
Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

Chapter 25/Freeway Facilities: Supplemental Contents 
Version 6.0 Page 25-i 

CHAPTER 25 
FREEWAY FACILITIES: SUPPLEMENTAL 

CONTENTS 

1. INTRODUCTION .................................................................................................. 25-1 
Chapter Scope ....................................................................................................... 25-1 
Chapter Organization .......................................................................................... 25-1 
Limitations of the Methodologies ...................................................................... 25-1 

2. GLOSSARY OF VARIABLE DEFINITIONS .................................................... 25-3 
Overview ............................................................................................................... 25-3 
Global Variables ................................................................................................... 25-3 
Segment Variables ................................................................................................ 25-4 
Node Variables ..................................................................................................... 25-5 
On-Ramp Variables.............................................................................................. 25-6 
Off-Ramp Variables ............................................................................................. 25-6 
Facilitywide Variables ......................................................................................... 25-6 
Travel Time Reliability Variables ...................................................................... 25-7 

3. UNDERSATURATED SEGMENT EVALUATION ........................................ 25-9 
Facility Speed Constraint .................................................................................... 25-9 
Directional Facility Module .............................................................................. 25-10 

4. OVERSATURATED SEGMENT EVALUATION .......................................... 25-11 
Procedure Parameters ....................................................................................... 25-11 
Flow Estimation.................................................................................................. 25-13 
Segment and Ramp Performance Measures .................................................. 25-25 
Oversaturation Analysis within Managed Lanes.......................................... 25-26 

5. WORK ZONE ANALYSIS DETAILS ............................................................... 25-28 
Special Work Zone Configurations ................................................................. 25-28 

6. PLANNING-LEVEL METHODOLOGY FOR FREEWAY FACILITIES .... 25-34 
Input Requirements ........................................................................................... 25-34 
Step 1: Demand-Level Calculations ................................................................ 25-36 
Step 2: Section Capacity Calculations and Adjustments .............................. 25-37 
Step 3: Delay Rate Estimation .......................................................................... 25-38 
Step 4: Average Travel Time, Speed, and Density Calculations ................. 25-39 
Step 5: Level of Service ...................................................................................... 25-40 



 Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

 
Contents  Chapter 25/Freeway Facilities: Supplemental 
Page 25-ii  Version 6.0 

7. MIXED-FLOW MODEL FOR COMPOSITE GRADES ................................ 25-41 
Overview of the Methodology ......................................................................... 25-41 
Step 1: Input Data .............................................................................................. 25-41 
Step 2: Capacity Assessment ............................................................................ 25-41 
Step 3: Specify Initial Conditions ..................................................................... 25-44 
Step 4: Compute Truck Spot and Space-based Travel Time Rates ............... 25-44 
Step 5: Compute Automobile Spot and Space-Based Travel Time Rates .. 25-50 
Step 6: Compute Mixed-Flow Space-Based Travel Time Rate and 

Speed ............................................................................................................ 25-51 
Step 7: Overall Results....................................................................................... 25-52 

8. FREEWAY CALIBRATION METHODOLOGY ............................................ 25-53 
Calibration at the Core Freeway Facility Level ............................................. 25-53 
Calibration at the Travel Time Reliability Level ........................................... 25-60 
Calibration at the Reliability Strategy Assessment Level ............................ 25-65 

9. FREEWAY SCENARIO GENERATION .......................................................... 25-68 
Introduction ........................................................................................................ 25-68 
Methodology ...................................................................................................... 25-71 

10. COMPUTATIONAL ENGINE OVERVIEW ............................................... 25-84 

11. EXAMPLE PROBLEMS ................................................................................... 25-85 
Example Problem 1: Evaluation of an Undersaturated Facility .................. 25-85 
Example Problem 2: Evaluation of an Oversaturated Facility .................... 25-92 
Example Problem 3: Capacity Improvements to an Oversaturated 

Facility .......................................................................................................... 25-97 
Example Problem 4: Evaluation of an Undersaturated Facility with a 

Work zone .................................................................................................. 25-102 
Example Problem 5: Evaluation of an Oversaturated Facility with a 

