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1 INTRODUCAO

A SP083 — Rodovia José Roberto Magalhdes Teixeira - também conhecida como Anel Viario de
Campinas, devera ser prolongada nos proximos anos, de acordo com o contrato de Concessao
recentemente obtido pela Rota das Bandeiras.

Atualmente, a SP083 tem inicio no trevo do km 128 da SP065 (Rodovia Dom Pedro) e final no trevo
do km 86 da SP330 (Rodovia Anhanguera), tendo aproximadamente 12 quildmetros de extensao.

O objetivo desse relatorio € apresentar o estudo de trafego para possibilitar o dimensionamento
adequado da via e das intersecbes que deverdo ser criadas em fungéo do prolongamento da SP083
até a SP 348. A Figura 1.1 assinala a regido onde esta localizada a SP083.

As principais atividades realizadas no presente estudo foram as seguintes:

Este relatério apresenta os estudos de trafego para o prolongamento da SP 083, apresentando:
¢ Contagens volumétricas;

o Determinacao do trafego atual no sistema viario de estudo;

e Projecdo da demanda;

e Estimativa do fluxo por trecho do sistema viario, para os anos 2020, 2030 e 2039, incluindo o
prolongamento da SP 083;

¢ Andlise de Nivel de Servico nos trechos da SP 083;
e Layout das intersecdes e analise de Nivel de Servico;
e Calculo do Numero N para dimensionamento do pavimento nos diversos trechos;

e Conclusoes.
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Figura 1.1: Prolongamento da SP083
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2 DEMANDA ATUAL

2.1 Areade Influéncia e Rede Viaria

Ao analisar um sistema viario futuro, considera-se que o trafego que utilizara esse sistema divide-se
em trés partes:

e Trafego Normal: aquele que j& utiliza o sistema, e que tera seu crescimento normal ao longo do
periodo de projeto;

e Trafego desviado: aquele que utiliza outras rotas, mas passara a utilizar o novo sistema, na
medida em que este represente uma alternativa mais atrativa,

e Trafego gerado: aquele que surgird em funcéo da melhoria da acessibilidade da regido, com
resultante ocupagéo por empreendimentos agricolas, industriais ou residenciais.

Como o prolongamento em estudo constituird um tracado totalmente novo, ndo se define o trafego
normal, restando a necessidade de estimar os dois outros tipos de trafego.

s

Tendo em vista esses conceitos, é possivel definir uma area geogréfica dentro da qual,
considerando o sistema viario existente, havera possibilidade de desvios para a nova rota criada pelo
projeto. Essa area geogréfica € a area de influéncia do projeto.

No caso especifico do projeto aqui estudado, o prolongamento da SP083 serd aproximadamente
paralelo & SP075 (Rodovia Santos Dumont), de forma que a &area de influéncia do projeto foi definida
como limitada as localidades proximas a estas duas rodovias, contemplando as principais rodovias e
cidades ao redor, além do Aeroporto de Viracopos, que sera o principal atrativo para a utilizacdo do
prolongamento da SP083.

A Figura 2.1 mostra a area de influéncia e as principais intersecdes do sistema atual e futuro. Os
fluxos das principais interse¢des serdo apresentados juntamente com os resultados.
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Figura 2.1: Rede Viaria e Principais Interseg¢des

2.2 Contagens Veiculares

Foram realizadas contagens volumétricas classificadas por tipo de veiculo nas principais intersecées
das rodovias na area de influéncia do estudo. As interse¢Bes contadas foram:

e Intersecdo 1: Encontro da SP330 com a SP083;
e Intersecdo 2: Encontro da SP348 com a SP075;
e Intersecao 3: Encontro da SP324 com a SPO75.
A localizagéo das intersegfes contadas esta apresentada na Figura 2.2.

Essas contagens ocorreram nos dias 6 (quarta-feira), 7 (quinta-feira) e 8 (sexta-feira) de janeiro de
2010, respectivamente, e tiveram duracdo de 12 horas (das 7:00 as 19:00).

Os resultados das contagens estdo apresentados no Anexo A deste relatorio.
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Figura 2.2: Localizac&o das Interse¢fes Contadas
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3 MODELAGEM DA DEMANDA

3.1 Metodologia Geral

A metodologia empregada para modelar a demanda que utilizara o prolongamento da SP083
consistiu em:

e Utilizacao de software especializado em analise de redes de transporte;
e Divisdo da area de influéncia em Zonas de Trafego

e Definicdo da rede viaria da regido, constituida pelas principais rodovias e avenidas urbanas.
Cada trecho é definido por seu tracado e por suas caracteristicas tais como extensdo, tipo e
gualidade do pavimento, velocidade diretriz, nimero de faixas, etc.;

e Estimativa de matrizes de origem e destino (OD) por tipo de veiculo;

e Definicdo de nova rede, constituida pela rede atual mais o novo trecho a ser construido,
igualmente definido por suas caracteristicas;

e Com a introdugdo desse novo elemento, o software identifica as viagens para as quais 0
caminho ser4 mais atraente pela nova via, e estima o fluxo que serd desviado pelo novo
caminho.

3.2 Estimativa das Matrizes OD

3.2.1 Definicdo das Zonas de Trafego

A Tabela 3.1 mostra as zonas de trafego que foram consideradas para o presente estudo.

Tabela 3.1: Zonas de Trafego

Zona Nome
1 Rod. D. Pedro
2 Valinhos

3 Vinhedo

4 Jundiai

5 Grande SP

6 Indaiatuba

7 Jd. Campo Belo
8 Viracopos

9 Campinas

10 Monte Mor

11 Norte

12 Distr. Industrial

3.2.2 Processo de Estimativa

O software especializado utilizado no presente estudo pode estimar uma matriz OD através do
seguinte processo:
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e Estima-se uma matriz inicial denominada matriz semente. Essa matriz pode ser estimada a partir
de uma matriz parcial conhecida, a partir de uma matriz antiga, ou mesmo de uma matriz
puramente estimada através de modelos matematicos;

o Aloca-se essa matriz a rede representativa do sistema viario atual, tendo como resultado a
estimativa dos fluxos em cada trecho dessa rede;

e Comparam-se, trecho a trecho, os fluxos alocados com os fluxos conhecidos através de
contagens volumétricas;

o O software, através de um processo iterativo de otimizacdo numeérica, modifica a matriz semente
até que os fluxos alocados resultem compativeis com os fluxos contados na rede real;

¢ Findo o processo, ter-se-a uma estimativa mais adequada da matriz OD real,

o O processo € repetido para todos os tipos de veiculos.

3.2.3 Matrizes Semente

Inicialmente, foi feita uma tentativa de utilizar como matrizes semente os dados obtidos em
pesquisas OD realizadas em 2005 nas pracas de pedagio de Campo Limpo e Itupeva (SP 348) e
Perus (SP 330). Verificou-se que esses dados eram pouco adequados, pois 0s pontos pesquisados
situam-se relativamente distantes da area de estudo.

Como alternativa, foram utilizadas como semente matrizes obtidas pelo modelo gravitacional.
Segundo a teoria gravitacional, a atracdo entre duas cidades € diretamente proporcional as
populacBes das cidades e inversamente proporcional a uma funcéo da distancia entre elas.

As etapas seguidas para a obtencdo da matriz semente foram:

o Estimou-se a populacdo de cada zona, de acordo com dados de populagédo e area, dos ultimos
censos do IBGE;

e Foram estimados pelo software especializado os caminhos e tempos minimos para
deslocamento entre as zonas;

e Utilizou-se a formula tedrica da atracao gravitacional, dada por:
Fi=k*P;*P;*e™
Onde:
0 Fij: Fluxo da zona i para a zona j;
o Pi: Populacdo da zona i
o] Pj: Populacéo da zona j;
0 k, b: Fatores de ajuste;

o d: Distancia entre zonas i e |.

Essas matrizes semente, como apresentado no item 3.2.2, constituem a primeira aproximacao para
obtencéo das matrizes OD finais.

3.2.4 Matrizes OD e Trafego Atual

Com base nas matrizes semente, foi realizado o processo descrito no item 3.2.2, com auxilio do
software especializado. As Tabelas 3.2 a 3.5 mostram as matrizes OD estimadas através desse
processo, em termos de VHP (Volumes de Hora Pico) manha e tarde de veiculos leves e pesados
para 2010.
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A alocacdo dessas matrizes a rede viaria atual para cada tipo de veiculo deve ser ajustada as
contagens de trafego verificadas nos segmentos do sistema viario. Como a escolha dos caminhos
utilizados na regido ndo € puramente objetiva, dependendo da preferéncia de cada motorista, a
alocacdo ao sistema viario foi feita pelo sistema conhecido como equilibrio do usuério, onde a
maior parte dos usuarios utiliza o caminho minimo, mas outra parcela utiliza caminhos alternativos,
dependendo da qualidade e capacidade desses caminhos.

As Figuras 3.1 a 3.8 apresentam as matrizes OD alocadas a rede viaria atual através do software
especializado. Os resultados sdo apresentados na forma de fluxo de veiculos por hora.
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Para

De

Rod. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Para

De

Roil. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Tabela 3.2: Matriz OD Veiculos Leves — Hora Pico Manha — 2010

Raod. D. Pedro

23

20
543
221

45
g2

487
59
1.538

Tabela 3.3;: Matriz OD Veiculos

Rod. D. Pedro

23

33
542
212

45
115

40

487
59
1.670

Valinhos

Valinhos

Vinhedo

55

19
B3
161

338

Vinhedo

G5

27
a1
119

282

Jundiai

3]

923
33
a3

311

1
726

2142

Jundiai

825
25

114
230

536

1.688

Grande SP

796
B3
BS

914

99
19
232
21
939

3.179

Granide SP

B23
B9

55
914
110
2

45
195
24
1.077
10
3.113

Indaiatuba

]
]
|

18

30
a4

19
24
3145
271

g79

Jd. Campo

Belo

44
4
0

10
20

a1
k1

52

246

Viracopos

109

42
181
19
GO
113

188
170

13
803

Campinas

15
B4
206
227
366

74

F16

138
1.792

Maonte Mor

Leves — Hora Pico Tarde — 2010

Indaiatuba

[an]
o
=

2

37
7

23
108
378
247

1.173

Jd. Campo

Belo

a0
B
0

21
16

70
127

a4

413

Viracopos

82
7
158
2
55
94
153
83

734

Campinas

1965
14
5]

352

243

423
A

309

F16
174
2239

Monte Mor

)| =
M| — ||| 00 | | | T

FJ
]

[an]
— |

3

T =

£ 83 s

=N =
487 28 1.980
5] 2 185
150 1 344
[afata] 3 2139
733 3 2.E67
405 15 | 1.273
] 2 322
g3 3 411
316 37 1.678
% 0 a2
- 14 = 3176
79 - 318
3.047 108 14775

= E

g 2% &

s 22 s

=N =
487 a1 1.855
33 4 188
200 1 413
a0 3 2446
1.339 5 3442
283 g 1.166
&0 2 349
215 21 1.038
316 a1 1.751
% 0 a1
- 21 3.017
47 - 326
3.897 197 16.071
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Tabela 3.4: Matriz OD Veiculos Pesados — Hora Pico Manha — 2010

B B 2 2 33

5 - 0 1 17 2 0 0 3 1 7 ol 3|
2 0 - 1 16 2 0 11 13 1 30 ol 76
7 1 1 - 229 5 1 49 &7 4 132 11 489
133 18 16 232 - 15 3 3 [ 3 409 0/ 204
7 2 2 3 16 5 11 40 1 [ 20 184
5 1 0 0 4 5 - 31 12 0 22 10 8
B 1 B 26 3 5 16 - g [ 17 0. B3
24 2 13 57 a0 33 7 5 - 7 79 20 329
2 0 0 2 g 2 0 0 1 - 5 ol 22
122 4 an 134 352 &7 20 15 73 5 - 2 BED
13 1 1 5 2 13 3 2 29 1 47 N
38 3 71 42 780 197 B2 134 381 93 93 9 3490

Tabela 3.5: Matriz OD Veiculos Pesados — Hora Pico Tarde — 2010

5 B 5 26 2 61 288

B - 0 1 17 1 0 0 2 1 4 0 34

1 D - 1 16 2 D 15 18 1 41 0. 95

5 1 1 - 229 g 1 [ 79 5 185 1 &
103 18 16 232 - 12 4 3 B4 11 501 20 %ER
7 2 3 14 a8 - g 10 73 2 83 20 264
7 1 [ [ g 5 - 39 20 1 23 10108
5 1 38 g 12 24 - 18 D 21 1013
2 0 11 51 28 16 g 5 - 91 79 9 301
2 - 0 2 7 1 1 1 1 - 5 102
122 0 26 118 314 6 a5 7 73 5 - 0| &34
3 1 0 1 5 1 1 1 41 1 30 - o
. 280 28 B3 463 7E6 126 & 183 420 120 10% 75 3711
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Figura 3.1: Rede Atual + Veiculos Leves na Hora Pico Manha (2010)
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Figura 3.2a: Detalhes das Intersecdes — Interse¢do 1. SP083 x SP330
Rede Atual + Veiculos Leves na Hora Pico Manha (2010)

Figura 3.2b: Detalhes das Interse¢des — Intersecao 2: SP075 x SP348
Rede Atual + Veiculos Leves na Hora Pico Manha (2010)
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Figura 3.2c: Detalhes das Intersecdes — Intersecédo 3: SP075 x SP324
Rede Atual + Veiculos Leves na Hora Pico Manha (2010)
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Figura 3.3: Rede Atual + Veiculos Leves na Hora Pico Tarde (2010)
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Figura 3.4a: Detalhes das Interse¢cdes — Interse¢éo 1. SP083 x SP330
Rede Atual + Veiculos Leves na Hora Pico Tarde (2010)

Figura 3.4b: Detalhes das Interse¢fes — Intersecdo 2: SP075 x SP348
Rede Atual + Veiculos Leves na Hora Pico Tarde (2010)
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Figura 3.4c: Detalhes das Intersecdes — Intersecédo 3: SP075 x SP324
Rede Atual + Veiculos Leves na Hora Pico Tarde (2010)
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Figura 3.5: Rede Atual + Veiculos Pesados na Hora Pico Manha (2010)
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Figura 3.6a: Detalhes das Intersecdes — Interse¢éo 1. SP083 x SP330
Rede Atual + Veiculos Pesados na Hora Pico Manh& (2010)

Figura 3.6b: Detalhes das Intersegdes — Intersecdo 2: SP075 x SP348
Rede Atual + Veiculos Pesados na Hora Pico Manhé (2010)
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Figura 3.6¢: Detalhes das Intersecdes — Intersecédo 3: SP075 x SP324
Rede Atual + Veiculos Pesados na Hora Pico Manh& (2010)
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Figura 3.7: Rede Atual + Veiculos Pesados na Hora Pico Tarde (2010)
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Figura 3.2a: Detalhes das Intersecdes — Interse¢do 1. SP083 x SP330
Rede Atual + Veiculos Pesados na Hora Pico Tarde (2010)

Figura 3.2b: Detalhes das Interse¢des — Intersecéo 2: SP075 x SP348
Rede Atual + Veiculos Pesados na Hora Pico Tarde (2010)
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Figura 3.2c: Detalhes das Intersecdes — Intersecédo 3: SP075 x SP324
Rede Atual + Veiculos Pesados na Hora Pico Tarde (2010)
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4  PROJECOES DO TRAFEGO

4.1 Demanda Projetada para 2020 a 2039

Os fluxos atuais determinados através da matriz OD atual foram projetados ao longo de dois
horizontes de tempo:

e 2020 (10 anos);
e 2030 (20 anos)*;
e 2039 (final da concesséao).

Todos os estudos realizados na regido tém utilizado taxas de crescimento de 2,5% ao ano para o
periodo de 20 anos. Essa taxa reflete a tendéncia de longo prazo verificada desde o inicio das
concessdes em meados da década de 1990. Como excecdo, tém sido utilizadas taxas diferentes
guando se trata de regides especificas onde se tem como certo que o desenvolvimento se dara de
forma diferente.

No caso do presente estudo, foram utilizadas as seguintes taxas anuais de crescimento (entre os
anos de 2010 e 2030):

e Viracopos: 5,0% ao ano (é prevista uma ampliagdo substancial do aeroporto);

e Jardim Campo Belo (na SP 324, proximo a Viracopos): 4,0% ao ano (acessibilidade ampliada e
empregos gerados pela expansao de Viracopos);

e Demais zonas: 2,5% ao ano.

A partir de 2030 (até 2039) foi utilizada a taxa de 1,5% ao ano. Essa taxa menor foi adotada levando
em consideragdo que em 2030 a regido alcangara grande desenvolvimento e ocupacdo do solo.
Sendo assim, ndo hd justificativas para a manutencdo de altas taxas de crescimento como as
praticadas no periodo anterior.

Em termos de suas expressfes matematicas, tem-se:

(9i = Oi * fi (4.1)
@j = Dj * fj (4.2)
fi=(1+t )n (4.3)

onde:

(9i : Total de viagens originadas na zona i em certo ano futuro
Oi : Total de viagens originadas na zona i no ano base

@j : Total de viagens destinadas na zona j em certo ano futuro

1 ~ . . . . . ) .
Embora a concesséo se estenda além de 2030, considerou-se que, para efeito de dimensionamento de vias, quaisquer

projecdes além de 20 anos sdo temerarias, pois a longo prazo podem ocorrer modificagBes substanciais na urbanizagéo e

no sistema de transporte (por exemplo, incremento no uso do modal ferroviario, tanto para cargas como para passageiros).
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Oi : Total de viagens destinadas na zona j no ano base

fi:  Fator de crescimento das origens na zona i no periodo n

fj . Fator de crescimento dos destinos na zona j no periodo n

ti , {j : Taxas anuais de crescimento

Quando se dispbe de uma matriz OD de fluxos em determinada area de estudo, e as diferentes
zonas crescem a diferentes taxas, um dos métodos para estimativa da matriz OD futura é o do Fator
Médio, que se traduz na seguinte expressao:

gij:Fij*(fi*fJ’)/Z*Ai*Bj

Onde:

0 f;ij: Fluxo futuro da zona i para a zona j;

0 Fij: Fluxo atual da zona i para a zona j;

o

o

o

f;: fator de crescimento da zona i no periodo;

fj: fator de crescimento da zona j no periodo;

> F;i=0,

i gij

D,

AieB j - Fatores obtidos iterativamente para assegurar as igualdades necessarias:

(4.4)

(4.5)

(4.6)

As Tabelas 4.5 a 4.8 mostram as matrizes para cada tipo de veiculo e para cada hora pico
projetadas para o ano 2020 pelo método acima. As Tabelas 4.9 a 4.12 mostram as matrizes
projetadas para o ano de 2030. As Tabelas 4.13 a 4.16 mostram as matrizes projetadas para 0 ano

de 2039.

