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IAR Safety Guidance 

1.1 Introduction  
The purpose of performing safety analyses in Interchange Access Requests (IARs) is to understand the 

impacts of the proposed modifications on safety and crash likelihood at an existing or proposed 

interchange. It is important that an appropriate safety analysis methodology is selected to analyze the 

proposed modifications in the IAR. The safety analysis method chosen for the IAR should be in concert 

with the purpose and need, alternatives analysis and other aspects of the study project. The objective of 

the safety analysis is to examine the effects of the IAR proposed modifications on the safety performance 

of the interchange. As such, the safety analysis should proactively aim at reducing or correcting potential 

safety concerns before recommendations are constructed. The safety analysis should include the analysis 

of the existing conditions using historic data and future safety analysis of the proposed modifications using 

statistical analysis techniques for crash prediction methods. The common methods to perform the future 

safety analysis are: 

i. the Countermeasure Crash Modification Factors (CMFs) and  
ii. the Highway Safety Manual (HSM) Part C Methodology.  

 

These methodologies are based on the guidelines set by the HSM. The HSM is published by the American 

Association of State Highway and Transportation Officials (AASHTO) and includes methodologies to 

quantitatively predict a facility’s safety performance. The “Predictive Method” in the HSM provides 

equations (Safety Performance Functions) that statistically predict the number of crashes on rural two-

lane roads, rural multilane roads, urban/suburban roads, urban/rural freeways and ramps with specific 

geometric features and traffic volumes for a given period of time. Crash prediction methods offer a 

scientific and objective approach for predicting the quantitative safety differences of project alternatives. 

This allows analysts and reviewers to make sound engineering decisions regarding the proposed 

modifications in IARs. 

 

The HSM was published in 2010 and, according to Volume 1, is “a resource that provides safety knowledge 

and tools in a useful form to facilitate improved decision making based on safety performance. … The 

purpose of the HSM is to convey present knowledge regarding highway safety information for use by a 

broad array of transportation professionals.” To present this information, the HSM is divided into four 

parts:  

▪ Part A – Introduction, Human Factors, and Fundamentals 

▪ Part B – Roadway Safety Management Process 

▪ Part C – Predictive Method 

▪ Part D – Crash Modification Factors 

 

Per the HSM, “Part A describes the purpose and scope of the HSM and explains the relationship of the 

HSM to planning, design, operations, and maintenance activities. Part A also presents an overview of 

human factor principles for road safety and fundamentals of the processes and tools described in the 

HSM. … Part B presents the steps that can be used to monitor and reduce crash frequency and severity 

on existing roadway networks. … Part C of the HSM provides a predictive method for estimating expected 

http://www.highwaysafetymanual.org/Pages/default.aspx
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average crash frequency of a network, facility, or individual site. … Part D summarizes the effects of various 

treatments such as geometric and operational modifications at a site. Some of the effects are quantified 

as CMFs. CMFs quantify the change in expected average crash frequency because of modifications to a 

site.” The focus of this guidance will be on HSM Parts C and D. HSM Parts A and B are not covered in this 

guidance. For further information regarding HSM Parts A and B, please refer to the HSM. 
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1.2 Purpose  
The purpose of this Safety Analysis Guidance is to provide: 

▪ Direction for performing existing and future safety analysis in IARs using appropriate data and 

methods. 

▪ Information to select and appropriately apply the Countermeasure CMF and HSM Part C 

methodologies. 

▪ Consistent and uniform approach for completing safety analyses for IARs throughout the state. 

▪ Analysis examples demonstrating the application of safety analysis methods for IARs. 

 

This guidance is divided into the following sections: 

▪ Methodology Letter of Understanding (MLOU) 

▪ IAR Safety Analysis Process 

▪ Existing Safety Analysis 

▪ Future Safety Analysis 

▪ Guidance on the application of the Countermeasure CMF methodology: To perform a future 

safety analysis using the Countermeasure CMF methodology, sources such as the Federal 

Highway Administration (FHWA) CMF Clearinghouse, HSM and Florida Crash Reduction Factors 

(CRFs) can be used. Further information regarding Countermeasure CMF methodology is 

discussed in Section 1.6.1.  

▪ Guidance on the application of the HSM Part C methodology: The HSM Part C methodology is 

a multistep process to determine the predicted number of crashes at a location, based on the 

facility’s roadway and traffic characteristics. Tools that support the HSM Part C methodology 

may be used to perform the safety analysis. Commonly available tools that are used to quantify 

safety include HSM spreadsheets, the Enhanced Interchange Safety Analysis Tool (ISATe) and 

the Interactive Highway Safety Design Model (IHSDM). Further information regarding the HSM 

Part C methodology is discussed in Section 1.6.2. 

▪ Documentation of IAR safety analysis. 

 

The Safety Analysis Guidance for IARs should be used by FDOT staff and consultants who perform and 

review safety analyses for IAR documents. The focus of this guidance is to assist the analyst in selecting 

the appropriate safety analysis techniques for IARs. It is assumed that the analyst has a basic knowledge 

of safety analysis and experience with HSM methods and tools.  
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1.3 Methodology Letter of Understanding (MLOU) 
The safety analysis discussion provided in the MLOU should follow and 

be consistent with the MLOU template available on the Systems 

Implementation Office website. The following information is required in 

the safety section of the MLOU: 

▪ Safety analysis years 

▪ Historic crash data sources 

 

Safety analysis should be performed using the latest five years of historic crash data available at the MLOU 

stage. If data is not available for the latest five years, then three years of crash data can be used to perform 

the safety analysis. In case less than five years of data is used, it should be explained in the MLOU. If the 

project is put on hold and does not progress, then the crash data must be updated to the latest five years 

during the next project initiation. The second item to be included in the MLOU is the sources of historic 

crash data to be used in the safety analysis. Further discussion on the sources of historic crash data and 

their use is provided in Section 1.5.  

 

The MLOU shall document an understanding that an existing and quantitative safety analysis will be 

performed and will be consistent with the safety guidance. If a known deviation from the safety guidance 

is expected during the MLOU stage, it should be documented in the MLOU. Additional deviations from 

the safety guidance that occur after the MLOU approval should be discussed with the State Interchange 

Review Coordinator (SIRC) and documented in the IAR. 

 

An example of the safety discussion needed in the MLOU is provided below. 

 
 

 

 

7.0 Safety Analysis 
A. Detailed crash data within the study area will be analyzed and documented.  
Years: 2013-17 
Source: FDOT Safety Office  
 
Crash data will be obtained from the FDOT Safety Office for the most recent five‐year period 
on the mainline, interchanges and major cross streets within the area of influence. The data 
collected shall include the number, type and location of crashes and the crash severity. Actual 
crash rates along the facility will be compared with the statewide average rates for similar 
facilities to determine if any “high crash locations” exist within the study area.  
 
The historic crash analysis will be used to inform the quantitative safety analysis of the future 
year alternatives utilizing Highway Safety Manual procedures. The safety analysis for the 
proposed conditions will document how the request will impact the facility’s safety within the 
project study area. The quantitative safety analysis will comply with the guidelines of the FDOT 
Interchange Access Request User’s Guide Safety Analysis Guidance to determine the estimated 
change in the expected number of crashes due to the proposed modifications of the project. 
 

The safety analysis 
discussion in the MLOU 

should be consistent with 
the MLOU template. 

https://www.fdot.gov/planning/systems/documents/sm/
https://www.fdot.gov/planning/systems/documents/sm/
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1.4 IAR Safety Analysis Process 
The IAR Safety Analysis Process Flow Chart is depicted in Figure 1. The safety analysis methodology is 

determined based on the type of modifications that are being recommended.  

 

The first step in the IAR safety analysis process is to perform the existing safety analysis. The existing safety 

analysis should be consistent with the guidance provided in Section 1.5. 

 

Step two is to perform the future safety analysis. To begin the future safety analysis, determine if the 

proposed modifications have a CMF or Safety Performance Function (SPF) that is applicable. If a CMF or 

SPF is available, proceed to quantitative safety analysis. If a CMF or SPF is not available, proceed with 

qualitative safety analysis. 

 

Qualitative safety analysis must only be selected if the quantitative safety analysis cannot be performed 

using an applicable CMF or SPF. Qualitative safety analysis 

should include a discussion on the limitations of the 

quantitative safety analysis and the safety impacts of the 

proposed modifications. It is recommended that the discussion 

is supported by additional research and data, if available. 

 

If a CMF or SPF is available, a quantitative safety analysis should be performed. Depending on the proposed 

modification, the Countermeasure CMF methodology or HSM Part C methodology can be selected. If a CMF 

and SPF are available for the proposed modification, priority should be given to the application of the HSM 

Part C methodology over the Countermeasure CMF methodology.  

Qualitative safety analysis must only 
be selected if quantitative safety 

analysis cannot be performed. 



Countermeasure CMF 
Methodology2 HSM Part C Methodology

Apply HSM Part C Methodology to 
applicable improvements.

