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Summary 
This technical note collates information about the SIDRA model extensions offered for the US 
Highway Capacity Manual (HCM). It also includes information about the SIDRA research 
contributions to the HCM, and further information about the SIDRA INTERSECTION software 
relevant to the HCM. SIDRA INTERSECTION software complements the US Highway 
Capacity Manual (HCM) as an advanced intersection and network analysis tool. SIDRA and 
HCM use common fundamental traffic modeling principles. However, unlike other software 
packages, SIDRA INTERSECTION does not claim to be a simple replication of the HCM 
procedures. Instead, it offers significant extensions to the capabilities of HCM.  
General SIDRA model extensions to HCM that apply to all intersection types include multi-
modal and lane-based modeling, consistent back-of-queue modeling, analysis of stops and 
emissions, lane-based network analysis with lane blockage and midblock lane changes, 
approach and exit short lane modeling, and  Site and Network templates for easy setup 
including alternative intersections and interchanges.  

SIDRA model extensions to HCM for roundabout analysis include a geometry-sensitive 
capacity model, capacity constraint applied to oversaturated lanes, an unbalanced flow model, 
metering signal assessment, turbo roundabout, upstream signal effects, geometric delay back of 
queue and numerous performance measures . 

SIDRA model extensions to HCM for traffic signal analysis include common control group 
timing, a unique critical movement identification method, green split priority, a behaviour-
sensitive Right/Left Turn On Red model, analysis for multiple phase sequences, and lane-based 
platoon progression. 

SIDRA model extensions to HCM for sign control analysis include modeling of two-way yield 
(give way) sign control, lane-based sign control analysis, and extensive general model 
extensions.  

SIDRA research contributions to the HCM include second term of the HCM delay equation 
based on the model developed by Akçelik, a back of queue model developed for signalized 
intersections and actuated signal analysis method used in HCM 2000, the effect of Akçelik's 
early work and the SIDRA software on the signal timing and capacity analysis methods used in 
HCM 1985 and later editions, bunched exponential model of arrival headway distribution used 
in the actuated signal model, progression factor for queue length and related performance 
statistics for signalized intersections used in HCM 2000, and a number of papers presented 
detailed assessments of the HCM roundabout capacity models included in HCM 2010 and HCM 
Edition 6.  
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1  Introduction 

SIDRA INTERSECTION software complements the Highway Capacity Manual (HCM) as an 
advanced intersection and network analysis tool. SIDRA and HCM use common 
fundamental traffic modeling principles and the HCM setup in SIDRA is calibrated using the 
HCM model parameters. 

Unlike other software packages, SIDRA INTERSECTION does not claim to be a simple 
replication of the HCM procedures. Instead, it offers significant extensions to the capabilities 
of HCM. The following is a selection of these.  

This is in line with the Highway Capacity Manual acknowledgement of the need to use 
alternative models in view of various shortcomings of the HCM.  

With the release of new HCM Edition 7, SIDRA INTERSECTION continues its compatibility 
with, and extensions to, the HCM analytical approach to traffic modeling. 

Sections 2 to 5 give lists of SIDRA model extensions offered for the HCM. Section 6 gives a list 
of SIDRA research contributions to the HCM.  Sections 7 and 8 give further information about 
the SIDRA INTERSECTION software relevant to the HCM.  

Most references given in the two REFERENCES sections (separate lists for model extensions 
and research contributions) are available for download from 
https://www.sidrasolutions.com/publications.  

 

2  Extensions to HCM for roundabout analysis  

SIDRA INTERSECTION includes a full implementation of the roundabout capacity models 
described in HCM Edition 6 and HCM 2010 in addition to the SIDRA Standard (HCM) 
model calibrated to match the HCM Edition 6 model as well as the HCM 6 Extended 
Roundabout Capacity Model.  

Roundabout Capacity Model in HCM Edition 7 is the same as the model in HCM Edition 6. 
Therefore, SIDRA INTERSECTION continues to use the name "HCM 6 Roundabout 
Capacity Model".  

The roundabout capacity model is the only analysis method in the HCM which uses lane-by-
lane analysis, and as such it is best implemented by SIDRA INTERSECTION which has been 
using a lane-based model for all types of intersection since the 1984 and for networks since 
2013.  

According to the US Transportation Research Board document "Roundabout Practices", SIDRA 
INTERSECTION is the most widely-used software tool in the USA for roundabout capacity 
and performance analysis. 

Roundabout capacity and performance models in SIDRA INTERSECTION have been 
developed as part of an integrated performance modeling framework developed considering 
all types of intersection allows comparison of roundabout design with signalised and sign-
controlled intersections in one package using consistent methodology.  