Para

De

Roil. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Tabela 4.5: Matriz OD Veiculos Leves — Hora Pico Manha (2020)

Rod. D. Pedro

| = [
o ||

B44
294
a1
a9

90

1
773
74
2124

Valinhos

161

Vinhedo

281

Jundiai

Granide SP

946
85
45

543

111
18
Py

1.619

24
1116

4.511

Indaiatuba

319
26
22
56
47
30

451

303

1.272

Jd. Campo

g
3 g
@ F
L
54 183
5 15
1 135
4 11
10, &9
52 N
- 395
236 -
92 320
i 5
&0 221
0 B
526 1.447

Campinas

17
35
171
1.530
532
A
111

552
193
3.465

Monte Mor

Norte

773
35
/g
7

566

493
=)

101

552
35

94
3.189

Dristr.
Industrial

Total Geral

3]

2722
202
344
800

3.857

1.649
B9
B30

3.412

95

3.280

- at

123 18.1589

[y
|00 | k| — | ]| O O | OO

—
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Para

De

Rod. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Para

De

Roil. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Para

De

Rod. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Tabela 4.6: Matriz OD Veiculos Leves — Hora Pico Tarde (2020)

(=
O = 1T I (T A=)
: E = i S E 33 3 = o Tt F% ¢
= = £ s E E Yo F = £ 2 52 =
< 3 s S s 3 | = = 3 = £ 5
::c- o = = =
- 35 17 g5 | T4 I|E| 113 12| 214 11 774 68 | 2538
35 - 1 B 3 29 9 10 16 1 S 5 205
18 1 - 5 45 28 1 119 12 1 T ol 3
50 7 5 - 544 7 4 2] 209 2] 149 0| 1.021
762 56 46| 550 - B4 23 24 | 1.868 36| 1.667 6| 5142
77 23 19 0] 122 - 40 73| 568 7] 382 5 [ 1.495
B 5 1 4 24 &9 - 132 129 2 7B 1 792
164 13 a7 11 B4 147 | 330 - 467 6| 285 12 1607
45 3 29 144 | 1278 519 188 219 - 9] 53 112 3100
11 0 1 2 P b 2 2 ] - 3 1 96
774 ) BS | 102 | 1178|290 99 113 553 ) - 24 | 3242
72 B 1 1 13 2 1 2] 23 1 &7 - 392
2310 188 272 921 4107 1827 809 1122 4311 113 4104 235 19933
Tabela 4.7: Matriz OD Veiculos Pesados — Hora Pico Manha (2020)
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Tabela 4.8: Matriz OD Veiculos Pesados — Hora Pico Tarde (2020)
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Para

De

Rod. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Para

De

Roil. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Para

De

Rod. D. Pedro
Valinhos
Vinhedo
Jundiai

Grande SP
Indaiatuba
Jd. Campo Belo
Viracopos
Campinas
Monte Mor
Norte
Distr. Industrial
Total Geral

Tabela 4.9: Matriz OD Veiculos Leves — Hora Pico Manha (2030)
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Tabela 4.10: Matriz OD Veiculos Leves — Hora Pico Tarde (2030)
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Tabela 4.11: Matriz OD Veiculos Pesados — Hora Pico Manha (2030)
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Tabela 4.12: Matriz OD Veiculos Pesados — Hora Pico Tarde (2030)
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Tabela 4.13: Matriz OD Veiculos Leves — Hora Pico Manha (2039)
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Tabela 4.14: Matriz OD Veiculos Leves — Hora Pico Tarde (2039)
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132 10 8 - 794 11 6 3 305 3 218 1 1.490
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404 34 27 15 178 - 58 106 829 11 513 7 2184
88 7 1 5 35 87 - 957 190 2 112 2 1485
270 22 131 30 179 234 744 - 738 11 471 21 | 2.851
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Tabela 4.15: Matriz OD Veiculos Pesados — Hora Pico Manha (2039)

~ Rod.D.Pedro 164 4 9 [ 644

~ \Valinhos - 0 1 _
~ Vinhedo 6 0 - 2 17 8 o 55 10 0 22 0l 121
- Jundiai 27 2 2 - 199 2 1 3 49 1 66 0 353
. GrandeSP 231 21 17 201 - 24 5 15 437 16 750 1 1716
~ Indaiatuba 56 5 10 2 25 - 22 23 84 3 120 1| 348
 Jd. Campo Belo 16 1 0 1 6 18 - 208 27 1 40 0/ 318
.~ Viracopos 13 1 28 0 5 9 140 - 21 1 30 0| 248
~ Campinas 37 3 11 54 476 76 19 20 - 3 202 13 | 914
- MonteMor 4 0 0 1 12 3 1 1 3 - 14 ol 39
~ Norte 283 6 24 49 564 140 35 34 202 14 - 11 | 1.363
- Distr. Industrial 2 2 79 - 228
——————————————

Tabela 4.16: Matriz OD Veiculos Pesados — Hora Pico Tarde (2039)
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01-
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 Rod.D.Pedro 4 84 15 (597
- Valinhos 13 - 0 2 20 3 1 1 3 0 6 10 81
~ Vinhedo 4 0 - 2 17 9 0 69 13 0 29 0 144
- Jundiai 21 2 2 - 199 2 1 2 63 1 82 ol 377
| GrandeSP = 180 21 17 201 - 18 7 15 563 20 926 4 | 1970
~ Indaiatuba 52 4 15 5 62 - 33 21 153 3 150 2 499
~ Jd. Campo Belo 13 1 0 1 15 19 - 275 44 1 43 1| 413
~ Viracopos 12 1 42 1 13 22 209 - 38 1 37 0/ 376
~ Campinas 3 0 10 48 429 41 23 21 - 3 203 30 | 811
- MonteMor 4 - 1 1 10 2 1 1 3 - 14 2 89
[ Norte 284 1 22 42 487 93 62 52 203 14 - 84 | 1.343
_ Distr. Industrial 15 1 0 1 11 0 0 1 88 1 49 - | 167
~ TotalGeral 601 44 113 324 1427 239 350 472 1207 48 1822 138 6788




FOLHA 31/149

4.2  Fluxos na Rede: Projetacdes para 2020, 2030 e 2039
As matrizes OD projetadas para 2020, 2030 e 2039 foram alocadas a rede viaria.
As Figuras 4.1 a 4.8 mostram os resultados da alocag&o das matrizes para 10 anos (2020).

Analogamente, as Figuras 4.9 a 4.16 e as Figuras 4.17 a 4.24 mostram os resultados da alocacdo
das matrizes para 20 anos (2030), e das matrizes do ano final da concesséo (2039).

Figura 4.1: Rede 1 — Veiculos Leves — Hora Pico Manha — 2020
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Figura 4.2a: Detalhes das Interse¢des — Interseg¢do 1: SP083 x SP330
Rede 1 — Veiculos Leves — Hora Pico Manha — 2020

Figura 4.2b: Detalhes das Intersec¢fes — Intersecdo 4: SP083 x SP348
Rede 1 — Veiculos Leves — Hora Pico Manha — 2020
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Figura 4.3: Rede 1 — Veiculos Leves — Hora Pico Tarde — 2020
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Figura 4.4a: Detalhes das Interse¢des — Interseg¢do 1: SP083 x SP330
Rede 1 — Veiculos Leves — Hora Pico Tarde — 2020

Figura 4.4b: Detalhes das Interse¢gdes — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Leves — Hora Pico Tarde — 2020
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Figura 4.5: Rede 1 — Veiculos Pesados — Hora Pico Manha — 2020
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Figura 4.6a: Detalhes das Intersecdes — Interse¢éo 1. SP083 x SP330
Rede 1 — Veiculos Pesados — Hora Pico Manha — 2020

Figura 4.6b: Detalhes das Interse¢des — Intersecao 4: SP083 x SP348
Rede 1 — Veiculos Pesados — Hora Pico Manha — 2020
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Figura 4.7: Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2020
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Figura 4.8a: Detalhes das Interse¢des — Interseg¢do 1: SP083 x SP330
Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2020

Figura 4.8b: Detalhes das Interse¢des — Intersecao 4: SP083 x SP348
Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2020
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Figura 4.9: Rede 1 — Veiculos Leves — Hora Pico Manh& — 2030



FOLHA 40/149

Figura 4.10a: Detalhes das Intersecdes — Intersecédo 1: SP083 x SP330
Rede 1 — Veiculos Leves — Hora Pico Manha — 2030

Figura 4.10b: Detalhes das Interse¢des — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Leves — Hora Pico Manha — 2030
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Figura 4.11: Rede 1 — Veiculos Leves — Hora Pico Tarde — 2030
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Figura 4.12a: Detalhes das Interse¢des — Interse¢éo 1: SP083 x SP330
Rede 1 — Veiculos Leves — Hora Pico Tarde — 2030

Figura 4.12b: Detalhes das Intersecfes — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Leves — Hora Pico Tarde — 2030
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Figura 4.13: Rede 1 — Veiculos Pesados — Hora Pico Manhd — 2030
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Figura 4.14a: Detalhes das Intersecdes — Intersecédo 1: SP083 x SP330
Rede 1 — Veiculos Pesados — Hora Pico Manha — 2030

Figura 4.14b: Detalhes das Interse¢des — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Pesados — Hora Pico Manha — 2030
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Figura 4.15: Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2030
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Figura 4.16a: Detalhes das Intersecdes — Intersecédo 1: SP083 x SP330
Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2030

Figura 4.16b: Detalhes das Intersecfes — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2030
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Figura 4.17: Rede 1 — Veiculos Leves — Hora Pico Manh& — 2039
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Figura 4.18a: Detalhes das Interse¢gdes — Interse¢éo 1: SP083 x SP330
Rede 1 — Veiculos Leves — Hora Pico Manh& — 2039

Figura 4.18b: Detalhes das Intersecfes — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Leves — Hora Pico Manha — 2039
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Figura 4.19: Rede 1 — Veiculos Leves — Hora Pico Tarde — 2039
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Figura 4.20a: Detalhes das Interse¢gdes — Interse¢éo 1: SP083 x SP330
Rede 1 — Veiculos Leves — Hora Pico Tarde — 2039

Figura 4.20b: Detalhes das Intersec¢fes — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Leves — Hora Pico Tarde — 2039

Figura 4.21: Rede 1 — Veiculos Pesados — Hora Pico Manhd — 2039
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Figura 4.22a: Detalhes das Interse¢gdes — Interse¢éo 1: SP083 x SP330
Rede 1 — Veiculos Pesados — Hora Pico Manha — 2039

Figura 4.22b: Detalhes das Interse¢des — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Pesados — Hora Pico Manha — 2039
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Figura 4.23: Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2039
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Figura 4.24a: Detalhes das Interse¢gdes — Interse¢éo 1: SP083 x SP330
Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2039

Figura 4.24b: Detalhes das Intersecfes — Intersecéo 4: SP083 x SP348
Rede 1 — Veiculos Pesados — Hora Pico Tarde — 2039
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5 ESTUDOS DE CAPACIDADE NO VIARIO PROPOSTO

5.1 Conceito de Nivel de Servico

O Nivel de Servico € uma medida de desempenho empregada para se avaliar uma determinada
rodovia ao longo de uma determinada secdo. O Nivel de Servico estad diretamente relacionado a
fluidez do trafego, a qual pode ser medida através de variaveis basicas como a velocidade do fluxo,
a densidade e o tempo médio que os veiculos mais rapidos permanecem em fila atrds de veiculos
mais lentos, aguardando uma oportunidade de ultrapassagem.

A escala de variacdo do Nivel de Servico pode atingir niveis de “A” a “F”. O Nivel de Servigo “A”
corresponde ao fluxo completamente livre, enquanto o Nivel “F” corresponde ao fluxo
completamente congestionado.

Os niveis intermediérios correspondem a um determinado grau de fluidez, onde os Niveis “B”, “C” e
“D” sdo considerados tolerdveis. O Nivel de Servico “E” j& € considerado sempre intoleravel,
correspondendo a condi¢cbes instaveis, na iminéncia de ser atingido o fluxo completamente
congestionado (Nivel “F”").

O Nivel de Servico € medido através do fluxo de uma determinada hora, ou de um periodo de 15
minutos correspondendo ao intervalo de maior fluxo da respectiva hora.

Para que a rodovia ndo mantenha capacidade ociosa, sao considerados toleraveis
congestionamentos nas horas de maiores fluxos do ano, como horarios de pico durante feriados
prolongados. N&o fosse assim, as rodovias seriam dimensionadas para um fluxo intenso e atipico, e
seriam subutilizadas ao longo de todo o ano.

Em geral, utiliza-se como base para a hora de projeto fluxos horérios que variam entre a 302 e a
2002 hora de maior volume de trafego do ano.

5.2 Aplicacdo da Analise de Nivel de Servico

A andlise de Nivel de Servico pode ser empregada essencialmente para estas duas situagées:
e Andlise de Desempenho Operacional, €;
¢ Planejamento.

Na analise de desempenho operacional, o Nivel de Servico indica a atual qualidade do servi¢co
oferecido por uma determinada rodovia ao longo de um determinado trecho. Tais analises séo
realizadas para verificar a possivel saturacdo da rodovia.

A analise de Nivel de Servico realizada com fins de planejamento € utilizada normalmente para a
programacéao de futuras interven¢des de aumento de capacidade em uma determinada rodovia.

Com uma estimativa ou projecdo do trafego para um determinado horizonte de projeto, pode-se
simular a operacdo da rodovia em anos futuros, programando-se, caso necessario, eventuais
intervencBes como implantagcéo de faixa adicional ou duplicacdo. Além desta aplicacdo, a analise de
Nivel de Servico também é utilizada para se determinar a capacidade ou o niumero de faixas de uma
futura rodovia a ser projetada.

No caso do presente trabalho, a analise de Nivel de Servico foi utilizada para verificar, ao longo do
periodo considerado, as provaveis necessidades de ampliacdes de capacidade no sistema e as
respectivas épocas de implantacéo.
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5.3 A Metodologia do HCM

A metodologia do HCM pode ser empregada para analisar trechos genéricos de rodovia (sucessao
de aclives e declives, com muitos quildbmetros de extensdo), ou trechos menores, de forma mais
detalhada.

Para a analise de trechos genéricos, o HCM 2000 propde alguns critérios e definicdes que auxiliam
na classificacéo do trecho de rodovia que sera analisado:

e Terreno Plano: combinacdo de alinhamento horizontal e vertical que permita aos veiculos
pesados manter aproximadamente a mesma velocidade dos veiculos leves. Isto geralmente
ocorre quando h&a rampas curtas de ndo mais de 1% ou 2% de inclinacao;

e Terreno Ondulado: combinacdo de alinhamento horizontal e vertical que causa reducgdo
substancial na velocidade dos veiculos pesados, porém ndo a ponto de atingirem velocidades
abaixo de 30 km/h (crawl speeds) por muito tempo ou a intervalos freqiientes. Geralmente,
isto inclui segmentos de extensado curta ou meédia, com inclinagdo ndo maior que 4%;

e Terreno Montanhoso: combinacdo de alinhamento horizontal e vertical que causa redugéo
substancial na velocidade dos veiculos pesados a ponto de atingirem velocidades abaixo de
30 km/h (crawl speeds) por muito tempo ou intervalos frequientes. Geralmente, isto inclui
segmentos de aclives longos, com inclinagéo superior a 4%.

De acordo com o tipo de perfil vertical da rodovia analisada, a classificagdo do terreno ird determinar
o efeito da presenca dos veiculos pesados sobre a capacidade da rodovia.

A andlise genérica tem a vantagem de proporcionar resultados rapidos e diretos, porém n&o
representa com detalhes o Nivel de Servigo em trechos especificos da rodovia.

Sabe-se que o Nivel de Servico em uma rodovia ndo € uniforme ao longo de um trecho extenso,
uma vez que nos aclives, por exemplo, a velocidade dos caminhdes reduz substancialmente, o que
piora o Nivel de Servigo.

Assim, a andlise da rodovia em trechos menores e uniformes é considerada mais adequada para o
calculo do Nivel de Servico em uma determinada rodovia.

A divisdo da rodovia em trechos uniformes é feita através da definicdo das Secdes Basicas de
Andlises. Uma nova Sec¢éo Basica deve sempre ser definida quando variar:

e Perfil Vertical;
e Fluxo;
e Velocidade de Fluxo Livre.

A variacdo do fluxo é determinada pelas entradas e saidas da rodovia. No caso deste trabalho, a
variagdo do fluxo ocorre nos limites das Sec¢Bes de Trafego Homogéneo, onde se encontram as
principais intersecoes.

J& a variacéo da velocidade de fluxo livre pode ser verificada em diversos pontos da rodovia através
de medi¢bes, ou, na falta destes dados, pode ser feita uma estimativa com base na variacdo da
velocidade regulamentada. Para efeitos de andlise, a velocidade de fluxo livre de todo o trecho foi
adotada em 100 km/h.

Para a identificacdo de variagdo do perfil vertical, o HCM recomenda que qualquer trecho com
inclinagéo superior a 3% e extensao superior a 400m, ou inclinagdo superior a 2% e extensao
superior a 800m, sejam tratados como Rampas Especificas. Os demais trechos de inclinacdo menor
ou negativa devem ser tratados como trechos planos, exceto trechos de serra com declives
extensos.

Os trechos planos que ndo se enquadram como rampas especificas tém o fator de equivaléncia para
veiculos pesados igual a 1,5, ou seja, um veiculo pesado equivale a 1,5 veiculos de passeio.
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Ja nos trechos classificados como Rampas Especificas, o fator de equivaléncia varia de acordo com
a extensao e inclinacao da rampa analisada.

Os capitulos seguintes apresentam tabelas com a divisdo da rodovia em Sec¢Bes Basicas de Analise.

5.4 Calculo dos Niveis de Servico

O calculo do Nivel de Servico do prolongamento da SP 083 foi feito através do seguinte
procedimento:

a) Inicialmente, a rodovia foi segmentada em Sec¢8es Bésicas de Analise, conforme os critérios
descritos no item anterior;

b) De acordo com as caracteristicas de cada Secdo Basica, foi determinado o fator de
equivaléncia de veiculos pesados em cada segmento (HCM 1998);

¢) Em seguida, foi relacionado o fluxo de projeto em cada Sec¢do Basica de Analise. Os fluxos
de andlise na rodovia se encontram na Tabela 5.1. Estes fluxos foram retirados das
alocagbes de Hora Pico Manhéa e Tarde na Rede Futura (Figuras 3.4 a 3.9). Este processo foi
realizado para ambos os tipos de veiculos;

d) Através dos demais parametros de cada Secdo Basica e dos fluxos de cada segdo de
trafego, foi feito o célculo de Nivel de Servigo na rodovia para os anos de 2020, 2030 e 2039,
ultimo ano da concesséao.

A Figura 5.1 apresenta o perfil vertical do trecho em estudo da SP 083, destacando os trechos
planos, ondulados e rampas especificas. Esta Figura também apresenta a varia¢éo da velocidade de
um caminh&o pesado tipico (relacdo peso/poténcia de 180kg/kw) ao longo do trecho, de acordo com
a variacao da inclinacéo do greide da rodovia.

As Tabelas 5.2 e 5.3 apresentam os célculos de Niveis de Servico realizados nas pistas da SP 083.
Estas tabelas apresentam a segmentacdo das rodovias em SecOes Basicas de Analise, as
caracteristicas de cada secao e nas ultimas colunas os Niveis de Servico para os anos de 2020,
2030 e 2039.

Como se pode observar nas Tabelas 5.2 e 5.3, os Niveis de Servigo ndo serdo piores do que “D” nas
horas pico da amanhd@ e da tarde ao longo de todo o periodo de concessdo. Isto mostra que a
construcdo de terceiras faixas ndo serd necessaria em nenhum segmento do trecho em estudo da
SP 083 durante o periodo de concessao.
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Figura 5.1: Perfil Vertical da BR 153 — km 334+000 ao km 345+760
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Tabela 5.1: Fluxos de Projeto 2020

Norte Sul
Leves Pesados Leves Pesados
Manha 805 158 1.193 175
Tarde 1.112 219 1.274 121

Hora Pico
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6 ANALISE DE NIiVEL DE SERVICO NAS INTERSECOES

6.1 Metodologia de Anélise de Desempenho em Interse¢des

6.1.1 Premissas Bésicas

Para a andlise de desempenho de uma interse¢do, € necessario considerar igualmente os aspectos
da acessibilidade, seguranca e fluidez do trafego.

Acessibilidade

A questdo da acessibilidade € simples de ser verificada em um dispositivo. Caso existam acessos
locais nos arredores da interse¢do, € importante que esta permita através de seus ramos 0S acessos
as propriedades, ruas e avenidas locais.

Embora a acessibilidade seja uma premissa bésica e simples de ser compreendida, ela muitas vezes
ndo é atendida de forma correta em um projeto devido a existéncia de dificuldades de implantacgéo,
custos ou mesmo negligéncia por parte dos projetistas.

Assim, para que o dispositivo seja adequado em termos gerais, é importante primeiramente que ele
atenda uma de suas principais fungdes, que € o acesso as vias e propriedades locais.

