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Algumas consideracoes sobre seguranca
em cruzamentos com e sem semaforos

Nicleo de Estudos de Trafego

1. Introducéo

H& poucos casos em que uma analise exclusiva de fluidez justifica a colocacdo de seméaforo. Quase
sempre a fila média do dia inteiro aumenta apds a colocacéo de semaforo. A justificativa maior
geralmente ¢ uma melhoria de conforto do usuario, e principalmente na esperada reducédo de
acidentes.

Neste trabalho, procurou-se analisar teoricamente quais 0s riscos de acidentes, com e sem
seméforo.

2. Acidentes em Cruzamentos Sem Semaforo

A investigacdo de comportamentos e indices de acidentes em cruzamentos (especificamente
colisBes) é complexa. De forma genérica, num cruzamento simples de duas vias de m&o Unica sem
preferéncia declarada, o indice de acidentes pode ser expresso por:

Ia=F1.F2.K (1)
onde

la = indice de acidentes = acidentes ocorridos num periodo
duracdo do periodo

F1 e F2 = volumes das aproximacdes

K = constante que depende do comportamento dos motoristas na aproximacio e de
fatores locais.

Caso os veiculos ndo tomassem nenhum cuidado, o indice de acidentes seria expresso por:

Ima = F1.F2 (dl+h2 + d2 + hl )(2)
%1 V2

onde dl, hl = comprimento e largura média dos carros da aproximacgéo 1
d2, h2 = comprimento e largura dos carros da aproximacao 2
V1, V2 = velocidade média das aproximacfes 1 e 2
O primeiro termo refere-se as colisbes onde os veiculos 2 batem em 1 e 0 2° vice versa.

Por exemplo: para dl = d2 =4,5m, hl =h2 =1,5m e V1 = V2 = 45.000m/h (45km/h) obteremos:
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Ima = F1.F2
3750

O que numa aproximacao de 100 x 100 veiculos por hora, ja daria um indice de acidentes de 2,7
acidentes por hora.
Ima = indice maximo de acidentes.

2.1. Influéncia da visibilidade

Se o veiculo puder ver o outro e frear (ou desviar), as chances de colisdo caem para 0s seguintes
fatores:

a) o veiculo que estad mais atrasado (e que iria bater na lateral do outro) pode frear e desviar,
chegando ao local da colisdo mais tarde.

b) o veiculo que esta mais adiantado pode acelerar ou desviar, passando mais cedo pelo
local da colis&o.

c) o veiculo que estad mais atrasado pode brecar e parar antes de chegar ao ponto de coliséo.

Os processos a e b sdo complexos e embora reduzam as chances de acidentes, estas
continuam bem elevadas e os indices seriam ainda gigantesco.

O mecanismo ¢ é o Unico seguro, que reduz a zero a chance de coliséo, e é usado na
pratica.

Em geral, uma das ruas é considerada ou definida como preferencial, e seus veiculos ndo
tomam cuidado ao cruzar, deixando esta tarefa aos veiculos da transversal, normalmente
regulamentada pela placa PARE, com eventuais reforcos visuais de sinalizacdo horizontal e
PISCANTE.

Se todos os veiculos obedecessem a regulamentacdo, o indice de acidentes seria quase zero.
Entretanto, para economizar tempo, muitos motoristas, ao invés de parar, aguardar uma brecha e
cruzar, preferem ja se aproximar em certa velocidade, e j& préximo o cruzamento, observando que
nado ha carros na principal, cruzar direto.

Os parametros mais importantes nesta dindmica sao:

a) distancia para parar expressa por:

dp=v.tr + V2 A3)
fr
onde
tr = tempo de reacdo que vai desde que o fato gerador acontece, até que o motorista perceba,
raciocine, pise no freio e este comece a funcionar.
fr = desaceleracao do carro

Valores usuais: tr=1s fr=6 m/s2

O grafico abaixo mostra a relagdo entredpevcom tr = 1 e fr = 6 m/s2.

Distancia Frenagem X Velocidade
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Tr =1:fr=6

DISTANCIA FRENAGEM X VELOCIDADE
tr =1 : fr = 6

(m) - dp
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A distancia de visibilidade depende da geometria local. Em casos mais simples de vias retas, ela se
exprime razoavelmente através da equacao:

di =d2.R1 4
d2 - R2

onde

d2 e d1 séo as distancias dos carros ao potencial ponto de colisdo e R1 e R2 as distancias onde a
visibilidade se torna ilimitadas. Numa via, estas distancias devem ser calculadas nas condi¢fes mais
desfavoraveis.
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No exemplo acima, supondo que a rua 1 seja méo Unica, e que um veiculo circule a1 mda guiae o
veiculo 2 junto a linha diviséria, verificamos que o veiculo 2 tem visibilidade ilimitada quando o
motorista estiver no alinhamento de construcéo.

R2 =5+1-1,5 = 45m,enquantoR1= 3+5 = §m.
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Quando um caminh&o péra na esquina, R2 pode ser negativo, significando que ndo ha forma de
cruzar, pois para obter visibilidade, ja se invade a frente do veiculo na possivel regido de colisao.
Para que o veiculo se decida a cruzar com seguranca, tendo uma visibilidade expressa pela equacédo

anterior, devemos ter:
tc2 < tcl (5

onde tc2 = f (d2 + €0) e

tel = f(dl)

onde, tc2 tcl séo, respectivamente, 0s tempos necessarios para passar e chegar ao ponto de colisao
dos carros da segunda e do eventual carro que surja na principal. Estes tempos sdo funcbes das
velocidades (V2 e V1), das taxas de aceleracéo e desaceleracdo e dos tempos de reagéo.

£0 = comprimento + largura usual dos veiculos = 6 metros.

Simplificando o problema a favor da seguranca e supondo que as velocidades permanecam
constantes, obtemos simplesmente:

2+ < dl  (6)
V2 \%1

Com a equacao (4) nos da:

V2 > (d2 +£0)(d2 — R2)

Vi ()

d2 . R1

As equacdes (3) e (7) definem duas condicdes de travessia segura.

Assim, o dilema de quem cruza a preferencial é parecido com o do semaforo: a cada instante,
enguanto o veiculo se aproxima da via preferencial, aumenta a visibilidade e diminui a distancia. Se
surgir um veiculo, o motorista tem que decidir se freia ou passa. Se frear, o veiculo deve estar
compativel com a distancia, e se acelerar, deve atravessar o cruzamento antes que o carro da
transversal chegue ao cruzamento.
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O gréfico (Fig.3) mostra quais 0s pontos velocidade x distancia “inseguros”. As tabelas anexas
mostram o ponto delimitador (dc,vc) que indica a regido de perigo.

As tabelas permitem verificar diretamente pela geometria do local e pelas velocidades de
aproximacao dos veiculos, se esta havendo probabilidade de acidentes, e nesse caso quais as
providéncias possiveis para melhorar a seguranca, que consistem basicamente em:

a) Aumentar R1 e/ou R2
b) Diminuir V1 e/ou V2

Para reduzir a velocidade, a solugdo usual é a minirrotatéria ou a lombada.

Para melhorar a visibilidade, eventualmente acerta-se a geometria, e mais comumente se proibe
estacionamento (junto as esquinas), medida que s6 traz algum resultado se combinado com a
fiscalizacéo.

No caso de se usar um redutor de velocidade na via secundaria, este devera ser colocado na
distancia de dilema do ponto de colisdo, conforme valor das tabelas anexas. Quando o redutor de
velocidade for na principal, este devera estar a 2/3 da distancia de colisdo d2, dada pela formula (4),
onde d1 é a distancia das tabelas anexas.
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VELOCIDADES SEGURAS EM FUNGAO DA VISIBILIDADE - V2 = VC /Kam/h)

V1l = 20 Ka/h frnf.-/s2

tr =1s
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VELOCIDADES SEGURAS EM FUNGAO DA VISIBILIDADE - V2 = VC (Ka/h)
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0 0 6 11 16 20 23 31 38 4 S0 60 69 77 85 92 99
2 0 7 12 16 21 24 32 39 45 S1 61 70 79 86 93 =
4 0 7 13 17 21 25 33 40 47 52 63 72 8 87 95 ==
6 o 8 13 18 22 26 34 41 48 53 64 73 81 89 96 ==
8 o 8 14 19 23 27 35 42 49 55 65 74 82 90 97 =
10 0 9 15 20 24 28 36 44 50 56 66 75 B84 91 99 ==
1s o 10 17 22 27 31 39 47 53 59 70 79 87 95 =
20 0 13 20 25 30 34 43 S0 57 63 73 82 91 98 = =w
25 0 16 23 28 33 37. 46 54 60 66 77 86 04 wx wx ==
30 3 19 27 32 37 41 50 58 64 70 81 90 98 wx -Ex  =x
40 19 30 36 41 46 S0 59 66 73 78 89 98 sx mx xx ==
S0 35 42 48 52 57 60 69 76 82 88 98 e mx xx  xx xw
60 S0 56 60 65 68 72 79 86 92 98 Mk wk wEx  xxr  E®  wx
70 66 70 74 78 81 84 91 98 me  wx  x®  wx  x¥  EE K% EE
80 81 85 88 91 94 97 ®x  EE  EE EE HE HE BN HE ER W
w 97 - L e - - - L o - g 2 3 - E 5 L 2 o d - - -
DISTANCIA DE DILEMA ATE O PONTO DE COLISAO - d1 = dc (metros)
tr =1s V1l = 90 km/h fr-6n/sz
Rl _R2
of 2| 4| 6] 8| 10| 15| 20| 25| 30| 40| so| 60| 70| 80| 90|
0 0 2 4 6 8 10 15 20 25 30 40 S0 60 70 80 90
2 0 2 5 7 9 12 17 23 28 34 44 55 66 76 87 97
4 0 3 6 8 11 14 20 26 32 38 49 60 72 83 94 ==
6 0 4 7 10 13 16 22 29 35 42 54 66 78 89 wx xx
8 0 4 8 11 15 18 25 32 39 46 S9 71 B84 96 % wx
10 o 5 9 13 17 20 28 36 43 S0 64 77 90 wx  wx  xx
15 0o 8 13 18 22 27 36 45 54 62 78 93 wx  wx  wx  xx
20 0 11 18 24 29 34 46 56 66 75 93 wm  xm  wx ok ww
26 0 16 25 32 38 44 57 68 79 Q0 % xx  xx  wx  xx  ax
30 4 23 33 4 48 5S4 69 82 g4 we wm  mR EER EE wE EE
40 27 45 56 66 74 82 o e - e - e L
50 62 78 90 - L3 ] - - - - - - L - E 2] - -
60 w= - - - - Lad - - - - - - - - - L
70 E 2 L o - - - - t 2 3 - L o - t 2 3 - - E 2 3 2 3 t 2 3
80 »= HE R e - e Lo I . . I H e L L
{n - - L o J - - +* E 2 d - L 2 ] - t 2 d t 2 3 L o - - -
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3. Acidentes em Cruzamentos com Seméaforos

O semaforo de volumes relativamente baixos, em Sdo Paulo, funciona, para parte dos motoristas,
como uma placa PARE reversivel. Entretanto, como geralmente os semaforos sdo colocados em
locais de volumes “grandes”, quase todos 0s motoristas tomam cuidado antes de passar no
vermelho, isto &, respeitam o “PARE” do semaforo, e pelo menos observam a transversal antes de
cruzar. E razoavel, portanto, usar o seméaforo para forcar uma obediéncia ou um cuidado quando
outras medidas ndo surtem efeito.

Entretanto, além dos efeitos “positivos”, de maior respeito, a dindmica de um semaforo causa
alguns tipos extras de acidentes dos quais se destacam:

a) Maior risco em caso de desobediéncia.
Da mesma forma que o vermelho imp&e mais respeito, 0 motorista do verde tem mais
certeza de poder passar tranguilo quando algum motorista, por falta de atencéo, visibilidade,
ou “compulsdo de jogador” invade o vermelho sem olhar a transversal, as chances de
acidentes sdo maiores do que num cruzamento sem semaforo.

b) Coliséo traseira
Ao mudar, o seméforo de verde para vermelho os veiculos devem frear para parar antes da
linha de retencéo. Quando o veiculo de trds ndo percebe a tempo, acontecem colisdes
traseiras.

c) Colisdes laterais na mudanca de estagio
E comum os veiculos de fim de verde aproveitarem o amarelo e o inicio do vermelho para
cruzarem a via, evitando a espera de todo o vermelho. E comum também os veiculos da fase
verde que se inicia sairem apressadamente assim que da o verde, ou até no amarelo do outro
lado.

Estes dois comportamentos propiciam colisoes.

No caso de semaforo de baixos volumes, existe uma chance maior de colisdes, quando o vermelho
ndo formou uma fila de veiculos que ocupe toda a linha de retencdo e assim seja possivel haver um
veiculo que esteja chegando no inicio do verde, sem brecar e continuar a sua velocidade de cruzeiro.
Este veiculo leva muito menos tempo (que os parados) para chegar a regido de conflito do
cruzamento, com chances bem maiores de colisdo com o veiculo aproveitador do inicio de
vermelho na transversal.

Embora um entreverde maior possa ser usado para amenizar o problema, ha veiculos que,
percebendo a extensdo maior de entreverde prolongam sua invasdo no amarelo e vermelho, ou
antecipam sua saida, e a situacdo de perigo permanece.

