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Project Objectives: 

 Develop improved methods for capacity and 

quality of service analysis of interchange 

ramp terminals.  

 Revise Chapter 26 of the HCM 2000 to 

address a full range of interchange types. 

 Consider planning, design and operational 

procedures.  
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Project Status and Next Steps 

 Draft Final Report and Revised Chapter 

have been submitted to the NCHRP panel 

 Panel comments will be addressed and the 

Final Report will be submitted by March 

31st, 2005. 

 Chapter to be reviewed by ICRT and 

HCQS.   
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Agenda Items: 

 Chapter Review: 

Final Design and Operational Analysis 

(Methodology, Applications, Examples) 

Planning and Preliminary Design 

(Methodology, Applications, Examples) 

 Software development plans by McTrans 



Workshop on Interchange Ramp Terminals, HCQS, January 2005 

Project Overview: 
 Phase I – Started June 2001, completed February 

2002 

 Tasks 1 –  4  

 Phase II – Received notice to proceed April 
2002, to be completed by September 2004 

 Tasks 5 – 9 

 Quarterly reports submitted and feedback 
received from the panel.  

 Presentations at each HCQS meeting to the 
HCQS/Interchange Subcommittee (starting July 
2001), including two previous committee-wide 
workshops.  



Workshop on Interchange Ramp Terminals, HCQS, January 2005 

Chapter 26 Outline: 

 Introduction 

 Methodology 

 Final Design and Operational Analysis 

 Planning and Preliminary Engineering 

 Applications 

 Examples 

 Appendix A – Timing Considerations for 
Signalized Two-Intersection Interchanges 

 Appendix B – Traffic Simulation for the Analysis 
of Signalized Interchanges 

 Appendix C - Worksheets 
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Chapter 26, Part I: Introduction 

 Scope of the Chapter 

 Limitations of the Methodology 

 Types of Interchanges 

 Two Intersection Interchanges 

 SPUIs 

 Unique Operational Characteristics of Interchanges 

 Types of Analysis 

 Final Design and Operational Analysis 

 Planning and Preliminary Design 

 Level of Service Framework 
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Types of 

Interchanges 

D

Conventional, D >800 ft

Compressed, D =400-800 ft

Tight Urban, D <400 ft
Diamond with continuous 

frontage roads

Diamond with U-turn

lanes and service roads

Split diamond interchange

(cross roads, one- or two- way)

Partial (half) diamond 

interchange

Three-level diamond 

interchange
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Types of 

Interchanges 

(cont’d) 
Parclo A, 4 Quadrants

Parclo AB, 2 Quadrants Parclo AB, 4 Quadrants

Parclo A, 2 Quadrants

Parclo B, 4 QuadrantsParclo B, 2 Quadrants
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Unique Operational Characteristics 

of Interchanges 
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Unique Operational Characteristics 

of Interchanges (cont’d) 

 Queue presence in the internal link, and the 

effects of distance between the two 

intersections. 

 Demand starvation potential. 
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Level of Service Framework 
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Chapter 26 – Methodology: Final Design and 

Operational Analysis 
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Adjustments Due to Lane Utilization 
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Saturation Flow Rate Estimation 
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Additional Lost Time for the Upstream 

Approaches due to Downstream Queue 
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Queue Length for Internal Links 

These are multiplied by the average vehicle length, in ft,  

(default value recommended is 25 ft) to obtain the distance  

from the stop line to the end of the queue 
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Additional Lost Time for the Internal 

Link due to Demand Starvation 
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Total Lost Time: 
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Performance Measures and LOS 

 Average Queue Storage Ratio for each lane 

group 

 v/c for each lane group 

 Average Control Delay for each lane group, 

and for each Origin-Destination (the 

weighted average of lane group delays) 

 LOS determination based on Origin- 

Destinations 
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Chapter 26 - Applications 
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Types of Interchanges Analyzed 

Using the Final Design and 

Operational Analysis Method: 

 Single-Point Urban Interchange (SPUI) 

 Diamond Interchange (TUDI) 

 Partial Cloverleaf A - 4 Quadrants (Parclo A 4Q) 

 Partial Cloverleaf A – 2 Quadrants (Parclo A 2Q) 

 Partial Cloverleaf B – 4 Quadrants (Parclo B 4Q) 

 Partial Cloverleaf B – 2 Quadrants (Parclo B 2Q) 

 Partial Cloverleaf AB-2 Quadrants (Parclo AB 2Q) 

 Partial Cloverleaf AB-4 Quadrants (Parclo AB 4Q) 
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Chapter 26 – Example 1 



Workshop on Interchange Ramp Terminals, HCQS, January 2005 

Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Example 1 (Cont’d) 



Workshop on Interchange Ramp Terminals, HCQS, January 2005 

Example 1 (Cont’d) 
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Example 1 (Cont’d) 
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Chapter 26 – Methodology: Planning 

and Preliminary Design Analysis 

Methodology based upon: 

 

Bonneson, J., Zimmerman, K., Jacobson, M., 

Review and Evaluation of Interchange Ramp 

Design Considerations for Facilities Without 

Frontage Roads 

Texas Transportation Institute, Texas A&M  

University System, College Station TX,  

September 2003. 

Sponsored by the Texas Department of Transportation in  

cooperation with the Federal Highway Administration. 
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The methodology allows: 

 

1. For a given set of O-D movements, eight basic  

    types of signalized interchange configurations may 

    may be compared on the basis of estimated  

    interchange delay. 