Seguranca

Mesmo nas interse¢cdes em desnivel, a questdo da seguranca € de extrema importancia, pois ainda
ocorrem cruzamentos em nivel nas aproximagdes dos viadutos ou outros tipos de conflitos como
entrelacamentos, convergéncias e divergéncias. Assim, para que seja garantido um nivel de
seguranca adequado em uma intersecdo, devem ser considerados 0s seguintes itens:

e Sinalizagéo

e Familiaridade dos motoristas com a geometria;

e Ramos com geometria apropriada;

e Abrigo para esperas de travessia nos cruzamentos em nivel,
e Visibilidade;

e Fluidez.

Como se observa, os requisitos de seguranca de uma interse¢do estéo ligados principalmente a sua
geometria, mas também existe uma relacdo quanto o aspecto da fluidez. Ainda que os cinco
primeiros requisitos sejam respeitados, se a capacidade for inadequada, havera problemas na
intersegao. De fato, se o tempo de espera for excessivo, 0s motoristas poderdao executar manobras
imprudentes, comprometendo a seguranca no local.

As caracteristicas de acessibilidade e seguranca devem ser analisadas de forma qualitativa,
verificando se o dispositivo respeita 0s requisitos mencionados.

Fluidez

Quanto ao aspecto da fluidez do trafego, uma intersecdo pode ter seu desempenho analisado
atraveés do célculo de Nivel de Servico.

De forma geral, os dispositivos recomendados neste trabalho seguiram as seguintes premissas:
e Completa acessibilidade local;

e Configuracdo usual e familiar ao motorista.
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Questdes mais especificas de sinalizacdo, geometria de ramos e abrigos em travessias devem ser
tratadas no projeto funcional, seguindo as premissas basicas de seguranca.

Com relacdo a fluidez, coube ao estudo de trafego analisar se a capacidade dos dispositivos
apresentados sera suficiente para a acomodacao do trafego com os niveis minimos de desempenho
exigidos.

Nos itens seguintes sdo apresentadas as analises de Niveis de Servico para as intersecbes em
desnivel que deverdo ser implantadas ou reformuladas ao longo do trecho em estudo da BR 153.
Estas intersecdes sdo as seguintes:

o Intersecdo 1 — SP 083 com SP 330 (intersecdo existente que serd completada no presente
projeto);

e Intersecéo 2 — SP 083 (prolongamento) com SP 348;
A Figura 2.1 apresenta a localizacao das 2 intersecfes estudadas.

6.1.2 Principais Conflitos que Afetam a Fluidez do Trafego

Ocorrem pontos de conflitos de veiculos que causam filas de espera ou a diminuicdo das
velocidades. Estes conflitos so:

e Convergéncias e Divergéncias;
¢ Entrelacamentos.

Esses sé@o na verdade os pontos criticos das intersecdes em termos de fluidez, e portanto, nesses
locais devem ser realizadas as analises de Niveis de Servico. Ao garantir que a fluidez seja
satisfatéria nos principais pontos de conflito, o analista estard garantindo a fluidez adequada em todo
o dispositivo.

Os itens seguintes detalham o conceito e a metodologia de andlise dos principais pontos de conflito
em intersecoes.

6.1.3 Pontos de Convergéncia e Divergéncia

Nas juncBes dos ramos de entrada e saida da intersecdo com as pistas principais da rodovia
ocorrem os conflitos de convergéncia e divergéncia. Sob condicbes de trafego leve ou moderado,
estes conflitos geralmente ndo causam problemas, apresentando bons Niveis de Servico em
rodovias de pista simples e rodovias de pista dupla.

Para a analise do Nivel de Servi¢co nos pontos de convergéncia e divergéncia, foi utilizado o software
HCS 2000 4.1, que se baseia nos métodos de célculo do Highway Capacity Manual 2000.

6.1.4 Entrelacamentos

Os trechos de entrelacamento ocorrem nas rodovias devido a distancia limitada entre dois ramos de
acesso adjacentes ou devido a juncdes de rodovias seguidas de bifurcacdes. Nestas areas, veiculos
que entram em paralelo se conflitam ao trocarem de faixa de trdfego entre si ao longo de uma
determinada distancia.

Um exemplo comum de entrelacamento pode ser observado na Figura 6.1.
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Figura 6.1 — Exemplo Genérico de Entrelagamento

A

Os movimentos A-D e B-C sdo os movimentos criticos do entrelagamento, pois sdo aqueles que
entram em conflito direto. Porém, os movimentos A-C e B-D também influenciam na andlise, tendo
em vista sua ocupacao do espaco no trecho de entrelagamento.

Os principais fatores que influenciam no Nivel de Servi¢co de um entrelacamento séo:

e Volume de Trafego: A medida que o fluxo cresce em areas de entrelagamento, aumenta a
dificuldade do motorista em encontrar uma oportunidade para trocar de faixa, o que acarreta na
diminuicdo da velocidade e do Nivel de Servico;

e Distancia de Entrelacamento: Uma longa distancia de entrelacamento permite aos motoristas
melhor se adequarem ao trocar de faixas de trafego sem a diminuicdo excessiva da velocidade;

e Numero de Faixas: Faixas adicionais dispostas nas rodovias ao longo das regides de
entrelacamento permitem que os veiculos que ndo sdo conflitantes (A-C e B-D; Figura 6.1),
permanecam em faixas de trafego exclusivas para 0os movimentos diretos, o que diminui a
densidade de veiculos e permite aos motoristas melhor se adequarem ao trocarem de faixas de
trafego;

e Tipo de Entrelagamento: Alguns tipos de entrelacamento obrigam os veiculos a fazerem a
mudanca de duas ou mais faixas de trafego ao longo de uma distancia determinada, o que
caracteriza uma situacdo mais critica.

Os métodos usuais de calculo para se avaliar o desempenho de &reas de entrelacamentos sao
aqueles estabelecidos no Highway Capacity Manual (HCM).

No presente trabalho, para se avaliar o Nivel de Servi¢o dos entrelagamentos foi utilizado o software
HCS 2000 verséo 4.1, que se baseia nos métodos de célculo do HCM 2000.

6.2 Anélise das Intersecdes

6.2.1 Intersecdo SP 083 com SP 330

A Figura 6.1 apresenta uma foto aérea atual da intersecdo. O projeto proposto para o local propfe a
complementacdo do projeto original, inserindo ramos diagonais e o préprio prolongamento SP 083
para compor um trevo de quatro folhas completo. A Figura 6.2 apresenta um croqui do dispositivo
proposto para o local.

Em termos de acessibilidade e seguranca, pode-se dizer que o trevo de quatro folhas proposto é um
conceito bastante indicado, pois permite a realizacdo de todos os movimentos direcionais, e se trata
de um formato consagrado e bastante familiar ao motorista brasileiro.

Em relacdo a questdo da fluidez, as analises de Niveis de Servico apresentadas na Figura 6.9
(a e b) apresentam a qualidade de sua operacéo ao longo do periodo de concesséo.

A Figura 6.5 apresenta as analises de Niveis de Servi¢co nas juncdes da SP 083 e SP 330 com os
ramos das interse¢des ou inicio e final da via marginal (convergéncias e divergéncias) para o ano de
2039, ultimo ano da concessdao e critico em termos de trafego.

As Figuras 6.6 a 6.9 apresentam as analises das sec¢fes de entrelacamento. Como se pode notar
nas Figuras 6.3 e 6.4b, os Entrelacamentos 1 e 3 ocorrem em vias marginais para que esses
conflitos influenciem o minimo possivel no trafego direto da SP 330.
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A Figura 6.4 (aeb) apresenta os resultados das analises de Nivel de Servico realizadas. Os

resultados detalhados dos célculos podem ser encontrados também no Anexo B, no formato de
folhas de saida do HCS 2000.

Conclui-se que, para todos os pontos de conflito, o trecho operara com Nivel se Servico “D” ou
melhor durante todo o periodo considerado (até 2039).

Figura 6.2: Intersecdo SP 083 com SP 330 — Configuragéo Atual
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Figura 6.3: Intersecdo SP 083 com SP 330 — Geometria Proposta
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Figura 6.4a: Resultados das Analises de Nivel de Servico
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Figura 6.4b: Resultados das Analises de Nivel de Servigo
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Figura 6.5: Intersecdo SP 083 com SP 330 — Divergéncias e Convergéncias
Fluxos em Conflito e Niveis de Servico
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Figura 6.6: Intersecdo SP 083 com SP 330 — Entrelagcamento 1
Fluxos em Conflito e Niveis de Servico
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Figura 6.7: Intersecdo SP 083 com SP 330 — Entrelagcamento 2
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Figura 6.8: Intersecdo SP 083 com SP 330 — Entrelagamento 3
Fluxos em Conflito e Niveis de Servico

Configuracédo das Faixas de Trafego na Secdo de Entrelacamento

Representagdo dos Movimentos na Se¢éo de Entrelagamento

Sumaré Marginal SP 330 Vinhedo

. Valinhos
Valinhos
I Secao de Entrelacamento E3 I
Al A2
\ N
Distancia A1 - A2=170m NUmero de Faixas de Entrelagcamento - 2
MANHA TARDE
Secao de Entrelagamento E3 - 2039

Secao de Entrelagamento E3 - 2039

Entrelagamento Tipo A Entrelacamento Tipo A

[ 0o [ 0% | [ 0o | o% |
119
@ 924 @
[ 0 [ 0% |

[ o [ o% |

Nivel de Servico: Nivel de Servico:

C C

Legenda:
1 Fluxo de Projeto (Veiculos Totais)

2 Porcentagem de Pesados



FOLHA 72/149

Figura 6.9: Intersecdo SP 083 com SP 330 — Entrelagamento 4
Fluxos em Conflito e Niveis de Servico
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6.2.2 Intersecdo SP 083 com SP 348

A Figura 6.10 apresenta um croqui do dispositivo proposto para o local. O formato sugerido € um
trevo de quatro folhas com marginais na SP 348 para evitar turbuléncias na rodovia. A interse¢édo no
entanto podera ser implantada de forma parcial, tal como apresentado na Figura 6.10, pois o
prolongamento da SP 083 até a SP 324 poder& ocorrer somente numa etapa futura, o que elimina a
necessidade de construcéo imediata da intersecdo completa.

Em termos de acessibilidade e seguranca, pode-se dizer que o trevo de quatro folhas proposto é um
conceito bastante indicado, pois permite a realizacdo de todos os movimentos direcionais, e se trata
de um formato consagrado e bastante familiar ao motorista brasileiro.

Em relacdo a questdo da fluidez, as analises de Niveis de Servico apresentadas na Figura 6.11
apresentam a qualidade de sua operacao ao longo do periodo de concessao.

As Figuras 6.12 e 6.13 apresentam as analises de Niveis de Servico nas juncdes da SP 083 e
SP 348 com os ramos das interse¢cdes ou inicio e final da via marginal (convergéncias e
divergéncias) para os anos de 2030 e 2039, ultimo ano da concessao e critico em termos de trafego.

As Figuras 6.14 a 6.15 (a e b) apresentam as analises das sec¢des de entrelacamento, que ocorrem
em vias marginais projetadas para que esses conflitos influenciem o minimo possivel na fluidez da
SP 348. No caso das sec0es tedricas de entrelacamento que ocorreriam nas pistas da SP 083, na
verdade ndo ha trafego nas algcas conectadas a Pista Marginal Norte da SP 348, exceto pelos fluxos
rarefeitos de retorno. Assim, até que seja implantado o prolongamento da SP 083 até a SP 324, nao
havera turbuléncias significativas naquelas secées.

A Figura 6.11 apresenta um croqui geral com os resultados das analises de Nivel de Servico
realizadas. Os resultados detalhados dos célculos podem ser encontrados também no Anexo B, no
formato de folhas de saida do HCS 2000.

De acordo com as andlises, € possivel observar que:

e A Convergéncia 1 e a Divergéncia 2 (assinaladas na Figura 6.11) apresentam Nivel de Servico
satisfatorio em 2030. Ja em 2039, o Nivel de Servico passa a ser “F”, ou seja, insatisfatorio;

e O Entrelagamento 2 apresenta Nivel de Servico satisfatorio em 2020. Entretanto, as analises
para o ano de 2030 ja demonstraram Nivel de Servico insatisfatorio;

Do ponto de vista das juncdes, entende-se que a operacdo adequada por mais de 20 anos ja é
suficiente para demonstrar a boa funcionalidade do projeto. O trecho deverd, no entanto, ser
monitorado apos o ano 20 para verificar se é necessario implantar uma segunda faixa nos ramos
diagonais.

Com relacao a secéo de Entrelacamento 2 (Figura 6.11), o trecho devera ser monitorado ja a partir
do ano 10 para verificar sua possivel saturacdo. Caso isto ocorra, a implantacdo de uma terceira
faixa na regido de entrelagcamento devera proporcionar Nivel de Servico adequado ao trecho durante
todo o periodo de concesséo.
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Figura 6.10: Intersecdo SP 083 com SP 348 — Geometria Proposta
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Figura 6.11: Resultados das Analises de Nivel de Servico
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Figura 6.12: Intersecdo SP 083 com SP 348 — Convergéncias

Fluxos em Conflito e Niveis de Servico
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Figura 6.13: Intersecdo SP 083 com SP 348 — Divergéncias

Fluxos em Conflito e Niveis de Servico
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Figura 6.14: Intersegdo SP 083 com SP 348 — Entrelagcamento 1
Fluxos em Conflito e Niveis de Servico
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Figura 6.15a: Intersecdo SP 083 com SP 348 — Entrelagamento 2
Fluxos em Conflito e Niveis de Servico
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Figura 6.15b: Interse¢cédo SP 083 com SP 348 — Entrelagamento 2
Fluxos em Conflito e Niveis de Servico
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7 CALCULO DO NUMERO “N”

7.1 Conceito do Numero “N”

Um dos elementos necessarios para o dimensionamento do pavimento de um trecho rodoviério € o
Numero “N”, representativo da solicitacdo que o trafego imporé ao pavimento durante o horizonte de
projeto.

Os métodos de dimensionamento de pavimentos flexiveis da AASHTO (American Association of
State Highway and Transportation Officials) e do USACE (United States Army Corps of Engineers),
0S mais usuais no Brasil, baseiam-se na solicitacdo do tr&fego no numero de repeticdes da
passagem dos veiculos ao longo do tempo. Para efeito de padronizacdo, calcula-se essa solicitacao
em termos de numero de passagens de um eixo padréo de 8,2 toneladas.

m n
N :365221 Fij Ei pi
i=1 j=
Pode-se calcular o Numero “N” pela seguinte expressao:

Onde:

Fij = Fluxo médio diario do tipo de veiculo i no ano j;
m = Numero de tipos de veiculo;

n = Numero de anos de projeto;

Ei = Niumero equivalente de passagens do eixo padrdo que causa 0 mesmo impacto sobre o
pavimento do que a passagem de um veiculo do tipo i (este parametro é conhecido como
“Fator de Veiculo”);

Pi = Percentual dos veiculos do tipo i que utilizam a faixa de projeto.

Para um dado tipo de veiculo, o fator de veiculo representa a condi¢cdo de carregamento vigente na
média dos veiculos desse tipo. Para uma rodovia com trafego pesado, com poucos veiculos vazios e
muitos veiculos com sobrecarga, o fator de veiculo é alto. Em outras rodovias, em que haja forte
presenca de veiculos vazios (mesmo que haja sobrecarga em outros), o fator de veiculo é
naturalmente menor.

Em qualquer caso, os fatores de veiculos sdo normalmente calculados através dos dois métodos
usuais, o da AASHTO e o do USACE. Essas duas formas de calculo estdo ligadas & maneira com
gue cada método leva em conta o efeito da passagem do eixo padréo sobre o pavimento.

No caso presente foram utilizados fatores de veiculo que supdem 75% dos veiculos de cada
categoria com carga maxima legal, e os restantes 25% vazios. Esse critério resulta nos fatores de
veiculo apresentados na Tabela 7.1 (ver calculo detalhado no Anexo C).
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Tabela 7.1: Fatores de Veiculo

Método Leves Onibus S 0ES

Cc2 C3 2S2 2S3 3S3 352S2
USACE 0,00 2,74 2,68 6,63 9,12 9,70 13,64 19,49
AASTHO 0,00 2,11 2,05 1,48 3,30 3,24 2,67 3,96

7.2 Célculo do NUmero “N”

A Tabela 7.2 apresenta o nimero “N” para o trecho em estudo, pelos métodos USACE e AASTHO.
Sao apresentados célculos do numero N para o periodo de 10 e 20 anos, com ano de abertura em
2012.

O Numero “N” de Projeto é calculado através da soma do “N” de cada categoria vezes o fator CFP
(Caminhdes na Faixa de Projeto), que corresponde ao percentual do total de trafego da rodovia na
respectiva faixa de projeto. No caso presente, o percentual de CFP foi adotado da seguinte forma:

e SecOes de Pista Dupla da SP 083: CPF de 40%. Toma-se como base de calculo o VDM
bidirecional e 80% dos pesados na faixa critica da direita. Assim, para uma faixa de trafego, o
CPF corresponde a 50% do VDM bidirecional e 80% do trafego unidirecional, onde 50% x 80% =
40% (CPF para faixa de trafego em Pista Dupla);

e Ramos de Intersecdes: No caso de ramos, utiliza-se como base o VDM unidirecional, sendo
100% de caminhdes na faixa de projeto para ramos de uma faixa e 80% para ramos de duas
faixas;

A composicdo das diversas categorias dos caminhdes empregada no calculo do Numero “N” foi
baseada em contagens realizadas no km 8 da SP 083, em 2009. A distribuicdo de pesados utilizada
no calculo do Numero “N” se encontra na Tabela 7.3.

A Figura 7.1 apresenta croqui do trecho com os valores apresentados na Tabela 7.2.

Tabela 7.2;: Célculo do Numero “N” — Método USACE e AASHTO

10 anos 20 anos
USACE AASTHO USACE AASTHO
Intesecdo SP 083 x SP 330: ramo mais carregado ' 3,06E+07 | 6,55E+07 = 6,55E+07 @ 2,32E+07
Intesecdo SP 083 x SP 348: ramo mais carregado | 2,73E+07 ' 7,37E+07 | 7,37E+07 2,61E+07
Secédo de Rodovia (entre SP 083 e SP 330)  2,97E+07  7,55E+07 | 7,55E+07 2,68E+07

Trecho

Tabela 7.3: Distribuicdo de Veiculos Pesados Empregada no Calculo do Namero “N”

Distribuicéo de Onibus Cc2 C3 2S2 2S3 3S3 3S2S2 Total
Pesados 8,9% 36,9% 31,5% 2,9% 11,3% 5,6% 2,9% 100,0%
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SP 348

Figura 7.1: Projeto de Prolongamento da SP 083
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8 CONCLUSOES

O prolongamento da SP 083 até a rodovia SP 348 devera atrair nos primeiros anos de sua operacao
um volume de trdfego moderado, composto essencialmente pelo trafego da regido de Campinas
tributéria da SP 065 e trafego rodoviario da SP 340 com destino ao interior e principalmente a capital
através da SP 348.

A rodovia concebida com 2 faixas por sentido tera grande oferta de capacidade por varios anos da
concessao. Somente no periodo proximo ao ano 30 a rodovia deverd apresentar maior relacdo de
fluxo sobre capacidade. Ainda assim, nenhum segmento apresentara Nivel de Servigco pior do que
“D” ao longo de toda a concessao.

Com relacdo a nova intersecdo que promovera o entroncamento da SP 083 com a SP 348, o
formato em trevo de quatro folhas ndo apresentara problemas de capacidade ao longo de varios
anos apoés a sua implantacdo. Porém, com o crescimento do trafego, os fluxos entrelacantes na pista
marginal da 348 ganhardo maiores propor¢cBes, podendo causar retencdo de fluxo em época
préxima ao ano 20.