O nimero médio de carros que estdo parados na linha de retencédo pode ser calculado pelas
equacdes usuais de ciclos 6timos, tempos verdes e filas.

Sendo:

F1e S1 = volume e capacidade da via principal
F2 e S2 = volume e capacidade da via secundaria
Ta = tempo de amarelo

TM1 e TM2 = tempos minimos de verde

O ndmero de carros parados vale:
M1 = TR1 . F1
M2 = TR2 . F2
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TC = tempo de ciclo
TR = tempo de vermelho + amarelo (TR = TC-TV)
TV = tempo de verde

Assim o nimero médio de carros parados na linha de retencdo depende da temporizacéo de
semaforos.

Normalmente os semaforos de volume baixo (que correspondem a maioria dos novos seméaforos) as
formulas de Webster de ciclo 6timo e proporcao de verde ndo séo aplicaveis. O ciclo étimo adotado
costuma ser simplesmente o minimo no caso de volumes equilibrados; ou proporcional a raiz
guadrada da relacdo de volumes no caso de volumes desequilibrados, porém com o tempo de verde
sempre igual a0 minimo para 0 movimento 2 (de menor volume).

Conhecendo-se M2 (carros médios na fila no fim de vermelho) e n2, nimero de faixas, podemos
calcular a fracdo de ciclos em que o nimero de carros na fila € menor que n2, que corresponde a
situacOes perigosas.

n2-1 )
Pp=Ze ™ M2 )
i=1 i

(admitida distribuicéo de Poisson para o0 himero de carros)
Pp = probabilidade de “perigo”

As tabelas anexas mostram o valor de Pp, para diferentes volumes e diferentes capacidades das vias,
bem como (na segunda linha) o nimero de vezes por hora que esta situacdo ocorre.

Para cada capacidade de via, mostra-se, numa matriz F1 x F2, valores para o lado 2 (Tabela “A”) e
para a soma dos lados 1 e 2 (Tabela “B”)

Exemplo:
F1 = 500 veiculos/hora
F2 = 100 veic./h

Aproximacdo 1: 1 faixa - capacidade = 1800 veic./h
Aproximacdo 2: 1 faixa - capacidade = 1800 veic./ h

Em 37,2% (Tabela Al — 12 linha) dos ciclos, a fila na aproximacao 2 sera menor que o nimero de
faixas (isto &, para o presente exemplo, em 37,2% dos casos a fila de aproximacao 2 sera nula).

Essa situagdo (fila menor que o nimero de faixas) ocorre 28,2 (tabela Al — 22 linha) vezes por hora
na aproximacéo 2.

22,7 (Tabela B1 - 12 linha) das situacfes em que ocorrem a troca de estagios correspondem a
situacOes perigosas no cruzamento, enquanto que elas (as situacdes perigosas) ocorrem 34,4 (Tabela
B1 - 22 linha) vezes por hora.
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Calculo da situagio de perigo em semaforos
TABELA

Al

indice de situagdes de perigo na aproximagio 2
Porcentagem de passages livre na aproximacao 2 (Pp)

ESTACIO ™ AMARELO CAPACIDADE N? DE FALIAS
i iz 1 800 1
2 12 1 800 1 (Ciclo maximo = 120)
F1 2
10 20 40 60 8o 100 120 150 200 250 300 400 500 600 700 800 900
too 57-6 84.2 80.7 74.1 67.0 60.7 54.9 47.2 36.8 28.7 22.3 13.5 8.2 5.0 3.0 1.8 1.1
52.9 70.7 92.6 B88.9 B80.4 B81.8 65.9 56.7 44.1 32.1 22.8 11.8 6.2 3.3 1.8 1.0 0.5
200 8l1.4 76.1 70.2 66.7 64.3 60.7 54.9 47.2 36.8 28.7 22.3 13.5 8.2 5.0 3.0 1.8 1.1
34.1 44.7 57.6 66.1 72.7 72.8 56.9 56.7 44.1 36.6 26.8 16.2 8.7 4.7 2.6 1.4 0.8
A0 76.5 69.7 62.2 57.7 _54.6 52.4 50.6 47.2 36.8 28.7 22.3 13.5 8.2 5.0 3.0 1.8 1.1
25.4 32.7 40.9 46.2 50.2 53.6 56.2 56.7 44.1 34.4 26.8 16.2 9.9 5.8 3.1 1.2 0.9
460 74.1 64.3 55.5 50.3 46.8 44.1 42.1 39.8 36.8 28.7 22.3 13.5 B.2 5.0 3.0 1.8 0.7
.22.2 25.3 30.8 34.1 36.4 38.3 39.9 42.1 44.1 34.4 26.8 16.2 9.9 58 3.1 1.6 0.5
sid 74.1 59.3 49.7 44.0 40.1 37.2 35.0 32.6 29.8 28.1 22.3 13.5 7.4 3.8 1.4 0.4 0.1
22.2 20.2 23.8 25.8 27.2 28.2 29.0 30.1 31.8 33.4 26.8 16.2 8.5 3.8 1.4 0.4 0.1
PR 74.1 54.9 44.3 38.3 34.2 31.3 29.0 26.5 23.7 21.9 20.5 12.1 4.5 1.8 0.6 0.1 0.0
22.2 16.5 18.7 19.8 20.5 20.9 21.3 21.7 22.4 23.2 23.8 14.1 4.5 1.6 0.4 0.1 0.0
106 74.1 54.9 39.3 33.1 29.0 26.1 23.8 21.3 18.5 16.8 15.3 8.2 2.4 0.7 0.1 0.0 0.0
22.2 16.5 14.7 15.2 15.4 15.5 15.6 15.6 15.7 16.0 15.9 8.5 1.0 0.5 0.1 0.0 0.0
p_— 74.1 54.9 34.6 28.4 24.3 21.4 19.3 16.9 14.2 12.6 10.7 3.6 1.0 0.2 0.0 0.0 0.0
22.2 16.5 11.6 11.7 11.6 11.4 11.3 11.1 10.9 10.8 9.9 3.1 0.7 0.1 0.0 0.0 0.0
s 74.1 54.9 30.1 24.0 20.0 17.3 15.3 13.0 10.7 9.2 6.9 1.7 0.3 0.0 0.0 0.0 0.0
22.2 16.5 9.0 8.8 8.1 8.3 80 7.7 7.3 7.1 57 1.2 0.2 0.0 0.0 0.0 0.0
{000 74.1 54.9 30.1 19.8 16.1 13.6 11.7 9.8 7.7 6.4 4.0 0.6 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 6.6 6.2 58 56 52 4.8 4.5 2.9 0.3 0.0 0.0 0.0 0.0 0.0
1100 74.1 54.9 30.1 16.5 12.6 10.3 8.7 7.0 53 3.9 1.5 0.1 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 50 4.3 4.0 3.7 3.3 2.9 2.4 0.8 0.0 0.0 0.0 0.0 0.0 0.0
— 74.2 54.9 30.1 16.5 9.3 7.4 6.1 4.7 3.4 1.8 0.3 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.8 2.5 2.3 2.0 2.2 0.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0
1300 74.1 54.9 30.1 16.5 9.1 50 3.9 2.9 1.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 1.5 1.3 1.1 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lago 74.1 54.9 30.1 16.5 9.1 S50 2.7 1.§ 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 1.5 0.8 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. 74.1 54.9 30.1 16.5 9.1 50 2.7 1.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 50 2.7 1.5 0.8 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1660 74.1 54.9 30.1 16.5 9.1 50 2.7 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 1.5 0.8 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1700 74.1 54.9 30.1 16.5 9.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Calculo de situagoes de perigo em semaforos
TABELA Bl
indice de sltmqio de perigo no cruzamento

ESTAGIO’ ™ AMARELO CAPACIDADE N® DE FAIXAS
™2
1 12 3 1 8oo 1
12 3 1 8oo 1

(Ciclo maximo = 120)

F2
10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 800 900

Fl

{00 74.1 72.4 70.7 67.4 63.8 60.7 57.8 53.9 48.7 42.9 37.3 28.8 22.7 18.1 14.5 11.6 9.2
89.6 121.6 162.2 161.6 153.2 145.6 138.6 129.4 117.0 96.2 76.2 50.0 34.4 24.2 17.4 12 8.8
200 59.1 56.4 53.5 51.7 50.6 48.7 45.8 42.0 36.8 32.7 29.6 25.2 19.0 14.3 10.8 8 5.9
48.4 66.4 87.8 102.6 114.2 119.0 110.0 100.8 88.2 78.6 76.0 60.4 40.6 27.2 18.4 12 8.0
300 49.4 46.0 42.3 40.0 38.5 38.3 36.5 34.8 29.6 25.5 22.3 17.9 15.3 12.8 9.1 4.0
32.8 43.2 55.6 64.0 70.6 76.2 81.0 B83.4 71.0 61.2 53.6 43.0 36.6 29.6 19.0 1 6.6
400 43.8 38.9 34.5 31.9 30.2 28.8 27.8 26.7 25.2 21.1 17.9 13.5 10.9 8.5 5.6
26.2 30.6 38.2 43.2 47.0 50.0 652.8 6§6.4 60.4 50.6 43.0 32.4 26.0 19.8 11.6
500 41.1 33.8 28.9 26.1 24.1 22.7 21.6 20.4 19.0 18.2 15.3 10.9 7.4 4.1 2.0
24.6 23.0 27.8 30.6 32.8 34.4 35.8 37.8 40.6 43.2 36.6 26.0 17.0 8.2 3.4
s00 39-5 299 24.6 21.6 19.6 18.1 17.0 15.7 14.3 13.4 12.8 8.5 4.1 1.8 0.6

23.8 18.0 20.8 22.4 23.4 24.2 23.0 25.8 28.2 28.6 29.6 19.8 8.2 3.2 1.0
700 38.6 29.0 21.2 18.1 16.0 14.5 13.4 12.2 10.8 9.9 9.1 0.6 2.0 0.6 0.1
23.2 17.4 15.8 16.6 17.0 17.4 17.6 17.8 18.4 18.8 19.0 11.6 3.4 1.0 0.2
38.0 28.4 18.2 15.1 13.1 11.6 10.5 9.3 8.0 7.2 6.3 2.7 0.8 0.1
22.8 17.0 12.2 12.4 12.4 12.4 12.4 12.2 112.2 12.4 11.6 4.6 1.2 0.2
900 37.6 28.0 15.6 12.5 10.6 9.2 8.2 7.1 59 51 4.0 1.2 0.2 0.0

22.6 16.8 9.4 9.2 9.0 8.8 B.6 8.4 8.0 8.0 6.6 1.8 0.2 0.0

800

S £
o

22
o o

olo ol o|lo oo |0 O |0 =M 00| ~ [ LN O |&

(=]
(-]
oloolooloolooleoloo| ol vf=o

coloolooloofoolooloolooloolooleeloole ol
o olo ol ol oo oo ol oo ol ol oo O | © |8 N |8 N

606 37.4 27.8 15.4 10.3 8.4 7.1 6.2 5.2 4.2 3.5 2.4 0.4 0.0 0.0 0.0
22.4 16.6 9.2 6.8 6.4 6.2 58 56 52 50 3.4 0.4 0.0 0.0 0.0
1100 37-2 27.6 15.3 8.5 6.5 5.4 4.6 3.7 2.8 2.1 0.9 0.1 0.0 0.0 0.0
22.4 16.6 9.2 50 4.4 4.2 3.8 3.6 3.2 2.6 1.0 0.0 0.0 0.0 0.0
— 37.2 27.6 15.2 8.4 4.8 3.8 3.2 2.5 1..8 1l.0 0.2 0.0 0.0 0.0 0.0 .
22.2 16.6 9.2 S50 3.0 2.6 2.4 2.0 1.8 1.0 0.2 0.0 0.0 0.0 0.0 0.0
1300 37.1 27.5 15.1 9.3 4.6 2.6 2.0 1.5 0.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.6 9.0 S50 2.8 1.6 1.4 1.2 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0
1400 37.1 27.5 15.1 8.3 4.6 2.5 1.4 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 50 2.8 1.6 0.8 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1500 37.1 27.5 15.1 8.3 4.6 2.5 1.4 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 50 2.8 1.6 0.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1600 37.1 27.5 15.1 8.3 4.6 2.5 1.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 5.0 2.8 1.6 0.8 0.4 0.0 0.0 0.0 9.0 0.0 0.0 0.0. 0.0
1700 37.1 27.5 15.1 8.3 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 5.0 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Calculo da situagio de perigo em semaforos
TABELA A2
Indice de situagoes de perigo na aproximagao 2
Porcentagem de passagea livre na lpro:;inq;o 2 (Pp)

ESTACIO na AMARELO CAPACIDADE N DE FAIXAS
™2 :
1 12 3 3 600 2
12 3 1 800 1
(Ciclo maximo = 120)
Fl F2

2

10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 BoO

100 87.8 B84.5 81.0 74.1 67.0 60.7 54.9 47.2 36.8 28.7 22.3 13.5 8.2 5.0 30 1.8 1.1
$3.8 71.9 94.2 B88.9 B80.4 72.8 65.9 $6.7 4.1 31.7 22.5 11.6 6.1 3.3 1.8 1.0 0.5

