;
T,=—1-—1|- F = 97.8kN
n 3 a2 Z

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasid Melbhor™

qg=2 F
c =7cm

a1=a0+c=25cm

F3 = Fipjcial C0S(5°) = 781.59kN

ap
0.25-F3:| 1 - — | = 54.71kN

T3 =
a1
k=1.n
54.89
Tk =| 54.71 |kN
54.71

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =4.5cm
fyd

inicial = 491 Ar®ae¢rica_ago

z F = 2347.28 kN

= 784.58 kN

222



—

-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

= Asl = 1.26cm2

ASfretagem

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

ASZ

As = 2.250m2

estribos ~ 2

EXTREMIDADE PASSIVA

ay= Area da placa de distribuicdo
d = Distancia entre a face do concreto ao eixo da ancoragem

n = NUmero de ancoragens

n=1 Finicial = 784-58 kN
ag=18cm
d = 28cm ag = 2-d=56-cm
% kN
F = n-Finicia)-CoS(6°) = 780.28 kN T =025F|1-—|=132.37kN fyd = 43.48
33 2
cm
T 2
Asg = — =3.04cm
fyd
A B max(AsZ,As3) s 5
Sestribos =~ 5, -~ &22CM
L= max(a a,a )— 80cm bitola, = 10mm adotados = ceil ASestribos =3
- 1-92-93) ~ estribo = = " 5| =
(b'to aestribo)

T
4

Estribos adotados 5¢10.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm
perpendiculares ao tragado do cabo em planta.
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PROJECTING TOMORROW W

V21 - CABOS C1 a C3

CABO C1 (7¢12.7mm)

OB ONONONONONONONONCEONENERCRENRCEUMNECRCORTNED

| 2046 | 2046 | 2046 | 2046 | 2046 | 2046 | 2046 | 2045 | 2046 | 2045 | 2046 | 2046 | 2046 | 2046 | 2046 | 2046 | 2045 | 2046 | 2046 | 2046 |
) ) ) ) ) ) ) ) ) ) ) ) ) ) )

t = tonne
Areaegrica aco = 100.9mm®  fptk = — 873N _ 1g56.20MPa fpyk = — LO8ON  _ 1670.96MPa
- Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1370.19 MPa
kgf rad
01 = 0pj = 13972.03-—— p = 0.20 B = 0.01? e=272 L = 40.92m
cm
H:B-M:O.OOZE n=21 i=1,2.n
m
0 0 0

204.6 0 1.62
409.2 0 1.62
613.8 3.5 1.62
818.4 1.36 1.62
1023 4.69 1.62
1227.6 6.05 1.62
1432.2 0 1.62
1636.8 1.59 1.62
1841.4 4.46 1.62

S = Ocm,ﬁ.. L=| 2046 |cm Aagjeyacao = | 6:05 |° Acpjanta = | 1.62 |°
2250.6 4.54 1.62
2455.2 0 1.62
2659.8 4.54 1.62
2864.4 0 1.62
3069 0 1.62
3273.6 0 1.62
3478.2 0 1.62
3682.8 0 1.62
3887.4 3.07 1.62
4092 0 19.62
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PROJECTING TOMORROW 1

aj= |Orad if i=1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

i-rad otherwise

_ —(waskS)
O'esq = 0'1~e

13972.03
13836.51
13702.3
13463.86
13310.24
13028.27
12694.48
12571.35
12421.2
12167.27
kgf
Oesq = | 1185553 | —
11610.11 | M
11497.5
11259.49
11150.28
11042.13
10935.02
10828.96
10723.92
10551.5

9812.82
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PROJECTING TOMORROW

n=21 i=1,2..n

AeeIeva<;z§10 =

6= |Orad if i=1

Aeplanta =

o ’g JUSTICA FEDERAL

19.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62 |°
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

— (W 0+K-S)
Odir = 91°¢

13972.03
12993.89
12784.97
12660.96
12538.15
12416.54
12296.11
12176.84
11924.77
11809.1
kgf
ogir = | 11564.64 |- —
11268.35 | M
11037.98
10906.15
10800.37
10523.65
10300.71
10183.18
10005.98
9908.93
9812.82

a= cspline(S’Uesq)

(X interp(a S 7esq x}
O- = - 2 2 - b
esq g g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

=

ogir(X) = interp (— ,S,
g

Triuna! Reg

b = cspline (S , Udir)

revers: (O'dir) ’ XJ

13972.032
11177.626

Tesq®) 8383.219

(X
di®)  g5gg 813

2794.406

0
0 409.2 818.4

2455.2

2864.4 3273.6 3682.8 4092
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PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Ointersecéo = 11698.04._2
cm

rintersecao

Areal - Cesq () dx
Y0
L

Area2 - iy (9 O
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 42.55m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =278-mm

d = ogir(c)

interse¢do = 2160.47-cm

. kg-m
Areaq = 279697.75'—2
cm
. kg-m
Area, = 241120.65'—2
cm
. kg-m
Area = 520818.4-—2
cm
12727.72 kg
Omn = A2 ——
m 2
cm
= 100.9-mm

Ar€aiegrica_aco

=128t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW W

CABO C2 (7¢12.7mm)

OO ONONONONONONONCEONENECNCONONCEUMCICI DI D

L2145 | 2145 | 2145 | 2145 | 2145 | 2145 | 245 | 2145 | 2145 | 2145 | 2145 | 2145 | 2145 | 2145 | 2145 | 2145 | 2145 | 245 | 2145 | 2148 |

= ] I F
. 2 187.3kN 168.6kN
Areateérica_ago = 100.9mm fptk = ren = 1856.29 MPa fpyk = Aren . = 1670.96 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1370.19 MPa
kgf rad
01 = 0pj = 13972.03-—2 p = 0.20 B = 0.01? e=272 L = 42.90m
cm
HZB-LL:O.OOZ'E n=21 i=1,2.n
m
0 0 0
214.5 0 19.7
429 0.5 1.7
643.5 0 1.7
858 3.15 1.7
1072.5 0 1.7
1287 0 1.7
1501.5 0 1.7
1716 6.38 1.7
1930.5 2.24 1.7
S = Ocm,ﬁ.. L=| 2145 |cm Aagjeyacao = | 6:54 |° Aapianta = | 17 |°
2359.5 6.61 1.7
2574 0 1.7
2788.5 4.54 1.7
3003 0 1.7
3217.5 4.54 1.7
3432 0 1.7
3646.5 4.54 1.7
3861 1.34 1.7
4075.5 0 1.7
4290 0 1.7
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- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

aj= |Orad if i=1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

i-rad otherwise

_ —(waskS)
O'esq = 0'1~e

13972.03
12987.69
12852.34
12721.61
12509.86
12382.61
12256.66
12131.98
11804.82
11639.47
kgf
Oesq = | 1131947 |- —
11005.66 | ™M
10893.71
10665.07
10556.58
10335.01
10229.89
10015.17
9897.23
9796.56

9696.91

CURITIBA - BRASILIA - RIO DE JANEIRO
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n=21

1.34
4.54

4.54

4.54

A6 6.61

elevacéo ~
6.54
2.24

6.38

3.15

0.5

6= |Orad if i=1

—
ACE | BR ‘L* JUSTIGA FEDERAL

- Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

i=1,2..n

1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
Aeplanta =
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
19.7

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13972.03
13829.91
13689.23
13528.02
13244.09
13109.37
12834.22
12703.67
12437.03
12310.52
kgf
ogir = | 11969.24 |- —
11640.18 | M
11477.14
11167.63
11054.03
10941.59
10830.29
10650.03
10541.7
10431.84
9696.91

a= cspline(S,o— b= cspline(S,odir)

esa)

(X interp(al S 7esq x} (X) interp( S reveree (Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13972.032
11177.626

Tesq®) 8383.219

(X
di®)  g5gg 813

2794.406

0 429 858 1287 1716 2145 2574 3003 3432 3861 4290
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Gintersegao = 11639.97-—2
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area2 - o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 44-60m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =291-mm

d = ogir(c)

interse¢do = 1929.98-cm

. kg-m
Areaq = 240875.67'—2
cm
. kg-m
Area, = 305835.95'—2
cm
. kg-m
Area = 546711.62-—2
cm
12743.86 kg
Omn = .86 ——
m 2
cm
= 100.9-mm

Ar€aiegrica_aco

=129t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW bR
CABO C3 (7@12.7mm)