Assim, recomenda-se que o trecho seja monitorado apds o ano 10 para verificar a sua fluidez e
programar, com o auxilio de dados de trafego do proprio trecho, as eventuais intervencdes de
aumento de capacidade necessarias.
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ANEXO A: CONTAGENS VOLUMETRICAS



Tabela A.1 — Contagens da Interse¢cdo 1: SP330 X SP083
Data: 6/1/2010
Local - SP 083 KM 12
Movimento: SP 330 (Interior) - SP 083
Hora P A Pesados
Jas = Leves | Caminhdes| Onibus % Tow@l Total
07:00 08:00 495 65 24 15% 89 584
08:00 09:00 511 64 16 14% 80 591
09:00 10:00 397 64 20 17% 84 481
10:00 11:00 368 68 21 19% 89 457
11:00 12:00 360 59 18 18% 78 438
12:00 13:00 361 61 19 18% 79 440
13:00 14:00 346 48 9 14% 57 403
14:00 15:00 380 50 10 14% 60 440
15:00 16:00 394 49 10 13% 58 453
16:00 17:00 294 54 9 18% 63 357
17:00 18:00 517 48 7 10% 55 572
18:00 19:00 554 37 11 8% 48 602
Total 4.978 666 174 14% 840 5.818
Movimento: SP 330 (Capital) - SP 083
Hora - A Pesados
Jas = Leves | Caminhdes| Onibus % Tow@l Total
07:00 08:00 577 101 40 20% 141 718
08:00 09:00 682 127 13 17% 140 822
09:00 10:00 424 157 2 27% 159 583
10:00 11:00 441 136 19 26% 155 596
11:.00 12:00 432 118 17 24% 135 567
12:00 13:00 433 121 17 24% 138 571
13:00 14:00 497 113 11 20% 125 622
14:00 15:00 546 119 12 19% 131 677
15:00 16:00 566 117 12 18% 128 695
16:00 17:00 422 110 1 21% 111 533
17.00 18:00 682 99 11 14% 110 792
18:00 19:00 856 122 21 14% 143 999
Total 6.558 1.440 176 20% 1.616 8.175
Movimento: SP 083 - SP 330 (Interior)
Hora - A Pesados
Jas = Leves | Caminhdes| Onibus % Tow@l Total
07:00 | 08:00 708 40 54| 12% 94 802
08:00 09:00 510 23 23 8% 46 556
09:00 10:00 360 26 21 12% 47 407
10:00 11:00 414 31 34 14% 66 480
11:.00 12:00 405 27 30 12% 57 462
12:00 13:00 406 28 31 13% 59 464
13:00 14:00 462 45 18 12% 63 525
14:00 15:00 508 48 19 12% 66 574
15:00 16:00 526 47 18 11% 65 591
16:00 17:00 319 46 9 15% 55 374
17:00 18:00 769 48 17 8% 65 834
18:00 19:00 734 38 26 8% 64 798
Total 6.121 447 300 11% 747 6.868
Movimento: SP 083 - SP 330 (Capital)
Hora - A Pesados
TS = Leves | CaminhBes| Onibus % Total Total
07:00 | 08:00 844 81 19 11% 100 944
08:00 09:00 725 86 2 11% 88 813
09:00 10:00 483 89 7 17% 96 579
10:00 11:00 538 90 10 16% 100 638
11:.00 12:00 526 79 9 14% 87 614
12:00 13:00 527 80 9 14% 89 617
13:00 14:00 424 84 12 18% 96 520
14:00 15:00 465 89 13 18% 101 566
15:00 16:00 482 87 12 17% 99 581
16:00 17:00 341 58 20 19% 78 419
17:00 18:00 660 95 5 13% 100 760
18:00 19:00 668 93 10 13% 103 771
Total 6.684 1.011 127 15% 1.138 7.822
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Tabela A.2 — Contagens da Intersecéo 1: SP330 X SP083

Data: 6/1/2010
Local - SP 083 KM 12
Movimento: SP 330 - Capital - Interior
Hora < Leves | Caminhdes| Onibus Pesados Total
das as % Total
07:00 08:00 1.192 182 55 17% 237 1.429
08:00 09:00 1.254 226 39 17% 265 1.519
09:00 | 10:00 757 263 16| 27% 279 1.036
10:00 11:00 840 236 39 25% 275 1.115
11:00 12:00 822 206 34 23% 240 1.062
12:00 13:00 823 211 35 23% 245 1.068
13:00 | 14:00 994 208 581 21% 265 1.260
14:00 15:00 1.091 218 61 20% 279 1.370
15:00 | 16:00 1.132 214 601 19% 273 1.405
16:00 17:00 934 199 22 19% 221 1.155
17:00 18:00 1.581 258 71 17% 329 1.910
18:00 19:00 1.402 150 76 14% 226 1.628
Total 12.822 2.571 564 20% 3.135] 15.957
Movimento: SP 330 - Interior - Capital

T Hora = Leves | Caminhdes| Onibus %Pesad(?rs()tal Total
07:00 | 08:00 1.281 180 56| 16% 236 1.517
08:00 09:00 1.179 270 33 20% 303 1.482
09:00 | 10:00 767 179 431 22% 222 989
10:00 11:00 846 221 46 24% 268 1.114
11:00 12:00 828 193 41 22% 234 1.062
12:00 13:00 829 198 41 22% 239 1.068
13:00 14:00 679 174 37 24% 211 890
14:00 [ 15:00 746 183 391 23% 222 968
15:00 16:00 773 179 38 22% 217 991
16:00 17:00 714 188 45 25% 233 947
17:00 18:00 945 177 31 18% 208 1.153
18:00 19:00 1.018 144 32 15% 176 1.194

Total 10.606 2.287 482 | 21% 2.769 | 13.376
Movimento: Retorno SP 330 (Capital)

Tas Hora = Leves | Caminhdes| Onibus %Pesad(_Jrsoral Total
07:00 08:00 6 2 - 25% 2 8
08:00 | 09:00 4 - - 0% - 4
09:00 10:00 3 - - 0% - 3
10:00 11:00 3 1 - 17% 1 4
11:00 12:00 3 1 - 16% 1 4
12:00 | 13:00 3 1 - 16% 1 4
13:00 14:00 3 - - 0% - 3
14.00 15:00 3 1 - 23% 1 4
15:00 | 16:00 3 - - 0% - 3
16:00 17:00 3 - - 0% - 3
17:00 18:00 5 1 - 17% 1 6
18:00 19:00 4 - - 0% - 4

Total 45 6 - 12% 6 51

Movimento: Retorno SP 330 (Interior)

Hora < Leves | Caminhdes| Onibus Pesados Total
das as % Total
07:00 | 08:00 8 - - 0% - 8
08:00 09:00 3 - - 0% - 3
09:00 | 10:00 5 1 - 17% 1 6
10:00 11:00 4 - - 0% - 4
11:00 12:00 4 - - 0% - 4
12:00 13:00 4 - - 0% - 4
13:00 | 14:00 2 - - 0% - 2
14:00 15:00 3 1 - 29% 1 4
15:00 | 16:00 3 - - 0% - 3
16:00 17:00 4 - - 0% - 4
17:00 | 18:00 2 1 - 33% 1 3
18:00 | 19:00 3 - - 0% - 3

Total 45 3 - 6% 3 48
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Tabela A.3— Contagens da Intersec¢do 2: SP075 X SP348

Data: 8/1/2010
Local - SP348/ SP075
Movimento: Campinas - SP 348 (Capital)
Hora < Leves |Caminhdes| Onibus Pesados Total
das as % Total
07:00 | 08:00 231 36 4 15% 40 271
08:00 | 09:00 237 36 7 15% 43 280
09:00 10:00 236 27 8 13% 35 271
10:00 11:00 230 30 6 14% 36 267
11:00 12:00 223 34 7 16% 41 264
12:00 13:00 210 35 7 17% 41 251
13:00 14:00 121 16 4 14% 20 140
14:00 15:00 124 19 4 16% 23 147
15:00 16:00 135 20 4 15% 24 159
16:00 17:00 116 18 5 17% 23 139
17:00 18:00 154 23 5 15% 28 182
18:00 19:00 149 18 3 12% 21 170
Total 2.165 313 63 15% 376 2.541
Movimento: Itu - SP348 (Capital
Hora Leves |Caminhdes| Onibus Pesados Total
das as % Total
07:00 08:00 144 21 4 15% 25 169
08:00 | 09:00 163 38 2 20% 40 203
09:00 10:00 145 53 4 28% 57 202
10:00 11:00 148 34 3 20% 37 185
11:00 12:00 143 39 3 23% 42 186
12:00 13:00 135 39 4 24% 43 177
13:00 14:00 131 32 2 21% 35 165
14:00 15:00 134 38 3 23% 41 175
15:00 16:00 146 40 3 23% 43 189
16:00 17:00 130 57 2 31% 59 189
17:00 18:00 189 55 6 24% 61 250
18:00 19:00 135 7 - 5% 7 142
Total 1.743 455 36 22% 490 2.233
Movimento: SP 348 (Capital) - Campina
das Hora F Leves |Caminhdes| Onibus %Pesado_?Otal Total
07:00 08:00 226 48 18 23% 66 292
08:00 09:00 241 35 9 15% 44 285
09:00 10:00 231 37 3 15% 40 271
10:00 11:00 198 41 5 19% 46 244
11:00 12:00 199 29 3 14% 32 231
12:00 13:00 156 32 12 22% 44 200
13:00 14:00 171 39 4 20% 43 214
14:00 15:00 182 35 8 19% 43 225
15:00 16:00 168 36 9 21% 45 213
16:00 17:00 186 38 17 23% 55 241
17:00 18:00 242 42 22 21% 64 306
18:00 19:00 226 59 29 28% 88 314
Total 2.426 471 139 20% 610 3.036
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Tabela A.4 — Contagens da Intersegéo 2: SP075 X SP348

Data: 8/1/2010
Local - SP348/ SP075
Movimento: SP 348 (interior) - itu
Jas Hora P Leves | Caminhdes| Onibus %Pesad(')ri)tal Total
07:00 | 08:00 523 113 12] 19% 125 648
08:00 | 09:00 502 98 221 19% 120 622
09:00 10:00 453 84 10 17% 94 547
10:00 11:00 342 69 12 19% 81 423
11:00 | 12:00 366 72 14| 19% 86 452
12:00 | 13:00 401 79 91 18% 88 489
13:00 14:00 344 63 12 18% 75 419
14:00 15:00 289 88 22 28% 110 399
15:00 | 16:00 325 91 19] 25% 110 435
16:00 | 17:00 402 104 32| 25% 136 538
17:00 | 18:00 465 118 55| 27% 173 638
18:00 19:00 472 84 44 21% 128 600
Total 4.884 1.063 263 | 21% 1.326 ] 6.210
Movimento: Campinas - SP348 (interior)
Hora - Leves | Caminhdes| Onibus Pesados Total
das as % Total
07:00 | 08:00 288 65 81 20% 73 361
08:00 | 09:00 249 54 31 19% 57 306
09:00 10:00 242 44 12 19% 56 298
10:00 11:00 202 32 5 15% 37 239
11:00 12:00 197 48 9 22% 57 254
12:00 | 13:00 221 45 8| 19% 53 274
13:00 | 14:00 186 52 14] 26% 66 252
14:00 15:00 199 57 12 26% 69 268
15:00 16:00 207 59 18 27% 77 284
16:00 | 17:00 237 69 311 30% 100 337
17:00 | 18:00 245 64 341 29% 98 343
18:00 | 19:00 242 54 19| 23% 73 315
Total 2.715 643 173 23% 816 | 3.531
Movimento: Campinas - Itu
Hora < Leves | Caminhdes| Onibus Pesados Total
das as % Total
07:00 08:00 1.049 21 67 8% 88 1.137
08:00 | 09:00 1.211 70 49 9% 119 1.330
09:00 | 10:00 807 58 25 9% 83 890
10:00 | 11:00 1.003 46 43 8% 891 1.092
11:00 12:00 971 52 49 9% 101 1.072
12:00 13:00 913 52 50 10% 102 1.015
13:00 | 14:00 953 19 41 6% 60] 1.013
14:00 15:00 980 22 48 7% 71 1.051
15:00 16:00 1.067 24 51 7% 75 1.142
16:00 17:00 790 29 47 9% 76 866
17:00 | 18:00 1.268 23 49 5% 721 1.340
18:00 | 19:00 1.254 18 54 5% 721 1.326
Total 12.267 434 573 8% 1.007 | 13.274
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Tabela A.5 — Contagens da Interseg¢éo 2: SP075 X SP348

Data: 8/1/2010
Local - SP348/ SP075

Movimento: Itd - Campinas
Tas Hora = Leves | Caminhdes| Onibus %Pesad(')l'f)tal Total
07:00 08:00 1.064 84 66 12% 150 1.214
08:00 09:00 892 86 58 14% 144 1.036
09:00 10:00 894 108 30 13% 138 1.032
10:00 11:00 932 85 47 12% 133 1.065
11:00 12:00 903 97 53 14% 150 1.053
12:00 13:00 848 98 54 15% 152 1.000
13:00 14:00 1.068 100 49 12% 148 1.216
14:00 15:00 1.098 117 57 14% 175 1.273
15:00 16:00 1.196 124 61 13% 185 1.381
16:00 17:00 999 124 52 15% 176 1.175
17:00 18:00 1.473 123 82 12% 205 1.678
18:00 19:00 1.239 119 45 12% 164 1.403
Total 12.606 1.265 655 13% 1.920 | 14.526
Movimento: Itu - SP 348 (Interior)
Hora < Leves | Caminhdes| Onibus Pesados Total
das as % Total
07:00 08:00 651 136 22 20% 158 809
08:00 09:00 539 110 8 18% 118 657
09:00 10:00 467 121 - 21% 121 588
10:00 11:00 542 113 9 18% 122 664
11:00 12:00 525 127 10 21% 138 663
12:00 13:00 493 129 11 22% 140 633
13:00 14:00 455 136 11 24% 146 601
14:00 15:00 468 160 13 27% 173 640
15:00 16:00 509 169 13 26% 183 692
16:00 17:00 446 165 8 28% 173 619
17:00 18:00 625 140 22 21% 162 787
18:00 19:00 509 194 9 29% 203 712
Total 6.228 1.701 136 23% 1.836 8.065
Movimento: SP348 (Capital ) - Itu
Tas Hora = Leves | Caminhdes| Onibus %Pesads)rztal Total
07:00 08:00 86 20 1 20% 21 107
08:00 09:00 150 22 7 16% 29 179
09:00 10:00 145 11 1 8% 12 157
10:00 11:00 125 16 3 13% 19 144
11:00 12:00 121 18 3 15% 22 142
12:00 13:00 113 19 3 16% 22 135
13:00 14:00 106 9 7 13% 16 122
14:00 15:00 109 11 8 14% 18 128
15:00 16:00 119 11 8 14% 19 138
16:00 17:00 96 10 5 14% 15 111
17:00 18:00 127 13 8 14% 21 148
18:00 19:00 146 10 11 13% 21 167
Total 1.443 170 64 14% 235 1.678
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Tabela A.6 — Contagens da Intersec¢do 3: SP075 X SP324

Data: 7/1/2010
Local - SP 075/ SP 324
Movimento: Campinas - SP 330 Data: 7/1/2010
Hora S Leves |Caminhdes| Onibus Pesados Total
das as % Total
07:00 08:00 174 26 21 21% 47 221
08:00 [ 09:00 158 45 18] 29% 63 221
09:00 10:00 143 37 16 27% 53 196
10:00 11:00 130 34 18 29% 52 182
11:00 12:00 120 34 17 30% 51 171
12:00 13:00 118 30 15 28% 45 164
13:00 14:00 225 41 21 21% 61 287
14:00 15:00 236 43 22 21% 64 301
15:00 | 16:00 239 43 22| 21% 65 304
16:00 17:00 259 47 23 21% 70 329
17:00 18:00 332 34 22 14% 56 388
18:00 19:00 306 38 16 15% 54 360
Total 2.441 452 231 22% 682 3.124
Movimento: Aeroporto - Itu Data: 7/1/2010
Hora Leves |Caminhdes| Onibus Pesados Total
das as % Total
07:00 [ 08:00 24 1 4 17% 5 29
08:00 09:00 61 3 3 9% 6 67
09:00 10:00 48 6 2 14% 8 56
10:00 11:00 36 3 3 14% 6 42
11:00 12:00 34 3 3 15% 6 40
12:00 13:00 33 3 3 14% 5 38
13:00 | 14:00 82 10 3 13% 13 95
14:00 | 15:00 86 10 3 13% 13 99
15:00 | 16:00 87 10 3 13% 13 101
16:00 17:00 83 14 4 18% 18 101
17:00 18:00 109 7 5 10% 12 121
18:00 19:00 135 7 - 5% 7 142
Total 819 77 36 12% 113 931
Movimento: Itu - Aeroporto Data: 7/1/2010
Hora = Leves |Caminhdes| Onibus Pesados Total
das as % Total
07:00 08:00 60 6 5 15% 11 71
08:00 09:00 123 3 2 4% 5 128
09:00 10:00 61 3 1 6% 4 65
10:00 11:00 67 4 3 9% 6 73
11:00 12:00 62 4 3 9% 6 68
12:00 | 13:00 61 3 2 8% 6 66
13:00 14.00 42 5 3 16% 8 50
14:00 15:00 44 5 4 16% 9 53
15:00 16:00 45 5 4 16% 9 53
16:00 17:00 63 6 3 13% 9 72
17:00 18:00 58 5 5 15% 10 68
18:00 19:00 47 3 2 10% 5 52
Total 732 52 36 11% 88 820
Movimento: SP 330 - Campinas Data: 7/1/2010
s Hora = Leves |Caminhdes| Onibus %Pesado_?mal Total
07:00 08:00 191 28 20 20% 48 239
08:00 09:00 163 34 12 22% 46 209
09:00 10:00 141 35 14 26% 49 190
10:00 11:00 136 31 15 25% 46 181
11:00 12:00 125 31 15 27% 45 170
12:00 13:00 123 27 13 24% 40 163
13:00 14:00 163 32 15 22% 47 210
14:00 15:00 171 34 15 22% 49 220
15:00 16:00 173 34 15 22% 50 223
16:00 17:00 200 34 9 18% 43 243
17:00 18:00 227 44 18 21% 62 289
18:00 19:00 222 17 16 13% 33 255
Total 2.035 381 177 22% 558 2.593
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Tabela A.7 — Contagens da Intersec¢éo 3: SP075 X SP324

