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HCM Procedure HCM Procedure -- ExampleExample
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HCM Procedure HCM Procedure -- ExampleExample

Other informationOther information
Area type: nonArea type: non--CBDCBD
Lane width: NS LeftLane width: NS Left--turn lanes: 11 ft, all other 12 ftturn lanes: 11 ft, all other 12 ft
Grade: NB: +2%; SB: Grade: NB: +2%; SB: --2%2%
Length of turn bays: LT: 150 ft; RT: 300 ftLength of turn bays: LT: 150 ft; RT: 300 ft
Parking: NoParking: No
Base saturation flow: 2000 Base saturation flow: 2000 vphvph
PHF: 0.95PHF: 0.95
% HV: NS: 4%; EW: 2%% HV: NS: 4%; EW: 2%
No bus stopsNo bus stops
Pedestrian: 10/hr on each direction; WALK: 5 s; FDW: NS: 15 s; EPedestrian: 10/hr on each direction; WALK: 5 s; FDW: NS: 15 s; EW: 20 sW: 20 s
Arrival type: EW: 3; NS: 5Arrival type: EW: 3; NS: 5
Protected LTProtected LT
Phases: 1Phases: 1--SBL, 2SBL, 2--NBT, 4NBT, 4--EW, 5EW, 5--NBL, 6NBL, 6--SBTSBT
Cycle length: 100 sCycle length: 100 s
Yellow: 4 secYellow: 4 sec
AllAll--red: 1 secred: 1 sec
Lost time per phase: 4 sLost time per phase: 4 s
No RTORNo RTOR

Geometry

Traffic

Signal Timing
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HCM ProcedureHCM Procedure
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HCM Conceptual FrameworkHCM Conceptual Framework

Lane groupLane group
Basic entity for starting the analysis (HCM 2000)Basic entity for starting the analysis (HCM 2000)
Exclusive turn Exclusive turn lane(slane(s) is considered as a group) is considered as a group
Shared through/turn lanes are considered as a groupShared through/turn lanes are considered as a group
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Saturation Flow RateSaturation Flow Rate

Saturation headway and Saturation flow ratesSaturation headway and Saturation flow rates
saturation headway, saturation headway, hhii

saturation flow rate, saturation flow rate, ssii

LpbRpbLTRTLUabbpgHVw ffffffffffNfss 0=

Page 599 ~ 605
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Signal Timing and Capacity Signal Timing and Capacity 

v/sv/s ratio as a measure of demandratio as a measure of demand
Signal timing: distribute green times among Signal timing: distribute green times among 
movements (phases)movements (phases)
Capacity, Capacity, ccii

⎟
⎠
⎞

⎜
⎝
⎛=

C
gsc i

ii



CEE 463/663 CEE 463/663 –– Fall 2006Fall 2006

V/C Ratio, Delay, and LOSV/C Ratio, Delay, and LOS

v/cv/c ratio (degree of saturation), ratio (degree of saturation), XXii

LOSLOS Delay (sec/Delay (sec/vehveh))
AA <=10<=10
BB 1010--2020
CC 2020--3535
DD 3535--5555
EE 5555--8080
FF >80>80
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Class ExerciseClass Exercise