ONORONONONONORORORURONCRERCECECRUNORORDND,

| 1893 | 1803 | 1893 | 189.3 | 1893 | 1893 | 1893 | 1893 | 1893 | 1893 | 1893 | 189.3 | 1893 | 189.3 | 1893 | 1893 | 1893 | 1893 | 1893 | 1893 |
Ea D i~ D _c,
: 2 187.3kN 168.6kN
Areateérica_ago = 100.9mm fptk = ren = 1856.29 MPa fpyk = Aren . = 1670.96 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1370.19 MPa
kgf rad
01 = Opj = 13972.03- —— u = 0.20 B = 0.01? e=272 L = 37.85m
cm
n:@-uzo.ooz.E n=21 i=1,2.n
m
0 0 0
189.25 141 19.5
378.5 8.83 15
567.75 0 15
757 0 15
946.25 0 15
1135.5 2.23 15
1324.75 6.38 15
1514 2.22 15
1703.25 6.39 15
S = Ocm,ﬁ .L=] 18925 |cm Ao‘elevagao =|6.05|° Ao‘planta =| 15 |°
2081.75 151 15
2271 4.54 15
2460.25 0 15
2649.5 1.58 15
2838.75 4.47 15
3028 6.05 15
3217.25 4.03 15
3406.5 0 15
3595.75 0 15
3785 0 15
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Qj =

Orad if i=

—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

2 2 .. .
a(i‘1)+/(A0‘elevagéoi) +(A0‘plantai) if i>1

Oesq =

esq ™~

o1

13972.03
13001.01
12553.23
12440.5
12328.78
12218.06
12058.25
11740.99
11587.75
11282.49
10997.95
10875.31
10654.9
10559.21
10439.63
10230.42
9972.41
9786.73
9698.84
9611.74
9525.42

i-rad otherwise

e (p-ot+K-S)

kgf

cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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n=21

A6

elevacéo ~

8.83
1.41

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

—

ACE | BR ’g JUSTICA FEDERAL
— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

i=1,2..n

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
Aeplanta =
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
19.5

i-rad otherwise
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PROJECTING TOMORROW

— (W 0+K-S)
Odir = 91°¢

13972.03
13846.56
13722.21
13598.98
13345.77
13009.2
127485
12604.12
12490.93
12237.77
kgf
ogir=| 121013 |- —
11796.11 | M
11485.36
11335.46
11037.22
10892.85
10795.03
10698.09
10602.01
10236.86
9525.42

a= cspline(S’Uesq)

(X interp(a S 7esq x}
O- = - 2 2 - b
esq g g

ogir(X) = interp (— ,S,
g

o ‘k_ JUSTIGA FEDERAL
pomal Faderal 4 14 Aot

W’ Trbunai e

b = cspline (S , Udir)

revers: (O'dir) ’ XJ

13972.032
11177.626

Tesq®) 8383.219

(X
di®)  g5gg 813

2794.406

0
0 378.5 757

2271 2649.5 3028 3406.5 3785
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PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Cintersecdo = 11546.41 —
cm

rintersecao

Area; = Sesq () dx
Y0
rL

Area, = iy () dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 39.60m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 257-mm

d = ogir(c)

interse¢do = 1548.48-cm

. kg-m
Areaq = 191404.75'—2
cm
. kg-m
Area, = 288017.96'—2
cm
. kg-m
Area = 479422.7 —
cm
12666.39 kg
Omn = 39—
m 2
cm
= 100.9-mm

Ar€aiegrica_aco

=128t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

kg

= 1950000 —

238

cm



—

-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

V21 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem
n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

n=1 Finicial = 7-01-Ar€2tg6rica_aco = 967-76 kN
ag = 18.5cm
d = 67.5cm a| = 2-d=135-cm
2o kN
F = n-Finicia)-CoS(4°) = 965.41kN T =0.25-F|1- — | =208.28kN fyd = 43.48 —
al 2
cm
T 2
Asl = —=4.79cm
fyd
Asl 2
ASestribos = 5 - 2.4cm
, , ASestribos
L =a;=135cm b't°|aestribo = 8mm adotados = ceil _ > =5
(b'tOIaestribo)

T
4
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PROJECTING TOMORROW ‘I

EXTREMIDADE ATIVA

b = 30cm n=2 g=1 Finicial = 7'01'Areateérica_a(;o = 967.76 KN
ag=18.5cm c = 11.5cm
d = 52.5cm a; =ap+c=30cm
Fq = Finicial'COS(lo) = 967.62kN Fo = FiniCial'COS(So) = 966.44 KN
) )
T1 = 0.25-F1-| 1 - — | = 92.73kN To = 0.25-Fp-| 1 — — | = 92.62kN
a a
1 1

ap = 2:d+ (n-1)-b=135cm k=1.n

967.62 92.73
Fi = kN Tk = kN z F = 1934.05kN

966.44 92.62

2 n-a; kN
Th=—|1-— ~ZF:716.32kN fyd:43.48—2

3 az cm

max(T) 2 Th 2
Asq = =2.13cm Asy = Q| — | =16.47cm
fyd fyd
2
ASfretagem = Asq = 2.13cm
Adotado espiral 8.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.
ASZ 2
ASestribos = > 8.24cm
L = max(a a )— 135cm bitola, = 10mm adotados = cell ASestribos =11
- 1-92) = estribo ~ - bitol o |~
( Ito aestribo)
"

4

Estribos adotados = 11 ©10.0mm em cada trecho de ancoragem ativa distribuidos em L = 135cm
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J rntegon
PROJECTING TOMORROW j

V24 =V28 - CABOS C1 a C15

@@@@@@@Q@Q@

248.5 248.5 248.5 248.5 248 5 248 5 248.5 248.5 248.5 248.5

CABOS C1=C2=C3=C4=C5 (7915.2mm)

t = tonne

2 265.8kN 239.2kN
= 143.4mm fptk = = = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aierica_ago Ar€aiedrica_aco

Aréaiegrica_aco

o, = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

pi
kgf rad
01 = Opj = 13947.78- — p = 0.20 B =0.01— e=272 L = 24.85m
cm m
rad .
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0
248.5 0 0
497 0 0
745.5 4.83 0
994 1.82 0
L
S = Ocm,m .L=112425 |cm Aaelevagéio =141 AOLplanta =10
1491 2.77 0
1739.5 3.19 0
1988 4.83 0
2236.5 0 0
2485 0 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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PROJECTING TOMORROW 1

Tesq = "1'6_(M'OL+H'S)
13947.78
13878.64
13809.83
13511.63
13359.5
kgf
Oesq=| 13228 | —
13035.77 | M
12827.5
12550.52

12488.29

12426.38

4.83
3.19

A6 277 |°

elevacéo ~ Aeplanta =

141
1.82
4.83

O O O O O O o o o o o
o

n=11
6= |Orad if i=1

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise
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PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.64
13809.83
13511.63
13295.76
ogir = | 13102.54 >
12973.57 | €M

12827.5
12550.52
12488.29
12426.38

kgf

a= cspline(S,oeSq) b= cspline(S,odir)

reverse ("dir) J
X

(X) interp(a S 7esq x} (X) interp(b S
0 = T a9, OH; = —,o,
esq g g dir 9 9

13947.784

11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 248.5 497 745.5 994 1242.5 1491 1739.5 1988 2236.5 2485
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1330.53-cm
Sintersecéo
kg
Cintersecdo = 13163.28 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACEBR f = ssncn reocens
— Sy [ TR e 1 ey
PROJECTING TOMORROW j

rintersecao

. . kg-m
Areaq = X) dx Areaq = 180954.59 - ——
1 Gesq( ) 1 5
‘0 cm
rL
Area, = oqir(X) dx Area, = 157477 68»kg—'m
2~ dir 2= : 2
“intersecdo cm
. o p . kg-m
Area = (Areal) + (Areaz) Area = 338432.26-—2
cm
Area 13619 kg
g, = o, = —_—
m L m 5
cm
L = 26.50 A =143.4 2 E = 1950000 _kg
cabo = <0-oUM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 19-9°
(Gm)'(Lcabo)
Alteorico = £~ 185-mm
tedrico_aco
CABOS C6=C7=C8=C9=C10 (7915.2mm)
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272 L = 24.85m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
248.5 0 0
497 0 0
745.5 2.38 0
994 0.42 0
S = Ocm, ——..L = 12425 | cm Acglevacio =| 0 |° Acpanta = | 0 |°
1491 0 0
1739.5 0.42 0
1988 2.38 0
2236.5 0 0
2485 0 0

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13878.64
13809.83
13627.68
13540.25
kgf
Oesq = | 13473.12 | —
13406.33 | M
13320.32
13144.62

13079.46

13014.61

2.38
0.42

A6

elevacdo ~ Aeplanta =

0.42
2.38

O O O O O O o o o o o
o

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.64
13809.83
13627.68
13540.25
kgf
O'dir= 13473.12 —2
13406.33 | M
13320.32
13144.62

13079.46

13014.61

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reverse(crdir) x}
g = R > > adi = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 2485 497 7455 994 12425 1491 17395 1988 22365 2485
x (cm)