Apply Countermeasure CMFs to 
proposed improvements not considered 

in the HSM Part C Methodology.3

Describe Existing 
Crash Trends

Existing Safety 
Analysis

Collect Raw Crash 
Data

Calculate Crash Rates

Future Safety Analysis

Is CMF/SPF available 
for the proposed 
improvement?

CMF and HSM Methodologies 
Cannot be Performed

Discuss limitations of 
quantitative safety analysis

Apply CMF to Observed 
Crashes for Proposed 

Improvements

Documentation

Is a new 
interchange being 

proposed?

Perform HSM Part C 
Methodology w/o EB 

Method
Does EB 
Method4 

Application 
Guidance Apply 

to Project?
Documentation

Perform HSM Part C 
Methodology w/o EB 

Method

Documentation

Perform HSM Part C 
Methodology w EB 

Method

Documentation

Can all improvements 
be analyzed using the 

HSM Part C 
Methodology?

Discuss safety impacts of 
proposed improvements

Notes

1. If a SPF and CMF are available for the 
same improvement; priority should 
go to application of the HSM Part C 
Methodology over Countermeasure 
CMF Methodology.

2. Ensure the CMF used meets the CMF 
Criteria discussed in Section 1.6.1.2.

3. If no Countermeasure CMFs are 
applicable, discuss additional 
improvements qualitatively.

4. EB Method is discussed in Section 
1.6.2.1.

YesNo

Yes No

Yes No

Figure 1: IAR Safety Analysis Process Flow Chart

Quantitative Safety Analysis Qualitative Safety Analysis

Documentation

Future Safety 
Methodology

Selected1

Yes No Documentation
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1.5 Analysis of Existing Safety Conditions 
The existing safety analysis helps identify safety issues within the project 

study area in the existing year. Along with traffic operations and other 

relevant factors, existing safety analysis helps develop the purpose and 

need for the project. An existing conditions safety analysis shall be 

performed for all IARs by analyzing the latest five years of historic crash 

data within the area of influence. If data is not available for the latest five 

years, then three years of crash data can be used to perform the existing safety analysis. If a shorter study 

period is necessary due to nonavailability or discrepancies in data, it should be discussed in the IAR. The 

study limits of the existing safety analysis should be the same as for the operational analyses. 

 

There are three main sources of historic crash data, as shown in Figure 2. These three sources should be 

used in the analysis, as per the hierarchical order of preference shown below.  

 

Figure 2: Historic Crash Data Sources Hierarchy 

 
 

1. Crash Analysis Reporting System (CAR Online) data can be requested from the District or State 

Safety Office or accessed from the FDOT mainframe. The CAR Online database includes crashes 

on all public roads, along with roadway and geolocation data. The data is subject to an extensive 

review by FDOT prior to publishing which typically results in a data entry lag. The approved CAR 

Online database should be the first source of crash data that is considered in the safety analysis 

prior to using other sources. 

 

 

 

CAR 
Online

•Crash Analysis 
Reporting 
System

SSOGis

•State Safety 
Office 
Geographic 
Information 
System

Signal Four 
Analytics

•University of 
Florida's Signal 
Four Analytics 
Tool

The study limits of the 
existing safety analysis 
are the same as for the 
operational analyses. 
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2. The State Safety Office Geographic Information System (SSOGis) is a publicly available crash 

database in the form of a web-based map, that is maintained by the FDOT Safety Office. The map 

can be accessed on the State Safety Office’s traffic safety web portal. This database covers state 

highways and local roadways. SSOGis does not include the detailed crash data fields that are 

included in the CAR Online database, but the information provided is sufficient for safety analysis 

in IARs. Like the CAR Online database, the SSOGis also experiences delays in data entry due to the 

review process.  

 

3. The University of Florida’s Signal Four Analytics tool is an interactive, web-based geospatial crash 

analytical tool developed and maintained by the GeoPlan Center of the University of Florida. The 

tool provides up-to-date crash data for the entire state reported by law enforcement to the 

Department of Highway Safety and Motor Vehicles. The tool also has built in crash analysis 

functions to evaluate the data. It is a good source of crash data for non-state arterials. If the study 

interchange is on a local road, then data from Signal Four Analytics tool is required as information 

may not be available from CAR Online and the SSOGis. A limitation of this tool is that the locations 

and crash data are not subject to the same scrutiny as the CAR Online and SSOGis databases.  

 

CAR Online or the SSOGis should be used as the primary sources of historic 

crash data. If data is missing for a local road, Signal Four Analytics can be 

used to supplement the CAR Online or SSOGis data. If multiple sources of 

crash data are used to cover the safety analysis study area, ensure that 

the data collected is for the same time period. It is common for the CAR 

Online and SSOGis crash data to lag behind the Signal Four Analytics database. If the most recent crash 

data used from CAR Online or the SSOGis is 2013–17, then the Signal Four Analytics crash data should also 

be from 2013–17, even if the 2018–20 crash data is available. Also, do 

not mix data sources to meet the five years of safety data requirement. 

For example, do not take two years (2013–14) of crash data from CAR 

Online and three (2015–17) years of crash data from Signal Four 

Analytics. 

 

In addition to ensuring the same data collection years are used, it is important to check and validate the 

crash data and ensure that crashes are not double-counted when using multiple sources.  

 

The historic crash data collected should include all roadway elements (freeway segments, merge/diverge 

areas, weaving segments, arterial segments and intersections) within the area of influence.  

 

The historic crash data collected should include at a minimum: 

▪ Crash type 

▪ Overturns, rear-ends, angle, sideswipes, hitting fixed objects, etc. 

▪ Prevalence of crash types 

▪ Crash patterns and crash contributing factors 

▪ Crash severity 

▪ Fatal injury, incapacitation injuries, non-incapacitation injury, possible injury, no injury 

(property damage only) — commonly referred to as KABCO 

Crash data from multiple 
sources must be for the 

same time period. 

Do not mix data sources 
to meet the five years of 
safety data requirement. 
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Existing conditions safety analysis uses observed crash data to determine crash severity for historic 

crashes, crash trends, crash types and major contributing factors. The existing conditions safety analysis’ 

purpose is to identify areas where there may be a safety concern and should include: 

 

a. Description of Existing Crash Trends 

A written description of the crashes occurring over the analysis period, broken down by location, is 
required.  

 
The descriptions must provide the following: 
▪ Number of crashes occurred (crash frequency) 

▪ The most frequent crash type 

▪ Common crash cause 

▪ Severity of crashes 

▪ Pedestrian and bicycle crashes 

 

An example of the written description of crashes that should be provided in the IAR is provided 
below. 

 

 
 

b. Crash Tables and Diagrams 

Crash tables and diagrams — such as heat maps, bar charts, pie charts or other maps graphically 
showing the common crash types, common crash causes, severity of crashes and high crash locations 
along a system or at an interchange — should be created. It is not required that each of these tables 
and diagrams be provided. It is recommended that a sufficient number of tables and diagrams are 
provided to adequately present the historic safety analysis. Examples of recommended tables and 
diagrams are shown in Figure 3. 
 
 
 
 
 
 
 
 
 

There were 354 reported crashes along the interstate within the study area during the five-
year period; 66 occurred in 2014, 94 in 2015, 109 in 2016, 55 in 2017 and 30 in 2018. Based on 
crash severity, of the 354 reported crashes, 250 (70.6%) were property-damage-only crashes, 
99 (28.0%) were injury-type crashes and five (1.4%) were fatal crashes. There were 95 (26.8%) 
night/dusk/dawn crashes reported, which is lower than the statewide average for all roadways 
of 30 percent, and 72 (20.3%) of the total crashes occurred under wet/slippery pavement 
conditions, which is higher than the statewide average for all roadways of 18 percent. Among 
the contributing causes documented in the crash data, work zone-related (95–27%), careless 
driving (90–25%) and improper lane change/passing (55–16%) were among the highest. There 
were no pedestrian or bicycle reported crashes. Rear end (139–39%), sideswipe (109–31%) and 
fixed object (52–15%) crash types had the highest frequencies. 
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Figure 3: Crash Table and Diagram Examples 

 

A table showing each 
crash segment 
broken down by 
crash type  

 

A table showing each 
crash segment 
broken down by 
crash frequency and 
crash rate 

 

A bar chart showing 
yearly crashes 
broken down by 
crash severity 
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A pie chart showing a 
corridor’s crash type 
broken down by 
percentage 

 

A crash map showing 
crash locations by 
severity level 

 

A crash map showing 
crash frequency and 
heat map 

 
c. Calculation of Crash Rates 

Crash rates are reported as a measure of the existing safety condition as they help neutralize the 
number of crashes relative to traffic exposure variables. Actual crash rates are compared to 
statewide average crash rates for comparable facilities to determine if a crash location is a high-
crash location. If a location has a higher crash rate than the statewide average, it should be noted 
and considered when recommending modifications. The most recent statewide average crash rates 
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for Florida can be obtained from the FDOT Safety Office. Actual crash rates are calculated for 
roadway segments and intersections. The calculation of the roadway segment and intersection crash 
rates should be included in the existing safety analysis.  