Data: 7/1/2010
Local - SP 075/ SP 324
Movimento: Itu - SP 330 Data: 7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das 35 | "®® [ZEos[3Ewos| 3E | 4E | 5E | 6E [7Eou+| 2E [3Eou+| % | Tom | '°°
07:00 08:00 61 11 3 - - 3 - - - - 22% 17 78
08:00 09:00 49 2 2 - - 5 - - - - 16% 9 58
09:00 10:00 49 4 6 - - - - - - - 17% 10 59
10:00 11:00 44 5 4 - - 3 - - - - 21% 11 55
11:00 12:00 40 5 3 - - 3 - - - - 22% 11 52
12:00 13:00 40 5 3 - - 2 - - - - 20% 10 50
13:00 14:00 36 10 5 - - 5 - - - - 35% 20 56
14:00 15:00 38 10 6 - - 5 - - - - 36% 21 58
15:00 16:00 38 10 6 - - 5 - - - - 35% 21 59
16:00 17:00 52 11 3 - - 4 - - - - 26% 18 70
17:00 18:00 47 12 8 - - 6 - - - - 36% 26 73
18:00 19:00 44 5 5 - - 4 - - - - 24% 14 58
Total 537 90 54 - - 44 - - - - 26% 188 725
Movimento: Campinas - Itu Data:  7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das = | “°Y® [ZEixos|3Exos| 3E | 4E | 5E | 6E [7Eou+| 2E [3Eous| % | Tow | °°
07:00 08:00 894 67 59 - - 27 - - 26 - 17% 179 1.073
08:00 09:00 898 100 62 - - 48 - - 12 - 20% 222 1.120
09:00 10:00 728 74 57 - - 49 - - 12 - 21% 192 920
10:00 11:00 690 77 57 - - 40 - - 16 - 21% 189 879
11:00 12:00 636 76 56 - - 39 - - 16 - 23% 187 823
12:00 13:00 628 67 50 - - 35 - - 14 - 21% 165 793
13:00 14:00 734 18 38 - - 41 - - 29 - 15% 127 861
14:00 15:00 769 19 40 - - 43 - - 31 - 15% 133 903
15:00 16:00 780 19 40 - - 44 - - 31 - 15% 134 914
16:00 17:00 773 32 44 - - 34 - - 21 - 14% 131 904
17:00 18:00 990 12 25 - - 40 - - 22 - 9% 99 1.089
18:00 19:00 1.160 9 43 - - 47 - - 43 - 11% 142 1.302
Total 9.681 570 571 - - 486 - - 273 - 16% 1.900 | 11.581
Movimento: SP 330 - Itd Data:  7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das 3 | “°Y® [ZExos|3Exos| 3E ZE 5E 6E [7Eou+| 2E [3Eou+| % | Tom | '@
07:00 08:00 56 6 4 - - 4 - - - - 20% 14 70
08:00 09:00 73 4 3 - - - - - - - 9% 7 80
09:00 10:00 58 15 2 - - 6 - - - - 28% 23 81
10:00 11:00 51 8 3 - - 3 - - 2 - 24% 16 67
11:00 12:00 47 8 3 - - 3 - - - - 23% 14 61
12:00 13:00 47 7 3 - - 3 - - 1 - 22% 13 60
13:00 14:00 41 6 5 - - 4 - - 2 - 29% 17 57
14:00 15:00 43 6 5 - - 4 - - - - 27% 15 58
15:00 16:00 43 6 5 - - 4 - - 2 - 29% 18 61
16:00 17:00 39 7 7 - - 5 - - 1 - 34% 20 59
17:00 18:00 69 6 3 - - 3 - - 3 - 18% 15 84
18:00 19:00 54 5 4 - - 3 - - 2 - 21% 14 68
Total 621 85 46 - - 42 - - 13 - 23% 186 807
Movimento: Campinas - Aeroporto Data: 7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das 35 | "®® [ZEos[3Eos| 3 | 4E | 5E | 6 [7Eou+| 2E [3Eou+| % | Tom | '°®
07:00 08:00 508 10 3 - - 5 - - 14 - 6% 32 540
08:00 09:00 550 16 1 - - 4 - - 17 - 6% 38 588
09:00 10:00 402 19 5 - - 2 - - 7 - 8% 33 435
10:00 11:00 400 14 3 - - 4 - - 12 - 8% 33 433
11:00 12:00 369 14 3 - - 3 - - 12 - 8% 32 401
12:00 13:00 364 13 3 - - 3 - - 11 - 7% 29 392
13:00 14:00 305 15 9 - - 5 - - 13 - 12% 42 347
14:00 15:00 319 16 9 - - 5 - - 14 - 12% 44 363
15:00 16:00 324 16 9 - - 5 - - 14 - 12% 44 368
16:00 17:00 356 14 10 - - 3 - - 18 - 11% 45 401
17:00 18:00 379 18 9 - - 5 - - 11 - 10% 43 422
18:00 19:00 479 12 6 - - 7 - - 9 - 7% 34 513
Total 4.755 177 69 - - 52 - - 151 - 9% 448 5.203
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Tabela A.8 — Contagens da Intersec¢éo 3: SP075 X SP324

Data: 7/1/2010
Local - SP075/SP 324
Movimento: Aeroporto - SP 330 Data:  7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das as Leves 2 Eixos | 3Eixos] 3E 4E 5E 6E |[7Eou+] 2E |[3Eou+ % Total Total
07:00 08:00 153 11 17 - - 10 - - 9 - 24% 47 200
08:00 [ 09:00 157 10 18 - - 12 - - 6 - 23% 46 203
09:00 10:00 204 18 23 - - 11 - - 5 - 22% 57 261
10:00 11.00 141 12 18 - - 11 - - 6 - 25% 48 189
11:00 12:00 130 12 18 - - 10 - - 6 - 27% 47 177
12:00 13:00 128 11 16 - - 9 - - 6 - 25% 42 170
13:00 14:00 108 19 47 - - 20 - - 7 - 46% 93 201
14:00 15:00 113 20 49 - - 21 - - 8 - 46% 98 211
15:00 16:00 115 20 50 - - 21 - - 8 - 46% 98 213
16:00 17:00 135 17 48 - - 22 - - 2 - 40% 89 224
17:00 18:00 212 9 39 - - 15 - - 8 - 25% 71 283
18:00 | 19:00 83 29 51 - - 21 - - 12 - 58% 113 196
Total 1.679 188 395 - - 183 - - 84 - 34% 849 | 2528
Movimento: SP 330 - Aeroporto Data:  7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das 35 | “°V®° [ZEos[3Eixos| 3E | 4E | 5E | 6E [7Eou+| 2E [3Eou+| % | Tom | '°%
07:00 [ 08:00 337 37 17 - - 7 - - 30 - 21% 91 428
08:00 09:00 274 38 17 - - 10 - - 22 - 24% 87 361
09:00 [ 10:00 268 42 25 - - 8 - - 17 - 26% 92 360
10:00 11:00 241 37 19 - - 8 - - 22 - 26% 86 327
11:00 12:00 222 37 19 - - 8 - - 22 - 28% 85 307
12:00 13:00 219 33 16 - - 7 - - 19 - 26% 75 294
13:00 14:00 219 51 27 - - 15 - - 24 - 35% 117 336
14:00 15:00 229 53 28 - - 16 - - 25 - 35% 123 352
15:00 | 16:00 232 54 28 - - 16 - - 26 - 35% 124 356
16:00 17:00 253 54 29 - - 16 - - 17 - 31% 116 369
17:00 18:00 295 52 22 - - 13 - - 29 - 28% 116 411
18:00 19:00 322 43 28 - - 16 - - 25 - 26% 112 434
Total 3.110 531 276 - - 140 - - 278 - 28% 1.225 4.335
Movimento: Itu - Campinas Data:  7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das as Leves 2 Eixos | 3Eixos] 3 E 4E 5E 6E |[7Eou+] 2E |[3Eou+ % Total Total
07:00 08:00 1.147 56 41 - - 23 - - 35 - 12% 155 1.302
08:00 [ 09:00 1.024 58 42 - - 26 - - 32 - 13% 158 | 1.182
09:00 10:00 821 47 41 - - 31 - - 16 - 14% 135 956
10:00 | 11:00 819 51 40 - - 25 - - 26 - 15% 143 962
11:00 12:00 756 51 39 - - 25 - - 26 - 16% 141 897
12:00 13:00 745 45 35 - - 22 - - 23 - 14% 125 870
13:00 14:00 631 91 52 - - 41 - - 21 - 25% 205 835
14:00 | 15:00 661 96 55 - - 43 - - 22 - 25% 215 876
15:00 16:00 670 96 55 - - 43 - - 22 - 24% 216 887
16:00 | 17:00 519 90 46 - - 22 - - 7 - 24% 165 684
17:00 18:00 1.055 95 56 - - 40 - - 36 - 18% 227 1.282
18:00 | 19:00 936 82 52 - - 57 - - 18 - 18% 209 | 1.145
Total 9.783 858 554 - - 398 - - 284 - 18% 2.094 | 11.878
Movimento: Aeroporto - Campinas Data:  7/1/2010
Hora Caminhdes Carretas Onibus Pesados
das 35 | “°V®° [ZEos[3Eixos] 3E | 4E | 5E | 6E [7Eou+| 2E [3Eou+| % [ Tom | '°%
07:00 [ 08:00 233 9 6 - - 6 - - 16 - 14% 37 270
08:00 09:00 305 16 4 - - 4 - - 9 - 10% 33 338
09:00 [ 10:00 402 19 7 - - 3 - - 9 - 9% 38 440
10:00 11:00 257 14 5 - - 4 - - 11 - 12% 34 292
11:00 12:00 237 14 5 - - 4 - - 11 - 13% 34 271
12:00 13:00 234 12 5 - - 4 - - 9 - 11% 30 264
13:00 14:00 412 25 6 - - 9 - - 16 - 12% 56 467
14:00 15:00 432 27 6 - - 9 - - 16 - 12% 58 490
15:00 | 16:00 438 27 6 - - 9 - - 17 - 12% 59 497
16:00 17:00 371 32 5 - - 7 - - 14 - 14% 58 429
17:00 18:00 714 16 6 - - 11 - - 21 - 7% 54 768
18:00 19:00 555 26 6 - - 8 - - 11 - 8% 51 606
Total 4.590 237 68 - - 78 - - 160 - 11% 542 5.133
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ANEXO B: RESULTADO DAS ANALISES DE NiVEL DE SERVICO -
HCS2000
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 20/5/2010
Analysis Time Period: Hora Pico Manha
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 1
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs
Freeway free-flow speed, SFF 100 km/h
Weaving number of lanes, N 2
Weaving segment length, L 150 m
Terrain type Level
Grade %
Length km
Weaving type A Multilane or C-D
Volume ratio, VR 1.00
Weaving ratio, R 0.04
Conversion to pc/h Under Base Conditions

Non-Weaving Weaving

\% \Y \Y \%

A-C B-D A-D B-C
Volume, V 0 0 429 21 veh/t
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 119 6 \Y;
Trucks and buses 0 0 10 0 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.952 1.000
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 500 23 pc/h

Weaving and Non-Weaving Speeds

Weaving Non-Weaving
Weaving intensity factor, Wi 1.07 0.74
Weaving and non-weaving speeds, Si 64 .56 72.15
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.26
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S 64.56 km/h
Weaving segment density, D 4._05 pc/km/1In
Level of service, LOS A
Capacity for base condition, cb pc/h

Limitations on Weaving Segments

If Max Exceeded See Nc

Analyzed Maximum Note
Weaving flow rate, Vw 523 2800 a
Average flow rate (pc/h/In) 261 2300 b
Volume ratio, VR 1.00 1.00 c
Weaving ratio, R 0.04 N/A d
Weaving length (m) 150 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: F

reeway Weaving Release 4.1c
Operational Analysis

Analyst:

Agency/Co.:

Date Performed:

Analysis Time Period:
Freeway/dir or Travel:
Weaving Location:
Jurisdiction:

Analysis Year:
Description: Analise de

Isis Sartori
PERPLAN

20/5/2010

Hora Pico Tarde

SP 083
Entrelacamento 1
Rota das Bandeiras

Freeway free-flow speed,
Weaving number of lanes,
Weaving segment length,
Terrain type

Grade

Length
Weaving type
Volume ratio, VR
Weaving ratio, R

Volume, V

Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Trucks and buses PCE, ET
Recreational vehicle PCE
Heavy vehicle adjustment
Driver population factor
Flow rate, v

Weaving intensity factor
Weaving and non-weaving

Number of lanes required
unconstrained operation,
Maximum number of lanes,
Type of operation is

2039
Nivel de Servico
Inputs
SFF 100
N 2
L 150
Level
A
1.00
0.00

Conversion to pc/h Under Base Conditions

Non-Weaving

\ \

A-C B-D

0 0

0.90 0.90

0 0

0 0

0 0

1.5 1.5
, ER 1.2 1.2
, THV 1.000 1.000
, TP 1.00 1.00

0 0

Weaving and Non-Weaving Speeds

Weaving
., Wi 0.73
speeds, Si 72.52

for
Nw (Exhibit 24-7)
Nw (max) (Exhibit 24-7)

km/h
m
%

km
Multilane or C-D

Weaving
\% \%
A-D B-C
287 1 veh/t
0.90 0.90
80 1 Y,
21 0 %
0 0 %
1.5 1.5
1.2 1.2
0.905 1.000
1.00 1.00
352 1 pc/h
Non-Weaving
0.45
82.06
1.20
1.40
Unconstrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S
Weaving segment density,
Level of service, LOS

Capacity for base condit

Weaving flow rate, Vw
Average flow rate (pc/h/
Volume ratio, VR

Weaving ratio, R

Weaving length (m)
Notes:

72.52 km/h

D 2.43 pc/km/1In
A

ion, cb pc/h

Limitations on Weaving Segments

Analyzed
353

In) 176
1.00
0.00
150

I Max Exceeded See Nc

Max imum Note
2800 a
2300 b
1.00 c
N/ZA d
750 e

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained

by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations

and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.
e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000:

Analyst: Isis Sartori
Agency/Co.: PERPLAN

Date Performed: 20/5/2010
Analysis Time Period: Hora Pico Manha
Freeway/dir or Travel: SP 083

Weaving Location: Entrelacamento 3

Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico

Inputs

Freeway Weaving Release 4.1c
Operational Analysis

Freeway free-flow speed, SFF
Weaving number of lanes, N
Weaving segment length, L
Terrain type

Grade

Length
Weaving type
Volume ratio, VR
Weaving ratio, R

100

170
Level

A
1.00
0.11

Conversion to pc/h Under Base Conditions

Non-Weaving

\

T
o

Volume, V

Peak-hour factor, PHF

Peak 15-min volume, v15
Trucks and buses

Recreational vehicles

Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, v

[(e]
o

o oN G

OFRPRFRPRFPPFPOOOOO
o

o
o

\

i
o

©
o

o oN Ul
o
o

OrRrRFRPRRFRPRPLPOOOOO
o

Weaving and Non-Weaving Speeds
Non-Weaving
1.31

Weaving
Weaving intensity factor, Wi 5.61
Weaving and non-weaving speeds, Si 36.71

Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7)

Maximum number of lanes, Nw (max) (Exhibit 24-7)

Type of operation is

km/h
m
%

km
Multilane or C-D

Weaving
\% \%
A-D B-C
119 1004 veh/t
0.90 0.90
33 279 Y,
23 13 %
0 0 %
1.5 1.5
1.2 1.2
0.897 0.939
1.00 1.00
147 1188 pc/h

60.37

1.47
1.40
Constrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S 36.71 km/h
Weaving segment density, D 18.18 pc/km/1In
Level of service, LOS C
Capacity for base condition, cb pc/h
Limitations on Weaving Segments
IT Max Exceeded See Nc
Analyzed Maximum Note

Weaving flow rate, Vw 1335 2800 a
Average flow rate (pc/h/In) 667 2300 b
Volume ratio, VR 1.00 1.00 c
Weaving ratio, R 0.11 N/A d
Weaving length (m) 170 750 e
Notes:
a. Capacity constrained by maximum allowable weaving flow rate.
b. Capacity constrained by basic freeway capacity.
c. Segments do not operate well at VR"s exceeding max. Poor operations

and some local queuing are expected in such cases.
d. Breakdown may occur in some cases for Type C segments.
e. When length exceeds these limits, merge and diverge are treated as

isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Fr

eeway Weaving Release 4.1c
Operational Analysis

Analyst:

Agency/Co.:

Date Performed:

Analysis Time Period:
Freeway/dir or Travel:
Weaving Location:
Jurisdiction:

Analysis Year:
Description: Analise de

Isis Sartori
PERPLAN

20/5/2010

Hora Pico Tarde

SP 083
Entrelacamento 3
Rota das Bandeiras

Freeway free-flow speed,
Weaving number of lanes,
Weaving segment length,
Terrain type

Grade

Length
Weaving type
Volume ratio, VR
Weaving ratio, R

Volume, V

Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Trucks and buses PCE, ET
Recreational vehicle PCE
Heavy vehicle adjustment
Driver population factor
Flow rate, v

Weaving intensity factor
Weaving and non-weaving

Number of lanes required
unconstrained operation,
Maximum number of lanes,
Type of operation is

2039
Nivel de Servico
Inputs
SFF 100
N 2
L 170
Level
A
1.00
0.05

Non-Weaving

for
Nw (Exhibit 24-7)
Nw (max) (Exhibit 24-7)

Conversion to pc/h Under Base Conditions

o

o

o o
o

\ Vv
A-C B-
0 0
0.90 0.9
0 0
0 0
0 0
1.5 1.5
, ER 1.2 1.2
, FHV 1.000 1.0
, TP 1.00 1.0
0 0
Weaving and Non-Weaving Speeds
Weaving
., Wi 4.89
speeds, Si 38.26

km/h
m
%

km
Multilane or C-D

Weaving
\% \%
A-D B-C
54 924 veh/t
0.90 0.90
15 257 Y,
4 14 %
0 0 %
1.5 1.5
1.2 1.2
0.980 0.935
1.00 1.00
61 1098 pc/h

Non-Weaving
1.09
64.19

1.44
1.40
Constrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S
Weaving segment density,
Level of service, LOS
Capacity for base condit
L

Weaving flow rate, Vw
Average flow rate (pc/h/
Volume ratio, VR

Weaving ratio, R

Weaving length (m)
Notes:

38.26 km/h
D 15.15 pc/km/1In
C
ion, cb pc/h
imitations on Weaving Segments
Analyzed
1159
In) 579
1.00
0.05
170

I Max Exceeded See Nc

Max imum Note
2800 a
2300 b
1.00 c
N/ZA d
750 e

a. Capacity constrained by maximum allowable weaving flow rate.
b. Capacity constrained by basic freeway capacity.
c. Segments do not operate well at VR"s exceeding max. Poor operations

and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.
e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 20/5/2010
Analysis Time Period: Hora Pico Manha
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 3
Weaving segment length, L 185 m
Terrain type Level
Grade %
Length km
Weaving type A
Volume ratio, VR 0.25
Weaving ratio, R 0.23
Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\Y \Y \% \%
A-C B-D A-D B-C
Volume, V 1557 0 429 119 veh/h
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 433 0 119 33 \Y;
Trucks and buses 20 0 10 23 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 0.909 1.000 0.952 0.897
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 1902 0 500 147 pc/h
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 1.02 0.45
Weaving and non-weaving speeds, Si 75.57 95.49
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 0.85
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained
Weaving Segment Speed, Density, Level of Service and Capacity
Weaving segment speed, S 89.50 km/h
Weaving segment density, D 9.49 pc/km/1In
Level of service, LOS B
Capacity for base condition, cb 5424 pc/h

Limitations on Weaving Segments

I¥ Max Exceeded See Note

Analyzed Maximum Note
Weaving flow rate, Vw 647 2800 a
Average flow rate (pc/h/In) 849 2400 b
Volume ratio, VR 0.25 0.45 c
Weaving ratio, R 0.23 NZA d
Weaving length (m) 185 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 20/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelagcamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Anélise de Nivel de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 3
Weaving segment length, L 185 m
Terrain type Level
Grade %
Length km
Weaving type A
Volume ratio, VR 0.25
Weaving ratio, R 0.08
Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\Y \Y \Y \Y
A-C B-D A-D B-C
Volume, V 1817 0 587 54 veh/t
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 505 0 163 15 \Y
Trucks and buses 18 0 10 4 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 0.917 1.000 0.952 0.980
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 2200 0 684 61 pc/h
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 1.17 0.55
Weaving and non-weaving speeds, Si 71.98 91.22
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 0.86
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained
Weaving Segment Speed, Density, Level of Service and Capacity
Weaving segment speed, S 85.44 km/h
Weaving segment density, D 11.49 pc/kn/In
Level of service, LOS B
Capacity for base condition, cb 5428 pc/h

Limitations on Weaving Segments

IT¥ Max Exceeded See Nc

Analyzed Maximum Note

Weaving flow rate, Vw 745 2800 a
Average flow rate (pc/h/In) 981 2400 b
Volume ratio, VR 0.25 0.45 ¢
Weaving ratio, R 0.08 N/A d
Weaving length (m) 185 750 e
Notes:
a. Capacity constrained by maximum allowable weaving flow rate.
b. Capacity constrained by basic freeway capacity.
c. Segments do not operate well at VR"s exceeding max. Poor operations

and some local queuing are expected in such cases.
d. Breakdown may occur in some cases for Type C segments.
e. When length exceeds these limits, merge and diverge are treated as

isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Fr

eeway Weaving Release 4.1c
Operational Analysis

Analyst:

Agency/Co.:

Date Performed:
Analysis Time Period:
Freeway/dir or Travel:
Weaving Location:

Isis Sartori
PERPLAN
20/5/2010

Hora Pico Manha
SP 083
Entrelacamento 4

Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servicgo
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 3
Weaving segment length, L 180 m
Terrain type Level
Grade %
Length km
Weaving type A
Volume ratio, VR 0.37
Weaving ratio, R 0.02

Conversion to pc/h Under Base Conditions

Non-Weaving Weaving

\ \Y \ Vv

A-C B-D A-D B-C
Volume, V 1701 0 1004 21 veh/t
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 473 0 279 6 v
Trucks and buses 15 0 13 0 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 0.930 1.000 0.939 1.000
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 2031 0 1188 23 pc/h

Weaving and Non-Weaving Speeds

Weaving Non-Weaving
Weaving intensity factor, Wi 1.60 0.91
Weaving and non-weaving speeds, Si 63.94 78.34
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.13
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S 72.26 km/h
Weaving segment density, D 14.95 pc/km/In
Level of service, LOS C
Capacity for base condition, cb 4906 pc/h

Limitations on Weaving Segments

IT Max Exceeded See Nc
Analyzed Maximum Note

Weaving flow rate, Vw 1211 2800 a
Average flow rate (pc/h/In) 1080 2400 b
Volume ratio, VR 0.37 0.45 c
Weaving ratio, R 0.02 N/ZA d
Weaving length (m) 180 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max.
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)

Poor operations
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 20/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 4
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 3
Weaving segment length, L 180 m
Terrain type Level
Grade %
Length km
Weaving type A
Volume ratio, VR 0.35
Weaving ratio, R 0.00
Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\Y \% \% \%
A-C B-D A-D B-C
Volume, V 1723 0 924 1 veh/t
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 479 0 257 1 \%
Trucks and buses 13 0 14 0 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 0.939 1.000 0.935 1.000
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 2038 0 1098 1 pc/h
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 1.50 0.82
Weaving and non-weaving speeds, Si 65.67 81.21
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.08
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained
Weaving Segment Speed, Density, Level of Service and Capacity
Weaving segment speed, S 74.99 km/h
Weaving segment density, D 13.94 pc/km/1In
Level of service, LOS C
Capacity for base condition, cb 4995 pc/h

Limitations on Weaving Segments

I Max Exceeded See Nc

Analyzed Maximum Note
Weaving flow rate, Vw 1099 2800 a
Average flow rate (pc/h/In) 1045 2400 b
Volume ratio, VR 0.35 0.45 c
Weaving ratio, R 0.00 N/A d
Weaving length (m) 180 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Convergéncia 1

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 2

Free-flow speed on freeway 100.0 km/h

Volume on freeway 1701 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 442 vph

Length of first accel/decel lane 197 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1701 442 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 473 123 Y
Trucks and buses 15 7 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.930 0.966
Driver population factor, fP 1.00 1.00
Flow rate, vp 2032 508 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation O
FM
v =v (P )= 2032 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 2540 4600 No
FO
\% 2540 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 13.0 pc/km/1In
R R 12 A
Level of service for ramp-freeway junction areas of influence C

Speed Estimation

Intermediate speed variable, M = 0.323
S

Space mean speed in ramp influence area, S =89.3 km/h
R

Space mean speed in outer lanes, S = N/A km/h

Space mean speed for all vehicles, S =89.3 km/h
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Lucia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Convergéncia 1

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servico
Freeway Data

Type of analysis Merge

Number of lanes in freeway 2

Free-flow speed on freeway 100.0 km/h

Volume on freeway 1723 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 251 vph

Length of first accel/decel lane 197 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1723 251 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 479 70 \%
Trucks and buses 13 7 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.939 0.966
Driver population factor, fP 1.00 1.00
Flow rate, vp 2039 289 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation O
FM
v =v (P )= 2039 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 2328 4600 No
FO
Y 2328 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 12.0- pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence B
Speed Estimation

Intermediate speed variable, M = 0.314

Space mean speed in ramp influence area, SS = 89.6 km/h

Space mean speed in outer lanes, SR = N/A km/h

Space mean speed for all vehicles, S =289.6 km/h °
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Convergéncia 2

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 1956 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 669 vph

Length of first accel/decel lane 140 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1956 669 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 543 186 Y
Trucks and buses 21 13 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.905 0.939
Driver population factor, fP 1.00 1.00
Flow rate, vp 2402 792 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation O
FM
v =v (P ) = 2402 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 3194 4800 No
FO
\% 3194 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 16.8 pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence C
Speed Estimation

Intermediate speed variable, M = 0.383
S

Space mean speed in ramp influence area, S =99.7 km/h
R

Space mean speed in outer lanes, S = N/A km/h

Space mean speed for all vehicles, S =99.7 km/h
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Convergéncia 2

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 2518 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 830 vph

Length of first accel/decel lane 140 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2518 830 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 699 231 Y
Trucks and buses 20 11 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.909 0.948
Driver population factor, fP 1.00 1.00
Flow rate, vp 3078 973 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation O
FM
v =v (P )= 3078 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 4051 4800 No
FO
\% 4051 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 20.8 pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence D
Speed Estimation

Intermediate speed variable, M = 0.511
S

Space mean speed in ramp influence area, S =92.9 km/h
R

Space mean speed in outer lanes, S = N/A km/h

Space mean speed for all vehicles, S =292.9 km/h
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Convergéncia 3

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 3

Free-flow speed on freeway 100.0 km/h

Volume on freeway 1652 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 819 vph

Length of first accel/decel lane 90 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1652 819 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 459 228 Y
Trucks and buses 24 16 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.893 0.926
Driver population factor, fP 1.00 1.00
Flow rate, vp 2056 983 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 0.586 Using Equation 1
FM
v =v (P )= 1204 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 3039 6900 No
FO
\% 2187 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 12.5 pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence C
Speed Estimation

Intermediate speed variable, M = 0.334
S

Space mean speed in ramp influence area, S =89.0 km/h
R

Space mean speed in outer lanes, S =98.0 km/h

Space mean speed for all vehicles, S =291.3 km/h



FOLHA 108/149

HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Convergéncia 3

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 3

Free-flow speed on freeway 100.0 km/h

Volume on freeway 1852 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 929 vph

Length of first accel/decel lane 90 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1852 929 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 514 258 Y
Trucks and buses 20 14 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.909 0.935
Driver population factor, fP 1.00 1.00
Flow rate, vp 2264 1104 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 0.586 Using Equation 1
FM
v =v (P )= 1326 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 3368 6900 No
FO
\% 2430 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 13.7 pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence C
Speed Estimation

Intermediate speed variable, M = 0.344
S

Space mean speed in ramp influence area, S = 88.7 km/h
R

Space mean speed in outer lanes, S =97.5 km/h

Space mean speed for all vehicles, S =90.9 km/h
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Convergéncia 4

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 1848 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 889 vph

Length of first accel/decel lane 200 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1848 889 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 513 247 \%
Trucks and buses 14 3 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.935 0.985
Driver population factor, fP 1.00 1.00
Flow rate, vp 2197 1003 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation O
FM
v =v (P )= 2197 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 3200 4800 No
FO
\% 3200 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 16.0 pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence C
Speed Estimation

Intermediate speed variable, M = 0.369

Space mean speed in ramp influence area, SS = 100.5 km/h

Space mean speed in outer lanes, SR = N/A km/h

Space mean speed for all vehicles, S = 100.5 km/h °
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HCS2000: Freeway Weaving Release 4.1c
Merge Analysis

Analyst: Lucia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Convergéncia 4

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servico
Freeway Data

Type of analysis Merge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 1723 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 251 vph

Length of first accel/decel lane 200 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1723 251 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 479 70 \%
Trucks and buses 13 7 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.939 0.966
Driver population factor, fP 1.00 1.00
Flow rate, vp 2039 289 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 1.000 Using Equation O
FM
v =v (P )= 2039 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 2328 4800 No
FO
Y 2328 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 12.0- pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence B
Speed Estimation

Intermediate speed variable, M = 0.313

Space mean speed in ramp influence area, SS = 103.4 km/h

Space mean speed in outer lanes, SR = N/A km/h

Space mean speed for all vehicles, S = 103.4 km/h °
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Lacia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Divergéncia 1
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039

Description: Analise de Nivel de Servico

Freeway Data

Type of analysis Diverge
Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h
Volume on freeway 2533 vph
Off Ramp Data
Side of freeway Right
Number of lanes in ramp 1
Free-Flow speed on ramp 60.0 km/Zh
Volume on ramp 540 vph
Length of first accel/decel lane 80 m
Length of second accel/decel lane m
Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2533 540 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 704 150 \Y;
Trucks and buses 18 11 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.917 0.948
Driver population factor, fP 1.00 1.00
Flow rate, vp 3068 633 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v + (v-vVv)P = 3068 pcph
12 R F R FD
Capacity Checks
Actual Max imum LOS F?
vV =V 3068 4800 No
Fi F
Vv 3068 4400 No
12
vV =V -V 2435 4800 No
FO F R
\Y% 633 2000 No
R
Level of Service Determination (if not F)
Density, D =2.642 + 0.0053 v - 0.0183 L = 17.4 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence D
Speed Estimation

Intermediate speed variable, D 0.460
S

Space mean speed in ramp influence area, S 96 km/h



FOLHA 112/149

HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 1

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 2152 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 466 vph

Length of first accel/decel lane 80 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2152 466 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 598 129 Y
Trucks and buses 18 25 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.917 0.889
Driver population factor, fP 1.00 1.00
Flow rate, vp 2606 583 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v +(v-v)P = 2606 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 2606 4800 No
Fi F
\% 2606 4400 No
12
vV =V -V 2023 4800 No
FO F R
v 583 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 15.0 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence C
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =96 km/h

0.455
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Divergéncia 2

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 2

Free-flow speed on freeway 100.0 km/h

Volume on freeway 2965 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 1262 vph

Length of first accel/decel lane 115 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2965 1262 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 824 351 Y
Trucks and buses 15 14 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.930 0.935
Driver population factor, fP 1.00 1.00
Flow rate, vp 3542 1500 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v +(v-v)P = 3542 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 3542 4600 No
Fi F
\% 3542 4400 No
12
vV =V -V 2042 4600 No
FO F R
v 1500 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 19.3 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence D
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =182 km/h

0.538
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 2

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 2

Free-flow speed on freeway 100.0 km/h

Volume on freeway 3136 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 1134 vph

Length of first accel/decel lane 115 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 3136 1134 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 871 315 Y
Trucks and buses 20 11 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.909 0.948
Driver population factor, fP 1.00 1.00
Flow rate, vp 3833 1329 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v +(v-v)P = 3833 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 3833 4600 No
Fi F
\% 3833 4400 No
12
vV =V -V 2504 4600 No
FO F R
v 1329 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 20.9 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence D
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =183 km/h

0.523
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Divergéncia 3

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 2728 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 772 vph

Length of first accel/decel lane 120 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2728 772 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 758 214 \%
Trucks and buses 21 20 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.905 0.909
Driver population factor, fP 1.00 1.00
Flow rate, vp 3349 944 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v +(v-v)P = 3349 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 3349 4800 No
Fi F
\% 3349 4400 No
12
vV =V -V 2405 4800 No
FO F R
v 944 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 18.2 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence D
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =94 km/h

0.488
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 3

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 3146 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 806 vph

Length of first accel/decel lane 120 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 3146 806 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 874 224 \Y,
Trucks and buses 12 8 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.943 0.962
Driver population factor, fP 1.00 1.00
Flow rate, vp 3705 931 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v +(v-v)P = 3705 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 3705 4800 No
Fi F
\% 3705 4400 No
12
vV =V -V 2774 4800 No
FO F R
v 931 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 20.1 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence D
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =94 km/h

0.487
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Divergéncia 4

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 100.0 km/h

Volume on freeway 1968 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 412 vph

Length of first accel/decel lane 100 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1968 412 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 547 114 \Y,
Trucks and buses 18 10 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.917 0.952
Driver population factor, fP 1.00 1.00
Flow rate, vp 2383 481 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.678 Using Equation 5
FD
v =v +(v-v)P = 1771 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 2383 6900 No
Fi F
\% 1771 4400 No
12
vV =V -V 1902 6900 No
FO F R
v 481 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 10.2 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence B
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =285 km/h

0.446
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HCS2000: Freeway Weaving Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 4

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 100.0 km/h

Volume on freeway 2418 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 565 vph

Length of first accel/decel lane 100 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2418 565 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 672 157 \%
Trucks and buses 16 4 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.926 0.980
Driver population factor, fP 1.00 1.00
Flow rate, vp 2902 640 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.658 Using Equation 5
FD
v =v +(v-v)P = 2128 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 2902 6900 No
Fi F
\% 2128 4400 No
12
vV =V -V 2262 6900 No
FO F R
v 640 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 12.1 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence C
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =285 km/h

0.461



FOLHA 119/149

HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Manha
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level
Grade %
Length km
Weaving type A Multilane or C-D
Volume ratio, VR 1.00
Weaving ratio, R 0.40
Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\Y \Y \% \%
A-C B-D A-D B-C
Volume, V 0 0 867 1306 veh/h
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 241 363 \Y;
Trucks and buses 0 0 13 14 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.939 0.935
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 1025 1552 pc/h
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 10.62 3.08
Weaving and non-weaving speeds, Si 32.95 49.49
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.55
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained
Weaving Segment Speed, Density, Level of Service and Capacity
Weaving segment speed, S 32.95 km/h
Weaving segment density, D 39.10 pc/km/In
Level of service, LOS
Capacity for base condition, cb pc/h
Limitations on Weaving Segments
IT Max Exceeded See Note
Analyzed Maximum Note
Weaving flow rate, Vw 2577 2800 a
Average flow rate (pc/h/In) 1288 2400 b
Volume ratio, VR 1.00 1.00 c
Weaving ratio, R 0.40 NZA d
Weaving length (m) 170 750 e
Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030
Description: Analise de Nievl de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 3
Weaving segment length, L 170 m
Terrain type Level
Grade %
Length km
Weaving type A Multilane or C-D
Volume ratio, VR 1.00
Weaving ratio, R 0.40
Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\Y \Y \% \%
A-C B-D A-D B-C
Volume, V 0 0 867 1306 veh/h
Peak-hour factor, PHF 0.95 0.95 0.95 0.95
Peak 15-min volume, v15 0 0 228 344 \%
Trucks and buses 0 1 13 14 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 0.995 0.939 0.935
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 971 1470 pc/h
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 6.80 1.69
Weaving and non-weaving speeds, Si 37.34 62.60
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 2.17
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained
Weaving Segment Speed, Density, Level of Service and Capacity
Weaving segment speed, S 37.34 km/h
Weaving segment density, D 21.79 pc/km/In
Level of service, LOS D
Capacity for base condition, cb 4506 pc/h

Limitations on Weaving Segments

I¥ Max Exceeded See Note

Analyzed Maximum Note
Weaving flow rate, Vw 2441 2800 a
Average flow rate (pc/h/In) 813 2400 b
Volume ratio, VR 1.00 0.45 c
Weaving ratio, R 0.40 NZA d
Weaving length (m) 170 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030
Description: Analise de Nievl de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 3
Weaving segment length, L 170 m
Terrain type Level
Grade %
Length km
Weaving type A Multilane or C-D
Volume ratio, VR 1.00
Weaving ratio, R 0.46
Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\Y \Y \% \%
A-C B-D A-D B-C
Volume, V 0 0 1036 854 veh/h
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 288 237 \%
Trucks and buses 0 1 10 20 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 0.995 0.952 0.909
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 1208 1043 pc/h
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 6.28 1.52
Weaving and non-weaving speeds, Si 38.28 65.19
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 2.14
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained
Weaving Segment Speed, Density, Level of Service and Capacity
Weaving segment speed, S 38.28 km/h
Weaving segment density, D 19.60 pc/km/In
Level of service, LOS C
Capacity for base condition, cb 4506 pc/h

Limitations on Weaving Segments

I¥ Max Exceeded See Note

Analyzed Maximum Note
Weaving flow rate, Vw 2251 2800 a
Average flow rate (pc/h/In) 750 2400 b
Volume ratio, VR 1.00 0.45 c
Weaving ratio, R 0.46 NZA d
Weaving length (m) 170 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level

Grade %

Length km
Weaving type A Multilan
Volume ratio, VR 1.00
Weaving ratio, R 0.46

Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\% \% \% \%
A-C B-D A-D B-C
Volume, V 0 0 1036 854
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 288 237
Trucks and buses 0 0 10 20
Recreational vehicles 0 0 0 0
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.952 0.90
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 1208 1043
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 9.31 2.58
Weaving and non-weaving speeds, Si 34.08 53.02
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.52
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained
Weaving Segment Speed, Density, Level of Service and Capac
Weaving segment speed, S 34.08 km/h
Weaving segment density, D 33.02 pc/km/In
Level of service, LOS
Capacity for base condition, cb pc/h

Limitations on Weaving Segments
1T Max Exceed

Analyzed Maximum
Weaving flow rate, Vw 2251 2800
Average flow rate (pc/h/In) 1125 2400
Volume ratio, VR 1.00 1.00
Weaving ratio, R 0.46 N/A
Weaving length (m) 170 750

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor opera
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated
isolated junctions and analyzed accordingly (HCM Chapter 25, HC
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HCS2000: Fr

eeway Weaving Release 4.1c
Operational Analysis

Analyst:

Agency/Co. :

Date Performed:
Analysis Time Period:
Freeway/dir or Travel:
Weaving Location:

Isis Sartori
PERPLAN
21/5/2010

Hora Pico Manha
SP 083
Entrelacamento 1

Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs

Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level

Grade %

Length km
Weaving type A Multilan
Volume ratio, VR 1.00
Weaving ratio, R 0.50

Conversion to pc/h Under Base Conditions

Non-Weaving Weaving
\" Vv \ Vv
A-C B-D A-D B-C
Volume, V 0 0 10 10
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 3 3
Trucks and buses 0 0 10 10
Recreational vehicles 0 0 0 0
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.952 0.95
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 11 11
Weaving and Non-Weaving Speeds

Weaving Non-Weaving
Weaving intensity factor, Wi 0.04 0.01
Weaving and non-weaving speeds, Si 123.54 126.87
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 0.98
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained

Weaving Segment Speed, Density, Level of Service and Capac

Weaving segment speed, S 123.54 km/h
Weaving segment density, D 0.09 pc/km/1In
Level of service, LOS A

Capacity for base condition, cb pc/h

Limitations on Weaving Segments
1T Max Exceed

Analyzed Maximum
Weaving flow rate, Vw 22 2800
Average flow rate (pc/h/In) 11 2400
Volume ratio, VR 1.00 1.00
Weaving ratio, R 0.50 N/A
Weaving length (m) 170 750
Notes:
a. Capacity constrained by maximum allowable weaving flow rate.
b. Capacity constrained by basic freeway capacity.
c. Segments do not operate well at VR"s exceeding max. Poor opera
and some local queuing are expected in such cases.
d. Breakdown may occur in some cases for Type C segments.
e. When length exceeds these limits, merge and diverge are treated

isolated junctions and analyzed accordingly (HCM Chapter 25, HC



FOLHA 124/149

HCS2000: Fr

eeway Weaving Release 4.1c
Operational Analysis

Analyst:

Agency/Co. :

Date Performed:
Analysis Time Period:
Freeway/dir or Travel:
Weaving Location:

Isis Sartori
PERPLAN
21/5/2010

Hora Pico Tarde
SP 083
Entrelacamento 1

Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servico
Inputs

Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level

Grade %

Length km
Weaving type A Multilan
Volume ratio, VR 1.00
Weaving ratio, R 0.50

Conversion to pc/h Under Base Conditions

Non-Weaving Weaving
\" Vv \ Vv
A-C B-D A-D B-C
Volume, V 0 0 10 10
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 3 3
Trucks and buses 0 0 10 10
Recreational vehicles 0 0 0 0
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.952 0.95
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 11 11
Weaving and Non-Weaving Speeds