Managed Lane ........................................................................................... 25-108 
Example Problem 6: Planning-Level Analysis of a Freeway Facility ....... 25-113 
Example Problem 7: Reliability Evaluation of an Existing Freeway 

Facility ........................................................................................................ 25-118 
Example Problem 8: Reliability Analysis with Geometric 

Improvements ........................................................................................... 25-122 
Example Problem 9: Evaluation of Incident Management ........................ 25-123 
Example Problem 10: Planning-Level Reliability Analysis ....................... 25-124 
Example Problem 11: Estimating Freeway Composite Grade 

Operations with the Mixed-Flow Model ............................................... 25-125 

12. REFERENCES .................................................................................................. 25-135 

APPENDIX A: TRUCK PERFORMANCE CURVES ....................................... 25-137 



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

Chapter 25/Freeway Facilities: Supplemental  Contents 
Version 6.0  Page 25-iii 

LIST OF EXHIBITS 

Exhibit 25-1 Node–Segment Representation of a Directional Freeway 
Facility.................................................................................................................. 25-11 

Exhibit 25-2 Segment Flow–Density Function ...................................................... 25-13 
Exhibit 25-3 Oversaturated Analysis Procedure................................................... 25-14 
Exhibit 25-4 Definitions of Mainline and Segment Flows ................................... 25-19 
Exhibit 25-5 Flow–Density Function with a Shock Wave ................................... 25-21 
Exhibit 25-6 Vertical Queuing from a Managed Lane Due to Queue 

Presence on the General Purpose Lanes ......................................................... 25-27 
Exhibit 25-7 On-Ramp Merge Diagram for 2-to-1 Freeway Work Zone 

Configuration...................................................................................................... 25-28 
Exhibit 25-8 Proportion of Work Zone Queue Discharge Rate (Relative to 

the Basic Work Zone Capacity) Available for Mainline Flow 
Upstream of Merge Area .................................................................................. 25-29 

Exhibit 25-9 Off-Ramp Diverge Diagram for a 2-to-1 Freeway Work Zone 
Configuration...................................................................................................... 25-30 

Exhibit 25-10 Proportion of Work Zone Capacity Available for Mainline 
Flow Downstream of Diverge Area ................................................................ 25-31 

Exhibit 25-11 Proportion of Off-Ramp Demand Served in Work Zone ............ 25-31 
Exhibit 25-12 Proportion of Available Work Zone Capacity for a 

Directional Crossover in the Work Zone ........................................................ 25-31 
Exhibit 25-13 Model Coefficients for Estimating the Proportion of Work 

Zone Capacity in a Weaving Segment ............................................................ 25-33 
Exhibit 25-14 Model Coefficients for Estimating the Proportion of Off-

Ramp Volume Served in the Weaving Area .................................................. 25-33 
Exhibit 25-15 Schematics of Freeway Sections ...................................................... 25-34 
Exhibit 25-16 Parameter Values for Undersaturated Model ............................... 25-39 
Exhibit 25-17 LOS Criteria for Urban and Rural Freeway Facilities .................. 25-40 
Exhibit 25-18 Schematic of a Composite Grade .................................................... 25-41 
Exhibit 25-19 Mixed-Flow Methodology Overview ............................................. 25-42 
Exhibit 25-20 SUT Spot Rates Versus Distance with Initial Speeds of 75 

and 30 mi/h ......................................................................................................... 25-45 
Exhibit 25-21 TT Spot Rates Versus Distance with Initial Speeds of 75 and 

20 mi/h ................................................................................................................. 25-45 
Exhibit 25-22 SUT Travel Time Versus Distance Curves for 70-mi/h Initial 

Speed .................................................................................................................... 25-47 
Exhibit 25-23 SUT Travel Time Versus Distance Curves for 30-mi/h Initial 

Speed .................................................................................................................... 25-47 
Exhibit 25-24 δ Values for SUTs .............................................................................. 25-48 



 Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

 
Contents  Chapter 25/Freeway Facilities: Supplemental 
Page 25-iv  Version 6.0 

Exhibit 25-25 δ Values for TTs ................................................................................. 25-48 
Exhibit 25-26 Calibration Steps for the Core Freeway Facility Level ................ 25-54 
Exhibit 25-27 Effect of Calibrating Free-Flow Speed on Capacity ..................... 25-55 
Exhibit 25-28 Effects of Segment Capacity ............................................................ 25-56 
Exhibit 25-29 Effects of Queue Discharge Rate Drop .......................................... 25-56 
Exhibit 25-30 Effects of Jam Density ....................................................................... 25-57 
Exhibit 25-31 Effect of Demand Level .................................................................... 25-58 
Exhibit 25-32 Comprehensive Reliability Calibration Steps ............................... 25-60 
Exhibit 25-33 High Demand Level on the Seed Day ............................................ 25-62 
Exhibit 25-34 Low Demand Level on the Seed Day ............................................. 25-62 
Exhibit 25-35 Overestimating the Impacts of Nonrecurring Sources of 

Congestion .......................................................................................................... 25-63 
Exhibit 25-36 Underestimating the Impacts of Nonrecurring Sources of 

Congestion .......................................................................................................... 25-64 
Exhibit 25-37 Process Flow Overview for Freeway Scenario Generation ......... 25-69 
Exhibit 25-38 Distribution of Number of Incidents in the Scenarios ................. 25-70 
Exhibit 25-39 Detailed Freeway Scenario Generation Flowchart ....................... 25-72 
Exhibit 25-40 Listing of Weather Stations with Available Weather Data ......... 25-76 
Exhibit 25-41 Incident Duration Distribution Parameters in Minutes .............. 25-81 
Exhibit 25-42 List of Example Problems ................................................................ 25-85 
Exhibit 25-43 Example Problem 1: Freeway Facility ............................................ 25-85 
Exhibit 25-44 Example Problem 1: Geometry of Directional Freeway 

Facility ................................................................................................................. 25-85 
Exhibit 25-45 Example Problem 1: Demand Inputs ............................................. 25-87 
Exhibit 25-46 Example Problem 1: Segment Capacities ...................................... 25-88 
Exhibit 25-47 Example Problem 1: Segment Demand-to-Capacity Ratios ....... 25-89 
Exhibit 25-48 Example Problem 1: Volume-Served Matrix ................................ 25-89 
Exhibit 25-49 Example Problem 1: Speed Matrix ................................................. 25-90 
Exhibit 25-50 Example Problem 1: Density Matrix .............................................. 25-90 
Exhibit 25-51 Example Problem 1: LOS Matrix .................................................... 25-90 
Exhibit 25-52 Example Problem 1: Facility Performance Measure 

Summary ............................................................................................................. 25-92 
Exhibit 25-53 Example Problem 2: Demand Inputs ............................................. 25-93 
Exhibit 25-54 Example Problem 2: Segment Capacities ...................................... 25-94 
Exhibit 25-55 Example Problem 2: Segment Demand-to-Capacity Ratios ....... 25-95 
Exhibit 25-56 Example Problem 2: Volume-Served Matrix ................................ 25-96 
Exhibit 25-57 Example Problem 2: Speed Matrix ................................................. 25-96 
Exhibit 25-58 Example Problem 2: Density Matrix .............................................. 25-96 



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

Chapter 25/Freeway Facilities: Supplemental  Contents 
Version 6.0  Page 25-v 

Exhibit 25-59 Example Problem 2: Expanded LOS Matrix.................................. 25-96 
Exhibit 25-60 Example Problem 2: Facility Performance Measure 

Summary ............................................................................................................. 25-97 
Exhibit 25-61 Example Problem 3: Freeway Facility ............................................ 25-98 
Exhibit 25-62 Example Problem 3: Geometry of Directional Freeway 

Facility.................................................................................................................. 25-98 
Exhibit 25-63 Example Problem 3: Segment Capacities ..................................... 25-100 
Exhibit 25-64 Example Problem 3: Segment Demand-to-Capacity Ratios ...... 25-100 
Exhibit 25-65 Example Problem 3: Speed Matrix................................................ 25-101 
Exhibit 25-66 Example Problem 3: Density Matrix............................................. 25-101 
Exhibit 25-67 Example Problem 3: LOS Matrix ................................................... 25-101 
Exhibit 25-68 Example Problem 3: Facility Performance Measure 