 
The roadway segment crash rate is calculated in crashes per million vehicle miles traveled. The 
roadway segment crash rate equation is: 

 

𝐶𝑟𝑎𝑠ℎ 𝑅𝑎𝑡𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑟𝑎𝑠ℎ𝑒𝑠 × 1,000,000

𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ × 𝐴𝐴𝐷𝑇 × (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 × 365)
 

 
Where: 
Total number of crashes: total number of crashes over the existing safety analysis study period 
(e.g., five years) 
Segment length: length of roadway in miles 
AADT: Annual Average Daily Traffic (Average Daily Traffic can be used if AADT is not available) 

 
The intersection crash rate is calculated in crashes per million entering vehicles. The intersection 
crash rate equation is: 

 

𝐶𝑟𝑎𝑠ℎ 𝑅𝑎𝑡𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑟𝑎𝑠ℎ𝑒𝑠 × 1,000,000

𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝐴𝐴𝐷𝑇 × (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 × 365)
 

 
Where: 
Total number of crashes: total number of crashes over the existing safety analysis study period 
(e.g., five years) 
AADT: sum of daily traffic entering the intersection from each approach 
 

 
 
 
 

Calculate the Freeway Crash Rate 
 
An IAR is being performed along a 1.5-mile, six-lane urban interstate corridor. A review of the 
historic crash data shows 200 crashes have been reported between 2013 and 2017. The freeway 
segment has an AADT of 85,000. What is the segment’s actual crash rate? 
 

𝑐𝑟𝑎𝑠ℎ 𝑟𝑎𝑡𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑟𝑎𝑠ℎ𝑒𝑠 × 1,000,000

𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ ×  𝐴𝐴𝐷𝑇 × (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 × 365)
 

 

𝑐𝑟𝑎𝑠ℎ 𝑟𝑎𝑡𝑒 =
200 × 1,000,000

1.5 × 85,000 × ((2017 − 2013) × 365)
 

 
𝑐𝑟𝑎𝑠ℎ 𝑟𝑎𝑡𝑒 = 1.074 

 
In Florida, the statewide average crash rate for a similar urban interstate facility is 0.976. Because 
the actual crash rate is higher than the statewide average, this segment should be noted as a 
high-crash location. 
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d. Documentation 

The safety analysis of the existing conditions should 
be summarized in the existing conditions section of 
the IAR. It should summarize crash rates, crash 
types, crash trends, high crash locations and other 
safety concerns using the methods and graphics 
discussed above. Existing safety analysis 
documentation should include a discussion about any fatal crashes and/or high-crash locations. 
Lastly, the discussion should include critical crashes involving pedestrians and cyclists since many of 
these crashes result in injury or fatality. It is not common practice in Florida to perform HSM Part C 
analysis for existing conditions. However, if the analyst deems it appropriate for the project, it can 
be performed. Any supporting data and calculations should be included in the appendix of the IAR.  
 
 
 
 
 
 
 
 
 
 
 
 

Existing safety analysis documentation 
should include discussion about fatal 

crashes and high-crash locations. 
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1.6 Future Safety Analysis 
The future safety analysis helps evaluate and compare the potential safety impacts of no-build and 

proposed alternatives in the IAR. Future safety analysis can be performed using the three methodologies 

shown in Figure 4.  

 
Figure 4: Future Safety Analysis Methodologies 

 

The three methodologies can be applied in isolation or in combination depending on the type of proposed 

modifications. There is no single method that is applicable to all project conditions. The method chosen 

for future safety analysis depends on multiple factors such 

as availability of CMFs or SPFs, type of recommended 

modifications etc. It is possible that not all recommended 

modifications can be analyzed using the Countermeasure 

CMF or HSM Part C methodology. Hence a combination of 

the three methods may be necessary in such situations. This is illustrated by the four project examples 

shown below.  

 

 

1. Countermeasure CMF methodology

2. HSM Part C methodology

• If countermeasure CMF or HSM Part C methodologies cannot 
be applied to the proposed modifications

3. Qualitative methodology

Project Modification Future Analysis Approach 

1 Diamond Interchange to DDI 
Countermeasure CMF 

Methodology 

2 Interstate Widened from Four to Six Lanes HSM Part C Methodology 

3 
Diamond Interchange to DDI and Interstate 

Widened from Four to Six Lanes 

Combination of 
Countermeasure CMF and 
HSM Part C Methodologies  

4 
Convert Single Point Urban Interchange to a 

Diverging Diamond Interchange 
Qualitative Methodology 

 

The three methodologies can be applied 
in isolation or in combination depending 

on the proposed modifications. 
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1.6.1 Countermeasure CMF Methodology 

A CMF is a multiplicative factor used to compute the expected number of crashes after implementing a 

given countermeasure. Therefore, CMFs are applied to the existing crashes observed without treatment 

to compute the expected crashes due to the proposed modification. For example, a project is 

recommending an intersection be converted to a high-speed roundabout. The existing intersection 

experiences a crash frequency of 10 crashes per year. A 4-star CMF from the CMF Clearinghouse, that is 

applicable to the recommended modification, is selected. The CMF, 

with a value of 0.659, is multiplied by the existing 10 crashes per year 

to determine the predicted crash frequency due to the recommended 

modification. It is predicted the conversion to the high-speed 

roundabout will result in 6.59 crashes per year or a reduction of 3.41 

crashes per year. 

 

The value of a CMF indicates how effective or ineffective a proposed modification could be. If a CMF of 

1.0 is applied, it implies the proposed modification will have no effect on the number of crashes. If a CMF 

of greater than 1.0 is applied, it implies the proposed modification will increase the number of crashes. If 

a CMF of less than 1.0 is applied, it implies the proposed modification will decrease the number of crashes. 

 

Another way to represent the reduction in crashes is the Crash Reduction Factor (CRF). A CRF is an 

estimate of the percentage reduction in crashes due to implementation of a countermeasure. The CRF is 

equal to 100*(1-CMF). 

 

There are two types of CMFs: Countermeasure CMFs and HSM Part C CMFs. 

 

1. Countermeasure CMFs should be used when performing the Countermeasure CMF methodology 

for IARs. Countermeasure CMFs are used to estimate how a countermeasure will change crashes 

at a specific location. Countermeasure CMFs are developed using multiple sites, studies and 

statistical methods. An example of a Countermeasure CMF is provided below. 

 
 

Recommended countermeasure: A deceleration lane on the off-ramp is being extended from 
150 feet to 350 feet. 
 
Step 1: Research CMFs 
 
Step 2: Select applicable CMF 
 
For this recommended modification, the following CMF from the FHWA Clearinghouse is 
recommended: 
 

 
 

CMFs are applied to the 
existing crashes to compute 
the expected crashes after 

modification. 
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The application process of the Countermeasure CMFs, along with examples of when to use 

Countermeasure CMFs, is discussed in Sections 1.6.1.3 and 1.6.1.4, respectively.  

  

2. HSM Part C CMFs are used in the predictive models as adjustment factors for the SPFs. Each SPF is 

applicable to a set of base geometric design and traffic control features. CMFs are used to adjust 

the SPF estimate and determine the predicted number of crashes to account for differences 

between the base geometric design and actual geometric design of the site. Each SPF has unique 

HSM Part C CMFs that are applicable to the SPF. The predicted number of crashes is shown in 

general form using this equation: 

 

𝑁𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 = 𝑁𝑆𝑃𝐹  × (𝐶𝑀𝐹1  ×  𝐶𝑀𝐹2  ×  𝐶𝑀𝐹𝑛) 

 

Where: 
Npredicted: site-specific predicted number of crashes  
NSPF: predicted number of crashes with base conditions 
CMFn: crash modification factor for treatment i to adjust NSPF to site-specific geometric design and 
traffic control features 
 

An example of the application of the HSM Part C CMFs is provided below. 

 
 

1.6.1.1. Countermeasure CMF Sources 

Countermeasure CMFs for several treatments have been developed over the years and can be found in 

the following three sources. For IARs, these sources should be used when selecting a Countermeasure 

CMF.  

 

▪ Crash Modification Factors Clearinghouse  

▪ The CMF Clearinghouse, available at http://www.CMFClearinghouse.org, offers transportation 

professionals a central, web-based repository of CMFs, as well as additional information and 

Recommended modification: An off-ramp at the study interchange is being widened from one 
lane to two lanes. 
 