 

2. For a given type of interchange, the impact of 

    intersection spacing on delay can be examined  

    (within the range of applicability for each  

    interchange model). 

 

3. For a given type of interchange, the impact of the 

    number and assignment of lanes on ramps and  

    the arterial roadway can be assessed, also on the 

    basis of interchange delay. 
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Types of Interchanges Included in the Planning and Preliminary 

Design Methodology: 

 

Single-Point Urban Interchange (SPUI) 

Tight Urban Diamond Interchange (TUDI) 

Compressed Urban Diamond Interchange (CUDI) 

Conventional Diamond Interchange (CDI) 

Partial Cloverleaf A - 4 Quadrants (Parclo A 4Q) 

Partial Cloverleaf A – 2 Quadrants (Parclo A 2Q) 

Partial Cloverleaf B – 4 Quadrants (Parclo B 4Q) 

Partial Cloverleaf B – 2 Quadrants (Parclo B 2Q) 

 

Thus, the methodology does not cover the same interchange types 

covered by the operational analysis methodology. 
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Some Caveats: 

 

1. TTI methodology also covers unsignalized 

     interchanges – not included in Chapter 26. 

 

2. Definition of interchange delay is similar to  

    operational methodology, but models are different; 

    compatibility is not assured. 

 

3. Methodology assumes good signalization: 

  - SPUI, TUDI, and CUDI are assumed to operate 

             with one controller; 

  - All other types assume two controllers. 

  - Signal phasing and timing are assumed to  

       be optimal. 
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Default Values for Saturation Flow Rates 

Type of Interchange                      Default Saturation Flow Rate 

                (veh/hg/ln) 

                                                 Left Turns         Through        Right Turns 

 

       SPUI           1800       1800                 1800 

        

       TUDI           1700       1800    1800 

 

       CUDI           1700       1800    1800 

 

       CDI            1700       1800    1800 

 

       Parclo A 4Q & 2Q          1700       1800    1800 

 

       Parclo B 4Q & 2Q          1700       1800    1800 
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Step 1:  Mapping of Interchange O-D’s to Phase-Movements 
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Step 2 – Critical Sum of Flow Ratios for Each Interchange Type 

Single-Point Urban Interchange (SPUI) 

RING 1 

 

RING 2 

 

Cross LT        Cross TH             Exit Ramp LT      Exit Ramp  

       1                       2                              3              RT    4 

Cross LT             Cross TH        Exit Ramp      Exit Ramp RT 

        5                         6                   LT  7                    8 
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Tight Urban Diamond Interchange (TUDI) 


















































































t

88

8

7t

44

4

3

7

88

8

66

6

3

11

1

7

55

5

3

44

4

22

2

c

y;
ns

v
minyy;

ns

v
miny

y
ns

v

ns

v
;y

ns

v
maxB

y
ns

v
;y

ns

v

ns

v
maxA

BAY



Workshop on Interchange Ramp Terminals, HCQS, January 2005 

Compressed Urban Diamond Interchange (CUDI) 
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Conventional Diamond Interchange (CDI) 
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Partial Cloverleafs A, 4Q and 2Q (Parclo A) 
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Partial Cloverleaf B, 4Q and 1Q (Parclo B) 
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Step 3 – Estimating Interchange Delay 
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Level of Service Cannot Be Determined 

Using the Planning Methodology   
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Sample Problems  

Under Development 
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Interpretation of Results 

Methodology yields comparison values of  

Interchange delay. 

 

Other decision factors must be considered: 

cost, land use, environmental factors, etc. 

 

Land consumption and distance between  

intersections are significant issues that are  

greatly influenced by interchange type. 
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Next Steps: 

 Draft Final Report and Chapter to be 

reviewed by the panel and by the 

ICRT/HCQS. 

 Subcommittee and committee vote.  

 Software development (McTrans) 



Interchange Ramp Terminals 

 Highway Capacity Software  

HCM Chapter 26 

 Using HCS+ 

Modifying Signals 
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 Interchange Type 

 Initially Select from 

List 

 Diamond 

 Six Parclos 

 SPUI 

 Ultimately 

 Preliminary Planning 

Method 

 Present Prioritized List 

 User Selects 

 



 HCS+ Data Entry  

Special Two-Intersection Case  

SPUI Treated as One Signal 

 O-D Matrix 

Defined in Chapter 26 

             OR  

 Turning Movement 

 Internal Percentages 
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 HCS+ O-D Screen 
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 HCS+ Turns Screens 
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 HCS+ Timing Screens 
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 Incorporate: 

 Speed 

 Distance 

Offset 

 Signal Timing 

 User Coded 

Optimization 

Including Offset 
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 Run Signals Analysis  
 Two Signals 

One Signal for SPUI 

 Modify for:  
 Lane Utilization 

 Effective Green 

 External Downstream Queue 

 Internal Demand Starvation 
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 Results 

 v/c Ratios 

Queue-Storage Ratios 

 Control Delay  

 Level of Service 

 Control Delay 

 v/c or RQ > 1  LOS F 

O-D Movements 

 Approach Lane Groups 
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 HCS+ Interface 

Quick Entry for Lane Configuration 

Signal Timing with Preset Phasing 

Split-Screen Design 

Full & Context-Sensitive Help 

 HCS Standard Report 

Text & Formatted Reports 

Follow HCM Worksheets 
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 HCS Modular Design 
 Existing HCS Framework 

Modified Signals Engine  

 Software Development 
 HCS+ Release Eminent  

 Initiate Development Now 

 Planned Schedule 
 Probably Spring 2006 

 No Good Estimates  

 