CURITIBA - BRASILIA - RIO DE JANEIRO
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=/ACE|BR
—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Gintersegao = 13473.12 —2
cm

rintersecao

Areal - Cesq (%) dx
Y0
L

Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 26-45m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 186-mm

d = ogir(c)

intersegdo = 1242.5-cm

. kg-m
Areaq = 170373.55'—2
cm
. kg-m
Area, = 170402.19'—2
cm
. kg-m
Area = 340775.73-—2
cm
13713.31 kg
Omn = Sl——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.7t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

CABOS C11=C12=C13=C14=C15 (7915.2mm)

2 265.8kN 239.2kN
= 143.4mm fptk = = 1853.56 MPa fpyk = = 1668.06 MPa

Ar€aiebrica_ago Ar€aiedrica_aco

Aréaiegrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 24.85m
cm

rad )
k = B3-p=0.002-— n=11 i=1,2.n
m

248.5
497
745.5
994
.L=]1242.5 |cm Ao
1491
1739.5
1988
2236.5
2485

o
N

S = 0cm,

elevacdo = Aopanta =

n-1

o
O O o p O O p O O O O
o

N

O O O O O o o o o o o
o

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = Ul'e_(uﬂms)
13947.78
13878.64
13809.83
13741.36
13653.21
kgf
Tesq = | 13585.52 | —
13518.17 | M
13431.44
13364.85

13298.6

13232.67

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

A6

O O O O O O o o o o o
o

0
0
0
0
4
elevacdo ~ U Aeplanta:
0
4
0
0
0

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.64
13809.83
13741.36
13653.21
ogir = | 13585.52 >
13518.17 | M

13431.44

kgf

13364.85
13298.6

13232.67

a= cspline(S,o— b= cspline(S,cdir)

esq)

(X interp(al S 7esq x} (X) interp(b S
0 = T a9, OH; = —,o,
esq g g dir 9

CURITIBA - BRASILIA - RIO DE JANEIRO
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-A E | BR ‘k_ JUSTIGA FEDERAL
— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

13947.784

11158.227

TesqX)  8368.67

0di® 5576 113
2789.557
0
0 248.5 497 745.5 994 1242.5 1491 1739.5 1988 2236.5 2485
x (cm)
L
cC =— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) intersegdo = 1242.5-cm
Sintersecéo
kg
Cintersecdo = 13585.52 -—2
cm
rintersecao
. . kg-m
Areaq = cresq(x) dx Areaq = 171090.45~—2
‘0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 171091.84~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = ’3,42182.28-'«‘:]—'m
2
cm
Area kg
O = o = 13769.91.——
L 2
cm
L = 26.45 A = 1434 2 E = 1950000 _kg
cabo = £0-4°M r®atebrica_ago = ~4°-4- MM tedrico_aco = >
cm

Fmédia_cabo = “m A®egrica_ago = 19-7°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 187-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

o ‘k_ JUSTICA FEDERAL
ant

= J gt s s

V24 = V28 - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo
b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 30cm n=3

ag = 25cm

d = 20cm

F1 = Finicial:C0S(1°) = 1372.8kN
4o

Ty = 0.25-F1 1 - — | = 57.2kN
4

F2 = Finicial'Cos(3°) = 1371.13kN

T2

ap
0.25-Fp-| 1 - — | = 57.13kN
a1

ap = 2:d+ (n-1)-b=100cm

1372.8
Fi=| 1371.13 |kN
1367.78
2 n-aj
Th=—|1-— ~ZF: 274.11 kN
3 a2
max (T
S = (1) = 1.320m2
d

CURITIBA - BRASILIA - RIO DE JANEIRO

g=>5 F

5cm

(¢}
Il

a1=a0+c=30cm

F3 = Finicial-c0S(5°) = 1367.78kN
ag
T3 = 0.25-F3-| 1 - — | = 56.99kN
a1
k=1.n
57.2
Tk=1|57.13 |kN
56.99

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =31.52cm
fyd

"Conrebumdo para wm Brasid Melbhor™

inicial = 7"91"Ar®ategrica_ago

z F=4111.71kN

= 1373.01 kN
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ACE | BR ‘g JUSTIGA FEDERAL

- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

= Asl = 1.32cm2

ASfretagem

Adotado espiral g12.5mm - 7 passos por cabo em cada trecho de ancoragem ativa.

ASZ 2
Asestribos = _6 =5.25cm
, _ ASestribos
L= max(al, 32) =100cm b'tOIaestribo = 8mm adotados = ceil >
(bitOIaestribo)
T 4

Estribos triplos adotados = 11 ¢8.0mm em cada trecho de ancoragem ativa distribuidos em L = 100 cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

V30 - CABOS C1 a C6

AN N AN N SN AN -~ A 'y A N
(1) (2) (3) (4) (9) 6 (7 8) (9 (10) (11
\MT/ N . T/ S N N \T_.) g \T> . T/ S~
| 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 |
LADO PASSIVO 1 I ]—‘\—v—[ | | | rl—'\’—[l I LADO ATIVO H
S B =S ——————— = - Coc8
gl . ; - _%}ﬁ - ] ; e
. ] A |,:Aa \ \ \ L A [ pas . A
| | | | | |
CABOS C1=C2 (6g12.7mm)
t = tonne
: 2 187.3kN 168.6kN
Areateérica_ago = 100.9mm fptk = ren = 1856.29 MPa fpyk = Aren . = 1670.96 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1370.19 MPa
kgf rad
01 = Opj = 13972.03-—2 p = 0.20 g =001— e=272 L =24.87m
cm m
rad ,
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0
248.7 0 0
497.4 0 0
746.1 4.01 0
994.8 0 0
L
S = Ocm,m .L=112435 |cm Aaelevagéio =| 277 AOLplanta =10
1492.2 7.58 0
1740.9 4.28 0
1989.6 0.53 0
2238.3 7 0
2487 0 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

o = o_l.e—(u-cxﬂe-S)
13972.03
13902.71
13833.73
13573.75
13506.41
o= | 1331007 |—9
12898.2 | M

12643.89
12557.9

12193.96

12133.46

a = cspline(S, o)

) a o
o(X) = interp [— ,S,—, xj
g 9

13972.032

11177.626)

8383.219
o(x)

5588.813

2794.406

0
0 248.7 497.4 746.1 994.8 12435 14922 1740.9 1989.6 2238.3 2487
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 326852.58-—2
0 cm

Area kg

o = o = 13142.44. —
L 2
cm
L = 25.65 A = 100.9 2 E = 1950000 —kg
cabo = 4°-0°M r®atebrica_ago = +VV-2-MM tedrico_aco =
cm

F =13.3t

média_cabo = m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 173-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

CABOS C3=C4 (6912.7mm)

187.3kN

Area; ¢
teérica_aco A _
Ar€aiebrica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1370.19 MPa
kgf rad
01 = Opj = 13972.03- —— u = 0.20 B =001—
2 m
cm
rad
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0
248.7 0
497.4 0
746.1 2.01
994.8 0
S = Ocm, 1 L=11243.5 [cm Ao‘elevagao =|278 |°
n j—
1492.2 7.56
1740.9 4.22
1989.6 0.56
2238.3 4.01
2487 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

= 100.9mm2 fptk = = 1856.29 MPa fpyk =

o ‘L: JUSTICA FEDERAL

Tribunal Regional

168.6kN

Ar€aiedrica_aco

e=272

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
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= 1670.96 MPa

L = 24.87m
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— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

o = o_l.e—(u-cxﬂe-S)
13972.03
13902.71
13833.73
13668.85
13601.03
o= | 13402.85 | —<9
12989.02 | M

12735.58
12647.64

12409.96

12348.38

a = cspline(S, o)

) a o
o(X) = interp [— ,S,—, xj
g 9

13972.032
11177.626)
8383.219
o(x)
5588.813
2794.406
0
0 248.7 497.4 746.1 994.8 12435 14922 1740.9 1989.6 2238.3 2487
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 329089.01-—2
0 cm
Area kg
o = o = 13232.37 ——
L 2
cm
L = 25.65 A = 100.9 2 E = 1950000 —kg
cabo = 4°-0°M r®atebrica_ago = +VV-2-MM tedrico_aco =
cm
F =134t

média_cabo = m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = =174-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

CABOS C5=C6 (6912.7mm)

187.3kN

Area; ¢
teérica_aco A _
Ar€aiebrica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1370.19 MPa
kgf rad
01 = Opj = 13972.03- —— u = 0.20 B =001—
2 m
cm
rad
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0
248.7 1
497.4 0
746.1 0
994.8 0
S = Ocm, 1 L=11243.5 [cm Ao‘elevagao =|281|°
n j—
1492.2 7.55
1740.9 4.74
1989.6 0
2238.3 1
2487 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