Step 1: Select SPF equation — HSM Equation 19-20 (for multiple vehicle crashes): 
 

𝑁𝑆𝑃𝐹_𝑅𝑎𝑚𝑝 = 𝐿𝑟  ×  exp (𝑎 +  𝑏 × ln(𝑐 × 𝐴𝐴𝐷𝑇𝑟) + 𝑑(𝑐 ×  𝐴𝐴𝐷𝑇𝑟)) 

 
Step 2: Determine initial number of crashes under base geometric design and traffic features 
using SPF equation in Step 1 
 
Step 3: Calculate all HSM Part C CMFs applicable to this ramp segment SPF from HSM Chapter 
19.7  
 
Step 4: Apply CMFs to the base SPF calculation to determine the number of crashes for project 
location, accounting for its unique geometric design and traffic features: 
 

𝑁𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 = 𝑁𝑆𝑃𝐹_𝑅𝑎𝑚𝑝  × (𝐶𝑀𝐹1  ×  𝐶𝑀𝐹2  ×  𝐶𝑀𝐹𝑛) 

 
 
 
 

http://www.cmfclearinghouse.org/
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resources related to CMFs. The CMFs developed for the Clearinghouse are from studies 

performed in several parts of the world. It is important to review the study and specifics for 

each CMF used from the Clearinghouse to ensure it is applicable to the IAR-proposed 

modifications. The CMF Clearinghouse is regularly updated with new CMFs and provides 

additional information on how to apply these CMFs appropriately. Research on new CMFs is 

continuously being performed, and they are included in the clearinghouse after a sufficient 

review of the associated study. CMFs and CRFs are presented in the clearinghouse.  

▪ HSM Part D 

Part D of the HSM includes some of the highest quality and most common Countermeasure 

CMFs. The CMFs in Part D have gone through a literature review, inclusion process and expert 

panel review. Part D includes all CMFs for a broad range of 

roadway segment and intersection facility types. The CMFs in the 

HSM Part D are also available on the CMF Clearinghouse portal. 

The HSM Part D CMFs are not updated as often as the CMF 

Clearinghouse. 

 

An example of a Countermeasure CMF in the HSM Part D for converting an at-grade 

intersection into a grade-separated interchange is shown below. In this example, the applicable 

CMF from the table is 0.58 to estimate the expected crashes for all crash severities, converting 

the at-grade intersection to a grade-separated interchange with four-leg intersection, under 

signal control. 

  

HSM Part D CMFs are 
available on the CMF 
Clearinghouse portal. 
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 Source: HSM Table 15-2 

 

▪ FDOT CRFs 

▪ Florida began producing state-specific CRFs in April 2005. In 2005, the Lehman Center for 

Transportation Research at Florida International University produced the “Update of Florida 

Crash Reduction Factors and Countermeasures to Improve the Development of District Safety 

Improvement Projects” final report for the state safety office. The report focused on developing 

CRFs using Florida crash data. In 2014, the CRFs were updated. The current Florida CRFs are 

available at: https://www.fdot.gov/docs/default-source/roadway/qa/tools/CRF.pdf. 

 

1.6.1.2. CMF Selection Criteria 

Many CMFs and CRFs have been developed and are available for use; however, not all CMFs and CRFs 

should be used. It is important when selecting a CMF or CRF that the following criteria are followed. 

 

The CMFs in the CMF Clearinghouse include quality ratings. A five-star rating 

indicates a greater level of confidence on estimating safety performance. 

CMFs with a star rating of three or higher should be used. The use of a CMF 

with two or fewer stars is not recommended for the IAR safety analysis. The 

HSM Table 15-2: Potential Crash Effects of Converting an At-Grade Intersection into a Grade-
Separated Interchange 
 

Treatment 
Setting 

(Intersection 
Type) 

Traffic 
Volume 

Crash Type (Severity) CMF 
Std. 

Error 

Convert at-grade 
intersection into a 
grade-separated 
interchange 

Setting 
unspecified 

(four-leg 
intersection, 

traffic 
control 

unspecified) 

Unspecified 

All crashes in the area of 
the intersection (all 

severities) 
0.58 0.1 

All crashes in the area of 
the intersection (injury) 

0.43 0.05 

All crashes in the area of 
the intersection 

(noninjury) 
0.64 0.1 

Setting 
unspecified 
(three-leg 

intersection, 
traffic 

control 
unspecified) 

All crashes in the area of 
the intersection (all 

severities) 
0.84 0.2 

Setting 
unspecified 
(three-leg or 

four-leg, 
signalized 

intersection) 

All crashes in the area of 
the intersection (all 

severities) 
0.73 0.08 

All crashes in the area of 
the intersection (injury) 

0.72 0.1 

 

CMFs with star rating 
of three or higher 
should be used in 

IARs 

https://www.fdot.gov/docs/default-source/roadway/qa/tools/CRF.pdf
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analyst should refer to the CMF Clearinghouse when performing safety analysis to ensure the proper CMF 

and screening criteria are being applied to the project. It is important the analyst perform this check 

because the CMF Clearinghouse is updated on a regular basis. Consider the following project example.  

 
 

Similar to the CMF Clearinghouse, the FDOT CRFs have limitations when 

selecting an FDOT CRF for IAR safety analysis. It is recommended, when using 

the FDOT CRFs, that a CRF based on fewer than five projects should not be 

used in the safety analysis. Take the following project example.  

 

 

Select the Appropriate CMF from the CMF Clearinghouse 
 
Question: Which CMF from the CMF Clearinghouse should be used? 
 
Modification: Convert a diamond Interchange to a DDI in downtown Jacksonville 
 
Determine applicable CMFs:  

 

 
 
CMF 3852 (top) will show a greater reduction in the number of crashes due to the proposed 
modification, but it has a two-star rating, while CMF 9104 (bottom) has a four-star rating. 
Because CMF 3852’s star quality rating is two, it is not recommended for use in the predictive 
safety analysis. 

Select the Appropriate CMF from the FDOT CRFs Spreadsheet 
 
Question: Should the CRF from the FDOT CRFs Spreadsheet be used? 
 
Modifications: Add a left turn at a T-intersection 
 
Determine applicable CRFs: 

ID Modification Number of Projects CRF 

20 Add LT (T-intersection) 3 42 

  
FDOT CRF 20 could be used for this modification; however, the CRF is based on only three 
projects. Because the CRF is based on fewer than five studies, it is not recommended that this 
CRF be used for the predictive safety analysis.  

FDOT CRFs based on 
five or more studies 

should be used in IARs 
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1.6.1.3. Application of the Countermeasure CMF Methodology 

The Countermeasure CMF methodology begins with research and 

the selection of a CMF that applies to the proposed modification. 

When determining if a CMF applies, the analyst must consider the 

CMF’s project context (e.g., roadway characteristics, surrounding 

environment, traffic control and traffic volume). Often, there are 

CMFs for the same modification that have different project 

contexts. It is very important to apply CMFs to conditions that closely match those from which they were 

developed in order to ensure the reliability and accuracy of the safety performance estimates. The 

following example presents a situation in which the appropriate CMF must be selected based on area 

type. 

 
 

It is important to note that both the studies in the above example have a star rating higher than the 

minimum requirement of three stars. 

 

In addition to project context, each CMF is developed for a specific crash type and severity. The CMF 

selected for the IAR’s proposed modifications should be applied to the crash type and severity for which 

the CMF was developed. 

 

Select the Appropriate CMF Based on Area Type 
 
Question: How many crashes are expected after the proposed modification? 
 
Modification: Convert a diamond interchange to a DDI in downtown Jacksonville (urban) 
 
Historic crash data: total number of crashes in the interchange area = 30 crashes/year 
 
Step 1: Determine applicable CMFs (the following CMFs are from the CMF Clearinghouse) 

• CMF 8258 (four-star rating) – 0.67 

• CMF 9104 (four-star rating) – 0.592 
 
Step 2: Check the CMF area type: 

• CMF 8258 – suburban 

• CMF 9104 – urban 
 
Step 3: Select the appropriate CMF based on area type: 

• CMF 9104 – 0.592 
 
CMF 8258 was not selected, because the proposed modification is recommended in downtown 
Jacksonville, which is considered an urban area. CMF 8258 was developed for a suburban area, 
and as a result, it may not have direct relevance to the same modifications in the urban area.  
 
Step 4: Calculate the predicted number of crashes 

• Predicted number of crashes = 30 crashes/year x 0.592 = 17.76 crashes/year 
 

Apply CMFs to conditions that 
closely match the conditions 

from which they were 
developed. 
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The following examples show the application of CMFs based on crash type and crash severity. 

 

 

CMF Based on Crash Type 
 
Modification: Convert a yield signal control to a signalized control 
 

 
 
If the above CMF was selected to estimate the change in crashes, it could only be applied to 
the existing head-on and rear-end crash types. It would be inappropriate to apply this CMF 
to the total number of crashes. 

Select the Appropriate CMF Based on Crash Type 
 
Question: How many rear-end crashes are expected after the proposed modification? 
 