56 82.0 76.8 71.1 67.8 65.5 60.7 $4.9 47.2 34.8 28.7 22.3 13.5 8.2 5.0 3.0 1.8 1.1
35.4 46.5 60.0 69.0 76.0 72.8 65.9 6.7 44.1 4.4 26.8 16.0 8.5 4,6 2.5 1.4 0.7

oo 77-6 7L.1 63.9 59.6 $6.7 54.5 52.9 47.2 36.8 28.7 22.3 13.§ 8.2 .0 3.0 1.8 1.1
z?o 34-9 44.0 49.9 4.3 $8.0 61.1 6.7 44.1 34.4 26.8 16.2 9.9 5.6 3.0 1.7 0.9

400 T4-1 66.4 SB.1 531 49.7 47.2 45.3 43.2 368 28.7 22.3 13.5 8.2 5.0 3.0 L.8 1.1
22.2 27.9 J4.3 38.3 41.2 43.6 45.6 48.3 44.1 3.4 26.8 16.2 9.9 5.8 3.1 1.7 0.9

500 74.1 62.3 53.2 47.8 44.0 41.3 39.2 36.8 34.2 28.7 22.3 13.5 8.2 5.0 3.0 1.8 1.1
22.2 23.1 27.8 30.5 32.4 33.9 35.2 36.9 39.3 .4 268 16.2 9.9 5.8 3.1 1.7 0.9

s00 741 $.6 48.9 43.1 39.2 36.3 34.1 31.6 28.9 27.1 22.3 13.5 8.2 5.0 3.0 1.8 1.1
22.2 19.5 23.0 24.9 26.1 27.0 27.8 28.8 3.2 31.7 26.8 16.2 9.9 5.8 3.1 1.7 0.9

700 74-1 55-3 45.0 39.1 35.0 32.1 29.8 27.3 24.4 22.7 21.5 13.5 8.2 5.0 3.0 1.8 1.1
_22.2 16.8 19.3 20.6 21.3 21.8 22.2 22.7 23.6 24.5 25.5 16.2 9.9 5.8 3.1 1.7 0.9

800 74-1 54.9 41.5 35.4 31.3 28.4 26.1 23.6 20.7 19.0 17.8 13.5 8.2 5.0 3.0 1.8 0.7
22.2 16.5 16.4 17.2 17.6 17.8 18.0 18.2 18.5 19.0 19.6 16.2 9.9 5.8 3.1 1.6 0.5

900 74-1 54.9 38.4 32.2 28.1 25.1 22.9 20.4 17.6 15.9 14.7 13.5 8.2 5.0 2.6 1.1 0.3
22.2 16.5 14.1 14.5 14.6 14.6 14.6 14.6 14.6 14.8 15.2 16.2 9.9 5.8 2.4 0.9 0.2

1000 741 549 35.4 29.2 25.1 22.1 20.0 17.6 14.9 13.3 12.2 11.0 7.4 3.8 1.7 0.6 0.1
22.2 16.5 12.1 12.2 12.2 12.1 11.9 11.8 11.6 11.6 11.7 12.4 8.5 3.8 1.4 0.4 0.1

iioo 74.1 54.9 32.7 26.5 22.5 19.6 17.5 15.2 12.6 1.0 10.0 8.9 68 2.7 1.0 0.3 0.0
22.2 16.5 10.4 10.4 10.2 10.0 9.8 9.5 9.2 9.1 9.1 9.5 6.3 2.5 0.8 0.2 0.0

1200 74! 5.9 0.1 24.0 20.0 17.3 15.3 13.0 10.7 9.2 8.2 7.1 4.5 1.8 0.6 0.1 0.0
22.2 16.5 9.0 8.8 8.6 8.3 80 7.7 7.3 7.1 7.0 7.2 4.5 1.6 0.4 0.1 0.0

1300 74.1 54.9 30.1 21.7 17.8 15.2 13.3 1.2 8.9 7.6 6.7 57 3.3 1.2 0.3 0.0 0.0
22.2 16.5 9.0 7.5 7.2 6.9 6.6 6.2 58 5.6 54 5.4 3.1 0.9 0.2 0.0 0.0

1id0 74.1 54.9 30.1 19.5 15.8 13.3 .5 9.5 7.5 6.2 5.4 4.5 2.4 0.7 0.1 0.0 0.0
22.2 16.5 9.0 6.4 6.0 5.7 5.4 50 4.6 4.3 4.2 4.1 2.0 0.5 0.1 0.0 0.0

1500 741 5.9 30.1 17.5 4.0 1.6 9.9 8.1 6.2 51 4.4 3.6 1.6 0.4 0.0 0.0 0.0
22.2 16.§ 9.0 S.4 5.0 4.7 4.4 4.0 3.6 3.3 3.2 3.1 1.2 0.2 0.0 0.0 0.0

1600 741 54.9 30.1 16.5 12.3 10.1 8.5 6.8 5.1 4.1 3.6 3.6 1.0 0.2 0.0 0.0 0.0
22.2 16.5 9.0 5.0 4.2 3.8 3.5 3.2 2.8 2.6 2.4 31 0.7 0.1 0.0 0.0 0.0

1700 74.1 54.9 30.1 16.5 10.8 8.7 7.2 5.7 4.2 3.3 2.7 2.§ 0.5 0.1 0.0 0.0 0.0
22.2 16.5 9.0 5.0 3.5 3.1 2.9 2.5 2.2 1.9 1.8 2.0 0.4 0.0 0.0 0.0 0.0

2000 741 54.9 30.1 16.5 9.1 53 4.2 31 2.1 1.6 1.2 0.6 0.0 0.0 0.0 0.0 0.0
22.2 16.§ 9.0 5.0 2.7 1.6 1.4 1.2 0.9 0.8 0.7 0.3 0.0 0.0 0.0 0.0 0.0

2500 741 5.9 3.1 16.5 9.1 S50 2.7 1.1 0.5 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 1.5 0.8 0.3 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3000 74.1 54.9 3.1 16.§ 9.1 S50 2.7 1.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 1.5 ©0.8 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Calculo de sit:u.aqSes de perigo em semaforos
TABELA B2
Indice de situagoes de perigo no cruzamento
ESTAGIO ™L AMARELO CAPACIDADE N° DE FAIXAS
™2 -
1 12 3 3 600 2
2 12 3 1 800 1
(Ciclo maximo = 120)

Fl F2
10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 BOO 900
100 89.4 87.7 B86.0 82.5 79.0 75.8 72.9 69.1 63.9 5B.7 54.1 46.6 40.8 35.9 31.7 27.7 23.9
109.4 149.2 200.0 189.0 189.6 182.0 175.0 165.8 153.4 130.0 108.8 78.6 60.8 47.4 39.2 29.2 22.6
00 77.8 75.2 72.3 70.7 69.5 67.1 64.2 60.4 55.2 S1.1 47.9 43.0 36.1 30.4 25.4 20.9 16.8
67.0 91.0 122.0 144.0 161.2 161.0 154.2 145.0 132.4 121.6 115.0 101.6 75.0 56.0 42.0 31.0 22.4
300 66.7 63.4 59.8 57.7 6.2 §5.1 54.3 S1.5 46.3 42.2 39.0 34.7 32.0 27.4 22.1 17.4 13.3
46.4 62.2 B2.4 96.6 107.8 117.4 125.6 123.6 111.0 101.4 93.8 B3.2 77.8 61.4 44.4 31.6 21.8
400 57.3 53.5 49.3 46.9 45.2 43.9 43.0 41.9 38.7 34.6 31.5 27.1 24.4 21.3 15.8 1ll.0 7.1
34.4 45.0 SB.4 67.6 75.0 Bl.0 86.6 93.8 93.8 B83.2 75.4 64.0 SB.6 49.6 33.0 20.4 11.6
500 S1.4 45.5 40.9 38.2 36.4 35.0 34.0 32.8 31.5 28.7 25.5 21.1 18.5 15.5 10.5 6.6 3.8
30.8 33.8 42.8 48.8 53.6 57.6 61.0 65.6 72.4 68.8 61.2 50.8 44.4 36.0 22.0 12.2 6.2
oo 47-0 39.3 34.4 31.5 29.6 28.1 27.0 25.8 24.4 23.5 21.1 16.7 1l4.1 11.3 7.1 4.1 2.1
28.2 26.2 32.4 36.4 39.4 41.8 44.0 46.8 §1.2 55.0 50.6 40.2 33.8 23.2 14.8 7.6 3.4
700 43.8 34.4 29.3 26.3 24.3 22.8 21.7 20.4 19.0 18.1 17.6 13.6 10.9 8.3 4.9 2.6 1.3
26.4 21.0 25.2 27.8 29.6 31.0 32.4 34.0 36.6 39.2 41.6 32.6 26.2 19.4 10.2 4.8 2.0
800 41.6 32.0 25.4 22.3 20.2 18.8 17.6 16.4 15.0 14.1 13.5 11.3 8.7 6.3 3.5 1l.4 0.5
25.0 19.2 20.0 21.6 22.6 23.6 24.2 25.2 26.8 28.2 29.6 27.2 20.8 14.6 7.4 2.4 0.8
900 40.1 3.5 22.2 19.1 17.1 15.6 14.5 13.2 11.9 1l1.0 10.4 9.8 7.2 50 1.9 0.7 0.2
24.0 18.2 16.4 17.2 17.8 18.2 18.6 19.0 19.8 20.6 21.4 23.6 17.2 11.6 3.4 1.2 0.2
Looo J9-1 29.5 19.7 16.6 14.6 13.1 12.0 10.8 9.5 8.6 8.1 7.5 5.4 2.6 1.1 0.3 0.1
23.4 17.6 13.4 14.0 14.2 14.2 14.4 14.4 14.8 15.2 15.6 17.0 12.4 5.2 1.8 0.4 0.0
1100 38.4 28.8 17.7 14.6 12.6 11.1 l1l0.1 8.9 7.6 6.9 6.3 5.8 3.9 1.7 0.6 0.2 0.0
23.0 17.2 11.2 11.4 11.4 11.4 11.2 11.2 11.2 11.2 11.6 12.2 8.4 3.2 1.0 0.2 0.0
1200 37.9 28.3 15.9 12.9 10.9 9.5 8.5 7.4 6.2 55 50 4.4 2.8 1.1 0.3 0.1 0.0
22.8 17.0 9.6 9.4 9.2 9.2 9.0 8.8 8.6 8.4 B.6 9.0 56 1.8 0.4 0.0 0.0
1300 37.6 28.0 15.6 1.4 9.5 8.2 7.2 6.2 S50 4.4 3.9 3.4 1.9 0.6 0.2 0.0 0.0
22.6 16.8 9.4 8.0 7.6 7.4 7.2 6.8 6.6 6.4 6.4 6.6 3.6 1.0 0.2 0.0 0.0
1400 37.4 27.8 15.4 0.1 8.3 7.0 6.1 51 4.1 3.5 3.1 2.6 1.3 0.4 0.1 0.0 0.0
22.4 16.6 9.2 6.6 6.2 6.0 5B 5.4 5.0 4.8 4.8 4.8 2.2 0.6 0.0 0.0 0.0
1500 37.3 27.7 15.3 9.0 7.2 6.0 5.2 4.3 3.3 2.8 2.4 2.0 0.8 0.2 0.0 0.0 0.0
22.4 16.6 9.2 5.6 5.2 4.8 4.6 4.2 3.8 3.6 3.6 3.4 1.4 0.2 0.0 0.0 0.0
1600 37.2 27.6 15.2 8.4 6.3 5.2 4.4 3.6 2.7 2.2 1.9 1.9 0.5 0.1 0.0 0.0 0.0
22.4 16.6 9.2 5.0 4.2 4.0 3.6 3.4 3.0 2.8 2.6 3.4 0.8 0.0 0.0 0.0 0.0
1700 37-1 27.5 15.2 8.4 55 4.4 3.7 2.9 2.2 1.7 1.§ 1.3 0.3 0.0 0.0 0.0 0.0
22.2 16.6 9.0 5.0 3.6 3.2 3.0 2.6 2.2 2.0 2.0 2.2 0.4 0.0 0.0 0.0 0.0
2000 37.1 27.5 15.1 8.3 4.6 2.7 2.1 1.6 1.1 0.8 0.6 0.3 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 s.0 2.8 1.6 1.4 1.2 1.0 0.8 0.8 0.4 0.0 0.0 0.0 0.0 0.0
2500 37.0 27.4 15.1 8.3 4.5 2.5 1.4 0.6 0.2 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 50 2.8 1.4 ©0.8 0.4 0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3000 37.0 27.4 15.1 8.3 4.5 2.5 l.4 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.4 9.0 5.0 2.8 1.4 0.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Cilculo da situagio de perigo em semaforos
TABELA A J
indice de situagoes de perigo na aproximagio 2

Porcentagem de passagem livre na aproximagao 2 (Pp)

ESTAGIO ™L AMARELO CAPACIDADE N2 DE FAIXAS
™2
12 3 5 400 3
12 3 1 800 1

(Ciclo maximo = 120)

F2
“wzo‘omsoloolzolsgzoozggggm@ommsoo
100 87.9 84.6 Bl.9 74.1 67.0 60.7 54.9 47.2 36.8 28.7 22.3 13.5 8.2 5.0 3.0 1.8