= 100.9mm2 fptk = = 1856.29 MPa fpyk =

o ‘L: JUSTICA FEDERAL

Tribunal Regional

168.6kN

Ar€aiedrica_aco

e=272

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
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O O O O O o o o o o o

= 1670.96 MPa

L = 24.87m

257



—

=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

o = o_l.e—(u-cxﬂe-S)
13972.03
13854.26
13785.52
13717.12
13649.06
o= | 13448.78 | —9
13033.98 | M

12756.49
12693.2

12586.21

12523.76

a = cspline(S, o)

) a o
o(X) = interp [— ,S,—, xj
g 9

13972.032
11177.626)
8383.219
o(x)
5588.813
2794.406
0
0 248.7 497.4 746.1 994.8 12435 14922 1740.9 1989.6 2238.3 2487
x (cm)
L
. . kg-m
Area = J o(x) dx Area = 330165.61-—2
0 cm
Area kg
o = oy = 13275.66-——
L 2
cm
L = 25.65 A = 100.9 2 E = 1950000 —kg
cabo = 4°-0°M r®atebrica_ago = +VV-2-MM tedrico_aco = >
cm
F =134t

média_cabo = m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 175-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

o "Q JUSTICA FEDERAL
ant

V30 (2° PAVIMENTO) - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem
n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 25cm n=3 q=2 Finicial = 6-91-Areatesrica aco = 829.51 kN
ag = 18.5cm c = 6.5cm
d = 15cm a; =ap+c=25cm
Fq = Finicial'COS(lo) = 829.39kN F3 = Finicial'COS(4°) = 827.49 kN
) )
Tq1 = 0.25-F1-|1- — | =53.91kN T3 = 0.25-F3|1 - — | = 53.79kN
a1 a1
Fo = Finicial'COS(zo) = 829.01 kN
)
Ty = 0.25-Fp-| 1 - — | = 53.89kN
a1
ap =2d+(n-1)-b=80cm k=1.n
829.39 53.91
Fi = | 829.01 | kN Tk =| 53.89 |kN Z F = 2485.88 kN
827.49 53.79

2 n-a;
Th=—|1-— ~ZF: 103.58 kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =4.76cm
fyd

"Conrebumdo para wm Brasid Melbhor™
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— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

2
ASfretagem = Asl =1.24cm

Adotado espiral 8.0mm - 5 passos por cabo em cada trecho de ancoragem ativa e passiva.

ASZ 2
Asestribos = —2 = 2.38cm
, , ASestribos
L= max(al, 32) =80cm b't°|aestribo = 8mm adotados = ceil > =5
(bitOIaestribo)

T
4

Estribos adotados = 5 28.0mm em cada trecho de ancoragem ativa e passiva distribuidos em L = 80cm

V35 - CABOS C1 a C6

AN A ) AN = 2N N o () 10 s
"\_? / '\[_/" ‘\53]_ J I\_T,/ K?/ \,?_ Y I\_I_/' I\?/' '\?_/’ '\159"I I\j I:I/
| 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 | 2487 |
il ' ‘ [ r
53’;(5; ——— ——— 4'4'5 e e —— T
: ‘N‘Hh L] pm: V3 PAR
[ [ [ | [ [ [
CABOS C1=C2 (6@15.2mm)
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78-—2 p = 0.20 B =0.01— e=272 L = 24.87m
cm m
rad .
kK = B-p=0.002-— n=11 i=1,2.n
m
0 0 0
248.7 0 0
497.4 0.12 0
746.1 4.17 0
994.8 6.37 0
L
S = Ocm,m .L=112435 |cm Aaelevagéo =15.93 AOLplanta =10
1492.2 2.05 0
1740.9 0.63 0
1989.6 3.59 0
2238.3 2.83 0
2487 0 0

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13878.58
13803.94
13536.96
13173.59
kgf
Oesq = | 12839.68 |- —
12684.88 | M
12594.22
12375.67

12193.21

12132.72

2.83
3.59
0.63

A6 2.05 |°

elevacdo ~ Aeplanta =

5.93
6.37
4.17
0.12

O O O O O O o o o o o
o

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.58
13673.97
13436.68
13340.65
ogir=| 13179.8 >
12845.74 | M

12500.92

kgf

12259.15
12193.21

12132.72

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 248.7 497.4 746.1 994.8 12435 1492.2 1740.9 1989.6 2238.3 2487
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1103.74-cm
Sintersecéo
kg
Cintersecdo = 13012.73 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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— Sy [ TR e 1 ey
PROJECTING TOMORROW j

rintersecao

A ) d A 150547.2.¥9°M
rea; = X) dx reaq = 2. —
1 Oesq 1 5
‘0 cm
rL
Area, = oqir(X) dx Area, = 187136 89»kg—'m
2~ dir 2= : 2
“intersecdo cm
. o p . kg-m
Area = (Areal) + (Areaz) Area = 337684.09-—2
cm
Area kg
o = Opy = 13577.97 ——
L 2
cm
L = 26.55 A =143.4 2 E = 1950000 —kg
cabo = £0-o°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 19-9°
(Gm)'(Lcabo)
Alteorico = £~ 185-mm
tedrico_aco
CABOS C3=C4 (6915.2mm)
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_ago
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L =24.87m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2..n
m
0 0 0
248.7 0 0
497.4 4.01 0
746.1 1.1 0
994.8 7.4 0
S = 0om, —— . L =| 12435 | om Acglevacio = | 63 |° Aopianta = | 0 |°
1492.2 3.03 0
1740.9 3.03 0
1989.6 0 0
2238.3 4.01 0
2487 0 0

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = "1'6_@'0%'5)
13947.78
13878.58
13617.76
13498.27
13088.79
kgf
Oesq = | 12740.57 |- —
12543.98 | M
12350.42
12289.14

12058.19

11998.37

4.01

3.03
A6 3.03 |°
6.3
7.4
11

4.01

elevacdo ~ Aeplanta =

O O O O O O o o o o o
o

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.58
13617.76
13550.2
13341.11
ogir = | 13135.25 >
12785.79 | M

12397.93

kgf

12289.14
12058.19

11998.37

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 248.7 497.4 746.1 994.8 12435 1492.2 1740.9 1989.6 2238.3 2487
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1093.42-cm
Sintersecéo
kg
Cintersecdo = 12927.02 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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— Sy [ TR fors .10 pogie
PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 148539.11-9—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 188406.94-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 336946.05-k(‘:)—'m
2
cm
Area kg
o = Oy = 13548.29 ——
L 2
cm
L = 26.50 A =143.4 2 E = 1950000 —kg
cabo = <0-oUM r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =194t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 184-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW W

CABOS C5=C6 (6915.2mm)

Ar€aiegrica_ago = 143

O'pI

.4mm2

13947.78 kof
01 = Opi = Ao ——
1 pi 2

cm

rad
kK = 3-p=0.002.—
m

S = 0cm,

n-1

aj= |Orad if i=1

248.7
497.4
746.1
994.8
1243.5
1492.2
1740.9
1989.6
2238.3
2487

cm

fotk = — _ 1853.56MPa fpyk = —
Ar€aiebrica_ago Ar€aiedrica_aco

265.8kN 239.2kN

= min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

p = 0.20 g =001— e=272

n=11 i=1,2.n

11
1.85

Ao 0.75 |° Ao‘planta =

elevacdo ~

o +» O O

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"
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= 1668.06 MPa

L = 24.87m
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—
PROJECTING TOMORROW

Oesq = 91°€ (roceS)
13947.78
13830.22
13761.6
13640.84
13485.79
kgf
Tesq = | 13383.79 | —
13317.39 | M
13251.31
13185.56

13074.42

13009.55

o O » O O

AeeIeva<;z§10 =
0.75
1.85

11

n=11

6= |Orad if i=1

Aeplanta =

O O O O O O o o o o o

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o ’g JUSTICA FEDERAL

CURITIBA - BRASILIA - RIO DE JANEIRO
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.58
13761.6
13693.32
13625.38
ogir = | 13557.77 >

13455.23 | M
13302.29

kgf

13185.56
13120.14

13009.55

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 248.7 497.4 746.1 994.8 12435 1492.2 1740.9 1989.6 2238.3 2487
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1027.18-cm
Sintersecéo
kg
Cintersecdo = 13468.78 - ——
cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW 1

rintersecao

. . kg-m
Areaq = cresq(x) dx Areaq = 141012.55-9—2
Jo cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 200140.04-—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 341152.59-k(‘:)—'m
2
cm
Area kg
o = Oy = 13717.43 ——
L 2
cm
L = 26.45 A =143.4 2 E = 1950000 —kg
cabo = £0-4°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
F =19.7-t

média_cabo = “m A®esrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 186-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

o "Q JUSTICA FEDERAL
ant

ﬁ‘ Tribunal Regional Feders di 14 Aeg)