Modification: Convert a diamond interchange to a DDI in suburban Tampa 
 
Historic Crash Data:  

• Total number of crashes in the interchange area = 30 crashes/year 

• Number of rear-end crashes in the interchange area = 10 crashes/year 
 
Step 1: Determine applicable CMFs (the following CMFs are from the CMF Clearinghouse) 

• CMF 8258 (4-star rating) – 0.67 

• CMF 8317 (4-star rating) – 0.64 
 
Step 2: Check applicable CMF crash type 

• CMF 8258 – All 

• CMF 8317 – Rear-End 
 
Step 3: Select the appropriate CMF based on crash type 

• CMF 8317 – 0.64 
 
CMF 8258 was not selected because the analyst is interested in the number of rear-end 
crashes reduced due to the proposed modification. CMF 8258 was developed to account for 
all crash types, and as a result, should not be used for the predictive analysis.  
 
Step 4: Calculate the predicted number of crashes 

• Predicted number of crashes = 10 crashes/year x 0.64 = 6.40 rear-end crashes/year 
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It is very important to review the details of the CMF described in this section before applying it to the 

project. The CMF Clearinghouse and HSM Part D provide a summary of the research used to develop the 

CMF. The summary provided includes details on the CMF’s project context and applicable crash type and 

CMF Based on Crash Severity 
 
Modification: convert an intersection into a low-speed roundabout 
 

 
 
If the above CMF was selected to estimate the reduction in crashes, it could only be applied 
to the existing fatal and injury crashes. The CMF cannot be applied to property damage only 
or the total number of crashes. 

Select the Appropriate CMF Based on Crash Severity 
 
Question: How many Property Damage Only (PDO) crashes are expected after the proposed 
modification? 
 
Modification: Convert a diamond interchange to a DDI in Miami. 
 
Historic Crash Data:  

• Total number of crashes in the interchange area = 30 crashes/year 

• Number of PDO crashes in the interchange area = 15 PDO crashes/year 
 
Step 1: Determine applicable CMFs (the following CMFs are from the CMF Clearinghouse) 

• CMF 9104 (4-star rating) – 0.592 

• CMF 9103 (4-star rating) – 0.649 
 
Step 2: Check applicable CMF crash severity 

• CMF 9104 – All 

• CMF 9103 – PDO 
 
Step 3: Select the appropriate CMF based on crash severity 

• CMF 9103 – 0.649 
 
CMF 9104 was not selected because the analyst is interested in the number of PDO crashes 
reduced due to the proposed modification. CMF 9104 was developed to account for all crash 
severities, and as a result, should not be used for the predictive analysis.  
 
Step 4: Calculate the predicted number of crashes 

• Predicted number of crashes = 15 PDO crashes/year x 0.649 = 9.735 PDO crashes/year 
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severity. It is crucial that this information is reviewed to ensure the selected CMF meets the minimum star 

rating and closely represents the project area conditions.  

 

When multiple CMFs are applied in a project, the recommended HSM practice is to assume that CMFs are 

multiplicative, if they are assumed to be independent. Engineering judgement should be used to ensure 

that CMFs for similar treatments are not combined to estimate cumulative effects. Because there are 

limitations and uncertainties in combining multiple CMFs, it is suggested that no more than three CMFs 

should be used. The equation for combining multiple CMFs is: 

 
𝑁 = 𝑁𝐵  × (𝐶𝑀𝐹1  × 𝐶𝑀𝐹2  ×  𝐶𝑀𝐹3) 

 
Where: 
N: estimated crash frequency after application of CMF 
NB: crash frequency under existing conditions 
CMFn: CMF associated with applicable modification 
 

1.6.1.4 Examples of Countermeasure CMF Methodology Application 

Common examples of modifications that can be evaluated using the Countermeasure CMF methodology 

are: 

▪ Convert an unsignalized ramp terminal to a roundabout ramp terminal 

▪ Convert a conventional signalized intersection to a signalized superstreet 

▪ Convert a conventional signalized intersection to a continuous flow intersection 

▪ Yield to signalized right-turn movements from an off-ramp to the arterial 

▪ Add additional left- and/or right-turn lanes at adjacent arterial intersections 

▪ Modify an adjacent arterial intersection 

▪ Convert an at-grade signalized intersection to a grade-separated intersection at an interchange  

▪ Convert a diamond interchange to a diverging diamond interchange (DDI) 

▪ Add a right-turn lane and convert the yield to a signalized right-turn from an off-ramp to the arterial 

▪ Convert a conventional signalized intersection to an RCUT-style intersection 

▪ Increase the storage lane 

▪ Add a turn bay 

1.6.2 HSM Part C Methodology 

The HSM Part C provides a predictive method for estimating the expected 

average crash frequency of freeway segments, merge/diverge segments, 

weaving segments, ramp segments, ramp terminals, arterial segments and 

arterial intersections. The predictive method is based on mathematical 

regression models known as Safety Performance Functions (SPFs). SPFs 

predict the crash frequency by facility type as a function of roadway 

characteristics and traffic volume for the existing and proposed conditions 

at a specific site. 

 

 

SPFs predict the crash 
frequency by facility 
type as a function of 

roadway characteristics 
and traffic volume. 
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1.6.2.1 HSM Part C Methodology Analysis 

This section discusses the application of the HSM Part C using SPF equations. The methodology discussed 

in this section should be used only when SPF equations applicable to the project modifications are 

available. The application of SPFs should be consistent with the HSM Part C. The SPF methodology for IARs 

can be summarized into 10 steps, as shown in Figure 5.  

 

Figure 5: HSM Part C Methodology Steps for IARs 

 
 

The 10 steps are discussed in more detail below. 

 

 

 

Step 10: Compare and evaluate results

Step 9: Apply appropriate FDOT Design Manual (FDM) KABCO crash distribution

Step 8: Sum predicted/expected crashes for all sites and years

Step 7: Apply Empirical Bayes method (if applicable)

Step 6: Apply HSM Part C CMFs

Step 5: Select and apply appropriate SPF 

Step 4: Segmentation of the study area

Step 3: Determine the AADT

Step 2: Define the analysis period

Step 1: Define the safety area of influence
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Step 1: Define the Safety Study Area of Influence 

For IARs, it is recommended that the overall study area for the 

future safety analysis be the same as the project area of influence. 

However, the future safety analysis needs to be performed only 

for elements within the area of influence that are anticipated to 

be affected by the proposed modifications. If the proposed 

modifications will influence a roadway segment or intersection 

within the project area of influence, it should be included in the 

predictive safety analysis. For example, if a new interchange is 

proposed, then the adjacent interchanges should be included in the future safety analysis. This is because 

the traffic at the adjacent interchanges will most likely change due to the new interchange, resulting in a 

change in anticipated crashes at the existing adjacent interchanges. If a modification to an existing 

interchange is proposed, in most cases the adjacent interchanges are not affected and, therefore, no 

future safety analysis is needed at the adjacent interchanges.  

 

Step 2: Define the Analysis Period 

The future predictive safety analysis should be performed between the 

opening year and design year of the project. The safety impacts due to the 

proposed project modifications should be evaluated for the entire life of 

the project. There are some instances when it is not feasible to perform a 

safety analysis for the entire life of the project between the opening year 

and design year, such as when the Empirical Bayes method is performed 

using ISATe tool. The ISATe tool can perform a safety analysis only up to a 

24-year period. The Empirical Bayes method is used when the proposed modification does not create a 

major geometric modification; therefore, the analysis is performed starting from the existing year of the 

project. This results in total analysis years being more than 24 years and cannot 

be analyzed in ISATe. When this situation occurs, it is recommended to perform 

an analysis for all the analysis years that are possible using the tool and the 

limitation discussed in the IAR document. It is not recommended to extrapolate 

the total crashes. 

 

Step 3: Determine AADT 

A major input, in the SPF equations that predicts the number of crashes, is AADT. It is important to obtain 

the appropriate AADT needed to perform the safety analysis for the proposed changes. Typically, AADT is 

not developed for all the years between the opening year and design year of an IAR. To perform the safety 

analysis, it is important to estimate the AADT for each year in the evaluation 

period. Some tools, such as ISATe and IHSDM, perform an AADT interpolation 

within the tool. Other tools, such as HSM spreadsheets, will require the 

analyst to develop AADTs for each year in the analysis period. If the Empirical 

Bayes method is used, AADT data is needed for each year, following the 

existing year and up to the design year.  

 

 

 

Future safety analysis needs to 
be performed only for 

elements within the area of 
influence that are anticipated 

to be affected by the proposed 
modifications. 

Future predictive 
safety analysis 

should be performed 
between the opening 
year and design year. 

It is not 
recommended to 
extrapolate the 
total crashes. 

It is important to 
estimate the AADT 
for each year in the 
evaluation period. 
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Step 4: Segmentation of the Study Area 

The next major step in determining the predicted number of crashes is 

the segmentation of the study area. The segmentation should follow the 

recommended procedures outlined in the HSM. For IAR documents, the 

segmentation only needs to occur for the areas where the proposed 

modifications are being implemented. After the study area is segmented, 

the appropriate SPFs can be selected for each segment, and the data 

needed to implement each SPF can be collected. Segmentation can be 

one of the most time-consuming parts of the HSM Part C analysis, but it can provide the analyst a lot of 

useful data needed to perform an accurate SPF analysis.  

