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Topics for today
• Check-in
• Diving in: Exploring the simplified scenarios
• Check-out and closure
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The Big Picture
• What is impedance?
• How does movement 4 impede movement 7?
• How does this impedance affect the capacity for movement 7?

Terms We Will Use
• Critical headway and follow-up headway
• Conflicting flow rate
• Impedance
• Potential and movement capacity
• Queue free state
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4

2
𝑐 =  

𝑣௖𝑒ି௩೎௧೎/ଷ଺଴଴

1 − 𝑒ି௩೎௧೑/ଷ଺଴଴

c = capacity (veh/hr
vc = conflicting flow (veh/hr)
tc = critical headway (sec)
tf = follow up headway (sec)

𝑐ସ =  
𝑣௖,ସ𝑒ି௩೎,ర௧೎,ర/ଷ଺଴଴

1 − 𝑒ି௩೎,ర௧೑,ర/ଷ଺଴଴

𝑐ସ =  
600𝑒ି(଺଴଴)(ସ.ଵ)/ଷ଺଴଴

1 − 𝑒ି(଺଴଴)(ଶ.ଶ)/ଷ଺଴଴

𝑐ସ = 987 𝑣𝑒ℎ/ℎ𝑟

𝑣ସ

𝑐ସ
=

100 𝑣𝑒ℎ/ℎ𝑟

987 𝑣𝑒ℎ/ℎ𝑟
= 0.101

capacity for movement 4

volume-to-capacity
ratio for movement 4
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𝑐 =  
𝑣௖𝑒ି௩೎௧೎/ଷ଺଴଴

1 − 𝑒ି௩೎௧೑/ଷ଺଴଴

c = capacity (veh/hr
vc = conflicting flow (veh/hr)
tc = critical headway (sec)
tf = follow up headway (sec)

𝑐଻ =  
𝑣௖,଻𝑒ି௩೎,ళ௧೎,ళ/ଷ଺଴଴

1 − 𝑒ି௩೎,ర௧೑,ర/ଷ଺଴଴

𝑐଻ =  
800𝑒ି(଺଴଴)(଻.ଵ)/ଷ଺଴଴

1 − 𝑒ି(଺଴଴)(ଷ.ହ)/ଷ଺଴଴

𝑐଻ = 306 𝑣𝑒ℎ/ℎ𝑟

7

4

2

𝑐௣,଻ = 306 𝑣𝑒ℎ/ℎ𝑟
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7

4

2
𝑐௣,଻ = 306 𝑣𝑒ℎ/ℎ𝑟

𝑣ସ

𝑐ସ
=

100 𝑣𝑒ℎ/ℎ𝑟

987 𝑣𝑒ℎ/ℎ𝑟
= 0.101

Probability of queue 
for movement 4

Potential capacity 
movement 7

𝑝଴,ସ =  1 −  
𝑣ସ

𝑐ସ
= 1 − 0.101 = 0.899

Probability of 
queue-free state 
for movement 4

𝑐௠,଻ = 1 − 
௩ర

௖ర
𝑐௣,଻

Movement capacity
Movement 7

𝑐௠,଻ = 0.899 306 = 275 𝑣𝑒ℎ/ℎ𝑟
Movement capacity
movement 7
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The Big Picture
• What is impedance?
• How does movement 4 impede movement 7?
• How does this impedance affect the capacity for movement 7?
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Topics for today
• Check-in
• Diving in: Exploring the simplified scenarios

• Scenario 3-2 – impedance
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The Big Picture
• How do we calculate capacity of a lane at a signalized intersection?  
• We measure or predict green times, we measure or predict cycle length, and we 

measure or predict the saturation flow rate.  
• Simply put, the capacity is the product of the green ratio (green time divided by cycle 

length) and the saturation flow rate.

Terms We Will Use
• Green time
• Cycle length
• Green ratio
• Saturation flow rate
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Arrival rate

0

s

Time

Departure (service) rate

Period 1 Period 2

greenred

v

𝑐 = 𝑠 
𝑔

𝐶

c = capacity, veh/hr
s = saturation flow rate, veh/hr
g = effective green time, sec
C = cycle length, sec 



17

𝐶 =  
3600 𝑠𝑒𝑐/ℎ𝑟

60 𝑐𝑦𝑐𝑙𝑒𝑠/ℎ𝑟
= 60 𝑠𝑒𝑐
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effective green, geffective red, r

displayed green, Gdisplayed red, R Y RC

l1 l2

r

phase duration, Dp

𝑔 = 𝐺 + 𝑌 + 𝑅௖  −  𝑙௧

𝑔 = 15 + 4 + 1 − 4 = 16 𝑠𝑒𝑐

𝐷௣ = 𝐺 + 𝑌 +  𝑅௖

𝐷௣ = 15 + 4 + 1 = 20 𝑠𝑒𝑐

Dp = phase duration, sec
G = displayed green, sec
Y = displayed yellow, sec
Rc = red clearance time, sec
R = displayed red, sec
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g/C = (16 sec)/(60 sec) = 0.27

𝑐 = 𝑠 
௚

஼
= (1900)(0.27) = 513 veh/hr

green ratio

capacity
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The Big Picture
• How do we calculate capacity of a lane at a signalized 

intersection?  
• We measure or predict green times, we measure or predict 

cycle length, and we measure or predict the saturation flow 
rate.  