54.0 72.7 98.2 88.9 B80.4 72.8 65.9 56.7 44.1 31.6 22.4 11.5 6.1 3.3 1.8 1.0

200 82.2 77.1 71.4 68.1 67.0 60.7 54.9 47.2 36.8 28.7 22.3 13.5 8.2 5.0 3.0 1.8

35.8 47.1 60.8 70.0 B0.4 72.8 65.9 $6.7 44.1 4.4 26.8 158 8.4 4.6 2.5 1.3

300 77.9 71.5 64.4 60.2 57.3 55.2 54.9 47.2 36.8 28.7 22.3 13.§ B.2 6.0 3.0
27.5 35.6 45.0 S1.1 §5.7 9.5 65.9 §6.7 44.1 34.4 26.8 16.2 9.9 5.5 3.0

400 74.4 67.0 $8.9 54.0 50.6 48.2 46.3 47.2 36.8 28.7 22.3 13.5 8.2 $.0 3.0 1
22.6 28.7 35.5 39.7 42.8 45.3 47.5 $6.7 44.1 34.4 26.8 16.2 9.9 5.8 3.1 1

500 74.1 63.2 42 48.9 45.2 -42.5 40.5 38.1 36.8 28.7 22.3 13.5§ 8.2 5.0 3.0 L
22.2 24.0 29.1 32.0 34.1 35.8 37.2 39.1 44.1 4.4 26.8 16.2 9.9 5.8 3.1 L

000 74.1 59.8 50.2 44.5 40.7 37.8 35.6 33.2 30.4 28.7 22.3 13.5§ 8.2 5.0 3.0 L
22.2 20.6 24.4 26.5 27.9 29.0 29.9 31.0 32.8 34.4 26.8 16.2 9.9 5.8 3.1 1

700 74.1 56.7 46.6 40.7 36.7 33.8 31.6 29.0 26.2 28.7 22.3 13.5 8.2 5.0 3.0 1
__22.2 17.9 20.8 22.3 23.2 23.8 24.4 25.1 26.2 4.4 26.8 16.2 9.9 5.8 3.1 1
800 741 54.9 43.4 37.4 33.3 30.3 28.1 25.§ 22.7 20.9 22.3 13.§ 8.2 5.0 3.0 1
__22.2 16.5 18.0 18.9 19.§ 19.9 20.2 20.§ 1.1 21.8 26.8 16.2 9.9 5.8 3.1 1
900 74.1 S4.9 40.5 34.4 30.3 27.3 25.0 22.5 19.7 18.0 16.8 13.§ 8.2 $.0 3.0 1
22.2 16.5 15.6 16.3 16.6 16.7 16.8 17.0 17.2 17.6 18.1 16.2 9.9 5.8 3.1 1

1000 74.1 54.9 37.9 31.7 27.6 24.6 22.4 19.9 17.2 15.4 14.3 13.5 8.2 5.0 3.0 1
22.2 16.5 13.7 14.1 14.1 14.2 14.2 14.1 14.1 14.3 14.6 16.2 9.9 58 3.1 1

Llogg 74-1 54.9 35.5 29.2 25.2 22.2 20.0 17.6 15.0 13.3 12.2 13.5 8.2 50 3.0 1
22.2 16.5 12.1 12.3 12.2 12.1 12.0 11.8 11.7 11.7 11.8 16.2 9.0 58 3.1 1

1200 _?4.1 54.9 33.2 27.0 23.0 20.1 18.0 15.6 13.1 11.5 10.4 9.3 8.2 5.0 30 1
22.2 16.5 10.8 10.7 10.6 10.4 10.2 9.9 9.7 9.6 9.6 10.0 9.9 5.8 3.1 L.

1

1

0

0

0

0

]

0

]

0

0

- -
o o

1300 74.1 54.9 31.1 25.0 21.0 18.2 16.1 13.8 11.4 9.9 8.9 7.8 8.2 5.0 2.9
22.2 16.5 9.6 9.4 9.2 8.9 8.7 8.4 8.0 7.8 7.8 8.0 9.9 6.8 2.8
1400 74.1 54.9 3.1 23.1 19.2 16.4 14.4 12.3 10.0 8.5 7.6 6.5 8.2 4.7 2.2
22.2 16.5 9.0 8.3 8.0 7.7 7.4 7.1 6.7 6.5 6.4 6.5 9.9 4.9 2.0
1500 74.1 S4.9 30.1 21.3 17.5 14.9 12.9 10.9 8.7 7.3 6.5 5.5 7.4 3.8 1.7
22.2 16.5 9.0 7.3 7.0 6.6 6.4 6.0 5.6 5.3 5.2 652 8.5 3.8 1.4
L6og 74-1 54.9 30.1 19.7 16.0 13.4 11.6 9.6 7.6 6.3 5.5 4.6 6.3 3.0 1.2
22.2 16.§ 9.0 6.5 6.1 5.7 54 5.1 4.7 4.4 4.2 4.2 6.9 2.9 1.0
1700 74.1 54.9 30.1 18.1 14.6 12.1 10.4 8.5 6.6 5.4 4.7 3.8 5.4 2.4 0.9
22.2 16.5 9.0 5.7 5.3 5.0 4.7 4.3 3.9 3.6 3.5 3.4 5.6 2.2 0.7
2000 741 54.9 3.1 16.5 1.0 8.8 7.4 58 4.3 3.4 2.8 2.2 30 l.0 0.2
22.2 16.5 9.0 5.0 3.5 3.2 2.9 2.6 2.2 2.0 1.9 1.7 2.7 0.8 0.1 0.0
2500 74.1 54.9 30.1 16.5 9.1 50 3.9 2.9 2.0 1.4 1.1 2.9 0.7 0.1 0.0 0.0 0.0
_22.2 16.§ 9.0 5.0 2.7 1.§ 1.3 1.1 0.9 0.7 0.6 2.3 0.4 0.0 0.0 0.0 0.0
3000 74-1 54.9 3.1 16.5 9.1 50 2.7 1.3 0.8 0.5 0.4 0.0 0.0 0.0 0.0 0.0 0.0
22.2 16.5 9.0 5.0 2.7 1.5 0.8 0.4 0.3 0.2 9.2 0.3 0.0 0.0 0.0 0.0 0.0
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Cilculo de situagdes de perigo em semaforos
TABELA B3
indice de situagdes de perigo no cruzamento

ESTAGIO ™ AMARELO CAPACIDADE Ne DE FAIXAS
™2
1 12 3 5 400 3
2 12 3 1 8oo 1
(Ciclo maximo = 120)
Fl £2
10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 800 900
L00 93-2 91.6 90.2 86.3 B2.8 79.6 76.7 72.9 67.7 63.3 59.7 S4.1 50.0 46.6 43.5 40.4 37.2
114.6 196.4 216.6 207.2 198.8 191.0 184.2 175.0 162.4 139.4 119.6 92.4 74.4 61.2 50.8 42.4 35.0
200 87.1 B84.5 81.7 80.0 79.5 76.3 73.4 69.6 64.4 60.3 S7.1 S2.4 47.2 42.7 B4 4.1 29.7
75.8 103.2 139.0 164.4 190.8 183.2 176.2 167.0 154.6 144.8 137.2 122.6 97.6 78.2 62.8 §0.2 8.4
j00 79-4 76.2 72.7 70.§ 69.1 68.0 67.9 64.1 $B.B 4.8 S51.6 47.2 44.5 40.1 35.1 30.1 25.1
46.4 75.8 101.4 119.6 134.2 146.6 163.0 153.8 141.2 131.4 123.8 113.4 107.0 88.6 69.8 $4.0 40.6
400 710 67.3 63.3 60.8 $9.2 57.9 57.0 57.5 52.2 48.2 45.0 40.6 37.9 34.8 28.6 22.3 16.1
43.2 6.6 76.2 89.4 100.0 109.0 116.8 137.8 135.4 115.6 118.0 97.4 91.0 Bo.8 9.6 41.4 26.4
500 64.2 58.8 54.3 S51.6 49.8 4B.5 47.4 46.3 45.6 4.5 38.3 4.0 31.3 27.9 21.2 15.0 9.6
38.6 44.6 8.2 67.6 65.2 81.6 87.2 94.8 109.4 99.6 92.0 81.4 75.2 64.8 44.2 27.° 15.6
600 $8.2 51.0 46.2 43.4 41.5 40.1 39.0 37.7 36.4 35.5 32.3 27.9 25.3 21.8 15.3 9.5 &g
35.0 35.2 45.0 51.6 §6.8 61.4 65.4 70.6 79.4 B85.2 77.6 67.0 60.6 50.8 31.8 18. 9.0

700 53-1 4.4 39.3 36.4 U.4 32.9 31.8 30.6 29.2 30.4 27.2 22.8 20.1 16.8 10.9
31.8 28.0 34.2 39.8 43.4 46.4 49.2 $2.8 8.2 72.8 65.2 S4.8 48.4 38.0 22.6
48.9 39.3 33.6 30.6 28.6 27.1 25.9 24.7 23.3 22.4 23.1 18.7 16.0 12.9 7.7

-
- o

i 29.4 23.6 27.8 31.0 33.4 35.4 37.2 39.6 43.2 46.6 45.4 44.8 38.4 29.8 16.0
900 45.7 36.1 28.9 25.9 23.8 22.3 21.2 19.9 18.§ 17.7 17.1 15.4 12.8 9.9 &.§
27.4 11.6 11.4 24.6 26.0 27.4 28.6 30.0 32.4 4.6 36.8 37.0 30.6 22.8 11.6
looo 43-3 33.7 25.2 22.1 20.0 18.5 17.4 16.2 14.8 14.0 13.4 13.0 10.3 7.6 4.1
26.0 20.2 18.2 19.6 20.6 21.4 22.0 23.0 24.4 25.8 27.2 31.2 24.8 17.8 8.4
1o 4.5 3.9 22.2 19.0 17.0 15.5 14.4 13.2 11.9 11.1 10.§ 11.2 8.5 6.1 3.1

24.8 19.2 15.2 16.0 16.6 17.0 17.2 17.8 18.6 19.4 20.4 26.8 20.4 14.0 6.6
1200 40.1 30.5 19.7 16.6 14.6 13.2 12.1 10.9 9.6 838§ 8.3 7.7 7.2 4.9 2.5

__24.0 18.4 12.8 13.2 13.4 13.6 13.6 13.8 14.2 14.8 15.2 16.6 17.2 11.4 5.2
1300 39.2 29.6 17.7 14.6 12.6 11.2 10.2 9.1 7.9 7.1 6.6 6.0 é_:.J 4.1 1.7
23.6 17.8 10.8 11.0 11.0 11.0 11.0 11.0 11.0 11.2 11.6 12.4 15.0 9.6 3.2
38.5 28.9 16.5 13.0 11.1 9.7 8.7 7.6 6.5 5.7 5.3 4.8 56 2.8 1.2

oploploolonlooloofooof ~|n mis Bl NI e =
O oo olo @8 =N N[ W ®animujm~loewnleco ol oo = oo w e
polooloolooleocilooloolooloolmofolw ml ~fn o
S OO0 O|0 OO0 OO0 OO0 =M | NM|ov & e oo 0 e o e o

e 23.2 17.4 10.0 9.4 9.2 9.0 9.0 8.8 8.6 8.8 8.8 9.4 13.4 5.8 2.2
1500 38.1 28.5 16.1 1.7 9.8 8.4 7.5 6.5 5.4 4.7 4.2 3.8 4.5 2.1 0.9
22.8 17.0 9.6 7.8 7.8 7.6 7.4 7.2 6.8 6.8 6.8 7.2 10.2 4.2 1.6
1600 37-7 28.1 15.7 1l0.5 8.7 7.4 6.5 55 4.5 3.8 3.4 3.0 3.7 1.6 0.6
22.6 16.8 9.4 7.0 6.6 6.4 6.0 58 5.6 5.4 52 5.4 8.0 3.2 1.0
1700 37-5 27-9 15.5 9.5 7.7 6.5 5.7 4.7 3.8 32 2.8 2.4 30 1.3 0.4
22.6 16.8 9.4 6.0 5.6 5.4 5.0 4.8 4.4 4.2 4.2 4.2 6.2 2.2 0.6
2000 37-%2 27.6 15.2 8.4 5.6 4.6 3.8 31 2.3 1.8 1.6 1.2 1.5 0.5 0.1
22.4 16.6 9.2 50 3.6 3.4 30 2.8 2.4 2.3 20 2.0 2.8 0.8 0.2
2500 37.1 27.§ 15.1 8.3 4.6 2.5 2.0 1.5 1.0 0.7 0.6 1.4 0.3 0.0 0.0
22.2 16.4 9.0 5.0 2.8 1.6 1.4 1.2 0.8 0.8 0.6 2.4 0.4 0.0 0.0
jo00 37-© 27-4 15.1 8.3 4.5 2.5 1.4 0.7 0.4 0.3 0.2 0.3 0.0 0.0 0.0
22.2 16.4 9.0 50 2.8 1.4 0.8 0.4 0.2 0.2 0.2 0.4 0.0 0.0 0.0
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Calculo da situagio de perigo em semaforos
TABELA A4
Indice de situagdes de perigo na aproximagao 2

Porcentagem de passagem livre na aproximagio 2 (Pp)