Numerous articles comparing the features of SIDRA Standard (HCM), HCM Edition 6 and, and 
the UK TRL model implemented in the RODEL and ARCADY software can be found on the 
web page https://www.sidrasolutions.com/publications. 

https://www.sidrasolutions.com/software/sidra-intersection/features/roundabouts/most-widely-used-software-tool-usa
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The features compared include methodology, model level of detail (lane-based or approach-
based), parameters used in the model to represent driver behaviour and roundabout geometry, 
and model calibration methods.  
 

 

 
 

Powerful extensions to the HCM roundabout models offered by SIDRA INTERSECTION to 
help you enhance your roundabout design capabilities are listed below. 

• SIDRA Standard (HCM) Roundabout Capacity Model option:  
o sensitive to roundabout geometry (roundabout size, circulating road width, entry 

radius and angle, short lanes, etc.),  
o critical gap and follow-up headway reduction with increasing demand flows in 

design life analysis (drivers accept shorter headways when experiencing longer 
delays), and  

o the HCM setup in SIDRA calibrated to match the HCM roundabout capacity model.  
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• Unique HCM Extended Roundabout Capacity Model option in addition to the original 
HCM roundabout capacity model. This option enables better calibration by specifying 
parameter values that distinguish different lane configurations including separate parameters 
for bypass lanes. 

• Models for roundabout corridors and networks (where signals, sign-controlled 
intersections and pedestrian crossings are located close to roundabouts) allow for lane 
blockage (queue spillback) and midblock lane changes.  

 
 

• Unique method to assess the effectiveness of roundabout metering signals.  
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• Roundabouts with any configuration, and roundabouts with more than two entry and 
circulating lanes. 

• Capacity constraint applied to oversaturated entry lanes as an essential requirement for 
roundabout capacity and performance analysis.  

 

 

• Modeling of unbalanced flows under heavy demand conditions. The method used treats the 
roundabout as an interactive system rather than a series of T intersections.  

• Effect of upstream traffic signals on downstream roundabout capacity taken into account 
by determining extra bunching in circulating flows.  

• Entry and circulating lane flow rates calculated allowing for lane under-utilisation 
including the effect of exit short lanes.  

• Approach short lane capacity with excess queues overflowing into adjacent lanes.  

• Effect of Heavy Vehicles and other Movement Classes on capacity taken into account 
using separate factors for entry flows (Gap Acceptance Factor) and circulating flows 
(Opposing Vehicle Factors).  

• Option to include Geometric Delay using estimated negotiation speeds and distances, and 
acceleration and deceleration distances and times.  

• Model Calibration Factor and Environment Factor parameters for easy calibration of 
the roundabout capacity models. SIDRA Standard (HCM) roundabout capacity model 
option uses default Environment Factors of 1.05 for single-lane roundabouts and 1.20 for 
two-lane roundabouts to match the lower capacity estimates based on US roundabout 
research. 

• Easy setup of roundabout geometry configuration using the Add New Site function for 1-
lane and 2-lane roundabouts (unsignalised), roundabouts with metering signals, turbo 
roundabouts (new in Version 10), and using Site Templates (18 different roundabouts 
available). 
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3  Extensions to HCM for traffic signal analysis  

SIDRA was first developed traffic signal analysis software implementing Dr Rahmi Akçelik’s 
well-known Research Report ARR 123 (Traffic Signals: Capacity and Timing Analysis. 
This was published by the Australian Road Research Board in 1981 and had a strong influence 
on signal analysis methods in the 1985 Highway Capacity Manual.  

Signal timing analysis methods in the current version of SIDRA INTERSECTION cover an 
extensive area of application including single intersections, interchanges and networks, 
pretimed, actuated and semi-actuated signals, variable phasing, pedestrian and minor vehicle 
phase actuation, turn on red, yield-controlled and continuous bypass lanes, and so on. 

Network signal timing methods are available to determine cycle time, green times and signal 
offsets for coordination of signalised intersections controlled by separate signal controllers as 
well as Common Control Group timings for intersections running under a single signal 
controller. The program determines Signal Offsets for Network Routes defined by the user.  

When the HCM Software Setup is used in SIDRA INTERSECTION, signals phase sequences 
use NEMA phase numbering scheme.  
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In addition to the general model extensions to HCM, the following features offer advanced 
signal timing methods.  

• Signal timing analysis for Common Control Groups (intersection and interchange signals 
running under a single signal controller).  

• Unique Critical Movement Identification algorithm.  

• Green Split Priority for coordinated or user-specified priority movements.  

• Use of Target Degrees of Saturation (v/c ratios) for EQUISAT and ACTUATED signal 
timing methods. 

• Optimum signal timings for intersections, interchanges and networks.  

• Right Turn On Red capacity model sensitive to driver behavior and blocking of turning 
vehicles in shared lanes.  

• Multiple green periods modelled for signal timing and performance calculations.  

• Analysis for multiple phase sequences with variable phase sequence analysis.  