You can either work by yourself or with other members of your grYou can either work by yourself or with other members of your group to oup to 
complete the class exercise. You are required to conduct the intcomplete the class exercise. You are required to conduct the intersection LOS ersection LOS 
analyses for the example shown earlier in the lecture. You need analyses for the example shown earlier in the lecture. You need to use both to use both 
SynchroSynchro and TRAFFIX software to complete the analyses, and answer the and TRAFFIX software to complete the analyses, and answer the 
following questions (assume following questions (assume fixed timefixed time signal control for your analyses). signal control for your analyses). 
1. Compare and comment on the difference between software inputs1. Compare and comment on the difference between software inputs. For . For 
example, lost time needs to be manually input in TRAFFIX, while example, lost time needs to be manually input in TRAFFIX, while SynchroSynchro
provides defaults. provides defaults. 
2. What are the optimal cycle lengths that both software recomme2. What are the optimal cycle lengths that both software recommend?nd?
3. What are the LOS results from both software? 3. What are the LOS results from both software? 
4. What are the signal timing results from both software? 4. What are the signal timing results from both software? 
5. What are the 5. What are the v/cv/c ratios from both software? Can you identify the critical ratios from both software? Can you identify the critical 
phases/movements from the software outputs? Which software do yophases/movements from the software outputs? Which software do you believe u believe 
uses Websteruses Webster’’s methodology to derive the signal timing?s methodology to derive the signal timing?
6. Does the software report delay, 6. Does the software report delay, v/cv/c, and LOS based on lane groups?, and LOS based on lane groups?
7. How can you obtain the saturation flow rates for each lane gr7. How can you obtain the saturation flow rates for each lane group based on oup based on 
the software outputs? Does both software yield similar saturatiothe software outputs? Does both software yield similar saturation flow rates?n flow rates?
8. How can you obtain the capacities for each lane group or move8. How can you obtain the capacities for each lane group or movement based ment based 
on software outputs? How can you verify they are correct?on software outputs? How can you verify they are correct?
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Adjustment Factors for Saturation Flow RateAdjustment Factors for Saturation Flow Rate

ffww –– lane widthlane width
ffHVHV –– heavy vehiclesheavy vehicles
ffgg –– gradegrade
ffpp –– parkingparking
ffbbbb –– bus stop and blockagebus stop and blockage
ffaa –– area type (CBD or other)area type (CBD or other)
ffLULU –– lane utilizationlane utilization
ffRTRT –– right turnright turn
ffLTLT –– left turn*left turn*
ffRpbRpb –– pedped/bike interference with right turn/bike interference with right turn
ffLpbLpb –– pedped/bike interference with left/bike interference with left--turn turnturn turn
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LeftLeft--turn Adjustment Factor, turn Adjustment Factor, ffLTLT

*Case 1 *Case 1 –– exclusive LT lane with protected controlexclusive LT lane with protected control
Case 2 Case 2 –– exclusive LT lane with permitted controlexclusive LT lane with permitted control
Case 3 Case 3 –– exclusive LT lane with P/P controlexclusive LT lane with P/P control
*Case 4 *Case 4 –– shared lane with protected controlshared lane with protected control
Case 5 Case 5 –– shared lane with permitted controlshared lane with permitted control

* Protected LT* Protected LT
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Example of Example of ffLTLT

Assume the base saturation flow rate is 2000 Assume the base saturation flow rate is 2000 vphplvphpl. . 

(a) What is the saturation flow rate for an exclusive left(a) What is the saturation flow rate for an exclusive left--
turn lane with protected leftturn lane with protected left--turn controls?turn controls?
(b) What is the saturation flow rate for a shared (b) What is the saturation flow rate for a shared 
left/through lane on a oneleft/through lane on a one--way street? way street? 



CEE 463/663 CEE 463/663 –– Fall 2006Fall 2006

Complexities of Complexities of ffLTLT with Permitted Controlwith Permitted Control

The discharge of leftThe discharge of left--turn vehicles depends on the turn vehicles depends on the 
opposing flow rate. With exclusive LT lanes, it can be opposing flow rate. With exclusive LT lanes, it can be 
modeled based on modeled based on gapgap--acceptanceacceptance theory.theory.
With shared With shared lane(slane(s), a left), a left--turn vehicle waiting for turn vehicle waiting for 
making a turn can block the following through vehicles. making a turn can block the following through vehicles. 
Because of the random nature, it is difficult to Because of the random nature, it is difficult to 
accurately model.accurately model.
The factors considered in the HCM procedure include:The factors considered in the HCM procedure include:

Time to clear the standing queue on the opposing approachTime to clear the standing queue on the opposing approach
Time a leftTime a left--turn vehicle arrived turn vehicle arrived 
The average flow rate  The average flow rate  
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Field Measurement of Saturation Headway Field Measurement of Saturation Headway 
and Saturation Flow Rateand Saturation Flow Rate
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Field Measurement of Saturation Flow RateField Measurement of Saturation Flow Rate
Observed Headways (s) in Cycle No.Observed Headways (s) in Cycle No.Queue Queue 