ESTAGIO ™ AMARELD CAPACIDADE N? DE FAIXAS
™2
1 12 3 5 400
2 12 3 3 600
(Ciclo maximo = 120)
Fl £2
10 20 40 60 8 100 120 150 200 250 300 400 500 600 700 B00 900
loo 99-2 98.7 98.1 96.3 93.8 91.0 87.8 B2.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
60.9 84.1 113.9 115.6 112.6 109.2 105.4 99.2 88.3 73.4 8.3 36.8 23.2 14.5 9.1 5.6 3.5
200 98-3 97-1 95.4 94.2 93.2 9l.0 87.8 82.7 73.6 64.5 $5.8 40.6 28.7 19.9 13.6 9.2 6.1
42.7 59.2 80.8 96.0 107.9 109.2 105.4 99.2 88.3 77.4 66.9 48.7 3.9 20.1 12.6 7.9 4.9
jo0 97-3 95.5 92.7 90.6 B88.9 B87.6 86.5 B2.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
4.4 47.4 64.3 76.2 B5.5 93.2 99.8 99.2 B88.3 77.4 66.9 48.7 34.5 23.9 15.2 9.5 5.9
400 90-4 93.8 89.9 87.0 84.8 82.9 B8l.3 79.3 73.6 64.5 5.8 40.6 28.7 19.9 13.6 9.2 6.1
29.2 40.1 $3.9 63.5 70.8 76.9 82.1 88.6 88.3 77.4 66.9 48.7 34.5 23.9 16.3 10.9 6.8
so0 99-3 92.1 87.3 83.6 80.7 78.3 76.3 73.8 70.7 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
28.9 34.9 46.5 54.3 60.2 65.0 69.1 74.1 B1.0 77.4 66.9 48.7 34.5 23.9 16.3 11.0 7.3
600 %3 90.5 84.6 80.2 76.8 73.9 71.5 68.6 64.9 62.1 55.8° 40.6 28.7 19.9 13.6 9.2 6.1
28.9 31.0 40.9 47.3 52.1 §5.9 59.0 62.9 _68.1 72.2 66.9 48.7 4.5 23.9 16.3 11.0 7.3
700 96-3 B88.8 B82.0 77.0 73.0 69.8 67.0 63.7 59.4 6.3 54.0 40.6 28.7 19.9 13.6 9.2 6.1
28.9 27.9 36.4 41.7 45.6 48.5 51.0 43.9 47.7 60.7 63.3 48.7 4.5 23.9 16.3 1l.0 7.3
goo 96-3 87.8 79.5 73.8 69.4 65.8 62.8 $9.0 S54.4 51.0 48.4 40.6 . 28.7 19.9 13.6 9.2 6.1
28.9 26.3 32.7 37.1 40.2 42.5 44.3 46.5 49.2 51.3 53.2 48.7 4.5 23.9 16.3 1l.0 223
goo ¥-3 87.8 76.9 70.7 65.9 61.9 8.7 S4.7 49.7 46.1 43.3 39.5 28.7 19.9 13.6 9.2 6.1
28.9 26.3 29.5 33.2 35.7 37.5 38.8 40.4 42.2 43.6 44.8 46.9 4.5 23.9 16.3 11.0 7.3
lo00 96-3 87.8 74.4 67.7 62.5 8.3 S54.8 50.6 45.4 41.5 38.7 34.8 28.7 19.9 13.6 9.2 6.1
28.9 26.3 26.8 29.9 31.8 33.1 4.1 35.2 36.3 37.1 7.8 19.0 M.5 23.9 16.3 1l.0 7.3
1100 96.3 87.8 82.0 64.8 9.2 S54.8 51.2 46.8 41.3 37.4 34.5 30.5 28.0 19.9 13.6 9.2 6.1
28.9 26.3 24.5 27.0 28.5 29.4 3.1 30.7 3.3 31.7 31.9 32.5 33.4 23.9 16.3 11.0 7.3
1200 96-3 :87.8 69.6 61.9 56.1 S1.5 47.7 43.2 37.6 33.6 30.7 26.7 24.2 19.9 13.6 9.2 6.1
28.9 26.3 22.4 24.4 25.5 26.2 26.6 26.9 27.1 27.1 27.0 27.1 27.§ 21.9 16.3 11.0 7.3
1300 963 87.8 67.2 9.1 53.1 48.3 444 9.8 34.2 30.2 27.3 23.3 20.9 19.3 13.6 9.2 6.1
28.9 26.3 20.5 22.1 23.0 23.4 23.5 23.6 23.4 23.4 22.9 22.6 22.6 21.0 16.3 11.0 7.3
L400 96-3 B87.8 66.3 56.4 50.1 45.2 41.3 36.6 3.0 27.0 24.1 20.3 17.9 16.4 13.6 9.2 6.1
28.9 26.3 19.9 20.1 20.7 20.9 20.9 20.7 20.2 19.8 19.4 18.8 18.6 18.7 16.3 11.0 7.3
1soo 963 B7.8 66.3 53.7 47.3 42.3 38.3 33.6 28.0 24.1 21.3 17.6 15.3 13.9 13.0 9.2 6.1
28.9 26.3 19.9 18.3 18.6 18.6 18.5 18.2 17.5 16.9 16.4 15.6 15.3 15.2 15.4 11.0 7.3
1600 %0-3 87.8 66.3 S1.1 44.6 39.5 35.5 30.8 25.3 21.5 18.8 15.2 13.0 11.7 10.8 9.2 6.1
28.9 26.3 19.9 16.7 16.8 16.6 16.4 15.9 15.1 14.4 13.8 13.0 12.§ 12.3 12.4 1l.0 7.3
1700 96.3 B7.8 66.3 48.6 41.9 36.8 32.8 28.2 22.8 19.1 16.5 13.1 11.1 9.8 9.0 8.5 6.1
28.9 26.3 19.9 15.2 15.1 14.9 14.5 14.0 13.1 12.3 11.6 10.7 10.2 9.9 9.9 10.1 7.3
2000 96-3 87.8 66.3 46.3 34.5 29.5 25.6 21.2 16.3 13.1 10.9 8.2 6.6 5.6 50 4.6 1.6
28.9 26.3 19.9 13.9 11.0 10.§ 10.0 9.3 8.3 7.5 6.9 6.0 S-4 5.1 4.9 4.9 1.5
2500 96.3 B87.8 66.3 46.3 30.8 19.9 15.9 12.4 8.7 6.4 50 3.3 2.4 1.9 1.6 0.7 0.2
28.9 26.3 19.9 13.9 9.3 6.0 5.2 4.5 3.7 3.1 2.6 2.0 1.7 1.5 1.3 0.5 0.2
3000 %0-3 B87.8 66.3 46.3 30.8 19.9 12.6 6.4 4.0 2.7 1.9 1.1 0.7 0.5 0.2 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 1.9 1.4 1.1 0.8 0.6 0.4 0.3 0.1 0.0 0.0
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Calculo de situagoes de perigo em semaforos
TABELA B4

fndice de situagoes de perigo no cruzamento

ESTACIO ™ AMARELO CAPACIDADE N° DE FAIXAS
™2
1 12 3 5 400 3
2 12 3 3 600 2

(Ciclo maximo = 120)

F2
Hmzowwso100120122&229,@400900600?00800@__
Loo 98-9 98.6 98.3 97.4 96.2 94.8 93.2 90.6 86.1 81.3 "76.6 68.1 61.2 §5.6 Sl.1 47.6 44.6
121.4 168.0 228.4 233.8 230.8 227.4 223.6 201.4 206.6 185.4 160.2 123.6 98.8 Bl.2 68.4 $8.6 ¢l.0
200 U951 94.5 93.7 93.1 92.6 9l.§ 89.9 87.3 82.8 78.2 73.9 66.3 59.0 S2.7 47.4 43.0 39.2
82.8 115.2 198.6 189.8 214.4 219.6 215.8 209.6 198.6 187.8 177.4 159.0 131.2 106.6 B88.2 74.0 62.8
300 89.1 88.2 B86.8 B85.7 84.9 B4.2 83.7 BL.8 77.2 72.7 68.3 60.7 54.8 50.4 45.0 40.1 35.8
62.8 97.6 120.4 l44.2 163.2 179.2 193.2 196.2 185.4 174.4 164.0 145.8 131.6 121.0 101.0 83.4 79.6
400 82.0 B0.7 78.8 77.4 76.2 75.3 74.5 73.5 70.6 66.1 61.7 54.1 4B.2 43.8 40.6 38.0 33.4
49.8 69.0 94.6 112.8 129.4 139.8 150.4 164.2 169.4 158.6 148.2 130.0 115.6 105.0 97.6 90.4 74-4
500 75.3 73.3 70.8 69.0 67.5 66.3 65.3 64.1 6:.5_ 59.4 S5.1 47.5 41.6 37.1 34.0 31.8 30.2
45.2 55.6 75.6 B89.6 100.8 110.2 118.2 128.8 143.4 142.6 132.2 114.0 99.8 89.2 81.6 76.2 72.6
600 ©9-3 66.4 63.5 61.3 59.5 S8.1 56.9 S§5.5 53.6 52.2 49.1 41.5 35.5 31.1 28.0 25.7 24.1
41.6 45.6 61.4 72.2 B0.8 87.8 04.0 101.8 112.4 121.4 117.8 99.6 95.2 74.6 67.0 61.8 58.2
700 64.2 60.4 57.0 54.5 52.5 50.9 49.6 47.9 45.8 44.2 43.0 36.3 30.4 26.0 22.8 20.6 19.1
38.6 38.0 50.6 59.0 65.6 70.8 75.4 B81.0 88.8 95.4 101.0 B87.2 73.0 62.4 S54.8 9.4 45.8
800 60.1 55.8 51.6 48.8 46.6 44.8 43.3 4.4 39.1 37.4 36.1 32.2 26.3 21.9 18.7 16.5 15.0
36.0 33.4 42.4 49.0 54.0 57.8 61.2 65.2 70.8 75.4 79.4 79.2 63.0 52.4 44.8 39.6 36.0

900 56.8 52.6 47.1 44.0 41.6 39.7 38.0 36.0 33.5 31.7 30.3 28.4 23.0 18.6 15.5 13.3 11.7
4.0 31.6 36.2 41.4 45.0 48.0 50.2 53.2 57.0 60.0 61.6 67.4 55.4 44.8 37.2 31.8 28.2

Logo 44 0.1 43.5 40.1 37.5 35.4 336 31.5 28.9 27.0 25.6 23.6 20.6 16.2 13.0 10.8 0.3 )
32.6 30.0 31.4 35.4 38.2 40.2 41.8 43.8 46.4 48.2 50.0 53.0 49.4 38.8 3.2 26.0 22.2

1100 52.6 48.3 40.4 36.8 34.0 3.8 30.0 27.8 25.1 23.1 21.7 19.7 18.4 l4.4 11.2 9.0 7.5

1.6 29.0 27.4 30.6 32.8 4.2 35.2 36.6 38.0 39.2 40.2 42.0 43.8 4.6 27.0 21.6 18.0
1z00 S+3 47.0 37.9 4.1 31.1 28.8 27.0 24.7 21.9 19.9 18.4 16.4 15.2 13.1 9.9 7.7 6.2
30.8_28.2 24.4 26.8 28.4 29.4 30.0 30.8 3.6 32.0 32.4 33.4 34.6 31.4 23.8 18.4 14.8
1300 -3 46.1 35.7 3.7 28.7 26.3 4.4 22.0 19.2 17.2 15.8 13.8 12.6 11.8 8.9 6.7 5.2
30.2 27.6 21.8 23.8 24.8 25.4 25.8 26.2 26.4 26.4 26.4 26.8 27.4 28.2 21.4 16.2 12.4
1400 49:6 45.4 34.6 29.7 26.5 4.1 22.1 19.8 17.0 15.0 13.5 11.6 10.4 9.7 8.3 6.1 4.5
29.8 27.2 20.8 21.2 21.8 22.2 22.4 22.4 22.2 22.0 21.8 21.6 21.6 22.2 19.8 14.6 10.8
1so0 49-2 4.9 34.1 27.9 4.7 22.2 20.2 17.8 15.0 13.1 1.7 9.8 8.7 7.9 7.5 5.6 4.1
29.4 27.0 20.4 19.0 19.4 19.6 19.4 19.2 18.8 18.4 18.0 17.4 17.2 17.4 17.8 13.4 9.8
1600 488 44.6 33.8 26.3 23.0 20.4 18.4 16.1 13.3 11.4 10.1 8.3 7.2 6.5 6.1 5.3 3.7
29.4 26.8 20.2 17.2 17.2 17.2 17.0 18.6 18.0 15.4 14.8 14.2 13.8 13.8 14.0 12.6 9.0
1700 48.6 44.4 33.6 24.8 21.4 18.9 16.9 4.5 1.8 0.0 8.7 7.0 6.0 S.4 5.0 4.7 3.5
29.2 26.6 20.2 15.4 15.4 15.2 15.0 14.4 13.6 12.8 12.2 11.4 11.0 10.8 11.0 11.2 8.4
2000 48.3 4.0 33.3 23.3 17.4 1.4.9 12.9 1l0.7 8.3 6.7 5.6 4.2 3.4 2.9 2.6 2.4 0.9
29.0 26.4 20.0 14.0 11.0 10.6 10.2 9.4 8.4 7.6 7.0 6.2 5.6 5.4 5.2 5.2 1.8
2500 48.2 43.9 33.1 23.2 15.4 0.0 8.0 6.2 4.3 3.2 2.5 1.7 1.2 1.0 0.8 0.3 0.1
29.0 26.4 19.8 13.8 9.2 6.0 5.2 4.6 3.6 3.0 2.6 2.0 1.6 1.4 1.4 0.6 0.2
3000 48.2 43.9 33.1 23.1 15.4 10.0 6.3 3.2 2.0 1.3 l.0 0.6 0.4 0.3 0.1 0.0 0.0
28.8 26.4 19.8 13.8 9.2 6.0 3.8 2.0 1.4 1.0 0.8 0.6 0.4 0.4 0.2 0.0 0.0
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Cilculo da situagao de perigo em semaforos
TABELA AS
fndice de situacoes de perigo na aproximagao 2
Porcentagem de passagem livre na aproximagao 2 (Pp)