• Effect of pedestrian actuation on signal timings.  

• Unique lane-based second-by-second platoon movements method using the SIDRA lane-
based network model with midblock lane changes.  

• Interactive Offsets function allows the user to modify Offsets manually towards achieving 
desired two-way progression.  

 
• Extra bunching determined by the program automatically for signal platoons from an 

upstream intersection arriving at downstream roundabouts and sign-controlled intersections 
for estimating the effect of upstream signals.  

• Output options to show "displayed signal timings" or "effective signal timings" for vehicle 
and pedestrian movements in Movement Timing and Time - Distance displays. Displayed 
timings are signal timings (red, green, yellow, flashing don't walk) as drivers see them as 
opposed to effective timings used in capacity and performance calculations.  
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4  Extensions to HCM sign control analysis  

SIDRA INTERSECTION and HCM include the following important common aspects of Two 
Way Sign Control (TWSC) capacity and performance models in: 
• consistent values of Critical Gap (Headway) and Follow-up Headway parameters for 

gap acceptance modeling (some minor differences may exist), 
• capacity and delay equations (the HCM equations are used in the HCM software setup of 

SIDRA by default but they are applied to lanes rather than movements), and 
• the same method for basic shared lane capacity. 
However, because the SIDRA capacity and performance model for TWSC intersections is a 
lane-based model compared with the HCM lane-group based model, some differences exist 
between the SIDRA and HCM methods for TWSC intersections (discussed in detail in the 
SIDRA INTERSECTION User Guide).  
HCM TWSC method is limited to Stop Sign Control while SIDRA INTERSECTION includes 
modeling of Yield (Give Way) Sign Control. 
For the AWSC model in SIDRA INTERSECTION, specifying the Departure Headway 
parameter determined from the HCM method as input is recommended. 
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5  General model extensions to HCM 

The following features apply to analysis of all types of intersections (traffic signals, 
roundabouts, sign control) as well as interchanges and networks consisting of these intersection 
types.  

• Multi-modal and lane-based modeling of all intersection types and networks with different 
Vehicle Movement Classes (Buses, Bicycles, Light and Heavy Vehicles. Large Trucks) that 
can be assigned to specific approach lanes and signal phases, and separate performance 
output for Buses, Bicycles, Light and Heavy Vehicles, Large Trucks, Trams / Light 
Rail, Pedestrians, Persons.  

 
 

• Lane-based network analysis with:  
o lane blockage (queue spillback) based on back of queue probabilities, and 
o midblock lane changes.  
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• Short lane modeling including multiple approach short lane combinations and exit short 
lanes with merging and effect on approach lane use.  

 

 

• Back of queue model for roundabouts and two-way sign control consistent with the HCM 
back of queue model for signalized intersections. Important for network lane blockage 
(queue spillback) and approach short lane modeling.  

• Performance models include stops (effective stop rate and queue move-up rate), number of 
cycles to clear, proportion queued, overflow queue and queue at the start of green (or 
acceptable gap) for all types of intersections and networks.  

  



SIDRA Model Extensions for the Highway Capacity Manual 11 
 
 

 

• SIDRA performance models include the following basic differences from the HCM 
models: 

o performance models based on overflow queue concept, 
o first-term equations for all cases including multiple green periods based on 

analytical formulations (graphics based queue accumulation polygons in HCM), 
and allowing for randomness,  

o second-term equations allowing for no overflow queue effects below a variable 
limit v/c ratio (degree of saturation). 

o the effects of initial queued demand included in the second-term equations (in a 
separate third term in HCM).  

• SIDRA drive cycle method (cruise, acceleration, deceleration and idling) allows for 
detailed modeling of delay and travel time components as well as operating cost, fuel 
consumption and emission estimation. 

 
 

• Network templates for easy setup including alternative intersections and interchanges.  
The list of SIDRA Network Templates and two examples are given in figures below.  
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Diverging Diamond Interchange (DDI) 

 
 

Continuous Flow Intersection (CFI) 
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6  SIDRA research contributions to HCM  

Dr Rahmi Akçelik's research made a number of direct and indirect contributions to the 
development of various editions of the Highway Capacity Manual. Dr Akçelik served as a 
member of the US Transportation Research Board (TRB) Committee on Highway Capacity and 
Quality of Service and its subcommittees, and Committee on Traffic Signal Systems.  

The following is a summary of Dr Akçelik's contributions. See the References section below. 

• The second term of the HCM delay equation (Chapters 19, 20, 21, 22) is based on the 
model developed by Akçelik (Roess 1983; Roess, Prassas and McShane 2019; Akçelik 
1980, 1981, 1988). An anomaly in the earlier HCM delay equation was corrected in the 
HCM 2000 edition. 