V35 (2° PAVIMENTO) - CALCULO DAS ARMADURAS DE FRETAGEM

ay= Area da placa de distribuicdo
b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 25cm n=3
ag = 22cm

d = 15cm

F1 = Finicial"c0S(1°) = 1176.68kN

T1

ap
0.25-F1-| 1 - — | = 35.3kN
a1

F2 = Fipjcial'c0s(4°) = 1174 kN

T2

ap
0.25-Fp-| 1 - — | = 35.22kN
a1

ap =2d+(n-1)-b=80cm

1176.68
Fk=| 1174 |kN
1172.39

2 n-aj
Th=—|1-— ~ZF: 146.79 kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO

qg=2 F

3cm

(¢}
Il

a1=a0+c=25cm

F3 = Finigial-C0S(5°) = 1172.39kN
a0
T3 = 0.25-F3:| 1 - — | =35.17kN
a1
k=1.n
353
Ty =| 35.22 |kN
35.17

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =6.75cm
fyd

"Conrebumdo para wm Brasid Melbhor™

inicial = 6:91-Ar€aegrica_aco

Z F = 3523.07kN

= 1176.86 kN
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PROJECTING TOMORROW j

= Asl =0.81 cm2

ASfretagem

Adotado espiral 10.0mm - 5 passos por cabo em cada trecho de ancoragem ativa.

ASZ 2
Asestribos = —2 = 3.38cm
, _ ASestribos
L= max(al, 32) =80cm b'tOIaestribo = 8mm adotados = ceil > =7
(bitOIaestribo)

T
4

Estribos adotados = 7 28.0mm em cada trecho de ancoragem ativa distribuidos em L = 80 cm

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 272



—
ACE | BR ‘kmsnc,\ FEDERAL

‘ Tribunal Regional 10 Regido)
PROJECTING TOMORROW j

V38 - CABOS Cl e C2

©. 2.9 0. 0 0 0 e 0 00

248.7 248.7 248.7 248.7 248.7 248.7 248.7 248.7 248.7 248.7

CABO C1 (7¢15.2mm)

t = tonne

2 265.8kN 239.2kN
= 143.4mm fptk = = = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aierica_ago Ar€aiedrica_aco

Aréaiegrica_aco

o, = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

pi
kgf rad
01 = 0pj = 13947.78 - — p = 0.20 g =001— e=272 L = 24.87m
cm m
rad ,
k= PB-p=0.002-— n=11 i=1,2.n
m
0 0 0
248.7 0 0
497.4 3.02 0
746.1 2.53 0
994.8 1.53 0
L
S = Ocm,m .L=112435 |cm Aaelevagéo =|1.58 AOLplanta =10
1492.2 0 0
1740.9 3.1 0
1989.6 0 0
2238.3 0 0
2487 4.98 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW j

_ —(rok:S)
O'esq = 0'1~e

13947.78
13878.58
13664.9
13477.55
13339.25

kgf
Tesq = | 1820006 |-—
13134.57 | M
12928.74
12864.59
12800.76

12517.74

n=11 i=1,2.n

4.98

3.1

A6

elevacéo ~ Aeplanta =

1.58
1.53
2.53
3.02

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13639.41
13571.73
13504.39
13292.77

kgf
O'dir= 13226.81 —2
13088.8 | ¢M
12954.49
12776.87
12580.16
12517.74

a= cspline(S,oeSq) b= cspline(S,odir)

reverse ("dir) J
X

(X) interp(al S 7esq x} (X) interp( S
0 = T 9, 5 OH; = —,o,
esq g g dir 9 9

13947.784

11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 248.7 4974 7461  994.8 12435 14922 1740.9 1989.6 22383 2487
x (cm)
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PROJECTING TOMORROW

L
c=—
2
Given
d= O'esq (c)
intersecao
= Find(c, d)
Tintersecao
kg
Ointersecéo = 13210.87 -——
cm
rintersecéo
Area; = T (9 X
“0
rL
Area, = o i () dx
“intersecéo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 26-50m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 184-mm

d = ogir(c)

intersegdo = 1214.33-cm

A kg-m
Area = 165131.02.—2
cm
. kgm
Area2 = 171937.42~—2
cm
A kg-m
Area = 337068.44-—2
cm
13553.21 kg
O = 21 . ——
m 2
cm
=143.4-mm

Ar€aiegrica_aco

=19.4-1t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 —
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PROJECTING TOMORROW W

CABO C2 (7¢15.2mm)

Area 143.4mm? fptk 265.8kN 1853.56 MPa  fpyk 239.2kN
tedrica_aco ~ ' =i = : ey
a6 Ar€aiebrica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
248.7 0.97 0
497.4 2.53 0
746.1 0 0
994.8 1.56 0
S = Ocm,———..L = | 12435 |cm Aogleyacio = | 155 |° Acpjanta = | 0
1492.2 0 0
1740.9 3.1 0
1989.6 0 0
2238.3 0 0
2487 55 0
aj = |Orad if 1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
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= 1668.06 MPa

L = 24.87m
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PROJECTING TOMORROW j

e (po+k-S)

Oesq = 91

13947.78
13831.67
13642.03
13574.34
13433.64
kgf
Oesq = | 1829486 | —
13228.89 | M
13021.58
12956.98

12892.69

12584.77

n=11 i=1,2.n

55

3.1
Aeelevagéo: 0 Aeplanta =
1.55

1.56

2.53
0.97

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13614.67
13547.12
13479.9
13268.66

kgf
O'dir= 13202.83 —2
13066.43 | €M
12930.99
12866.83
12690.42
12584.77

a= cspline(S,oeSq) b= cspline(S,odir)

reverse ("dir) J
X

(X) interp(al S 7esq x} (X) interp( S
0 = T 9, 5 OH; = —,o,
esq g g dir 9 9

13947.784

11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 248.7 4974 7461  994.8 12435 14922 1740.9 1989.6 22383 2487
x (cm)
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PROJECTING TOMORROW

L
c=—
2
Given
d= Gesq (c)
intersecéo
= Find(c, d)
Tintersecao
kg
Gintersegao = 13258.16 - ——
cm
rintersecao
Area; = Cesq (%) dx
Y0
L
Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 26-50m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 184-mm

d = ogir(c)

intersegdo = 1423.48-cm

. kg-m
Areaq = 193287.99'—2
cm
. kg-m
Area, = 143994.26'—2
cm
. kg-m
Area = 337282.25-—2
cm
13561.81 kg
Omn = 8l.——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.4-1t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 —
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PROJECTING TOMORROW

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 30cm n=o2
ag = 25cm

d = 25cm

F1 = Finicigl'c0s(3°) = 1371.13kN

T1

ap
0.25-F1-| 1 - — | = 57.13kN
a1

ap =2.d+(n-1)-b=80cm
1371.13

Fk = kN
1365.49

2 n-ap
Th=—|1-— ~ZF:456.1kN
3 as

max(T) =1 Slcm2

Sl—

CURITIBA - BRASILIA - RIO DE JANEIRO

g=1 F
c = 5cm

a1=a0+c=30cm

F2 = Finicial €0S(6°) = 1365.49kN

—
N
Il

ap
0.25-Fp-| 1 - — | = 56.9kN
a1

57.13
Tk = kN
56.9

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =10.49cm
fyd

"Conrebumdo para wm Brasid Melbhor™

o ‘k_ JUSTICA FEDERAL

L s
V38 - CALCULO DAS ARMADURAS DE FRETAGEM

inicial = 7"91"Ar®ategrica_ago

z F = 2736.61kN

= 1373.01 kN
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PROJECTING TOMORROW j

= Asl = 1.31cm2

ASfretagem
Adotado espiral g12.5mm - 7 passos por cabo em cada trecho de ancoragem ativa.