 

It is important to note that each HSM predictive model has different segmenting requirements; therefore, 

the analyst should refer to the appropriate HSM chapter for segmentation details. The following 

segmentation processes in the HSM should be followed: 

▪ Rural two-lane, two-Way roads (Chapter 10) 

▪ Rural multilane highways (Chapter 11) 

▪ Urban and suburban arterials (Chapter 12) 

▪ Freeways (Chapter 18) 

▪ Ramps (Chapter 19) 

 

When performing the segmentation process for roadway segments 

(arterials, highways and freeways), the HSM recommends that 

segment lengths be between 0.1 and 1.0 miles. The lengths in this 

range should be long enough to have statistical validity and short 

enough to be realistically homogenous. If the roadway segment 

length is outside the recommended range, it should be discussed in 

the safety analysis. Roadway segments are segmented into these 

homogenous sections, which have the similar attributes provided in 

Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For IARs, segmentation 
needs to occur for the 

areas where the 
proposed modifications 
are being implemented. 

When performing 
segmentation for roadway 

segments, the HSM 
recommends that segment 

lengths be between 0.1 
and 1.0 miles 
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Figure 6: Segmentation Attributes 

 
 

Intersection segmentations should be considered separately, because they are treated as points. For 

intersections, crashes within 250 feet of the intersection are 

assigned to the intersection. It is important that all crashes counted 

within these 250 feet are not double-counted in the roadway 

segment. The segmentation of the ramp terminal intersections 

should also be considered separately in the analysis, and all crashes 

within the influence area of 250 feet of the ramp terminal should be 

assigned to the ramp terminal.  

 

Figure 7 provides an example of the arterial segmentation process at a study interchange.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Traffic volume

Number of through lanes, lane width, outside and inside 
shoulder width, median width, presence/type of median, ramp 
presence, clear zone width, etc.

Key geometric design features 

Land use type

Traffic control features

For intersections and ramp 
terminals, crashes within 250 

feet are assigned to the 
intersection or ramp terminal. 
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Figure 7: Segmentation Example for an Arterial  

 
 

Figure 8 provides an example of the freeway segmentation process at a study interchange.  

 

Figure 8: Segmentation Example for a Freeway 

 
 

Figure 9 provides an example of the ramp segmentation process at a study interchange.  
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Figure 9: Segmentation Example for Interchange Ramps 

 
 

Step 5: Select and Apply the Appropriate SPF 

The HSM has developed multiple SPFs based on different site conditions. In this step, the analyst should 

review the available SPF equations and determine which SPF equation represents the site conditions most 

appropriately. For example, SPF equations have been developed for varying ramp terminal configurations. 

If the study ramp terminal is at a four-leg diamond interchange, the four-leg terminals with diagonal ramps 

SPF should be applied.  
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When performing HSM Part C methodology analysis, it is important 

to note that arterial intersection SPF analysis should not be applied 

at the ramp terminals or vice versa. This is important, because 

independent SPF equations have been developed for each 

intersection type to account for the different operational 

characteristics.  

 

It is important to review the site conditions being analyzed and ensure the appropriate SPF is used. The 

predicted number of crashes calculated using the SPF equations in this step are for base geometric and 

traffic characteristics.  

 

Step 6: Apply the HSM Part C CMFs 

To adjust the predicted number of crashes to the segment’s specific geometric and traffic characteristics, 

HSM Part C CMFs are used to adjust the base condition’s SPF crash estimate, as explained in Section 1.6.1. 

In Step 6, the CMF adjustments are applied to the base condition’s predicted number of crashes. An 

example is provided below that shows how the HSM Part C CMFs are applied. The tools available to 

perform the HSM Part C safety analysis (HSM spreadsheets, ISATe or IHSDM) should include the CMFs 

from the HSM Part C. After determining the predicted number of crashes, the HSM recommends that 

regional calibration factors be applied to the predicted number of crashes to calibrate the crashes to 

regional conditions. FDOT has developed calibration factors for rural and urban arterial roadway segments 

and intersections. HSM calibration factors for Florida can be found in the FDOT Design Manual (FDM), 

Chapter 122. At this time, FDOT has not developed calibration 

factors for interstate analysis, and they should not be applied to 

arterials within the interchange area. The application of calibration 

factors to arterials outside the interchange area should be based 

on engineering judgment because they could have a 

disproportionate effect on results. 

 

 

Arterial intersection SPF 
analysis should not be applied 

to ramp terminals or vice versa. 

At this time, FDOT has not 
developed calibration factors 

for interstate analysis. 

https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/roadway/fdm/2020/2020fdm122varexcept.pdf?sfvrsn=da374a45_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/roadway/fdm/2020/2020fdm122varexcept.pdf?sfvrsn=da374a45_2
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Determine the Predicted Number of Crashes on the Ramp Segment 
Question: How many fatal injury crashes are predicted along the 2-lane urban off-ramp based on 
the following conditions? 
 
Step 1: Collect the site specific conditions 

• Ramp Type: Diverge 

• Length of Segment: 0.2 miles 

• Ramp AADT: 12,000 

• Horizontal Curve: No 

• Lane Width: 14 feet 

• Right Shoulder Width: 12 feet 

• Left Shoulder Width: 10 feet 

• Right and Left Side Barrier: Not Present 

• Ramp Speed Change Lane: No 

• Lane Add or Drop: No 
 
Step 2: Calculate the Base Conditions Fatal Injury SPFs 

• Multiple Vehicle (MV) Fatal Injury Crashes: 0.019 crashes (calculated using HSM equation 
19-20) 

• Single Vehicle (SV) Fatal Injury Crashes: 0.222 (calculated using HSM equation 19-24) 

• Total Fatal Injury Crashes: 0.241 crashes (sum of Multiple and Sigle Vehicle crashes) 
 
Step 3: Calculate HSM Part C Fatal Injury CMFs using HSM equations from HSM Chapter 19.7: 

CMF 
Fatal Injury 

Multiple Vehicle Single Vehicle 

Horizontal Curve 1.000 1.000 

Lane Width 1.000 1.000 

Right Shoulder Width 0.806 0.806 

Left Shoulder Width 0.724 0.724 

Right Side Barrier 1.000 1.000 

Left Side Barrier 1.000 1.000 

Lane Add or Drop 1.000 1.000 

Ramp Speed-Change Lane 1.000  

 
Step 4: Apply HSM Part C CMF adjustments to calculate the site specific predicted number of crashes  
 

NMV_predicted = 0.019 x (1.000 x 1.000 x 0.806 x 0.724 x 1.000 x 1.000 x 1.000 x 1.000) 
NMV_predicted = 0.011 crashes 

 
NSV_predicted = 0.222 x (1.000 x 1.000 x 0.806 x 0.724 x 1.000 x 1.000 x 1.000) 

NSV_predicted = 0.130 crashes 
 

Npredicted = 0.011 + 0.130 = 0.141 crashes 
 
To calculate the property damage only (PDO) predicted number of crashes, the same process will 
be followed but using HSM Part C PDO CMFs from HSM Chapter 19.7. The total predicted number 
of crashes due to the modifications would be the sum of the Fatal Injury and PDO crashes. 



IAR Safety Guidance 
 

FDOT INTERCHANGE ACCESS REQUEST – USER’S GUIDE – SAFETY GUIDANCE |34 

 

Step 7: Apply the Empirical Bayes Method 

The Empirical Bayes method combines the observed and 

predicted number of crashes to determine the expected number 

of crashes at the study segment. The Empirical Bayes method 

uses historic crash data and, therefore, can only be applied to 

proposed conditions that are not substantially different from 

the existing roadway geometry or land use context. For 

Interchange Operational Analysis Reports (IOARs) and Interchange Modification Reports (IMRs), the use 

of the Empirical Bayes method should be considered on a case-by-case basis. The Empirical Bayes method 

should only be used if site-by-site observed crash data is available and geometric features for the no-build 

and build conditions are comparable. The Empirical Bayes method should not be applied for Interchange 

Justification Reports (IJRs). If the Empirical Bayes method does not apply to all the considered alternatives, 

it should not be incorporated in the predictive safety analysis. For 

example, if the build alternative proposes major geometric 

modifications, the no-build alternative should not be analyzed 

using the Empirical Bayes method, because the build alternative 

will not be able to use the Empirical Bayes method. This is done to 

ensure a direct comparison of the predicted safety analysis 

between the alternatives.  

 

Some examples of projects where the Empirical Bayes method should be applied include: 

▪ Projects in which the roadway geometrics and traffic control are not being changed  

▪ Projects in which the roadway cross-section is modified but the basic number of through lanes 

remains the same (e.g., widening of lanes or shoulders, but the number of through lanes stays 

consistent with the existing conditions) 

▪ Projects in which minor changes in alignment are made (e.g., flattening horizontal curves) 

 

The Empirical Bayes method would not be applied to the following project examples: 

▪ Projects in which a new alignment is developed or a new interchange is proposed. 