ESTAGIO ™ AMARELO CAPACIDADE N2 DE FAIIAS
™2
1 12 3 3 600
- 2 12 3 3 600 2

(Ciclo maximo = 120)

F2
10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 800 900
100 99-2 98.7 98.0 96.3 93.8 91.0 B87.8 82.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
60.7 83.7 113.4 115.6 112.6 109.2 105.4 99.2 B8.3 731.7 8.6 37.0 23.3 1l4.6 9.1 5.7 3.5
200 98-3 97.1 95.3 94.0 93.0 91.0 87.8 B2.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
42.3 8.6 80.0 95.0 106.8 109.2 105.4 99.2 88.3 77.4 66.9 48.7 32.2 20.3 12.7 8.0 4.9
100 97.3 95.3 92.4 90.3 88.6 B7.2 86.0 B2.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
33.8 46.6 63.3 74.9 84.0 91.6 98.0 99.2 88.3 77.4 66.9 48.7 34.5 23.9 15.4 9.7 6.0
400 96.3 93.5 89.5 86.5 84.1 B2.2 B0.5 78.5 ?J-ﬁ'ﬁf-s §5.8 40.6 28.7 19.9 13.6 9.2 6,
28.9 39.2 $2.6 61.9 69.0 74.8 79.8 B86.1 88.3 77.4 66.9 48.7 34.5 23.9 16.3 11.0 6.
500 96.3 91.7 B86.6 82.8 79.7 77.2 75.1 72.5 69.2 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.
28.9 33.9 45.0 52.5 8.1 62.6 66.4 71.2 77-6 77.4 66.9 48.7 34.5 23.9 16.3 11.0 7.
o0 7-3 89-9 B3.7 79.1 75.4 72.4 69.9 66.8 62.9 60.0 55.8 40.6 28.7 19.9 13.6 9.2 6.
o+
6.
2.

Fl

28.9 29.9 39.2 45.2 49.6 53.1 56.0 59.5 64.2 67.9 66.9 48.7 34.5 23.9 16.3 11.0

700 96.3 88.0 B0.8 75.4 71.2 67.8 64.9 6Gl.4 56.9 53.7 51.2 40.6 28.7 19.9 13.6 9.2
28.9 26.6 34.5 39.4 42.8 45.5 47.6 50.1 '53.4 55.9 8.1 48.7 34.5 23.9 16.3 11.0

goo 9¢-3 87.8 77.8 71.8 67.1 63.3 60.1 56.2 51.3 47.8 45.1 40.6 28.7 19.9 13.6 9.2 6.1
28.9 26.3 30.6 34.5 37.2 39.2 40.7 42.5 44.6 46.2 47.6 48.7 4.5 23.9 16.3 11.0 7.3

900 96.3 B87.8 74.9 68.2 63.1 5§9.0 55.5 S1.3 46.1 42.3 139.5 35.6 2B.7 19.9 13.6 9.2 6.1
28.9 26.3 27.3 30.4 32.5 33.9 34.9 36.1 37.3 38.2 39.0 40.4 34.5 23.9 16.3 11.0 7.3

1000 %.3 87.8 71.9 64.7 59.2 54.7 51.1_ 46.7 4.3 37.3 34.4 30.4 28.0 19.9 13.6 9.2 6.1
28.9 26.3 24.4 26.9 28.4 29.¢ 30.0 30.6 31.2 31.6 31.8 32.4 33.2 23.9 16.3 11.0 7.3

1100 96.3 87.8 69.0 61.2 55.3 50.7 46.9 42.3 36.7 32.8 29.8 25.8 23.3 19.9 13.6 9.2 6.1
__28.9 26.3 21.9 23.8 24.9 25.5 25.8 26.0 26.1 26.0 25.9 25.9 26.2 23.9 16.3 11.0 7.3
1200 90-3 87.8 66.3 57.8 5.6 46.7 42.8 38.2 32.5 28.6 25.7 21.7 19.3 17.6 11.7 7.7 5.0
2879 26.3 19.9 21.1 21.8 22.1 22.2 22.1 21.8 21.4 21.0 20.6 20.5 20.4 13.6 B.9 6.8

1
9
1
3
1
3
1
3

.

1300 96.3 87.8 66.3 54.3 47.9 42.9 39.0 34.3 28.6 24.8 21.9 18.1 15.8 14.1 9.0 5.6 1.8
28.9 26.3 19.9 18.7 19.0 19.1 19.0 18.7 18.1 17.5 17.0 16.3 15.9 16.6 9.9 6.2 1.8
1400 96.3 87.8 6.3 50.9 44.3 39.3 35.3 30.6 25.1 21.3 18.6 15.0 12.9 1.1 6.7 4.0 1.1
28.9 26.3 19.9 16.5 16.6 16.5 16.2 15.7 14.9 14.2 13.6 12.8 12.3 11.6 7.0 4.2 1.1
1500 96.3 B7.8B 66.3 47.6 40.8 35.7 31.7 27.1 21.8 18.2 15.6 12.3 10.3 8.5 4.9 2.7 0.7
28.9 26.3 19.9 14.6 14.5 14.2 13.8 13.2 12.3 11.5 10.8 9.9 9.3 8.4 4.8 2.7 0.6
1600 93, 87.8 66.3 46.3 37.4 32.3 28.4 23.9 18.7 15.3 13.0 9.9 8.2 6.3 3.4 1.0 0.3
_28.9 26.3 19.9 13.9 12.5 12.1 11.7 11.0 10.0 9.2 8.5 7.6 7.0 5.8 3.1 0.8 0.3
1700 96-3 87.8 66.3 46.3 34.1 29.0 25.2 20.8 16.0 12.8 10.6 7.9 6.3 4.5 2.3 0.5 0.2
28.9 26.3 19.9 13.9 10.8 10.3 9.8 9.1 8.1 7.3 6.6 5.7 5.2 3.9 2.0 0.4 0.1
o 96.3 87.8 66.3 46.3 30.8 20.1 16.7 13.0 9.2 6.9 5.4 3.6 2.7 1.2 0.2 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 5.5 4.8 4.0 3.3 2.9 2.2 1.9 0.9 0.1 0.0 0.0
3500 96.3 87.8 66.3 46.3 30.8 19.9 12.6 6.1 2.5 1.6 1.1 0.6 0.1 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 1.8 0.8 0.6 0.4 0.3 0.0 0.0 0.0 0.0 0.0
3000 96.3 87.8 66.3 46.3 30.8 19.9 12.6 6.1 1.7 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 1.8 0.5 0.1 0.0 ©0.0 0.0 0.0 0.0 0.0 0.0
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Calculo de situagoes de perigo em semaforos
TABELA BS
Indice de situagSes de perigo no cruzamento

ESTAGIO ™ AMARELO CAPACIDADE N® DE FAIXAS
™2
1 12 3 3 600 2
2 12 3 3 600 2

(C_icln maximo = 120)

Fl f2
lozawﬁo&olmlmlgzmzwuwmmoswm
too 95-1 94.9 94.5 93.6 92.4 91.0 89.4 B86.8 82.3 77.1 71.5 6l.4 S3.0 46.2 40.7 3.2 32.
116.2 161.0 218.8 224.8 221.8 218.4 214.6 208.4 197.4 176.4 150.2 111.8 85.8 67.6 54.6 44.8 37
200 95-9 85.3 B4.4 B3.8 83.3 82.3 B80.7 78.1 73.6 69.0 64.7 57.1 49.0 4l.4 35.3 30.3 26.
74.0 103.0 141.8 169.4 191.4 197.4 193.6 187.4 176.6 165.6 155.2 137.0 109.8 B4.4 66.2 52.6 42.
300 76-5 75.6 74.1 73.0 72.2 71.5 70.9 69.2 64.7 60.1 55.8 48.2. 42.3 37.8 32.4 27.1 12.
53.2 74.0 101.4 121.2 137.0 150.2 161.6 166.2 155.2 144.2 133.8 115.6 101.4 90.8 73.6 57.2 45.
68.5 67.1 65.1 63.6 62.4 6l.4 60.6 $59.§5 §7.1 §2.5 48.2 40.6 34.7 30.3 27.1 24.9 20.
41.0 6.2 76.6 91.0 102.4 111.8 120.0 130.8 137.0 126.0 115.6 97.4 83.2 72.6_ 65.0 9.8 47.

§7.7

0

8

6

-

400

500 62.5 60.2 55.8 54.2 §3.0 §1.9 S0.6 49.0 46.6 42.3 34.7 28.7 24.3 21.2 18.9 17.
37.6 44.4 70.6 79.0 85.8 91.8 99.4 109.8 111.8 101.4 83.2 69.0 $8.4 50.8 45.4_ 4l
600 Bl 54.9 SL.B 49.5 47.7 46.2 44.9 43.4 4l.4 40.0 37.8 30.3 24.3 19.9 16.8 14.5 13.
34.8 36.4 48.6 56.6 62.8 67.6 72.0 77.2 84.4 90.4 90.8 72.6 8.4 47.8 40.2 3.8 31
700 4-9 50.8 47.2 4.5 42.4 40.7 39.3 37.5 35.3 33.6 32.4 27.1 21.2 16.8 13.6 1l.4 9.
33.0 30.8 40.2 46.4 51.0 gi 57.6 g_le 66.2 70.2 73.6 65.0 @.8 40.2 32.6 27.2 123.
800 527 48.5 43.5 40.5 38.1 35.2 3.6 32.7 30.3 28.5 27.1 24.9 18.9 14.5 11.4 9.2 7.
J1.6 29.0 4.2 19.0 42.2 44.8 46.8 49.4 52.6 55.0 S7.2 59.8 45.4 4.8 27.2 22.
900 $1.2 47.0 40.5 37.2 34.6 32.5 30.8 28.7 26.1 24.2 22.8 20.9 17.4 13.0 9.8 7.
30.8 28.2 29.6 33.2 35.6 37.4 .E;B 40.4 l_._!i 43.8 45.0 47-2 41.8 31.2 23.6 18.
tooo -2 45.9 38.0 .4 31.6 29.4 27.6 25.4 22.7 20.7 19.2 17.2 16.0 12.0 8.8 &
30.2 27.6 25.8 28.6 30. .6 32. . 5 .0 35.6 28.8 21.2 1s.
tioo 49-5 45.2 35.8 31.9 29.0 26.7 24.8 22.5 19.7 17.7 16.2 14.2 13.0 11.3 8.1 §
29.6_27.2 22.8 24.8 26.0 26.8 27.2 27.6 28.0 28.2 28.2 28.6 29.2 27.0 19.4 l4.
1200 490 4.8 3.0 29.7 26.7 24.2 22.3 20.0 17.1 15.2 13.7 1.7 10.§ 9.6 6.7 4.
29.4 26.8 20.4 21.8 22.6 22.8 23.0 23.0 23.0 22.6 22.4 22.2 22.4 22.4 15.6 11.

wlo oofh olo ale mlo Gk o]|m 2 la oo

o
colooloo|n m|lh N|omh|o oo koo a|lo o ~|a 2] o 5o ale oo Bl =i

3.

7.

1300 48.7 4.5 33.7 27.7 24.5 22.0 20.0 17.7 4.9 12.9 11.5 9.6 8.5 7.6 5.1 3. 1.
29.2 26.6 20.2 19.0 19.4 19.6 19.6 19.2 18.8 18.2 17.8 17.2 17.0 16.8 11.2 7. B

1400 48.5 44.3 33.5 25.8 22.5 20.0 18.0 15.7 12.9 11.0 9.7 7.9 6.8 59 3.7 2. 0.
29.2 26.6 20.0 16.8 16.8 16.8 16.6 16.2 15.4 14.8 14.2 13.4 13.4 12.4 7.8 50 1

1500 48-4 4.1 33.4 24.0 20.6 18.1 16.1 13.8 1.1 9.3 8.0 6.4 5.4 4.5 2.7 1.6 o.
29.0 26.4 20.0 14.8 14.6 14.4 14.0 13.4 12.6 1.8 11.2 10.2 9.8 8.8 5.2 3 0.

oo 48.3 4.1 33.3 23.3 18.9 16.3 14.3 12.1 9.5 7.8 6.6 5.1 4.2 3.3 1.8 o 0.
29.0 26.4 20.0 14.0 12.6 12.2 11.8 11.2 10.2 9.4 8.8 7.8 7.2 6.2 3.4 1 0

i 48.2 4.0 33.2 23.2 17.1 14.6 12.7 10.5 B.1 6.5 5.4 4.1 3.3 2.3 1.2 o0 0.
29.0 26.4 20.0 14.0 10.8 10.4 9.8 9.2 8.2 7.4 6.8 58 5.4 4.0 2.2 0.6 0.