ASZ

2
Asestribos = —2 =5.24cm
, _ ASestribos
L= max(al, 32) =80cm b'tOIaestribo = 8mm adotados = ceil > =11
(bitOIaestribo)
T 4

Estribos adotados = 11 #8.0mm em cada trecho de ancoragem ativa distribuidos em L = 80cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW W

V43- CABOS C1 a C9

2 oY T8 o B N 2 2 o) A A2
© @ 66 & &6 & O ® © w0 4
| 2478 | 2478 | 247.8 | 2478 | 2478 | 2478 | 2478 | 247.8 | 247.8 2478 |
C6,C7.C8 : Sl : e '-‘._]-__L-_' ‘: I _\::‘:L_-:——‘ L : t — e — C7,C8,C9
B e A e e T T
! ! J—;VI—L ! ! ! J—,\‘—L |
| | | | | |
CABOS C1=C2=C3 (7915.2mm)
t = tonne
: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78-—2 p = 0.20 B =001— e=272 L =24.78m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
247.8 0 0
495.6 3.93 0
743.4 3.34 0
991.2 10.01 0
L
S = 0cm, H .L= 1239 cm Aaelevagéio =1 10.01 AOLplanta =10
1486.8 10.09 0
1734.6 10.09 0
1982.4 0 0
2230.2 9.54 0
2478 0 0
aj= |Orad if i=1
~ A 24 (A 20t is1
Q(i-1) + ( O‘elevagéoi) +( O‘plantai) >
i-rad otherwise
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ACE | BR ‘L* JUSTIGA FEDERAL

- Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

e (po+k-S)

Oesq = 91

13947.78
13878.83
13622.06
13397.6
12873.59
kgf
Oesq = | 1237008 |- —
11882.94 | M
11414.99
11358.55

10932.22

10878.17

n=11 i=1,2.n

9.54

10.09
10.09 ° Aeplanta =
10.01

AeeIeva<;<'?10 =
10.01
3.34
3.93

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.83
13357.9
13291.86
12768.42
kgf
O'dir = 12265.6 —2

11785.86 | M
11324.89
11138.29

10932.22

10878.17

a= cspline(S,o— b= cspline(S,odir)

esa)

revers: (O'dir) ’ XJ

11158.227]

TesqX)  8368.67

(X) interp(al S 7esq x} (X) interp( S
0 = T 9, 5 OH; = —,o,
esq g g dir 9

(X
odir®  g579.113

2789.557

0 247.8 495.6 743.4 991.2 1239 1486.8 1734.6 1982.4 2230.2 2478
x (cm)
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PROJECTING TOMORROW

L
c=—
2
Given
d= Gesq (c)
intersecéo
= Find(c, d)
Tintersecao
kg
Gintersegao = 12320.91-——
cm
rintersecao
Area; = Cesq (%) dx
Y0
L
Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 26-50m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 181-mm

d = ogir(c)

interse¢do = 1265.27-cm

. kg-m
Areaq = 169227.92'—2
cm
. kg-m
Area, = 161196.28 - ——
2
cm
. kg-m
Area = 330424.2-—2
cm
13334.31 kg
Omn = Sl——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.1t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 —

286

cm
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—
PROJECTING TOMORROW

CABOS C4=C5 (7915.2mm)

265.8kN

Area; ¢
teérica_aco A _
Ar€aiebrica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001—
2 m
cm
rad
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0
248.7 0
497.4 0
746.1 4.11
994.8 8.7
S = Ocm, 1 L=11243.5 [cm Ao‘elevagao =| 87 |°
n j—
1492.2 6.97
1740.9 6.97
1989.6 0
2238.3 4.85
2487 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

= 143.4mm2 fptk = = 1853.56 MPa fpyk =

o ‘L: JUSTICA FEDERAL

Tribunal Regional

239.2kN

e=272

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
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Ar€aiedrica_aco

O O O O O o o o o o o

= 1668.06 MPa

L = 24.87m
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~ Tribunal Regional Federal ds 18 Regido)
PROJECTING TOMORROW j

e (po+k-S)

Oesq = 91

13947.78
13878.58
13809.72
13545.47
13075.1
kgf
Oesq = | 12621.06 |-—
12256.58 | M
11902.62
11843.57

11586.97

11529.48

n=11 i=1,2.n

4.85

6.97
A6 6.97 |°
8.7
8.7

411

elevacéo ~ Aeplanta =

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.58
13577.89
13510.52
13120.36
kgf
O'dir= 12741.46 —2
12299.01 | €M
11871.92
11644.75

11586.97

11529.48

a= cspline(S,o— b= cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reverse(crdir) x}
g = R > > adi = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 248.7 4974 7461  994.8 12435 14922 1740.9 1989.6 22383 2487
x (cm)
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PROJECTING TOMORROW

L
c=—
2
Given
d= Gesq (c)
intersecéo
= Find(c, d)
Tintersecao
kg
Gintersegao = 12678.58 - ——
cm
rintersecao
Area; = Cesq (%) dx
Y0
L
Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leapo = 26-45m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 183-mm

d = ogir(c)

interse¢do = 1207.9-cm

. kg-m
Areaq = 163651.69'—2
cm
. kg-m
Area, = 172171.29 - ———
2
cm
. kg-m
Area = 335822.99-—2
cm
13503.14 kg
Omn = A4 —
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.4-1t

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 —

290

cm
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—
PROJECTING TOMORROW

CABO C6 (7215.2mm)

265.8kN

Area; ¢
teérica_aco A _
Ar€aiebrica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001—
2 m
cm
rad
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0
248.7 0
497.4 0
746.1 0.91
994.8 8.7
S = Ocm, 1 L=11243.5 [cm Ao‘elevagao =| 87 |°
n j—
1492.2 6.97
1740.9 6.97
1989.6 0
2238.3 4.85
2487 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

= 143.4mm2 fptk = = 1853.56 MPa fpyk =

o ‘L: JUSTICA FEDERAL

Tribunal Regional

239.2kN

Ar€aiedrica_aco

e=272

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

O O O O O o o o o o o

= 1668.06 MPa

L = 24.87m
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~ Tribunal Regional Federal ds 18 Regido)
PROJECTING TOMORROW j

_ —(rok:S)
O'esq = 0'1~e

13947.78
13878.58
13809.72
13697.62
13221.96
kgf
Oesq = | 1276283 | —
12394.25 | M
12036.32
11976.6

11717.12

11658.99

n=11 i=1,2.n

4.85

6.97
A6 6.97 |°
8.7
8.7

0.91

elevacéo ~ Aeplanta =

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.58
13577.89
13510.52
13120.36
kgf
O'dir= 12741.46 —2
12299.01 | €M
11871.92
11775.55

11717.12

11658.99

a= cspline(S,o— b= cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reverse(crdir) x}
g = R > > adi = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 248.7 4974 7461  994.8 12435 14922 1740.9 1989.6 22383 2487
x (cm)
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PROJECTING TOMORROW

L
c=—
2
Given
d= Gesq (c)
intersecéo
= Find(c, d)
Tintersecao
kg
Gintersegao = 12752.77 - ——
cm
rintersecao
Area; = Cesq (%) dx
Y0
L
Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leapo = 26-45m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altegrico = = 184-mm

d = ogir(c)

intersegdo = 1249.98-cm

. kg-m
Areaq = 169923.3-—2
cm
. kg-m
Area, = 166796.88'—2
cm
. kg-m
Area = 336720.18-—2
cm
13539.21 kg
Omn = 21—
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.4-1t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 —
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PROJECTING TOMORROW

CABOS C7=C8 (7915.2mm)

265.8kN

Area; ¢
teérica_aco A _
Ar€aiebrica_ago

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = Opj = 13947.78 —— u = 0.20 B =001—
2 m
cm
rad
k = B3-p=0.002-— n=11 i=1,2.n
m
0 0
248.7 0
497.4 0
746.1 0.91
994.8 8.7
S = Ocm, 1 L=11243.5 [cm Ao‘elevagao =| 87 |°
n j—
1492.2 6.97
1740.9 6.97
1989.6 0
2238.3 0.92
2487 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

= 143.4mm2 fptk = = 1853.56 MPa fpyk =

o ‘L: JUSTICA FEDERAL

Tribunal Regional

239.2kN

e=272

Aopanta =

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasi Melhor"

Ar€aiedrica_aco

O O O O O o o o o o o

= 1668.06 MPa

L = 24.87m
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~ Tribunal Regional Federal ds 18 Regido)
PROJECTING TOMORROW j

_ —(rok:S)
O'esq = 0'1~e

13947.78
13878.58
13809.72
13697.62
13221.96
kgf
Oesq = | 1276283 | —
12394.25 | M
12036.32
11976.6

11878.97

11820.03

n=11 i=1,2.n

0.92

6.97
A6 6.97 |°
8.7
8.7

0.91

elevacéo ~ Aeplanta =

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.58
13765.44
13697.14
13301.59
kgf
O'dir= 12917.45 —2
12468.89 | M
12035.9
11938.2

11878.97

11820.03

a= cspline(S,o— b= cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reverse(crdir) x}
g = R > > adi = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113

2789.557

0
0 248.7 497.4 746.1 994.8 1243.5 1492.2 1740.9 1989.6 2238.3 2487
x (cm)
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PROJECTING TOMORROW

L
c=—
2
Given
d= Gesq (c)
intersecéo
= Find(c, d)
Tintersecao
kg
Gintersegao = 12835.85-——
cm
rintersecao
Area; = Cesq (%) dx
Y0
L
Area, = o i (%) dx
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leapo = 26-45m
Fmédia_cabo = “m A®tesrica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 185-mm

d = ogir(c)

interse¢do = 1198.33-cm

. kg-m
Areaq = 163314.72'—2
cm
. kg-m
Area, = 175045.11'—2
cm
. kg-m
Area = 338359.83-—2
cm
13605.14 kg
Omn = A4 —
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.51

2

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago

CURITIBA - BRASILIA - RIO DE JANEIRO
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kg

= 1950000 —
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- Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

CABO C9 (7¢15.2mm)

(2)(3)(4)(5)(6)(7)(8)(9)10)(11)
..’/. \\‘\. .o’,.. ...\' -~ .o'/.. ...\‘. .//.: ...\‘\. .o‘/: .\‘\. _."I) .\\_ _.";: ..\-‘\. _.’r.; .‘\‘\. .o’/. .\\‘\. .o'/.: ...\'*.. .-'/;.