Weaving Non-Weaving
Weaving intensity factor, Wi 0.04 0.01
Weaving and non-weaving speeds, Si 123.54 126.87
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 0.98
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Unconstrained

Weaving Segment Speed, Density, Level of Service and Capac

Weaving segment speed, S 123.54 km/h
Weaving segment density, D 0.09 pc/km/1In
Level of service, LOS A

Capacity for base condition, cb pc/h

Limitations on Weaving Segments
1T Max Exceed

Analyzed Maximum
Weaving flow rate, Vw 22 2800
Average flow rate (pc/h/In) 11 2400
Volume ratio, VR 1.00 1.00
Weaving ratio, R 0.50 N/A
Weaving length (m) 170 750
Notes:
a. Capacity constrained by maximum allowable weaving flow rate.
b. Capacity constrained by basic freeway capacity.
c. Segments do not operate well at VR"s exceeding max. Poor opera
and some local queuing are expected in such cases.
d. Breakdown may occur in some cases for Type C segments.
e. When length exceeds these limits, merge and diverge are treated

isolated junctions and analyzed accordingly (HCM Chapter 25, HC
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Manha
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2020
Description: Analise de Nievl de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level

Grade %

Length km
Weaving type A Multilan
Volume ratio, VR 1.00
Weaving ratio, R 0.48

Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\% \% \% \%
A-C B-D A-D B-C
Volume, V 0 0 603 645
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 168 179
Trucks and buses 0 0 14 16
Recreational vehicles 0 0 0 0
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.935 0.92
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 716 774
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 6.24 1.51
Weaving and non-weaving speeds, Si 38.36 65.42
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.42
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained
Weaving Segment Speed, Density, Level of Service and Capac
Weaving segment speed, S 38.36 km/h
Weaving segment density, D 19.42 pc/km/1In
Level of service, LOS C
Capacity for base condition, cb pc/h

Limitations on Weaving Segments
1T Max Exceed

Analyzed Maximum
Weaving flow rate, Vw 1490 2800
Average flow rate (pc/h/In) 745 2400
Volume ratio, VR 1.00 1.00
Weaving ratio, R 0.48 N/A
Weaving length (m) 170 750

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor opera
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated
isolated junctions and analyzed accordingly (HCM Chapter 25, HC
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelagamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2020
Description: Analise de Nievl de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level
Grade %
Length km
Weaving type A Multilane or C-D
Volume ratio, VR 1.00
Weaving ratio, R 0.48
Conversion to pc/h Under Base Conditions

Non-Weaving Weaving

\Y \Y% \ \Y%

A-C B-D A-D B-C
Volume, V 0 0 681 624 veh/t
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 189 173 \%
Trucks and buses 0 0 10 11 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.952 0.948
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 794 731 pc/h

Weaving and Non-Weaving Speeds

Weaving Non-Weaving
Weaving intensity factor, Wi 6.38 1.56
Weaving and non-weaving speeds, Si 38.09 64.67
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.43
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S 38.09 km/h
Weaving segment density, D 20.02 pc/km/In
Level of service, LOS D
Capacity for base condition, cb pc/h

Limitations on Weaving Segments

If Max Exceeded See Nc

Analyzed Maximum Note
Weaving flow rate, Vw 1525 2800 a
Average flow rate (pc/h/In) 762 2400 b
Volume ratio, VR 1.00 1.00 [¢
Weaving ratio, R 0.48 N/ZA d
Weaving length (m) 170 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.]
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Manha
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030
Description: Analise de Nievl de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level

Grade %

Length km
Weaving type A Multilan
Volume ratio, VR 1.00
Weaving ratio, R 0.42

Conversion to pc/h Under Base Conditions
Non-Weaving Weaving
\% \% \% \%
A-C B-D A-D B-C
Volume, V 0 0 768 1066
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 213 296
Trucks and buses 0 0 14 12
Recreational vehicles 0 0 0 0
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 1.000 0.935 0.94
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 913 1255
Weaving and Non-Weaving Speeds
Weaving Non-Weaving
Weaving intensity factor, Wi 8.98 2.46
Weaving and non-weaving speeds, Si 34.42 54.06
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.51
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained
Weaving Segment Speed, Density, Level of Service and Capac
Weaving segment speed, S 34.42 km/h
Weaving segment density, D 31.49 pc/km/In
Level of service, LOS
Capacity for base condition, cb pc/h

Limitations on Weaving Segments
1T Max Exceed

Analyzed Maximum
Weaving flow rate, Vw 2168 2800
Average flow rate (pc/h/In) 1084 2400
Volume ratio, VR 1.00 1.00
Weaving ratio, R 0.42 N/A
Weaving length (m) 170 750

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor opera
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated
isolated junctions and analyzed accordingly (HCM Chapter 25, HC
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HCS2000: Freeway Weaving Release 4.1c
Operational Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date Performed: 21/5/2010
Analysis Time Period: Hora Pico Tarde
Freeway/dir or Travel: SP 083
Weaving Location: Entrelacamento 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030
Description: Analise de Nievl de Servico
Inputs
Freeway free-flow speed, SFF 120 km/h
Weaving number of lanes, N 2
Weaving segment length, L 170 m
Terrain type Level
Grade %
Length km
Weaving type A Multilane or C-D
Volume ratio, VR 1.00
Weaving ratio, R 0.46
Conversion to pc/h Under Base Conditions

Non-Weaving Weaving

\Y \% \% \%

A-C B-D A-D B-C
Volume, V 0 0 1036 854 veh/t
Peak-hour factor, PHF 0.90 0.90 0.90 0.90
Peak 15-min volume, v15 0 0 288 237 \Y;
Trucks and buses 0 1 14 20 %
Recreational vehicles 0 0 0 0 %
Trucks and buses PCE, ET 1.5 1.5 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2 1.2 1.2
Heavy vehicle adjustment, fHV 1.000 0.995 0.935 0.909
Driver population factor, fP 1.00 1.00 1.00 1.00
Flow rate, v 0 0 1231 1043 pc/h

Weaving and Non-Weaving Speeds

Weaving Non-Weaving
Weaving intensity factor, Wi 9.41 2.62
Weaving and non-weaving speeds, Si 34.00 52.75
Number of lanes required for
unconstrained operation, Nw (Exhibit 24-7) 1.52
Maximum number of lanes, Nw (max) (Exhibit 24-7) 1.40
Type of operation is Constrained

Weaving Segment Speed, Density, Level of Service and Capacity

Weaving segment speed, S 34.00 km/h
Weaving segment density, D 33.45 pc/km/In
Level of service, LOS
Capacity for base condition, cb pc/h

Limitations on Weaving Segments

I Max Exceeded See Nc

Analyzed Maximum Note
Weaving flow rate, Vw 2274 2800 a
Average flow rate (pc/h/In) 1137 2400 b
Volume ratio, VR 1.00 1.00 c
Weaving ratio, R 0.46 N/A d
Weaving length (m) 170 750 e

Notes:

a. Capacity constrained by maximum allowable weaving flow rate.

b. Capacity constrained by basic freeway capacity.

c. Segments do not operate well at VR"s exceeding max. Poor operations
and some local queuing are expected in such cases.

d. Breakdown may occur in some cases for Type C segments.

e. When length exceeds these limits, merge and diverge are treated as
isolated junctions and analyzed accordingly (HCM Chapter 25, HCS Ramps.)
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis
Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co. : PERPLAN
Date performed: 21/5/2010
Analysis time period: Hora Pico Manha
Freeway/dir or travel: SP 083
Junction: Divergéncia 1
Jurisdiction: Rota das Bandeiras
Analysis Year: 2039
Description: Analise de Nivel de Servigo
Freeway Data
Type of analysis Diverge
Number of lanes in freeway 2
Free-flow speed on freeway 120.0 km/h
Volume on freeway 2143 vph
Off Ramp Data
Side of freeway Right
Number of lanes in ramp 1
Free-Flow speed on ramp 60.0 km/h
Volume on ramp 837 vph
Length of first accel/decel lane 74 m
Length of second accel/decel lane m
Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2143 837 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 595 233 \V
Trucks and buses 13 12 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.939 0.943
Driver population factor, fP 1.00 1.00
Flow rate, vp 2536 986 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v + (v-v)P = 2536 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 2536 4800 No
Fi F
\% 2536 4400 No
12
V =V -V 1550 4800 No
FO F R
\% 986 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 14.7 pc/km/1In
R 12 D
Level of service for ramp-freeway junction areas of influence C
Speed Estimation
Intermediate speed variable, D = 0.492
S
Space mean speed in ramp influence area, S =94 km/Zh
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 1

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servico
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 2

Free-flow speed on freeway 120.0 km/h

Volume on freeway 1974 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/Zh

Volume on ramp 1121 vph

Length of first accel/decel lane 74 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp

Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions

Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 1974 1121 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 548 311 \V
Trucks and buses 12 7 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.943 0.966
Driver population factor, fP 1.00 1.00
Flow rate, vp 2325 1289 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 1.000 Using Equation O
FD
v =v +(v-v)P = 2325 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 2325 4800 No
Fi F
\% 2325 4400 No
12
V =V -V 1036 4800 No
FO F R
\% 1289 2000 No
R
Level of Service Determination (if not F)
Density, D =2.642 + 0.0053 v - 0.0183 L = 13.6 pc/km/1In
R 12 D

Level of service for ramp-freeway junction areas of influence C
Speed Estimation

Intermediate speed variable, D 0.519
S

Space mean speed in ramp influence area, S =92 km/h



FOLHA 131/149

HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Isis Sartori
Agency/Co. : PERPLAN

Date performed: 21/5/2010
Analysis time period: Hora Pico Manha
Freeway/dir or travel: SP 083

Junction: Divergéncia 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030

Description: Analise de Nivel de Servigo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 3785 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 812 vph

Length of first accel/decel lane 156 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 3785 812 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1051 226 \V
Trucks and buses 24 24 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.893 0.893
Driver population factor, fP 1.00 1.00
Flow rate, vp 4710 1010 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.596 Using Equation 5
FD
v =v +(v-v)P = 3214 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 4710 7200 No
Fi F
\% 3214 4400 No
V =V -V 3700 7200 No
FO F R
\% 1010 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 16.8 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence C
Speed Estimation

0.494

Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =94 km/Zh
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Divergéncia 2

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servico
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 4298 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/Zh

Volume on ramp 1102 vph

Length of first accel/decel lane 156 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp

Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions

Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 4298 1102 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1194 306 \V
Trucks and buses 24 22 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.893 0.901
Driver population factor, fP 1.00 1.00
Flow rate, vp 5349 1359 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.564 Using Equation 5
FD
v =v +(v-v)P = 3608 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 5349 7200 No
Fi F
\% 3608 4400 No
12
V =V -V 3990 7200 No
FO F R
\% 1359 2000 No
R
Level of Service Determination (if not F)
Density, D =2.642 + 0.0053 v - 0.0183 L = 18.9 pc/km/1In
R 12 D

Level of service for ramp-freeway junction areas of influence D
Speed Estimation

0.525

Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =92 km/h
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co. : PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 2

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servigo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 5881 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 1387 vph

Length of first accel/decel lane 156 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp

Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions

Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 5881 1387 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1634 385 \V
Trucks and buses 21 21 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.905 0.905
Driver population factor, fP 1.00 1.00
Flow rate, vp 7221 1703 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.501 Using Equation 5
FD
v =v + (v-v)P = 4468 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 7221 7200 Yes
Fi F
\% 4468 4400 Yes
12
V =V -V 5518 7200 No
FO F R
\% 1703 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 23.5 pc/km/1In
R 12 D

Level of service for ramp-freeway junction areas of influence F
Speed Estimation

Intermediate speed variable, D 0.556
S

Space mean speed in ramp influence area, S =91 km/Zh



FOLHA 134/149

HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde
Freeway/dir or travel: SP 083

Junction: Divergéncia 2
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030

Description: Analise de Nivel de Servico
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 4902 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/Zh

Volume on ramp 936 vph

Length of first accel/decel lane 156 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp
Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 4902 936 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1362 260 \V
Trucks and buses 20 25 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.909 0.889
Driver population factor, fP 1.00 1.00
Flow rate, vp 5991 1170 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.556 Using Equation 5
FD
v =v +(v-v)P = 3852 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 5991 7200 No
Fi F
\% 3852 4400 No
12
V =V -V 4821 7200 No
FO F R
\% 1170 2000 No
R
Level of Service Determination (if not F)
Density, D =2.642 + 0.0053 v - 0.0183 L = 20.2 pc/km/1In

R 12 D
Level of service for ramp-freeway junction areas of influence D
Speed Estimation
Intermediate speed variable, D
S
Space mean speed in ramp influence area, S =293 km/h

0.508
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co. : PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Manha

Freeway/dir or travel: SP 083

Junction: Divergéncia 3

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servigo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 4371 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 867 vph

Length of first accel/decel lane 180 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp

Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions

Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 4371 867 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1214 241 \V
Trucks and buses 18 13 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.917 0.939
Driver population factor, fP 1.00 1.00
Flow rate, vp 5294 1026 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.580 Using Equation 5
FD
v =v + (v-v)P = 3503 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 5294 7200 No
Fi F
\% 3503 4400 No
12
V =V -V 4268 7200 No
FO F R
\% 1026 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 17.9 pc/km/1In
R 12 D

Level of service for ramp-freeway junction areas of influence D
Speed Estimation

Intermediate speed variable, D 0.495
S

Space mean speed in ramp influence area, S =94 km/Zh
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Diverge Analysis

Analyst: Ldcia Maria Pessoa de Oliveira
Agency/Co. : PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Divergéncia 3

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servigo
Freeway Data

Type of analysis Diverge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 4457 vph
Off Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-Flow speed on ramp 60.0 km/h

Volume on ramp 1036 vph

Length of first accel/decel lane 180 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent ramp vph

Position of adjacent ramp

Type of adjacent ramp

Distance to adjacent ramp m
Conversion to pc/h Under Base Conditions

Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 4457 1036 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1238 288 \V
Trucks and buses 17 10 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade 0.00 % 0.00 % %
Length 0.00 km 0.00 km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.922 0.952
Driver population factor, fP 1.00 1.00
Flow rate, vp 5373 1209 pcph
Estimation of V12 Diverge Areas
L = 0.00 (Equation 25-8 or 25-9)
EQ
P = 0.570 Using Equation 5
FD
v =v + (v-v)P = 3583 pcph
12 R F R FD
Capacity Checks
Actual Maximum LOS F?
vV =V 5373 7200 No
Fi F
\% 3583 4400 No
12
V =V -V 4164 7200 No
FO F R
\% 1209 2000 No
R
Level of Service Determination (if not F)
Density, D=2.642 + 0.0053 v - 0.0183 L = 18.3 pc/km/1In
R 12 D

Level of service for ramp-freeway junction areas of influence D
Speed Estimation

Intermediate speed variable, D 0.512
S

Space mean speed in ramp influence area, S =93 km/Zh
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Merge Analysis

Analyst: Isis Sartori
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico da Manha
Freeway/dir or travel: SP 083

Junction: Convergéncia 1
Jurisdiction: Rota das Bandeiras
Analysis Year: 2030

Description: Analise de Nivel de Servicgo
Freeway Data

Type of analysis Merge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 2973 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 972 vph

Length of first accel/decel lane 115 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp
Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions
Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 2973 972 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 826 270 Y
Trucks and buses 24 9 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.893 0.957
Driver population factor, fP 1.00 1.00
Flow rate, vp 3700 1129 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 0.588 Using Equation 1
FM
v =v (P )= 2176 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\% 4829 7200 No
FO
\% 3305 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 17.5 pc/km/1In

R R 12 A
Level of service for ramp-freeway junction areas of influence D
Speed Estimation

Intermediate speed variable, M = 0.400
S
Space mean speed in ramp influence area, S =98.8 km/h
R
Space mean speed in outer lanes, S =114.1 km/h
Space mean speed for all vehicles, S = 103.2 km/h
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HCS2000: Ramps and R
Merge
Ldcia Maria Pes
PERPLAN
21/5/2010

Analyst:

Agency/Co.:

Date performed:
Analysis time period:

Freeway/dir or travel: SP 083
Junction: Convergéncia 1
Jurisdiction: Rota das Bandei
Analysis Year: 2039
Description: Analise de Nivel de Servi

Type of analysis
Number of lanes in freeway
Free-flow speed on freeway
Volume on freeway

Side of freeway

Number of lanes in ramp

Free-flow speed on ramp

Volume on ramp

Length of first accel/decel lane
Length of second accel/decel lane
Adjacent Ramp

Does adjacent ramp exist?

Volume on adjacent Ramp

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp

Conversion to pc/h

Junction Components

Volume, V (vph)
Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Terrain type:

Grade

Length
Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, vp

Estimation of

L = 0.00 (Equa
EQ
P = 0.588 Using
FM
v =v (P )= 2349
12 F FM
Capacity
Actual
\% 4981
FO
\% 3335
R12

Level of Service Deter!

Density, D = 3.402 + 0.00456 v + 0.004
R R

Level of service for ramp-freeway junct

Speed Esti

Intermediate speed variable,

Space mean speed in ramp influence area,

Space mean speed in outer lanes,
Space mean speed for all vehicles,

Freeway Data

On Ramp Data

amp Junctions Release 4.1c
Analysis

soa de Oliveira

Hora Pico Manha

ras

co

Merge
3
120.0 km/h
3196 vph
Right
1
60.0 km/h
837 vph
115 m
m
Data (if one exists)
No
vph
m
Under Base Conditions
Freeway Ramp Adjacent
Ramp
3196 837 vph
0.90 0.90
888 233 \%
25 12 %
0 0 %
Level Level Level
% % %
km km km
1.5 1.5
1.2 1.2
0.889 0.943
1.00 1.00
3995 986 pcph
V12 Merge Areas
tion 25-2 or 25-3)
Equation 1
pcph
Checks,
Max imum LOS F?
7200 No
4600 No
mination (if not F)
8 v -0.01278 L = 17.7 pc/km/1In
12 A
ion areas of influence D
mation
M = 0.403
S
S =098.6 km/h
R
S =113.4 km/h
S =103.1 km/h
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HCS2000: Ramps and Ramp Junctions

Merge
Analyst: Isis Sartori
Agency/Co.: PERPLAN
Date performed: 21/5/2010

Analysis time period:

Freeway/dir or travel: SP 083

Junction: Convergéncia 1
Jurisdiction: Rota das Bandei
Analysis Year: 2030

Description: Analise de Nivel de Servi

Type of analysis

Number of lanes in freeway
Free-flow speed on freeway
Volume on freeway

Side of freeway
Number of lanes in ramp
Free-flow speed on ramp

Volume on ramp
Length of first accel/decel lane
Length of second accel/decel lane

Adjacent Ramp

Does adjacent ramp exist?