 
 

• The second term of the queue length equation is similar to the delay equation. A back of 
queue model developed for signalized intersections was used in HCM 2000 edition 
(Akçelik 1998, 2001). Refer to Chapter 16, Appendix G in HCM 2000.  
In Chapter 31 of HCM Edition 7, the second-term of the back of queue equation for 
signals appears to be calculated from a deterministic oversaturation model which would 
underestimate oversaturation delay near capacity.  
For roundabouts and sign control, HCM calculates the cycle-average queue as the 
product of the delay and arrival flow rate.  
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• Actuated signal analysis method developed jointly by Prof. Courage and Dr Akçelik was 
used in HCM 2000 (Akçelik 1994, 1995; Courage and Akçelik 1994; Courage, et al 1996). 
Refer to Chapter 16, Appendix B in HCM 2000.  

 

 
• Dr Akçelik's early work including the research report ARR No. 123 (Traffic Signals: 

Capacity and Timing Analysis) and the SIDRA software affected the signal timing analysis 
methods at the same time as the capacity analysis methods used in HCM 1985 and later 
editions (Roess 1983; Roess, Prassas and McShane 2019; Akçelik 1980, 1981, 1988, 1990).  
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• SIDRA actuated signal analysis method differs from the HCM method in using "target v/c 
ratios" estimated for actuated signal operation (Akçelik, Chung and Besley 1997).  

 
 

• Bunched exponential model of arrival headway distribution was used in the actuated 
signal model (Akçelik and Chung 1994; Akçelik 2007).  
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• Progression Factor for Queue Length and related performance statistics for signalized 
intersections were used in HCM 2000 (Akçelik 1995, 1996, 2001). Refer to Chapter 16, 
Appendix G in HCM 2000.  

 

 
• A number of papers presented detailed assessments of the HCM roundabout capacity models 

included in HCM 2010 and HCM Edition 6 (Akçelik 2011, 2017; Akçelik, et al 2022).  
In particular, Akçelik, et al (2022) assessed the basic exponential and linear model forms 
used in practice for roundabout capacity estimation using the HCM single-lane roundabout 
capacity research data. These assessments demonstrated the non-linear characteristic of 
roundabout capacity data as a function of the circulating flow, and supported the HCM 
exponential roundabout capacity model over the linear model form.   
Akçelik, et al (2022) and Akçelik (2022) applied a simplified SIDRA geometry method for 
estimating the parameters of the HCM (Siegloch) exponential roundabout capacity model.  
This method estimated the gap acceptance parameters follow-up headway, tf and critical gap 
(headway), tc as a function of inscribed diameter, entry radius and entry angle.  Results 
were promising when applied to the HCM single-lane roundabout capacity research data.  
These papers are available for download from:  
https://www.sidrasolutions.com/publications.  
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7  HCM methods used in SIDRA INTERSECTION  

Various HCM models or methods are used in all software setups of SIDRA INTERSECTION.  
These include: 
• the HCM Level of Service method and criteria,  
• the effects of adjacent parking manoeuvres and bus stops on saturation flow rates at 

signalised intersections,  
• the effect of grade at sign-controlled intersections,  
• the delay and queue progression factors for signal coordination effects, and  
• pedestrian effects on capacity at signals, roundabouts and sign-controlled intersections.  

These models are adopted with some changes as required for the lane-based models used in 
SIDRA INTERESECTION. 
 

8  SIDRA HCM Software Setup  

The Highway Capacity Manual (HCM) Software Setup in SIDRA INTERSECTION offers 
options for US Customary and Metric units. SIDRA model extensions to HCM are available in 
both software setups.  

The HCM and SIDRA INTERSECTION capacity and performance models are compatible in 
their basic structures and principles.  

Making use of this compatibility, the HCM Software Setup in SIDRA INTERSECTION is based 
on the calibration of most model parameters using the HCM defaults as applicable. 

SIDRA INTERSECTION includes facilities to allow the user to choose between the HCM and 
SIDRA Standard (HCM) model options including Roundabout Capacity Model options 
(SIDRA Standard (HCM), HCM 6, HCM 6 Extended Model, HCM 2010), HCM Delay and 
Queue Model options, and options to include Geometric Delay and apply the SIDRA Model 
for Unbalanced Conditions. Note that HCM Edition 7 uses the HCM 6 roundabout capacity 
model.  

Detailed explanations related to all aspects of the HCM version of SIDRA INTERSECTION are 
included in the SIDRA INTERSECTION User Guide.  

More detailed information can be found in research papers and reports listed in the References 
section. Many of these reports are available for download from  
https://www.sidrasolutions.com/publications.  

 

9  Conclusion  
Various extensions to the US Highway Capacity Manual are presented in this document.  

Considering that SIDRA and HCM use common fundamental traffic modeling principles, it is 
recommended that various SIDRA model extensions described here are considered for future 
improvements to the Highway Capacity Manual. 
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