./"

109.2/109.2/109.2,109.2/109.2/109.2/109.2/109.2/109.2/109.2,
R | — |
cof = —===E=baetd e ——— ——= ————————-—|C7,C8,C9
f_'_"_=_‘_'____E_ S N A I __';';';-;-_-__,_;_;':_; 1C4,C5,c6
B—— L TTTT o TmEEE "|C'J.C’2__C3
| \ | N
. 2 265.8kN 239.2kN
Areaiesrica aco = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa
- Ar€aierica_ago Ar€aiedrica_aco
Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kof rad
01 = 0pj = 13947.78-i2 p = 0.20 B =001— e=272 L =10.92m
cm m
rad .
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
109.2 0.18 0
218.4 3.2 0
327.6 3.07 0
436.8 0 0
S = 0cm, 1 L=| 546 |cm Aaelevagéo = o I Aaplanta =|0]|°
n j—
655.2 0.15 0
764.4 0.44 0
873.6 0.33 0
982.8 0 0
1092 0 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

CURITIBA - BRASILIA - RIO DE JANEIRO
"Coneribuindo para um Brasl Melhor" 299



—
ACE | BR ‘L* JUSTIGA FEDERAL

- Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

e (po+k-S)

Oesq = 91

13947.78
13908.61
13724.11
13548.2
13518.65
kgf
Tesq = | 1348915 |- —
13452.68 | M
13402.73
13358.09

13328.95

13299.87

n=11 i=1,2.n

0.33
0.44

A6 0.15 |°

elevacéo ~ Aeplanta =

3.07
3.2
0.18

O O O O O O o o o o o
o
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PROJECTING TOMORROW W

6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13917.35
13886.99
13840.74
13789.35

kgf
O'dir= 13752.07 —2
13722.07 | €M
13692.13
13516.63
13337.33
13299.87

a= cspline(S,o— b= cspline(S,odir)

esa)

(X) interp(al S 7esq x} (X) interp( S reverse(crdir) x}
g = R > > adi = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 1002 2184 327.6 436.8 546 6552 7644 873.6 9828 1092
x (cm)
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

L
cC =— d = Om
2
Given
d = 0ggq(©) d = ogi(c)
intersecao
= Find(c,d) intersegdo = 277.77-cm
Sintersecéo
kg
Cintersecdo = 13613.92-——
cm
rintersecao
. . kg-m
Areaq = cresq(x) dx Areaq = 38438.16-—2
‘0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 112419.67~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = 150857.83-k(‘:]—'m
2
cm
Area kg
O = o = 13814.82.——
L 2
cm
L = 12.55 A =143.4 2 E = 1950000 _kg
cabo = +4-2°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 19-8'

(Gm) '(Lcabo)

tedrico_aco

Altesrico = =89-mm

CURITIBA - BRASILIA - RIO DE JANEIRO
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PROJECTING TOMORROW

ay= Area da placa de distribuicdo

b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

o ‘k_ JUSTICA FEDERAL

L s
V43 - CALCULO DAS ARMADURAS DE FRETAGEM

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 30cm n=3
ag = 25cm

d = 20cm

F1 = Finicial"c0S(1°) = 1372.8kN

T1

ap
0.25-F1-| 1 - — | =57.2kN
a1

F2 = Finicial €0S(4°) = 1369.66 kN

—
N
Il

ap
0.25-Fp-| 1 - — | = 57.07kN
a1

ap = 2:d+ (n-1)-b=100cm

1372.8
Fik =] 1369.66 | kN
1362.77

2 n-a;
Th=—|1-— ~ZF: 273.68kN
3 a2

CURITIBA - BRASILIA - RIO DE JANEIRO
"Conrebumdo para wm Brasid Melbhor™

qg=3 F
c = 5cm

a1=a0+c=30cm

F3 = Finicial €0S(7°) = 1362.77kN

ap
0.25-F3:| 1 - — | = 56.78 kN

T3 =
a1
k=1.n
57.2
Tk =| 57.07 |kN
56.78

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =18.88cm
fyd

inicial = 7"91"Ar®ategrica_ago

z F = 4105.24 kN

= 1373.01 kN
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- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

= Asl = 1.32cm2

ASfretagem

Adotado espiral g12.5mm - 7 passos por cabo em cada trecho de ancoragem ativa.

ASZ 2
ASestribos = 2 4.72cm
, _ ASestribos
L= max(al, 32) =100cm b'tOIaestribo = 8mm adotados = ceil > =10
(bitOIaestribo)

T
4

Estribos duplos adotados = 10 ©8.0mm em cada trecho de ancoragem ativa distribuidos em L = 100cm

CURITIBA - BRASILIA - RIO DE JANEIRO
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J Tribunat Regiona F 10 hegido
PROJECTING TOMORROW j

V47 =V51 - CABOS C1 a C15

@@@@@@@Q@Q@

l 248.5 l 248.5 l 248.5 l 248.5 l 248.5 | 248.5 l 248.5 l 248.5 L 248.5 l 248.5 t
C8,C7.C8, u.J 210,011,

CABOS C1=C2=C3=C4=C5 (7915.2mm)

t = tonne

: 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = — = 1853.56 MPa fpyk = — = 1668.06 MPa

Ar€aierica_ago Ar€aiedrica_aco

o, = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

pi
kgf rad
01 = 0pj = 13947.78 - — p = 0.20 g =001— e=272 L = 24.85m
cm m
rad ,
k= PB-p=0.002-— n=11 i=1,2.n
m
0 0 0
248.5 0 0
497 0.05 0
745.5 5.22 0
994 1.58 0
L
S = Ocm,m .L=112425 |cm Aaelevagéio =139 AOLplanta =10
1491 1.59 0
1739.5 2.36 0
1988 4.6 0
2236.5 0.01 0
2485 0 0

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise
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esq

A6

n=11

6; =

o1

esq

elevacdo ~

13947.78
13878.64
13807.42
13490.89
13350.18
13219.69
13081.35
12909.71
12641.09
12577.98

12515.62

0.01
4.6
2.36
1.59
1.39
1.58
5.22
0.05

Orad if i=1

—
=/ACE|BR
—
PROJECTING TOMORROW

e (p- otk S)

kgf

cm

Aeplanta =

O O O O O O o o o o o

2 2 ..
O(i-1) + / (Aeelevagéoi) + (Aeplantai) it i>1

i-rad otherwise

o 'L& JUSTICA FEDERAL

= Trtnat gt Fec
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=ACE BR —
— = J e begonrecers o 1 eune
PROJECTING TOMORROW W

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.64
13809.35
13522.01
13344.59
ogir = | 13204.93 >
13075.87 | M

12939.48

kgf

12642.85
12577.98

12515.62

a-= cspline(S,o— b = cspline(S,odir)

esa)

(X) interp(a S 7esq x} (X) interp(b S reveree <Gdir) x}
g, = R s T Td;i = R s
esq g g dir 9 9
13947.784
11158.227