PositionPosition
11 22 33 44 55 66

11
22
33
44
55
66
77
88
99
1010
1111
1212
1313
1414
1515

3.53.5
3.23.2
2.62.6

2.8H2.8H
2.52.5
2.32.3

3.2H3.2H
2.52.5
4.54.5
6.06.0

2.92.9
3.03.0
2.32.3
2.22.2
2.32.3
2.12.1
2.02.0
1.91.9

2.9H2.9H
2.52.5

2.8H2.8H
2.52.5
5.05.0
7.57.5

3.93.9
3.33.3
2.42.4
2.42.4
2.12.1
2.42.4
2.42.4
2.22.2

2.7H2.7H
2.42.4
4.04.0
7.07.0

4.2H4.2H
3.63.6

3.2H3.2H
2.52.5
2.12.1
2.22.2
2.42.4
2.32.3
1.91.9
2.32.3
2.22.2

2.9H2.9H
4.14.1

2.92.9
3.5H3.5H
2.72.7
2.12.1
2.22.2
2.02.0
2.22.2
2.42.4
2.22.2

2.7H2.7H
2.42.4
5.05.0

3.23.2
3.03.0
2.52.5

2.9H2.9H
2.52.5
2.32.3
2.32.3
2.02.0
2.42.4
2.12.1
2.02.0
2.32.3
6.06.0

0.00.0
0.00.0
0.00.0
0.00.0
13.713.7
13.313.3
14.514.5
13.313.3
12.112.1
12.012.0
9.49.4
7.77.7
0.00.0
0.00.0
0.00.0

00
00
00
00
66
66
66
66
55
55
44
33
00
00
00

SumSum 96.096.0 4141

Sum of Sat. Sum of Sat. 
HeadwaysHeadways

No. of Sat. No. of Sat. 
HeadwaysHeadways
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DelayDelay

Delay:Delay: the most commonly used performance the most commonly used performance 
measure measure 
Types of Intersection Types of Intersection DelaysDelays

Stopped delayStopped delay
Total delay (control delay)Total delay (control delay)
Time in queue delayTime in queue delay
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Delay StudiesDelay Studies

Stopped 
Delay

Total Delay
(Control Delay)

Deceleration Acceleration 

Stop Line

Time

Distance
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Time in Queue DelayTime in Queue Delay

Stopped 
Delay

Time in Queue 
Delay

Stop Line

Time

Distance
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Control Delay Field MeasurementControl Delay Field Measurement

Two observers: Two observers: 
11stst person counts vehicles in queue based on 20person counts vehicles in queue based on 20--sec intervals, sec intervals, VViqiq

22ndnd person counts arriving vehicles, Vperson counts arriving vehicles, VTT, and stopped vehicles, V, and stopped vehicles, VSTOPSTOP
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ExampleExample

Number of vehicles in Queue, Number of vehicles in Queue, VViqiq

Clock TimeClock Time Cycle NumberCycle Number +0 +0 secssecs +20 +20 secssecs +40 +40 secssecs
5:00 PM5:00 PM

XX
XX
XX
XX
XX
xx
XX
XX
XX

11
22
33
44
55
66
77
88
99
1010

44
66
33
22
55
55
66
33
22
44

77
66
55
66
33
44
88
44
44
33

55
55
55
44
33
55
44
33
33
55

TotalTotal 4040 5050 4242

ΣΣVViqiq = ??                 V= ??                 VTT = 120 = 120 vehsvehs VVSTOPSTOP = 75            FFS = 35 mph          N= 75            FFS = 35 mph          NLL = 2= 2
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The HCM Delay EquationThe HCM Delay Equation
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Uniform DelayUniform Delay

Timer
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QuestionsQuestions

Suppose the cycle length is 100 sec, the effective green Suppose the cycle length is 100 sec, the effective green 
time is 40 sec, the uniform arrival flow rate is 400 time is 40 sec, the uniform arrival flow rate is 400 vphvph, , 
and the saturation flow rate is 2000 and the saturation flow rate is 2000 vphvph. Calculate:. Calculate:

Average delay per vehicleAverage delay per vehicle
Maximum queue length in vehiclesMaximum queue length in vehicles
Maximum backup queue in vehiclesMaximum backup queue in vehicles
Fraction (%) of vehicles delayedFraction (%) of vehicles delayed
Number of vehicles delayed per hourNumber of vehicles delayed per hour
Maximum delay each individual vehicle experiencedMaximum delay each individual vehicle experienced
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Uniform DelayUniform Delay
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Random and OverRandom and Over--saturation Delaysaturation Delay
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Delay with Initial QueueDelay with Initial Queue
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Uniform Delay with Platoon ArrivalUniform Delay with Platoon Arrival
(Platoon on Red)(Platoon on Red)
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Uniform Delay with Platoon ArrivalUniform Delay with Platoon Arrival
(Platoon on Green)(Platoon on Green)
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Areas Requiring Further Research  Areas Requiring Further Research  

Pedestrian effect (Tian and Xu) Pedestrian effect (Tian and Xu) 
Protected/permitted controlProtected/permitted control
ShortShort--lane/queue overflow (Tian and Wu)lane/queue overflow (Tian and Wu)
Actuated control Actuated control 
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AssignmentAssignment

You are asked to analyze the operations of N. Virginia/8You are asked to analyze the operations of N. Virginia/8thth Street based on the data you collected for the Street based on the data you collected for the 
weekday PM peak hour. You need to use the three capacity analysiweekday PM peak hour. You need to use the three capacity analysis software, HCS, TRAFFIX, and s software, HCS, TRAFFIX, and 
SynchroSynchro to do the analyses. Specific tasks and requirements of this assto do the analyses. Specific tasks and requirements of this assignment are as follows: ignment are as follows: 
1. You can discuss and consult any questions with other members 1. You can discuss and consult any questions with other members of your group, however, each of your group, however, each 
person must submit an individual report. person must submit an individual report. 
2. You can make estimates or assumptions if certain data are not2. You can make estimates or assumptions if certain data are not available, but you must provide the available, but you must provide the 
justifications of your estimates or assumptions. Furthermore, eajustifications of your estimates or assumptions. Furthermore, each group must come up with the same ch group must come up with the same 
data inputs for conducting the analyses.data inputs for conducting the analyses.
3. Based on the existing data you collected, conduct an operatio3. Based on the existing data you collected, conduct an operational analysis using the three software. nal analysis using the three software. 
Summarize the delay and LOS results from the three software (by Summarize the delay and LOS results from the three software (by lane group, approach, and lane group, approach, and 
intersection), compare and comment on the results. How do they cintersection), compare and comment on the results. How do they compare with the delays you collected ompare with the delays you collected 
in the field? Discuss the results.in the field? Discuss the results.
4. If the signal timings from the three software are different f4. If the signal timings from the three software are different from Task 3, make them consistent and rom Task 3, make them consistent and 
perform Task 3 again. Do you get identical results? Why?perform Task 3 again. Do you get identical results? Why?
5. Use the data from Task 4, change the signal timing from actua5. Use the data from Task 4, change the signal timing from actuated control to fixed control, and report ted control to fixed control, and report 
the delay results. What can you conclude from the results? the delay results. What can you conclude from the results? 
6. Select one of the software you prefer, run cycle length from 6. Select one of the software you prefer, run cycle length from 40 seconds to 100 seconds with a 1040 seconds to 100 seconds with a 10--
sec increment. Plot the intersection delays vs. cycle length, ansec increment. Plot the intersection delays vs. cycle length, and comment on the results.d comment on the results.
7. Increase the demands by 60% for all the movements. If LOS D i7. Increase the demands by 60% for all the movements. If LOS D is the acceptable criteria for the s the acceptable criteria for the 
intersection, and no lane group should have a intersection, and no lane group should have a v/cv/c ratio greater than 1.0. Will the intersection still ratio greater than 1.0. Will the intersection still 
operate at acceptable LOS after the demand increase? If NOT, whaoperate at acceptable LOS after the demand increase? If NOT, what mitigation measures would you t mitigation measures would you 
recommend?recommend?
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