§iids 48.2 43.9 33.2 23.2 15.4 10.1 B.4 6.5 4.6 3.5 2.7 1.8 1.4 0.6 0.1 0.0 0.
29.0 26.4 19.8 14.0 9.2 6.0 5.6 4.8 4.0 3.4 2.8 2.2 2.0 0.8 0.2 0.0 o.

2500 48.2 43.9 31.1 23.1 15.4 10.0 6.3 31 1.2 0.8 0.5 0.3 0.0 0.0 0.0 0.0 o.
28.8 26.4 19.8 13.8 9.2 6.0 3.8 1.8 0.8 0.6 0.4 0.2 0.0 0.0 0.0 0.0 o0.

48.2 43.9 33.1 23.1 15.4 10.0 6.3 3.1 0.9 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0

e 28.8 26.4 19.8 13.8 9.2 6.0 3.8 1.8 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 o0.
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Cilculo da situagio de perigo em semiforos
TABELA A6
indice de situagoes de perigo na aproximagao 2
Porcentagem de passages livre na aproximagao 2 (Pp)

ESTAGIO ™ AMARELO CAPACIDADE Ne DE FAIIAS
™2
1 12 3 1 800 1
2 12 3 3 600 2

(Ciclo maximo = 120)

F2
lo2040608010012012_:0025;0300400500600700&00900
100 99.2 98.7 98.0 96.3 93.8 91.0 87.8 82.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6._1

59.8 82.6 112.0 115.6 112.6 109.2 105.4 99.2 88.3 74.7 59.3 37.5 23.6 14.8 9.2 5.7 3.6

200 98.2 96.9 95.0 93.6 92.5 91.0 B7.8 82.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
41.0 56.8 77.5 92.1 103.5 109.2 105.4 99.2 88.3 77.4 66.9 48.7 33.0 20.9 13.1 8.2 5.1

300 97.0 94.8 91.6 89.2 87.4 85.8 84.5 82.7 73.6 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
) 32.2 44.3 60.0 70.9 79.4 86.4 92.4 99.2 88.3 77.4 66.9 48.7 34.5 23.9 16.1 10.1 6.3

400 963 92.6 88.1 84.6 BL.9 79.7 77.8 75.5 72.5 64.5 55.8 40.6 28.7 19.9 13.6 9.2 6.1
28.9 36.3 48.6 6.8 63.2 68.3 72.6 78.2 85.6 77.4 66.9 48.7 34.5 23.9 16.3 11.0 7.3

soo 96-3 90.2 84.3 79.8 76.3 73.4 70.9 67.9 64.1 61.3 55.8 40.6 28.7 19.9 13.6 9.2 6.1
28.9 30.6 40.2 46.5 §1.1 54.8 57.8 61.6 66.5 70.5 66.9 48.7 34.5 23.9 16.3 11.0 7.3

600 76-3 87.8 80.2 74.7 70.4 66.9 64.0 60.3 55.8 52.4 49.9 37.7 26.0 17.6 11.7 7.7 5.0
28.9 26.3 33.7 38.3 41.6 44.1 46.1 48.5 S51.5 53.8 55.9 43.8 30.2 20.4 13.6 8.9 5.8

700 96.3 87.8 75.8 69.3 64.3 60.3 56.9 52.8 47.7 44.0 41.2 28.6 18.0 11.1 6.7 4.0 1.1
28.9 26.3 28.3 31.6 33.9 35.4 36.6 37.9 39.4 40.5 41.5 29.8 18.8 11.6 7.0 4.2 1.1

800 96.3 87.8 71.1 63.7 58.1 53.6 49.9 45.4 39.9 36.0 33.1 20.2 11.4 6.3 3.4 1.0 0.3
28.9 26.3 23.7 26.0 27.3 28.2 28.7 29.3 29.7 29.9 30.0 18.8 10.6 5.8 3.1 0.8 0.3

900 96.3 87.8 66.3 57.8 51.6 46.7 42.8 38.2 32.5 28.6 25.5 13.0 6.4 3.1 1.4 0.3 0.1
28.9 26.3 19.9 21.1 21.8 22.1 22.2 22.1 21.8 21.4 20.8 10.6 5.2 2.5 1.2 0.2 0.0

1000 96.3 87.8 66.3 51.4 44.9 39.8 35.8 31.1 25.6 21.8 17.0 7.3 3.0 1.2 0.2 0.0 0.0
28.9 26.3 19.9 16.8 17.0 16.9 16.6 16.2 15.4 14.7 12.1 5.2 2.2 0.9 0.1 0.0 0.0

Lioo 96.3 87.8 66.3 46.3 38.0 32.9 28.9 24.4 19.2 15.8 9.9 3.4 11 0.2 0.0 0.0 0.0

F1

28.9 26.3 19.9 13.9 12.8 12.4 12.0 11.3 10.3 9.5 6.0 2.1 0.7 0.1 0.0 0.0 0.0
1200 96.3 87.8 66.3 46.3 30.8 25.9 22.2 18.0 13.5 9.0 4.6 1.2 0.3 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 8.7 8.2 7.4 6.5 4.6 2.4 0.6 0.1 0.0 0.0 0.0 0.0
1300 96.3 87.8 66.3 46.3 30.8 19.9 15.8 12.3 8.5 3.7 1.5 0.3 0.0 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 5.1 4.5 3.6 1.5 0.7 0.1 0.0 0.0 0.0 0.0 0.0
1400 96.3 87.8 66.3 46.3 30.8 19.9 12.6 7.3 2.9 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 2.3 1.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0
1500 96.3 87.8 66.3 46.3 30.8 19.9 12.6 6.1 1.7 .0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 1.8 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1600 96.3 87.8 66.3 46.3 30.8 19.9 12.6 6.1 1.7 0.5 0.1 0.0 0.0 0.0 0.0 -0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 1.8 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1700 96.3 87.8 66.3 46.3 30.8 19.9 12.6 6.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28.9 26.3 19.9 13.9 9.3 6.0 3.8 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Calculo de situaqSes de perigo em semaforos
TABELA B 6

indice de situagoes de perigo no cruzamento

ESTAGIO ™1 AMARELO CAPACIDADE N°® DE FAIXAS
- .
1 12 3 1 800 1
2 12 3 3 600 2 _

(Ciclo maximo = 120)

F2

s 10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 BoO 900
iid 79.9 79.7 79.3 78.5 77.2 75.8 74.2 71.7 67.1 6L.7 55.1 43.9 35.0 28.1 22.8 18.8 15.6
96.4 133.4 181.2 188.4 185.4 182.0 178.2 172.0 161.0 142.8 117.4 81.0 57.6 41.8 31.0 23.6 18.2

200 67.5 66.8 65.9 65.2 64.6 63.9 62.3 5§9.7 55.2 50.6 46.3 38.7 31.5 24.4 19.0 15.0 11.9
56.4 78.4 107.6 128.2 144.6 153.4 149.6 143.4 132.4 121.6 111.0 92.8 72.4 51.2 36.6 26.8 19.8

300 59.7 8.6 57.0 55.8 S54.8 54.1 53.4 52.5 47.9 43.4 39.0 31.5 25.5 2l.1 17.6 13.5 10.4
39.6 54.8 74.6 88.6 99.6 108.8 116.8 126.0 115.0 104.2 93.8 75.4 61.2 50.6 41.6 29.6 21.4

400 54.9 53.1 50.8 49.1 47.7 46.6 45.7 44.5 43.0 39.0 34.7 27.1 21.1 16.7 13.6 11.3 9.8
_33.0 41.2 s56.0 66.0 73.6 79.8 85.2 92.2 101.6 03.6 93.2 65.0 50.8 40.2 32.6 27.2 23.6
500 52.3 49.2 46.2 44.0 42.2 40.8 39.6 38.1 36.1 34.8 32.0 24.4 18.5 14.1 10.9 8.7 7.2
31.4 33.4 44.2 51.2 56.6 60.8 64.4 69.0 75.0 80.0 76.8 58.6 44.4 33.8 26.2 20.8 17.2

600 50.6 46.4 42.6 39.8 37.7 35.9 34.5 32.7 30.4 28.7 27.4 21.3 15.5 11.3 8.3 6.3 5.0
30.4 27.8 35.8 40.8 44.6 47.4 49.6 52.4 56.0 49.0 61.4 49.6 36.0 26.2 19.4 14.6 11.6

700 49.7 45.4 39.4 36.2 33.7 31.7 30.0 27.9 25.4 23.5 22.1 15.8 10.5 7.1 4.9 3.5 1.9
29.8 27.2 29.4- 33.0 35.4 37.2 38.6 40.0 42.0 43.4 44.4 33.0 22.0 14.8 10.2 7.4 3.4

o 49.1 44.8 36.5 32.8 29.9 27.7 25.9 23.6 20.9 18.9 17.4 1ll.0 6.6 4.1 2.6 1.4 0.7
29.4 26.8 24.2 26.8 28.2 29.2 29.8 30.4 31.0 31.4 31.6 20.4 12.2 9.6 4.8 2.4 1.2

900 48.7 44.5 33.7 29.4 26.3 23.9 22.0 19.6 16.8 14.8 13.3 7.1 3.8 2.1 1.3 0.5 0.2
29.2 26.6 20.2 21.6 22.2 22.6 22.8 22.8 22.4 22.2 21.8 11.6 6.2 3.4 2.0 0.8 0.2

{556 48.5 44.2 33.5 26.1 22.8 20.2 18.2 15.9 13.1 11.z 8.8 4.0 1.8 0.9 0.4 0.1 0.0
29.0 26.2 20.0 17.0 17.2 17.2 17.0 16.6 15.8 15.2 12.6 5.8 2.6 1.4 0.4 0.2 0.0

{ioo 48.4 44.1 33.3 23.3 19.2 16.6 14.7 12.4 9.8 8.1 51 1.9 0.8 0.3 0.1 0.0 0.0
29.0 26.4 20.0 14.0 13.0 12.6 12.2 11.6 10.6 9.8 6.2 2.4 1.0 .0.4 0.0 0.0 0.0

{500 48.3 44.0 33.3 23.3 15.5 13.1 11.2 9.1 6.9 4.6 2.4 0.7 0.3 0.0 0.0 0.0 0.0
29.0 26.4 20.0 14.0 9.4 8.8 8.2 7.6 6.6 4.8 2.6 0.8 0.2 0.0 0.0 0.0 0.0

- {S.z 44.0 33.2 23.2 15.5 1l0.0 8.0 6.2 4.3 1.9 0.8 0.2 0.0 0.0 0.0 0.0 0.0
14.5 13.2 10.0 7.0 4.6 3.0 2.6 2.3 1.8 0.8 0.4 0.1 0.0 0.0 0.0 0.0 0.0

1400 48.2 44.0 33.2 23.2 15.5 0.0 6.3 3.7 1.5 0.5 0.2 0.0 0.0 0.0 0.0 0.0 .0.0
29.0 26.2 20.0 14.0 9-2 6.0 3.8 2.4 1.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1500 48.2 43.9 33.2 23.2 15.4 0.0 6.3 3.1 0.9 0.3 0.1 0.0 ©.0 0.0 0.0 2.0 0.0
29.0 26.4 19.8 14.0 9.2 6.0 3.8 1.8 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

iice 48.2 43.9 33.1 23.2 15.4 lo0.0 6.3 3.1 0.9 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0
29.0 26.4 19.8 13.8 ¢.2 6.0 3.8 1.8 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

900 48.2 43.9 33.1 23.2 15.4 lo.0 6.3 3.1 ©0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28.8 26.2 19.8 13.8 9.2 6.0 3.8 0.B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Calculo da situagido de perigo em semaforos
TABELA AT
Indice de situagoes de perigo na aproximagio 2

Porcentagem de passagem livre na aproximacao 2 (Pp)

ESTAGIO ™ AMARELO CAPACIDADE N°® DE FAIXAS
™2
1 12 3 5 400
2 12 3 5 400

(Ciclo maximo = 120)