TesqX)  8368.67

%di®) 5576 113
2789.557
0
0 248.5 497 745.5 994 1242.5 1491 1739.5 1988 2236.5 2485
x (cm)
L
cC=— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) interse¢do = 1256.14-cm
Sintersecéo
kg
Cintersecdo = 13211.89-——
cm
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=/ACEBR f = ssncn reocens
— Sy [ TR e 1 ey
PROJECTING TOMORROW j

rintersecao

. . kg-m
Areaq = X) dx Areaq = 171041.52 . ——
1 Gesq( ) 1 5
‘0 cm
rL
Area, = oqir(X) dx Area, = 167516 02»kg—'m
2~ dir 2= : 2
“intersecdo cm
. o p . kg-m
Area = (Areal) + (Areaz) Area = 338557.53-—2
cm
Area kg
O = Oy = 13624.05-——
L 2
cm
L = 26.45 A =143.4 2 E = 1950000 _kg
cabo = £0-4°M r®atedrica_ago = ~4°-4- MM tedrico_aco = >
cm
Fmédia_cabo = “m A®egrica_ago = 19-9°
(Gm)'(Lcabo)
Alteorico = £~ 185-mm
tedrico_aco
CABOS C6=C7=C8=C9=C10 (7915.2mm)
. 2 265.8kN 239.2kN
Areateérica_ago = 143.4mm fptk = ren = 1853.56 MPa fpyk = Aren . = 1668.06 MPa
tedrica_aco tedrica_aco
Opi = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa
kgf rad
01 = 0pj = 13947.78 - —— p = 0.20 B =001— e=272 L = 24.85m
cm m
rad ,
kK = 3-p=0.002.— n=11 i=1,2.n
m
0 0 0
248.5 0 0
497 0 0
745.5 2.09 0
994 0.77 0
S = Ocm,—— .. L= 12425 |cm Acglevacio =| 0 |° Acpanta = | 0 |°
1491 0 0
1739.5 0.42 0
1988 2.43 0
2236.5 0 0
2485 0 0
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— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = 91°€ (prars)
13947.78
13878.64
13809.83
13641.48
13537.41
kgf
Oesq=| 134703 | —
13403.52 | M
13317.53
13139.58

13074.44

13009.62

2.43
0.42

A6

elevacdo ~ Aeplanta =

0.77
2.09

O O O O O O o o o o o
o

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise
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=ACE/BR .
— ”J Tribnal Regional Federal da 14 Aegido)
PROJECTING TOMORROW

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.64
13809.83
13625.3
13537.89

kgf
O'dir= 13470.77 —2
13403.99 | €M
13301.73
13139.58
13074.44
13009.62

a-= cspline(S,oeSq) b = cspline(S,odir)

reverse ("dir) J
X

(X) interp(al S 7esq x} (X) interp( S
0 = T 9, 5 OH; = —,o,
esq g g dir 9 9

13947.784

11158.227

TesqX)  8368.67

(X
odir®  g579.113
2789.557
0
0 2485 497 7455 994 12425 1491 17395 1988 22365 2485
x (cm)
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—
PROJECTING TOMORROW

L
cC =—

2
Given
d= oesq(c)

intersecao
= Find(c,d)

Sintersecéo

kg

Ointersecéo = 13470.54._2
cm

rintersecao

Area; = Cesq () dx
Y0
rL

Area, = iy (9 O
“intersecdo

Area = (Areal) + (Areaz)

Area
O =
m L
Leabo = 26-45m
F

média_cabo = “m A®eérica_aco

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 186-mm

d = ogir(c)

interse¢do = 1241.63-cm

. kg-m
Areaq = 170281.51'—2
cm
. kg-m
Area, = 170503.53'—2
cm
. kg-m
Area = 340785.03-—2
cm
13713.68 kg
Omn = .68.-——
m 2
cm
= 143.4-mm

Ar€aiegrica_aco

=19.7t

o 'L: JUSTICA FEDERAL

=

Trbunal Ragional Fec

Ete()rico_ago
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— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

CABOS C11=C12=C13=C14=C15 (7915.2mm)

2 265.8kN 239.2kN
= 143.4mm fptk = = 1853.56 MPa fpyk = = 1668.06 MPa

Ar€aiebrica_ago Ar€aiedrica_aco

Aréaiegrica_aco

Opj = min(0.74-fptk, 0.82-fpyk) = 1367.81 MPa

kgf rad
01 = Opj = 13947.78-—2 u = 0.20 B =001— e=272 L = 24.85m
cm

rad )
k = B3-p=0.002-— n=11 i=1,2.n
m

248.5
497
745.5
994
.L=]1242.5 |cm Ao
1491
1739.5
1988
2236.5
2485

o
N

S = 0cm,

elevacdo = Aopanta =

n-1

o
O O o p O O p O O O O
o

N

O O O O O o o o o o o
o

aj= |Orad if i=1

2 2 .. .
&(i-1) +/(A0‘elevagéoi) + (Ao‘plantai) ifi>1

i-rad otherwise

Oesq = Ul'e_(uﬂms)
13947.78
13878.64
13809.83
13741.36
13653.21
kgf
Tesq = | 13585.52 | —
13518.17 | M
13431.44
13364.85

13298.6

13232.67
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=ACE/BR = .
— Sy [ T Regoni Fcers 1 e
PROJECTING TOMORROW

A6

O O O O O O o o o o o
o

0
0
0
0
4
elevacdo ~ U Aeplanta:
0
4
0
0
0

n=11
6= |Orad if i=1

2 2 .. .
0(i-1) + / (Aeelevagéoi) + (Aeplantai) ifi>1

i-rad otherwise

_ — (W 0+K-S)
Odir = 91°¢

13947.78
13878.64
13809.83
13741.36
13653.21
ogir = | 13585.52 >
13518.17 | M

13431.44

kgf

13364.85
13298.6

13232.67

a= cspline(S,o— b= cspline(S,cdir)

esq)

(X interp(al S 7esq x} (X) interp(b S
0 = T a9, OH; = —,o,
esq g g dir 9

CURITIBA - BRASILIA - RIO DE JANEIRO
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— Sy [ st R ecea 1 it hegnc
PROJECTING TOMORROW ‘I

13947.784

11158.227

TesqX)  8368.67

0di® 5576 113
2789.557
0
0 248.5 497 745.5 994 1242.5 1491 1739.5 1988 2236.5 2485
x (cm)
L
cC =— d = Om
2
Given
d= oesq(c) d = og;(c)
intersecao
= Find(c,d) intersegdo = 1242.5-cm
Sintersecéo
kg
Cintersecdo = 13585.52 -—2
cm
rintersecao
. . kg-m
Areaq = cresq(x) dx Areaq = 171090.45~—2
‘0 cm
rL
. . kg-m
Area, = agir(¥) dx Area, = 171091.84~—2
“intersecdo cm
Area = (Areal) + (Areaz) Area = ’3,42182.28-'«‘:]—'m
2
cm
Area kg
O = o = 13769.91.——
L 2
cm
L = 26.45 A = 1434 2 E = 1950000 _kg
cabo = £0-4°M r®atebrica_ago = ~4°-4- MM tedrico_aco = >
cm

Fmédia_cabo = “m A®egrica_ago = 19-7°

(Gm) '(Lcabo)

tedrico_aco

Altesrico = = 187-mm
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PROJECTING TOMORROW

ay= Area da placa de distribuicdo
b = Distancia entre eixos das ancoragens

¢ = Distancia entre as ancoragens

o ‘k_ JUSTICA FEDERAL
ant

L s
V47 = V51 - CALCULO DAS ARMADURAS DE FRETAGEM

d = Distancia entre a face do concreto ao eixo da ancoragem

n = Quantidade de ancoragens em elevacao

g = Quantidade de cabos alinhados em cada grupo (sec¢éo transversal)

EXTREMIDADE ATIVA

b = 30cm n=a3
ag = 25cm

d = 20cm

F1 = Finicial-€0s(0.3°) = 1372.99kN

T1

ap
0.25-F1-| 1 - — | = 57.21kN
a1

F2 = Finicial'Cos(3°) = 1371.13kN

ap
Ty = 0.25-Fp-| 1 - — | = 57.13kN

a1
ap = 2:d+ (n-1)-b=100cm

1372.99
Fik =1 1371.13 |kN
1367.78

2 n-ap
Th=—|1-— ~ZF: 274.13kN
3 as

CURITIBA - BRASILIA - RIO DE JANEIRO

g=>5 F
c = 5cm

a1=a0+c=30cm

F3 = Finicial €0S(5°) = 1367.78kN

ap
0.25-F3-| 1 - — | = 56.99 kN

T3 =
a1
k=1.n
57.21
Tk=|57.13 |kN
56.99

kN
fyd = 43.48 —
cm

Th 5
Asy = Q| — | =31.52cm
fyd

"Conrebumdo para wm Brasid Melbhor™

inicial = 7"91"Ar®ategrica_ago

z F=4111.9kN

= 1373.01 kN
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- J Tribunat Reglomal Federal 4 19 hegido
PROJECTING TOMORROW j

= Asl = 1.32cm2

ASfretagem

Adotado espiral g12.5mm - 7 passos por cabo em cada trecho de ancoragem ativa.

ASZ 2
Asestribos = _6 =5.25cm
, _ ASestribos
L= max(al, 32) =100cm b'tOIaestribo = 8mm adotados = ceil >
(bitOIaestribo)
T 4

Estribos triplos adotados = 11 ¢8.0mm em cada trecho de ancoragem ativa distribuidos em L = 100 cm
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