Summary ........................................................................................................... 25-102 
Exhibit 25-69 Example Problem 4: Freeway Facility .......................................... 25-102 
Exhibit 25-70 Example Problem 4: Geometry of Directional Freeway 

Facility................................................................................................................ 25-102 
Exhibit 25-71 Example Problem 4: Segment Capacities ..................................... 25-104 
Exhibit 25-72 Example Problem 4: Segment Demand-to-Capacity Ratios ...... 25-105 
Exhibit 25-73 Example Problem 4: Volume-Served Matrix ............................... 25-106 
Exhibit 25-74 Example Problem 4: Speed Matrix................................................ 25-106 
Exhibit 25-75 Example Problem 4: Density Matrix............................................. 25-107 
Exhibit 25-76 Example Problem 4: LOS Matrix ................................................... 25-107 
Exhibit 25-77 Example Problem 4: Facility Performance Measure 

Summary ........................................................................................................... 25-107 
Exhibit 25-78 Example Problem 5: Freeway Facility .......................................... 25-108 
Exhibit 25-79 Example Problem 5: Geometry of Directional Freeway 

Facility................................................................................................................ 25-108 
Exhibit 25-80 Example Problem 5: Demand Inputs on the Mainline............... 25-109 
Exhibit 25-81 Example Problem 5: Segment Capacities ..................................... 25-110 
Exhibit 25-82 Example Problem 5: Segment Demand-to-Capacity Ratios ...... 25-110 
Exhibit 25-83 Example Problem 5: Speed Matrix................................................ 25-111 
Exhibit 25-84 Example Problem 5: Density Matrix............................................. 25-111 
Exhibit 25-85 Example Problem 5: LOS Matrix ................................................... 25-111 
Exhibit 25-86 Example Problem 5: Facility Performance Measure 

Summary for Lane Groups ............................................................................. 25-112 
Exhibit 25-87 Example Problem 5: Facility Performance Measure 

Summary ........................................................................................................... 25-112 
Exhibit 25-88 Example Problem 6: AADT Values for the Facility .................... 25-113 
Exhibit 25-89 Example Problem 6: Section Definition for the Facility ............. 25-114 



 Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

 
Contents  Chapter 25/Freeway Facilities: Supplemental 
Page 25-vi  Version 6.0 

Exhibit 25-90 Example Problem 6: Demand Flow Rates (pc/h) on the 
Subject Facility .................................................................................................. 25-114 

Exhibit 25-91 Example Problem 6: Demand-to-Capacity Ratios by Section 
and Analysis Period ........................................................................................ 25-115 

Exhibit 25-92 Example Problem 6: Delay Rates by Section and Analysis 
Period ................................................................................................................. 25-116 

Exhibit 25-93 Example Problem 6: Travel Rates by Section and Analysis 
Period ................................................................................................................. 25-117 

Exhibit 25-94 Example Problem 6: Average Travel Times by Section and 
Analysis Period ................................................................................................ 25-117 

Exhibit 25-95 Example Problem 6: Density by Section and Analysis 
Period ................................................................................................................. 25-117 

Exhibit 25-96 Example Problem 6: Facility Performance Summary ................ 25-117 
Exhibit 25-97 Example Problem 7: Freeway Facility .......................................... 25-118 
Exhibit 25-98 Example Problem 7: Geometry of Directional Freeway 

Facility ............................................................................................................... 25-118 
Exhibit 25-99 Example Problem 7: Demand Flow Rates (veh/h) by 

Analysis Period in the Base Data Set ............................................................ 25-119 
Exhibit 25-100 Example Problem 7: Demand Ratios Relative to AADT ......... 25-120 
Exhibit 25-101 Example Problem 7: Weather Event Probabilities by 

Season ................................................................................................................ 25-120 
Exhibit 25-102 Example Problem 7: CAF, SAF, and Event Duration 