Volume on adjacent Ramp

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp

Conversion to pc/h

Junction Components

Volume, V (vph)
Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Terrain type:

Grade

Length
Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, vp

Estimation of

L = 0.00 (Equa
EQ
P = 0.588 Using
FM
v =v (P )= 2894
12 F FM
Capacity
Actual
\% 6042
FO
\% 4015
R12

Level of Service Deter

Density, D = 3.402 + 0.00456 v + 0.004
R R

Level of service for ramp-freeway junct

Speed Esti

Intermediate speed variable,
Space mean speed in ramp influence area

Space mean speed in outer lanes,
Space mean speed for all vehicles,

Freeway Data

On Ramp Data

Release 4.1c
Analysis

Hora Pico da Tarde

ras

co
Merge
3
120.0 km/h
4026 vph
Right
1
60.0 km/Zh
975 vph
115 m
m
Data (if one exists)
No
vph
m
Under Base Conditions
Freeway Ramp Adjacent
Ramp
4026 975 vph
0.90 0.90
1118 271 \Y;
20 7 %
0 0 %
Level Level Level
% % %
km km km
1.5 1.5
1.2 1.2
0.909 0.966
1.00 1.00
4921 1121 pcph
V12 Merge Areas
tion 25-2 or 25-3)
Equation 1
pcph
Checks
Max imum LOS F?
7200 No
4600 No
mination (if not F)
8 v - 0.01278 L = 20.9 pc/km/In
12 A
ion areas of influence D
mation
M = 0.510
S
, S =93.0 km/Zh
R
S =111.1 km/Zh
S =98.4 km/Zh
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HCS2000: Ramps and Ramp Junctions Release 4.1c
Merge Analysis

Analyst: Lacia Maria Pessoa de Oliveira
Agency/Co.: PERPLAN

Date performed: 21/5/2010

Analysis time period: Hora Pico Tarde

Freeway/dir or travel: SP 083

Junction: Convergéncia 1

Jurisdiction: Rota das Bandeiras

Analysis Year: 2039

Description: Analise de Nivel de Servico
Freeway Data

Type of analysis Merge

Number of lanes in freeway 3

Free-flow speed on freeway 120.0 km/h

Volume on freeway 4494 vph
On Ramp Data

Side of freeway Right

Number of lanes in ramp 1

Free-flow speed on ramp 60.0 km/h

Volume on ramp 1121 vph

Length of first accel/decel lane 115 m

Length of second accel/decel lane m

Adjacent Ramp Data (if one exists)
Does adjacent ramp exist? No
Volume on adjacent Ramp vph

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp m
Conversion to pc/h Under Base Conditions

Junction Components Freeway Ramp Adjacent
Ramp
Volume, V (vph) 4494 1121 vph
Peak-hour factor, PHF 0.90 0.90
Peak 15-min volume, v15 1248 311 \%
Trucks and buses 21 7 %
Recreational vehicles 0 0 %
Terrain type: Level Level Level
Grade % % %
Length km km km
Trucks and buses PCE, ET 1.5 1.5
Recreational vehicle PCE, ER 1.2 1.2
Heavy vehicle adjustment, fHV 0.905 0.966
Driver population factor, fP 1.00 1.00
Flow rate, vp 5518 1289 pcph
Estimation of V12 Merge Areas
L = 0.00 (Equation 25-2 or 25-3)
EQ
P = 0.588 Using Equation 1
FM
v =v (P )= 3245 pcph
12 F FM
Capacity Checks
Actual Maximum LOS F?
\Y 6807 7200 No
FO
\Y 4534 4600 No
R12
Level of Service Determination (if not F)
Density, D = 3.402 + 0.00456 v + 0.0048 v - 0.01278 L = 23.4 pc/km/1In
R R 12 A

Level of service for ramp-freeway junction areas of influence E
Speed Estimation

Intermediate speed variable, M = 0.657
S

Space mean speed in ramp influence area, S =85.2 km/h
R

Space mean speed in outer lanes, S = 109.7 km/h

Space mean speed for all vehicles, S =92.1 km/h
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HCS2000: Ramps and R
Merge
Licia Maria Pes
PERPLAN
21/5/2010

Analyst:

Agency/Co.:

Date performed:
Analysis time period:

Freeway/dir or travel: SP 083

Junction: Convergéncia 2
Jurisdiction: Rota das Bandei
Analysis Year: 2039

Description: Analise de Nivel de Servi

Type of analysis

Number of lanes in freeway
Free-flow speed on freeway
Volume on freeway

Side of freeway
Number of lanes in ramp
Free-flow speed on ramp

Volume on ramp
Length of first accel/decel lane
Length of second accel/decel lane

Adjacent Ramp

Does adjacent ramp exist?

Volume on adjacent Ramp

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp

Conversion to pc/h

Junction Components

Volume, V (vph)
Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Terrain type:

Grade

Length
Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, vp

Estimation of

L = 0.00 (Equa
EQ
P = 1.000 Using
FM
v =v (P )= 1026
12 F FM
Capacity
Actual
\% 2385
FO
\% 2385
R12

Level of Service Deter

Density, D = 3.402 + 0.00456 v + 0.004
R R

Level of service for ramp-freeway junct

Speed Esti

Intermediate speed variable,
Space mean speed in ramp influence area

Space mean speed in outer lanes,
Space mean speed for all vehicles,

Freeway Data

On Ramp Data

amp Junctions Release 4.1c
Analysis

soa de Oliveira

Hora Pico Manha

ras

co

Merge
2
120.0 km/h
867 vph
Right
1
60.0 km/Zh
1102 vph
315 m
m
Data (if one exists)
No
vph
m
Under Base Conditions
Freeway Ramp Adjacent
Ramp
867 1102 vph
0.90 0.90
241 306 \Y;
13 22 %
0 0 %
Level Level Level
% % %
km km km
1.5 1.5
1.2 1.2
0.939 0.901
1.00 1.00
1026 1359 pcph
V12 Merge Areas
tion 25-2 or 25-3)
Equation O
pcph
Checks
Max imum LOS F?
4800 No
4600 No
mination (if not F)
8 v - 0.01278 L = 10.5 pc/km/In
12 A
ion areas of influence B
mation
M = 0.288
S
, S =104.7 km/h
R
S = N/A km/Zh
S =104.7 km/h
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HCS2000: Ramps and R

Merge
Analyst: Lacia Maria Pes
Agency/Co.: PERPLAN
Date performed: 21/5/2010
Analysis time period: Hora Pico Tarde
Freeway/dir or travel: SP 083

Junction: Convergéncia 2
Jurisdiction: Rota das Bandei
Analysis Year: 2039
Description: Analise de Nivel de Servi
Freew
Type of analysis
Number of lanes in freeway
Free-flow speed on freeway
Volume on freeway
On Ra

Side of freeway
Number of lanes in ramp
Free-flow speed on ramp

Volume on ramp
Length of first accel/decel lane
Length of second accel/decel lane

Adjacent Ramp

Does adjacent ramp exist?

Volume on adjacent Ramp

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp

Conversion to pc/h

Junction Components

Volume, V (vph)
Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Terrain type:

Grade

Length
Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, vp

Estimation of

L = 0.00 (Equa
EQ
P = 1.000 Using
FM
v =v (P )= 1209
12 F FM
Capacity
Actual
\% 2912
FO
\% 2912
R12

Level of Service Deter

Density, D = 3.402 + 0.00456 v + 0.004
R R

Level of service for ramp-freeway junct

Speed Esti

Intermediate speed variable,
Space mean speed in ramp influence area

Space mean speed in outer lanes,
Space mean speed for all vehicles,

amp Junctions Release 4.1c
Analysis

soa de Oliveira

ras
co
ay Data
Merge
2
120.0 km/h
1036 vph
mp Data
Right
1
60.0 km/Zh
1387 vph
315 m
m
Data (if one exists)
No
vph
m
Under Base Conditions
Freeway Ramp Adjacent
Ramp
1036 1387 vph
0.90 0.90
288 385 \Y;
10 21 %
0 0 %
Level Level Level
% % %
km km km
1.5 1.5
1.2 1.2
0.952 0.905
1.00 1.00
1209 1703 pcph
V12 Merge Areas
tion 25-2 or 25-3)
Equation O
pcph
Checks
Max imum LOS F?
4800 No
4600 No
mination (if not F)
8 v - 0.01278 L = 12.9 pc/km/In
12 A
ion areas of influence C
mation
M = 0.317
S
, S =103.2 km/h
R
S = N/A km/Zh
S =103.2 km/h
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HCS2000: Ramps and R

Merge
Analyst: Lacia Maria Pes
Agency/Co.: PERPLAN
Date performed: 21/5/2010
Analysis time period: Hora Pico Manha
Freeway/dir or travel: SP 083

Junction: Convergéncia 3
Jurisdiction: Rota das Bandei
Analysis Year: 2039
Description: Analise de Nivel de Servi
Freew
Type of analysis
Number of lanes in freeway
Free-flow speed on freeway
Volume on freeway
On Ra

Side of freeway
Number of lanes in ramp
Free-flow speed on ramp

Volume on ramp
Length of first accel/decel lane
Length of second accel/decel lane

Adjacent Ramp

Does adjacent ramp exist?

Volume on adjacent Ramp

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp

Conversion to pc/h

Junction Components

Volume, V (vph)
Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Terrain type:

Grade

Length
Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, vp

Estimation of

L = 0.00 (Equa
EQ
P = 0.590 Using
FM
v =v (P )= 2525
12 F FM
Capacity
Actual
\% 5834
FO
\% 4078
R12

Level of Service Deter

Density, D = 3.402 + 0.00456 v + 0.004
R R

Level of service for ramp-freeway junct

Speed Esti

Intermediate speed variable,
Space mean speed in ramp influence area

Space mean speed in outer lanes,
Space mean speed for all vehicles,

amp Junctions Release 4.1c
Analysis

soa de Oliveira

ras
co
ay Data
Merge
3
120.0 km/h
3503 vph
mp Data
Right
1
60.0 km/Zh
1306 vph
135 m
m
Data (if one exists)
No
vph
m
Under Base Conditions
Freeway Ramp Adjacent
Ramp
3503 1306 vph
0.90 0.90
973 363 \Y;
20 14 %
0 0 %
Level Level Level
% % %
km km km
1.5 1.5
1.2 1.2
0.909 0.935
1.00 1.00
4281 1553 pcph
V12 Merge Areas
tion 25-2 or 25-3)
Equation 1
pcph
Checks
Max imum LOS F?
7200 No
4600 No
mination (if not F)
8 v - 0.01278 L = 20.9 pc/km/In
12 A
ion areas of influence D
mation
M = 0.519
S
, S =925 km/Zh
R
S =112.7 km/Zh
S =97.8 km/Zh
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HCS2000: Ramps and R

Merge
Analyst: Lacia Maria Pes
Agency/Co.: PERPLAN
Date performed: 21/5/2010
Analysis time period: Hora Pico Tarde
Freeway/dir or travel: SP 083

Junction: Convergéncia 3
Jurisdiction: Rota das Bandei
Analysis Year: 2039

Description: Analise de Nivel de Servi

Type of analysis

Number of lanes in freeway
Free-flow speed on freeway
Volume on freeway

Side of freeway
Number of lanes in ramp
Free-flow speed on ramp

Volume on ramp
Length of first accel/decel lane
Length of second accel/decel lane

Adjacent Ramp

Does adjacent ramp exist?

Volume on adjacent Ramp

Position of adjacent Ramp

Type of adjacent Ramp

Distance to adjacent Ramp

Conversion to pc/h

Junction Components

Volume, V (vph)
Peak-hour factor, PHF
Peak 15-min volume, v15
Trucks and buses
Recreational vehicles
Terrain type:

Grade

Length
Trucks and buses PCE, ET
Recreational vehicle PCE, ER
Heavy vehicle adjustment, fHV
Driver population factor, fP
Flow rate, vp

Estimation of

L = 0.00 (Equa
EQ
P = 0.590 Using
FM
v =v (P ) = 2466
12 F FM
Capacity
Actual
\% 5225
FO
\% 3510
R12

Level of Service Deter

Density, D = 3.402 + 0.00456 v + 0.004
R R

Level of service for ramp-freeway junct

Speed Esti

Intermediate speed variable,
Space mean speed in ramp influence area

Space mean speed in outer lanes,
Space mean speed for all vehicles,

Freeway Data

On Ramp Data

amp Junctions Release 4.1c
Analysis

soa de Oliveira

ras

co

Merge
3
120.0 km/h
3421 vph
Right
1
60.0 km/Zh
854 vph
135 m
m
Data (if one exists)
No
vph
m
Under Base Conditions
Freeway Ramp Adjacent
Ramp
3421 854 vph
0.90 0.90
950 237 \Y;
20 20 %
0 0 %
Level Level Level
% % %
km km km
1.5 1.5
1.2 1.2
0.909 0.909
1.00 1.00
4181 1044 pcph
V12 Merge Areas
tion 25-2 or 25-3)
Equation 1
pcph
Checks
Max imum LOS F?
7200 No
4600 No
mination (if not F)
8 v - 0.01278 L = 18.3 pc/km/In
12 A
ion areas of influence D
mation
M = 0.419
S
, S =97.8 km/Zh
R
S = 113.0 km/Zh
S =102.3 km/Zh
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ANEXO C: CALCULO DOS FATORES DE VEICULO

Para um determinado veiculo, com um certo nimero de eixos e com carga conhecida em cada um
deles, pode-se calcular o “fator de veiculo” como a soma dos fatores de equivaléncia de cada um de
seus eixos. No caso de uma populacdo de veiculos que passam por determinada rodovia, com
diferentes nimeros de eixos e diferentes cargas por eixo, dividem-se esses veiculos em categorias
(por exemplo: 6nibus, caminhdes de 2 eixos, caminhdes de 3 eixos, caminhdes articulados).

Para cada categoria, admite-se uma distribuicdo de pesos por eixo e calcula-se um fator de veiculo
médio para cada categoria. Essa distribuicdo de pesos por eixo pode provir de uma pesquisa
especifica de pesagem ou de algum outro tipo de hipétese (por exemplo: analogia com outra rodovia
de caracteristicas similares).

Para determinada categoria de veiculo, sendo conhecida a distribuicdo de freqiéncias por classe de
peso dos tipos de eixo, € possivel calcular o fator de equivaléncia médio dessa categoria de veiculo
em termos de solicitacdo ao pavimento. Esse fator € calculado pela expresséao:

E, = et (xvtc)(Etc)
Onde:

E, = Fator de Veiculo = Fator de equivaléncia da categoria de veiculo “v’ em
relacdo ao eixo padréo;

Xvet = Percentual dos eixos do tipo "t" da categoria de veiculo "v" cujo peso esta na
classe de peso "c";

Etc = Fator de equivaléncia de um eixo do tipo "t" com peso igual ao ponto médio
da classe de peso "c", calculado pelas formulas e gréficos da AASHTO ou da USACE
(Figuras C.1-A e C.1-B).

No caso presente, foi admitida a seguinte hipétese de distribui¢cdo de cargas:
75% dos veiculos de cada categoria com carga maxima legal em cada um de seus eixos
25% dos veiculos vazios

Os resultados do célculo para as diversas categorias de veiculos estdo na Tabela C.1. Na parte (a)
dessa tabela estdo as hipéteses de distribuicdo de pesos por eixo dos veiculos vazios e carregados
de cada categoria. Na parte (b) estéo os calculos dos fatores de veiculo pelo conceito AASHTO, em
gue os fatores de equivaléncia por tipo de eixo sdo obtidos das curvas da Figura C.1-A. Na parte (c)
estdo os célculos dos fatores de veiculo pelo conceito USACE, em que os fatores de equivaléncia
por tipo de eixo s&o obtidos das curvas da Figura C.1-B.
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Figura C.1: Fatores de Equivaléncia para Dimensionamento do Pavimento
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Tabela C.1: Estimativa dos Fatores de Veiculo

Hipotese: 75% dos veiculos com Carga Maxima Legal por eixo; 25% vazios

a) Distribuicdo de Pesos por Eixo

Condicao Pesos por Eixo (ton) Peso
Categoria de Composi¢édo Eixos Eixos Traseiros Bruto
Tandem | Tandem

Carga Dianteiros | Simples | Simples | Duplo Triplo Total
Ornibus Vazios 25% 5,0 5,0 10,0
Limite Legal 75% 6,0 10,0 16,0
Caminhdes de 2 Eixos Vazios 25% 2,0 3,0 5,0
C2 Limite Legal 75% 6,0 10,0 16,0
Caminhbes de 3 Eixos Vazios 25% 2,0 4,0 6,0
C3 Limite Legal 75% 6,0 17,0 23,0
Caminhdes Articulados Vazios 25% 3,0 4,0 3,0 10,0
2S1 Limite Legal 75% 6,0 10,0 10,0 26,0
Caminhdes Articulados Vazios 25% 4,0 4,0 4,0 12,0
2S2 Limite Legal 75% 6,0 10,0 17,0 33,0
Caminhdes Articulados Vazios 25% 4,0 4,0 7,0 15,0
2S3 Limite Legal 75% 6,0 10,0 25,5 41,5
Caminhdes Articulados Vazios 25% 4,0 5,0 7,0 16,0
3S3 Limite Legal 75% 6,0 17,0 25,5 48,5
Caminhdes Biarticulados | Vazios 25% 4,0 5,0 19,0
35282 Limite Legal 75% 6,0 17,0 57,0
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Tabela C.1: Estimativa dos Fatores de Veiculo - Continuacéo

b) Célculo dos Fatores de Veiculos AASHTO

Condicéo Fatores de Equivaléncia
Categoria de Composicao Eixos Eixos Traseiros
Tandem | Tandem | Total

Carga Dianteiros | Simples | Simples | Duplo Triplo
Vazios 25% 0,15 0,12 0,27
Onibus Limite Legal 75% 0,33 2,39 2,72
Total 100% 0,28 1,83 - - 2,11
Vazios 25% 0,00 0,01 0,02
Caminhdes de 2 Eixos Limite Legal 75% 0,33 2,39 2,72
C2 Total 100% 0,25 1,80 - - 2,05
Vazios 25% 0,00 0,00 0,01
Caminhdes de 3 Eixos Limite Legal 75% 0,33 1,64 1,97
C3 Total 100% 0,25 - 1,23 - 1,48
Vazios 25% 0,02 0,05 0,01 0,08
Caminhdes Articulados Limite Legal 75% 0,33 2,39 2,39 5,12
2S1 Total 100% 0,25 1,81 1,80 - - 3,86
Vazios 25% 0,06 0,05 0,00 - 0,11
Caminhdes Articulados Limite Legal 75% 0,33 2,39 1,64 - 4,36
2S2 Total 100% 0,26 1,81 1,23 - 3,30
Vazios 25% 0,06 0,05 0,01 0,11
Caminhdes Articulados Limite Legal 75% 0,33 2,39 1,56 4,28
2S3 Total 100% 0,26 1,81 - 1,17 3,24
Vazios 25% 0,06 0,01 0,01 0,07
Caminhdes Articulados Limite Legal 75% 0,33 1,64 1,56 3,53
3S3 Total 100% 0,26 - 1,23 1,17 2,67
Vazios 25% 0,06 0,03 - 0,09
Caminhdes Biarticulados Limite Legal 75% 0,33 4,93 - 5,25
352S2 Total 100% 0,26 - 3,70 - 3,96
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Tabela C.1: Estimativa dos Fatores de Veiculo - Continuagéo

c) Célculo dos Fatores de Veiculos USACE

Condicao Fatores de Equivaléncia
Categoria de Composicao Eixos Eixos Traseiros
Tandem | Tandem | Total

Carga Dianteiros | Simples Duplo Triplo
Vazios 25% 0,13 0,13 0,27
Onibus Limite Legal 75% 0,28 3,29 3,57
Total 100% 0,24 2,50 - - 2,74
Vazios 25% 0,00 0,02 0,02
Caminhdes de 2 Eixos Limite Legal 75% 0,28 3,29 3,57
C2 Total 100% 0,21 2,47 - - 2,68
Vazios 25% 0,00 0,02 0,02
Caminhdes de 3 Eixos Limite Legal 75% 0,28 8,55 8,83
C3 Total 100% 0,21 - 6,42 - 6,63
Vazios 25% 0,02 0,05 0,02 0,09
Caminhdes Articulados Limite Legal 75% 0,28 3,29 3,29 6,86
2S1 Total 100% 0,21 2,48 2,47 - - 5,16
Vazios 25% 0,05 0,05 0,02 0,13
Caminhdes Articulados Limite Legal 75% 0,28 3,29 8,55 12,12
2S2 Total 100% 0,22 2,48 6,42 - 9,12
Vazios 25% 0,05 0,05 0,08 0,19
Caminhdes Articulados Limite Legal 75% 0,28 3,29 9,30 | 12,87
2S3 Total 100% 0,22 2,48 - 7,00 9,70
Vazios 25% 0,05 0,04 0,08 0,18
Caminhdes Articulados Limite Legal 75% 0,28 8,55 9,30 | 18,13
3S3 Total 100% 0,22 - 6,42 7,00 13,64
Vazios 25% 0,05 0,13 - 0,18
Caminhdes Biarticulados Limite Legal 75% 0,28 25,65 - 25,92
3S2S2 Total 100% 0,22 - 19,27 - 19,49
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