▪ Intersections at which the basic number of legs or type of traffic control is changed as part of the 

project (e.g. conversion of T intersection to a 4-legged intersection, stop control to signal control). 

▪ Widening of a roadway (e.g., adding new lanes or median) 

 

Engineering judgment should be applied when determining if the Empirical Bayes Method is applicable to 

the project. 

 

Step 8: Combine the Predicted/Expected Crashes for All Sites and Years 

Once the predicted safety analysis has been performed for all applicable sites and years, combine the 

crashes for each segment into a total number of crashes for the alternative. This will allow for a 

comparison of the alternatives.  

 

Step 9: Apply the Appropriate FDM KABCO Crash Distribution 

In addition to reporting the total number of crashes, it is recommended to distribute the total number of 

crashes using the KABCO injury classification scale. A summary of the KABCO scale is in Table 1. 

Empirical Bayes method can only 
be applied to proposed conditions 
that are not substantially different 

from the existing conditions. 

If Empirical Bayes Method 
does not apply to all 

alternatives, it should not be 
incorporated in the 

predictive safety analysis. 
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Table 1: KABCO Injury Classification Scale for Florida 

Injury Severity Abbreviation Definition 

Fatal Injury  
(within 30 days) 

K 
Any injury that results in death within 30 days after 
the crash occurred.  

Incapacitating 
Injury 

A 
Disabling injuries, such as broken bones, severed 
limbs, etc. These injuries usually require 
hospitalization and transport to a medical facility 

Non-Incapacitating 
Evident Injury 

B 
Non-disabling injuries, such as lacerations, scrapes, 
bruises, etc. 

Possible Injury C  

No Injury O Also known as property damage only (PDO) 

 

Various KABCO scales have been prepared, and tools such as ISATe will 

use a default KABCO scale that is based on national averages. For IAR 

projects in which the total crashes are broken down into the KABCO 

scale, the HSM Crash Distribution for Florida must be used. The HSM 

Crash Distribution for Florida can be found in FDM Chapter 122. 

 

Step 10: Compare and Evaluate the Results 

After the analysis for all alternatives is complete, compare and evaluate the final results. 

 

An example incorporating all ten steps of the HSM Part C Methodology is provided in Appendix A-1. 

 

Benefit-Cost Analysis 

IARs are typically initiated to resolve congestion and operational concerns. 

The total project cost in most cases significantly outweighs the savings due 

to a reduction in crashes. Therefore, safety-based benefit-cost analysis is 

not required in IARs. 

 

1.6.2.2. HSM Part C Methodology Analysis Tools 

The manual application of the HSM Part C methodology is a cumbersome task and can lead to more 

analyst errors due to the complexity of the SPF equations and the high number of required inputs. To 

simplify and expedite the predictive safety analysis process, the following three tools in Figure 10 are 

recommended to perform the predictive safety analysis using SPFs:  

 

 

 

 

 

 

 

Safety-based benefit-
cost analysis is not 
required in IARs. 

When crashes are broken 
down into KABCO scale, 
HSM Crash Distribution 

for Florida must be used. 

https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/roadway/fdm/2020/2020fdm122varexcept.pdf?sfvrsn=da374a45_2
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Figure 10: HSM Part C Methodology Analysis Tools 

 

A description of each tool and its pros and cons is provided below. 

 

HSM Spreadsheets 

Various spreadsheets have been developed throughout the country and state to implement the HSM 

predictive method. The spreadsheets prepared apply the HSM Part C methodology and allow for simpler 

calculations of the predicted number of crashes. Any HSM 

spreadsheets that are developed and used must be consistent with 

the methodology presented in the HSM Part C for predicting crashes 

for each facility type and checked for errors prior to their use. HSM 

Spreadsheets are available on the AASHTO website. The pros and cons 

of the HSM spreadsheets are in Table 2. 

 

Table 2: Pros and Cons of the HSM Spreadsheets 

 
 

Enhanced Interchange Safety Analysis Tool (ISATe) 

The ISATe tool is intended to apply the HSM Part C methodology to freeway facilities, including freeway 

segments and interchanges in urban and rural areas. ISATe was developed as part of the National 

Cooperative Highway Research Program (NCHRP) Project 17-45. As part of this project, the ISATe tool and 

a User Manual were developed.  

 

ISATe cannot be used to evaluate arterial segments outside of the 

interchange area and ramp terminals. If modifications are being 

recommended along the arterial or at adjacent intersections, another 

tool must be used to perform the predictive safety analysis.  

 

 

1. HSM spreadsheets

• ISATe

2. Enhanced Interchange Safety Analysis Tool

• IHSDM

3. Interactive Highway Safety Design Model

Pros

▪ Simple data entry

▪ Quick results for a small project area

▪ Analysis for all HSM SPF equations can 
be performed

Cons

▪ Can perform one year of safety analysis

▪ Program does not summarize multiple 
roadway segments

▪ Spreadsheets can be cumbersome

HSM spreadsheets that are 
developed and used must 

be consistent with the 
methodology in HSM Part C. 

ISATe cannot be used to 
evaluate arterial segments 

outside the interchange 
area and ramp terminals. 

http://www.highwaysafetymanual.org/Pages/Tools.aspx
http://www.highwaysafetymanual.org/Documents/ISATe_Documents.zip
http://www.highwaysafetymanual.org/Documents/ISATe_Documents.zip
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ISATe includes algorithms and equations that are implemented in a Microsoft Excel workbook as software 

(using the Visual Basic for Applications programming language). To perform the safety analysis in ISATe, 

the study area must be segmented into homogenous sections. The study area should be broken down 

into three categories: freeway segments, ramp segments and ramp terminals. Please refer to chapters 18 

and 19 of the HSM or Chapter 2 of the ISATe User Manual for proper segmentation guidelines. After the 

segmentation is complete, the analyst enters the geometric and traffic data for the study segments. The 

pros and cons of the ISATe analysis tool are in Table 3. 

 

Table 3: Pros and Cons of ISATe 

 
 

Interactive Highway Safety Design Model (IHSDM) 

The IHSDM is an FHWA software analysis tool that applies the HSM predictive method. The standalone 

software package has multiple modules that allow for different variants (station or site-based analyses) 

for the evaluation of rural highways (two-lane and multilane), arterials (urban and suburban), freeways 

(segments, ramps and interchanges) and intersections. 

 

▪ The station-based analysis approach allows the user to either import roadway geometry features 

directly from a design alignment file or manually input the stationing and features. The station-

based analysis allows for the automation of the segmentation and improves the accuracy of the 

analysis, because alignments are directly imported without translation. 

▪ The site-based analysis approach is more simplified. The user must manually input roadway data 

and must manually segment the study network. 

 

Either analysis approach can be used, as long as the facility type is 

covered within the IHSDM. The output results are the same for either 

approach.  

 

The following pros and cons of the IHSDM are in Table 4.  

 

 

Pros

▪ Validated safety analysis tool

▪ Extrapolates AADT

▪ Analyzes multiple years of safety 
analysis

▪ Analyzes multiple freeway segments

▪ Summarizes freeway segments

▪ Useful for small interchange projects

▪ Empirical Bayes method incorporated in 
program

▪ Provides user-friendly data entry and 
output sheets

Cons

▪ Does not perform arterial segment or 
arterial intersection predictive safety 
analysis

▪ Can analyze a maximum of 24 
consecutive years

▪ Does not perform automatic 
segmentation

▪ Can cause difficulties for large project 
areas

The analyst can select either 
one or a combination of the 

HSM Part C analysis tools 

https://www.ihsdm.org/wiki/Welcome
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Table 4: Pros and Cons of IHSDM 

 
 

Based on the project conditions and alternatives, the analyst can utilize any one or a combination of the 

tools listed above to perform the predictive safety analysis in IARs. 

 

1.6.2.3. HSM Part C Methodology Limitations 

The HSM provides several predictive models that are helpful in the safety analysis and comparison of 

various alternatives. But there are some limitations that exist in the methodology. Some of these 

limitations of the HSM Part C encountered in IARs include: 

▪ It does not account for traffic variability, because the HSM analysis uses AADT volumes. 

▪ The HSM assumes the independence of geometric and traffic control features on crash occurrences. 

▪ It does not account for the influence of freeways with eleven or more through lanes in urban areas. 

▪ It does not account for the influence of freeways with nine or more through lanes in rural areas. 

▪ It does not perform a safety analysis for freeways with high-occupancy vehicle lanes, toll plazas, 

reversible lanes, hard shoulders, ramp metering and managed lanes. 

▪ It does not account for a ramp or collector-distributor roads with two or more lanes in rural areas 

or three or more lanes in urban areas. 

▪ It does not account for the influence of unique or innovative intersection or roadway designs (e.g., 

DDI, continuous flow intersection, Texas U-turns, etc.).  