F2
FL
10 20 40 60 80 100 120 150 200 250 300 400 500 600 700 800 900

L00 100.0 99.9 99.9 99.6 99.2 98.6 97.7 95.9 92.0 86.8 80.9 67.7 S4.4 42.3 32.1 23.8 17.4
6l.4 85.1 115.8 119.6 119.0 118.3 117.2 115.1 110.4 100,0 85.7 62.5 45.0 31.8 22.2 15.3 10.4
200 799 99.8 99.5 99.3 99.1 98.6 97.7 95.9 92.0 B6.8 80.9 67.7 S4.4 42.3 32.1 23.8 17.4
43.4 60.7 84.1 100.9 114.3 118.3 117.2 115.1 110.4 104.2 97.1 B81.2 61.8 44.0 30.9 21.4 14.6
300 9.8 99.5 99.0 98.4 98.0 97.6 97.2 95.9 92.0 86.8 80.9 67.7 S4.4 42.3 32.1 23.8 17.4
35.2 49.3 68.6 B82.6 93.9 103.4 111.7 115.1 110.4 104.2 97.1 81.2 65.3 50.8 37.2 25.8 17.7
w0 97 92 98.3 97.4 96.7 96.0 95.3 94.5 92.0 86.8 80.9 67.7 S4.4 42.3 32.1 23.8 17.4
30.2 42.3 8.8 70.9 80.5 88.7 95.8 104.9 110.4 104.2 97.1 81.2 65.3 50.8 38.% 28.6 20.2
500 99.6 98.8 97.5 96.3 95.1 94.1 93.2 91.9 90.2 86.8 80.9 67.7 S4.4 42.3 32.1 23.8 17.4
29.9 37.4 51.9 62.4 70.8 77.8 83.9 91.7 102.5 104.2 97.1 B81.2 65.3 $0.8 38.5 28.6 20.8
s00 99-6 98.4 96.6 95.0 93.4 92.0 90.8 89.1 86.7 84.8 80.9 67.7 S4.4 42.3 32.1 23.8 17.4
29.9 33.7 46.6 55.8 63.1 69.2 74.5 81.2 90.2 97.6 97.1 B81.2 65.3 50.8 38.5 28.6 20.8
700 996 98.0 95.7 93.5 91.6 89.8 B88.2 B6.1 83.1 80.6 78.7 67.7 S4.4 42.3 32.1 23.8 17.4
29.9 30.8 42.4 0.5 56.9 62.2 66.7 72.4 B0.0 86.1 91.2 81.2 65.3 0.8 38.5 28.6 20.8
800 99.6 97.7 94.6 92.0 89.6 87.5 B85.5 B82.9 79.3 76.4 74.0 67.7 S4.4 42.3 32.1 23.8 17.4
29.-9 29.3 38.8 46.1 51.7 6.3 60.1 64.9 71.2 76.1 80.2 81.2 65.3 50.8 38.5 28.6 20.8

900 99-6 97.7 93.5 90.4 87.6 85.1 B2.8 79.7 75.5 72.1 69.3 65.0 S4.4 42.3 32.1 23.8 17.4
29-9 29.3 35.8 42.3 47.3 51.2 S4.4 $8.4 63.5 67.5 70.6 75.8 65.3 0.8 38.5 28.6 20.8
looo 79-% 97.7 92.4 88.7 85.5 B2.5 79.9 76.4 71.6 67.8 64.6 59.8 S4.4 42.3 32.1 23.8 17.4
29.-9 29.3 33.2 39.0 43.3 46.7 49.4 52.7 $6.8 59.8 62.2 66.0 65.3 50.8 38.5 28.6 20.8
lloo 9-6 97.7 91.1 87.0 93.2 79.9 77.0 73.1 67.7 63.5 60.0 S4.B S1.1 42.3 32.1 23.8 17.4

29.9 29.3 30.9 36.1 39.8 42.7 45.0 47.7 0.9 S§3.1 54.8 S7.4 59.5 50.8 38.5 28.6 20.8
L200 79-6 97-7 89.8 B5.1 81.0 77.3 74.0 69.7 63.9 59.3 55.6 $0.0 46.1 42.3 32.1 23.8 17.4
29.9 29.3 28.9 33.5 36.7 39.1 41.0 43.2 45.6 47.1 48.] 49.9 51.2 0.8 38.5 28.6 20.8
1300 9.6 97.7 88.4 83.2 78.6 74.6 71.0 66.4 60.1 55.2 51.3 45.4 41.3 38.4 32.1 23.8 17.4
29.9 29.3 27.0 31.1 33.9 35.9 37.4 39.1 40.8 41.8 42.4 43.2 43.9 44.5 38.5 28.6 20.8
1400 99-6 97.7 87.9 8l.2 76.2 71.8 68.0 63.0 S$6.4 5.2 47.1 41.0 36.9 33.9 31.8 23.8 17.4

29.9 29.3 26.4 28.9 31.3 33.0 34.2 35.4 35.5 37.0 37.3 37.4 37.5 37.6 38.0 28.6 20.8
1500 9.6 97.7 87.9 79.2 73.8 69.1 65.0 $9.7 52.7 47.4 43.1 37.0 32.7 29.8 27.6 23.8 17.4
29.9 29.3 26.4 26.9 28.9 30.3 31.2 32.0 32.6 33.7 32.6 32.2 31.9 31.7 31.7 28.6 20.8
1600 99.6 97.7 87.9 77.1 71.3 66.3 61.9 S6.4 49.2 43.6 39.31 133.1 28.9 26.0 23.9 22.3 17.4
29.9 29.3 26.4 25.0 26.7 27.8 28.4 28.9 29.1 28 28.5 27.7 27.0 26.6 26.4 26.4 20.8
17.4

.9 4

1700 99.6 97.7 87.9 75.0 68.7 63.4 $8.9 53.1 45.7 40.1 35.7 29.5 25.4 22.5 20.5 19.0
29.¢ 29.3 26.4 23.3 24.7 25.5 25.9 26.1 26.0 25.5 24.9 23.8 22.8 22.2 21.8 21.6 20.8
2000 796 97.7 87.9 73.1 61.0 54.9 49.9 43.7 35.9 60.3 26.1 20.4 16.7 14.2 12.4 11.2 10.0
29.9 29.3 26.4 21.9 19.4 19.5 19.4 19.1 18.1 17.1 16.2 14.6 13.4 12.5 11.9 11l.4 10.8

2

4

9

6

2500 99.6 97.7 87.9 73.1 61.0 S4.9 49.9 43.7 35.9 30.3 26.1 20.4 16.7 14.2 12.4 11.2 10.0
29.9 29.3 26.4 21.9 19.4 16.5 19.4 19.1 18.1 17.1 16.2 14.6 13.4 12.5 11.9 11.4 10.8

3000 9.6 97.7 87.9 73.1 57.0 42.3 3.3 17.5 1.9 8.4 6.3 3.8 2.5 1.7 1.3 0. 0.4
0.3

29.9 29.3 26.4 21.9 17.1 12.7 9.1 5.3 4.1 3.3 2.7 1.9 1.4 1.1 0.9 0.




CJET Companhia de Engenharia de Trafego - Sao Paulo NotasTecNicAs

Calculo de situagoes de perigo em semaforos
TABELA B7

Indice de situagoes de perigo no cruzamento

ESTAGIO ™l AMARELO CAPACIDADE N° DE FAIXAS
™2
12 3 5 400 3
12 3 5 400 3
(Ciclo maximo = 120)
- F2
mzoq_nmsolmuolgngmmmmmomm
L00 99-3 99.2 99.2 99.1 98.9 98.6 98.1 97.3 95.3 92.6 89.2 B81.8 74.2 67.2 6l.0 §5.7 §1.2

121.8 169.0 230.2 237.8 237.4 236.6 235.4 233.4 228.6 213.2 189.2 151.2 121.8 101.0 B4.4 71.6 60.0
200 959 95.9 95.7 95.6 95.5 95.3 94.8 94.0 92.0 B89.4 B6.4 79.8 72.3 64.5 57.6 S1.6 46.4
B3.4 116.8 161.8 194.4 220.6 228.6 227.6 225.6 220.8 214.6 207.4 191.6 164.2 134.2 110.8 2.6 78.2
300 90.3 90.2 89.9 89.7 89.4 B89.2 B89.1 88.4 B6.4 83.9 80.9 74.3 67.6 6L.6 55.4 48.9 43.1
63.8 89.4 124.6 150.4 171.4 189.2 204.6 212.2 207.4 201.2 194.2 178.2 162.4 147.8 128.4 106.0 88.4
400 837 83.4 83.0 82.6 82.2 81.8 BlL.5 81.1 79.8 77.3 74.3 67.7 61.0 5.0 49.9 45.7 41.2
50.8 71.2 99.4 120.0 126.8 161.2 163.8 180.0 191.6 185.4 178.2 162.4 143.4 132.0 119.8 109.8_96.0
soo 770 76.6 75.9 75.3 74.8 74.2 73.8 73.1 72.3 70.6 67.6 6.0 S4.4 48.4 43.2 9.1 35.9
46.2 8.0 80.8 97.6 111.2 122.8 132.8 146.0 164,2 169.4 162.4 146.4 130.6 116.0 103.8 93.8 86.0
600 71-0 70.4 69.5 68.6 67.9 67.2 66.5 65.7 64.5 63.6 61.6 55.0 48.4 42.3 37.2 133.1 29.8
42.6 48.2 67.0 80.8 91.8 lol.0 419.2 119.8 13.2 146.! 1!?.3 1!2.0 116.0 101.6 89.2 79.4 71.6
65.9 65.0 63.9 62.8 61.8 61.0 60.2 59.1 57.6 6.4 S5.4 49.9 43.2 37.2 32.1 27.9 24.7
790 39.6 40.8 59.6 67.8 79.8 84.4 91.0 99.4 110.8 120.4 128.4 119.8 103.8 89.2 77.0 67.0 59.4
61.7 60.7 59.2 §7.9 $6.7 55.7 S4.7 53.4 5.6 50.1 48.9 45.7 39.1 33.1 27.9 23.8 20.6
800 3.0 36.4 48.6 8.0 654 71.6 76.8 83.6 92.6 9.8 106.0 109.8 93.8 79.4_67.0 S7.2 49.4
$8.5 57.5 S5.4 53.9 52.5 S51.2 0.1 48.5 46.4 44.7 43.3 4l.2 35.9 29.8 24.7 20.6 17.4

990 350 35.6 42.4 0.4 $6.6 61.6 65.8 71.2 78.2 83.8 88.4 96.0 86.0 71.6 §9.4 49.4_ 41.6

6.1 55.1 S2.4 $0.6 49.0 47.5 46.2 4.4 42.0 40.1 38.5 36.1 33.4 27.4 22.3 18.1 14.9
1000 336 33.0 37.8 44.6 49.6 53.8 7.2 61.4 66.8 70.8 74.2 79.8 80.2 65.8 53.¢ 43.6 35.8
L100 54.2 53.3 50.0 47.9 46.0 44.4 42.9 41.0 38.3 36.2 34.4 3IL.B 30.0 25.6 20.5 16.3 13.1

32.6 32.0 34.0 39.8 44.0 47.4 0.2 53.4 57.6 60.6 62.0 66.6 69.8 6l.4 49.2 39.2 3.4
52.9 51.9 48.0 45.7 43.6 41.7 40.1 38.0 35.1 32.7 30.9 28.1 26.1 24.3 19.1 15.0 11.8

1200 1.8 ;.2 30.8 36.0 9.6 42.2 44.4 47.0_$0.0 52.0 53.6 $6.0 8.0 $B.2 46.0 36.0 28.2
52.0 51.0 46.4 43.8 41.5 39.4 37.7 35.3 32.2 29.8 27.8 24.8 22.8 21.4 18.2 14.1 10.8
1390 3.2 30.6 28.4 32.6 358 38.0 9.6 41.6 43.8 45.0 46.0 47.4 48.4 49.4 43.6 33.8_26.0
51.3 50.3 45.5 42.1 9.6 37.4 35.5 33.0 29.7 27.1 25.0 22.0 19.9 18.4 17.4 13.4 10.2
1490 3.8 2.2 27.2 0.0 2.6 3.4 35.6 3.0 B4 9.2 30.6 40.0 40.4 41.0 416 32.2 24.4
1500 50.8 49.9 45.0 40.6 37.9 35.5 33.5 30.9 27.4 24.7 22.6 19.5 17.4 15.9 14.8 12.9 9.7
3.4 30.0 27.0 27.6 29.8 3.2 32.2 33.0 33.8 34.2 34.2 34.0 33.8 33.8 4.0 3.0 23.2
1600 -5 49-5 44.7 39.2 36.3 33.8 31.6 28.9 25.3 22.5 20.4 17.2 15.1 13.7 12.6 11.8 0.4
30.4 29.8 26.8 25.4 27.2 28.4 29.0 28.6 30.0 29.8 29.6 28.8 28.4 28.0 27.8 28.0 22.4
1700 ©-3 49-3 44.4 37.9 34.8 32.2 29.9 27.0 23.3 20.5 18.3 15.2 13.2 11.7 10.7 10.0 9.1
3.2 29.6 26.6 23.6 25.0 25.8 26.4 26.6 26.4 26.0 25.6 24.4 23.6 23.2 22.8 22.6 22.0
2000 -0 49.0 44.1 36.7 30.6 27.6 25.1 22.0 18.1 15.3 13.2 10.3 8.5 7.2 6.4 5.7 5.1
30.0 29.4 26.4 22.0 19.4 19.6 19.6 19.2 18.2 17.2 16.4 14.8 13.6 12.8 12.2 11.8 11.2
2500 49.8 48.9 44.0 36.5 28.5 21.2 17.8 14.7 11.1 8.7 7.0 4.9 3.6 2.8 2.3 2.0 1.4
3.0 29.4 26.4 22.0 17.2 12.8 11.6 10.6 9.2 8.2 7.2 5.8 4.8 4.2 3.8 1.4 2.4
jo00 49-8 48.8 4.0 36.5 28.5 21.2 151 8.8 59 4.2 31 1.9 L2 0.9 0.7 0.4 0.2
29.8 29.4 26.4 22.0 17.0 12.6 9.0 5.2 4.2 3.4 2.6 1.8 1.4 1.0 0.8 0.6 0.2

Enge Pedro Alvares Szasz
Nucleo de Estudos de Trafego (NET)