Values Associated with Weather Events ...................................................... 25-120 
Exhibit 25-103 Example Problem 7: Incident Frequencies by Month .............. 25-121 
Exhibit 25-104 Example Problem 7: Summary Reliability Performance 

Measure Results ............................................................................................... 25-121 
Exhibit 25-105 Example Problem 7: VMT-Weighted TTI Probability and 

Cumulative Distribution Functions .............................................................. 25-122 
Exhibit 25-106 Example Problem 8: Freeway Facility ........................................ 25-122 
Exhibit 25-107 Example Problem 8: Summary Reliability Performance 

Measure Results ............................................................................................... 25-123 
Exhibit 25-108 Example Problem 9: Summary Reliability Performance 

Measure Results ............................................................................................... 25-124 
Exhibit 25-109 Example Problem 11: Spot Speeds of All Segments................. 25-134 
Exhibit 25-110 Example Problem 11: Space Mean Speeds of All Segments ... 25-134 
Exhibit 25-111 Example Problem 11: Overall Space Mean Speeds of All 

Segments ........................................................................................................... 25-134 
Exhibit 25-A1 SUT Travel Time Versus Distance Curves for 35-mi/h 

Initial Speed ...................................................................................................... 25-137 
Exhibit 25-A2 SUT Travel Time Versus Distance Curves for 40-mi/h 

Initial Speed ...................................................................................................... 25-137 



Highway Capacity Manual: A Guide for Multimodal Mobility Analysis 

Chapter 25/Freeway Facilities: Supplemental  Contents 
Version 6.0  Page 25-vii 

Exhibit 25-A3 SUT Travel Time Versus Distance Curves for 45-mi/h 
Initial Speed ...................................................................................................... 25-138 

Exhibit 25-A4 SUT Travel Time Versus Distance Curves for 50-mi/h 
Initial Speed ...................................................................................................... 25-138 

Exhibit 25-A5 SUT Travel Time Versus Distance Curves for 55-mi/h 
Initial Speed ...................................................................................................... 25-139 

Exhibit 25-A6 SUT Travel Time Versus Distance Curves for 60-mi/h 
Initial Speed ...................................................................................................... 25-139 

Exhibit 25-A7 SUT Travel Time Versus Distance Curves for 65-mi/h 
Initial Speed ...................................................................................................... 25-140 

Exhibit 25-A8 SUT Travel Time Versus Distance Curves for 75-mi/h 
Initial Speed ...................................................................................................... 25-140 

Exhibit 25-A9 TT Travel Time Versus Distance Curves for 20-mi/h Initial 
Speed .................................................................................................................. 25-141 

Exhibit 25-A10 TT Travel Time Versus Distance Curves for 25-mi/h 
Initial Speed ...................................................................................................... 25-141 

Exhibit 25-A11 TT Travel Time Versus Distance Curves for 30-mi/h 
Initial Speed ...................................................................................................... 25-142 

Exhibit 25-A12 TT Travel Time Versus Distance Curves for 35-mi/h 
Initial Speed ...................................................................................................... 25-142 

Exhibit 25-A13 TT Travel Time Versus Distance Curves for 40-mi/h 
Initial Speed ...................................................................................................... 25-143 

Exhibit 25-A14 TT Travel Time Versus Distance Curves for 45-mi/h 
Initial Speed ...................................................................................................... 25-143 

Exhibit 25-A15 TT Travel Time Versus Distance Curves for 50-mi/h 
Initial Speed ...................................................................................................... 25-144 

Exhibit 25-A16 TT Travel Time Versus Distance Curves for 55-mi/h 
Initial Speed ...................................................................................................... 25-144 

Exhibit 25-A17 TT Travel Time Versus Distance Curves for 60-mi/h 
Initial Speed ...................................................................................................... 25-145 

Exhibit 25-A18 TT Travel Time Versus Distance Curves for 65-mi/h 
Initial Speed ...................................................................................................... 25-145 

Exhibit 25-A19 TT Travel Time Versus Distance Curves for 70-mi/h 
Initial Speed ...................................................................................................... 25-146 

Exhibit 25-A20 TT Travel Time Versus Distance Curves for 75-mi/h 
Initial Speed ...................................................................................................... 25-146 