• Simply put, the capacity is the product of the green ratio 
(green time divided by cycle length) and the saturation flow 
rate.
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Topics for today
• Check-in
• Diving in: Exploring the simplified scenarios

• Scenario 3-2 – impedance
• Scenario 4.1 – capacity of a lane
• Scenario 4.4 – critical movement analysis
• Scenario 4.2 – predicting delay

• Check-out and closure
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The Big Picture
• Does our intersection design provide sufficient capacity to 

accommodate the projected or measured traffic volumes?

Terms We Will Use
• Flow ratio
• Capacity utilization
• Lost time



26

1 + 2 = 150 + 400 = 550 veh/hr

7 + 8 = 300 + 600 = 900 veh/hr

(5 + 6) + (7 + 8) = 600 + 900 = 1500 veh/hr

5 + 6 = 200 + 400 = 600 veh/hr

3 + 4 = 350 + 300 = 650 veh/hr
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Concept:
• Flow ratio: proportion 

of the hour required 
to serve the given 
demand 
y = v/s

v = arrival volume, veh/hr
s = saturation flow rate, veh/hr
y = flow ratio 



29

0.294

0.321
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0.431

0.482
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sum = 0.803
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L=16

C-L=74

𝑋௖ =  
(𝑦ாௐି௖௥௜௧௜௖ + 𝑦ேௌି௖௥௜௧௜௖௔௟)

(𝐶 − 𝐿)/𝐶

𝑋௖ =  
(0.321 + 0.482)

74/90
=

0.803

0.82
=  0.98

Xc = critical volume-to-capacity ratio
yEW-critical = critical flow ratio for EW
yNS-critical = critical flow ratio for NS
C = cycle length, sec
L = lost time per phase, sec
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0.98
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The Big Picture
• Does our intersection design 

provide sufficient capacity to 
accommodate the projected 
or measured traffic volumes?
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Topics for today
• Check-in
• Diving in: Exploring the simplified scenarios

• Scenario 3-2 – impedance
• Scenario 4.1 – capacity of a lane
• Scenario 4.4 – critical movement analysis
• Scenario 4.2 – predicting delay

• Check-out and closure
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The Big Picture
• We assume that volume is less than capacity.
• We assume uniform flow (rates).
• The total delay during one cycle is the area of the QAP.
• The average delay per vehicle is the total delay divided by 

the number of vehicles served during the cycle.

Terms We Will Use
• Queue size
• Total delay
• Average (control) delay
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Time
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Period 1 Period 2 Period 3
(gs)

Total 
delay

Queue clearance rate 
= slope of line 

= -(s-v)

Qr
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𝑣 𝑟 + 𝑔௦ = 𝑠𝑔௦

𝑔௦ =  
𝑣𝑟

𝑠 − 𝑣

𝐷௧ =  0.5 𝑟 𝑣𝑟 + 𝑣𝑔௦

𝑣𝐶

When queue clears: number of 
arrivals equals number of departures

Queue service time

Total delay (area of triangle)

Vehicle arrivals or departures 
during cycle

Time

greenred

Period 1 Period 2 Period 3

Cumulative arrivals
Cumulative departures

(gs)

di

Q

vehicle i

𝑑௔௩௚ =  0.5𝑟
1 − 𝑔/𝐶

1 − 𝑣/𝑠
Average (uniform) delay per vehicle



41

𝑣 𝑟 + 𝑔௦ = 𝑠𝑔௦

𝑔௦ =  
𝑣𝑟

𝑠 − 𝑣

𝐷௧ =  0.5 𝑣𝑟 𝑟 + 𝑔௦

𝑣𝐶

When queue clears: number of 
arrivals equals number of departures

Queue service time

Total delay (area of triangle)

Vehicle arrivals or departures 
during cycle

𝑑௔௩௚ =  0.5𝑟
1 − 𝑔/𝐶

1 − 𝑣/𝑠
Average (uniform) delay per vehicle

Time

greenred

Period 1 Period 2 Period 3
(gs)

Total 
delay

Queue clearance rate 
= slope of line 

= -(s-v)

Qr
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Given data:
• Arrival rate = 630 veh/hr
• s = 1900 veh/hr
• C = 100 sec
• r = 60 sec
• g = 40 sec

𝑐 =
𝑔

𝐶
𝑠 =

40

100
1900 = 760 𝑣𝑒ℎ/ℎ𝑟

𝑔௦ =  
𝑣𝑟

𝑠 − 𝑣
=  

630 60

1900 − 630
= 29.7 𝑠𝑒𝑐 𝑠𝑒𝑐

capacity

queue service time
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Average control delay

Uniform delay

Incremental delay

Initial queue delay
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The Big Picture
• We assume that volume is less than capacity.
• We assume uniform flow (rates).
• The total delay during one cycle is the area of the QAP.
• The average delay per vehicle is the total delay divided by 

the number of vehicles served during the cycle.
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Topics for today
• Check-in
• Diving in: Exploring four simplified scenarios

• Scenario 3-2 – impedance
• Scenario 4.1 – capacity of a lane
• Scenario 4.4 – critical movement analysis
• Scenario 4.2 – predicting delay

• Check-out and closure
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Final Questions