▪ It does not account for the influence of a crossroad ramp terminal with three or more left-turn 

lanes on a crossroad approach. 

▪ It does not account for the influence of a crossroad ramp terminal that provides one-way travel or 

when the ramp terminal is a single-point urban interchange (SPUI) or roundabout. 

 
When performing a safety analysis, if one of the above listed limitations is experienced, discuss the 

limitation in the IAR and refer to the process flow chart in Section 1.4 to perform the appropriate safety 

analysis for the project.  

 

 

 

Pros

▪ Extrapolates AADT

▪ Analyzes multiple years of safety 
analysis

▪ Analyzes multiple roadway segments

▪ Performs analysis for all HSM SPF 
equations

▪ Can perform automatic segmentation

▪ Useful for large study area

▪ Empirical Bayes method incorporated in 
program

Cons

▪ Data intensive

▪ Must code and develop complete study 
area to perform analysis

▪ Takes a lot of time to code the network

▪ Making changes to the analysis could be 
time consuming and cumbersome
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1.6.2.4. Examples of HSM Part C Methodology Application 

Common examples of modifications that can be evaluated using the HSM Part C methodology are 

provided below: 

▪ Implement a new interchange 

▪ Complete basic movements at an existing partial interchange 

▪ Convert a partial cloverleaf interchange to a diamond interchange 

▪ Convert a diamond interchange to a partial cloverleaf interchange 

▪ Modifications to freeway segments: 

▪ Addition or removal of general use lanes 

▪ Addition or removal of speed-change lanes (merge/diverge lanes) 

▪ Extension or shortening of speed-change lanes 

▪ Addition or removal of ramp segments 

▪ Widening a ramp segment from one to two lanes 

▪ Addition or removal of an auxiliary lane that creates or eliminates a weaving section 

▪ Convert an unsignalized intersection to a signalized intersection at a ramp terminal 

▪ Addition or removal of left- and/or right-turn lanes from the off-ramp to the arterial 

▪ Addition or removal of left-turn lanes from the arterial to an on-ramp 

▪ Convert a left-turn signal phase from permissive or protected/permissive to protected 

▪ Addition of through lanes along the arterial 

▪ Modifications to an existing diamond or partial cloverleaf interchange geometry 

▪ Provide a non-ramp public street leg at a ramp terminal 

▪ Reconfigure an adjacent arterial’s unsignalized and/or signalized intersection 

▪ Convert an unsignalized intersection to signalized 

▪ Convert turn lanes to shared turn/through lanes 

▪ Convert shared turn/through lanes to turn lanes 

▪ Addition or removal of an adjacent arterial intersection 

1.6.3 Qualitative Safety Methodology 

A qualitative safety analysis must only be performed if the quantitative safety analysis cannot be 

performed for the project modifications using the CMFs/CRFs or HSM Part C methodology. Priority should 

be given to the quantitative safety assessment of project alternatives. If quantitative assessment is not 

feasible, then qualitative safety methodology should be applied. A qualitative safety analysis should 

include a detailed discussion about the limitations of the quantitative safety analysis techniques in 

evaluating the safety impacts of the proposed modifications. 

The qualitative discussion should then list the anticipated 

impacts on safety due to the recommended modifications. If 

appropriate, additional qualitative safety discussion can be 

provided to supplement quantitative safety analysis. A project 

example of qualitative discussion is in Appendix A-2. An excerpt 

from the discussion is below. 

Qualitative safety analysis 
should include a discussion 
about the limitations of the 
quantitative safety analysis 

techniques. 
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1.6.4 Common Safety Analysis Questions 

Interchange designs can be innovative and complex, thereby creating uncertainties when performing the 

safety analysis in IARs. It is also common to prepare IAR re-evaluations. The following questions are 

commonly asked pertaining to quantitative safety analysis. 

 

Question 1: What type of analysis can be performed if some, but not all, of the proposed modifications 

can be analyzed using the HSM Part C methodology? 

 

If some of the proposed modifications can be analyzed using the HSM Part C, then those segments should 

be analyzed using the HSM Part C methodology. For the modifications that cannot be analyzed using the 

HSM, ask, “Is there a CMF for the proposed modification?” If there is a CMF for the proposed modification, 

apply the Countermeasure CMF methodology, and document the safety benefits of the proposed 

modification. It is also important to document in the IAR the limitations of the HSM Part C methodology 

and explain why the proposed modifications could not be analyzed using SPFs. If there are no 

Countermeasure CMFs that can be applied to the proposed modification, discuss qualitatively the 

expected safety benefits of the proposed modifications. It is recommended the qualitative discussion be 

backed with data and research, if available. An example of similar condition is in Appendix A-2.  

 

Question 2: What type of safety analysis should be performed for an IAR re-evaluation? 

 

First, a quantitative safety analysis is required for all IAR re-evaluations, and it must follow the safety 

analysis requirements discussed in this guidance. For re-evaluations, a safety analysis must be performed 

only for the proposed modifications discussed in the re-evaluation. For instance, if the original approved 

IAR recommended the conversion of a diamond interchaynge to a DDI, and the re-evaluation recommends 

the addition of lanes on the ramp segments, then the safety analysis in the re-evaluation should only be 

performed for the addition of lanes on the ramp segments. An IAR re-evaluation must follow the 

The I-95 at Glades Road IMR Re-Evaluation recommended that a partial cloverleaf interchange 
be converted to a diverging diamond interchange (DDI). This modification cannot be performed 
using CMFs or SPFs.  
 
“Since no other tools can account for the DDI configuration, the safety benefits of converting a 
partial cloverleaf interchange to DDI was based on previous researches that are summarized 
below:  

• The key safety benefits of the DDI configuration include: 
o Reduction of conflict points (14 conflict points and 2 crossing points, compared to 

the 26 conflict points found in the conventional diamond interchange) and 
improved sight distance at the turns. 

o Reduction in crash severity due to lower design speeds compared to other 
interchange designs. 

o Traffic calming effect that reduces vehicular speed (while maintaining the capacity) 
due to the small geometric deflection introduced by the DDI for through traffic. 

o Elimination of the wrong-way movements into ramps from the DDI interchange 
design. 

o Crash reduction associated with the elimination of loop ramps, where applicable.” 
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guidelines for the future safety analysis. An example of safety analysis in IAR re-evaluation is in Appendix 

A-3. 

 

Question 3: What if a quantitative safety analysis cannot be applied? 

It is recommended to follow the safety analysis process flow chart when performing a quantitative safety 

analysis. If none of the proposed modifications can be analyzed using the Countermeasure CMF or HSM 

Part C methodologies, then document in the IAR and the limitations of the quantitative safety analysis 

and explain why the proposed modifications could not be analyzed using CMFs or SPFs. Then, as depicted 

in the process follow chart, provide a qualitative discussion of the expected safety benefits of the 

proposed modifications. It is recommended the qualitative discussion be backed with data and research, 

if available. Consider the following example: 

 

 
 

Question 4: What if the Countermeasure CMF and HSM Part C methodologies are applicable to the 

proposed modification? 

Some modifications could be analyzed using the Countermeasure CMF and HSM Part C methodologies. 

For example, Countermeasure CMFs are available for increasing the number of lanes from four to six in 

the CMF Clearinghouse. The same modification can be analyzed using SPFs from the HSM Part C 

methodology. It is important that Countermeasure CMFs and SPFs not be applied to the same 

modification. It is recommended that SPFs should be used over the CMFs in this situation, because they 

are developed based on the high level of research and undergo an extensive review process. 

 

 

 

 

A single-point urban interchange (SPUI) was evaluated to replace a diamond interchange. The 
following approach was followed to perform the future safety analysis: 
 
SPF and CMFs were reviewed to ensure that the modifications could not be quantitatively 
analyzed. No SPF or CMFs were discovered to perform a quantitative safety analysis for the 
proposed modification of converting a diamond interchange to a SPUI. Because there are no 
SPFs or CMFs applicable, a literature review was conducted. The findings from the literature 
review were discussed qualitatively in the IAR document. The qualitative discussion included 
the expected safety benefits of the proposed modification, and information from the literature 
review to support the conclusions were provided. 
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1.7 Documentation 
Sufficient documentation must be provided for each step of the IAR safety analysis.  

 

For existing safety analysis documentation, refer to the guidance in Section 1.5.  

 

The future safety analysis documentation required in the IAR is determined by the method used to 

perform the analysis (Countermeasure CMF, HSM Part C or qualitative safety analysis). The safety analysis 

for proposed modifications should document how the IAR proposal would improve the identified safety 

problems.  

1.7.1 Qualitative Safety Analysis 

A qualitative safety analysis should include a discussion on the limitations of the quantitative safety 

analysis and the anticipated safety impacts of the proposed modifications. It is recommended that the 

discussion provided is supported by additional research and data, if available. Any supporting data should 

be included in the appendix of the IAR. 

1.7.2 Countermeasure CMF Methodology 

If the Countermeasure CMF methodology is applied, the documentation should discuss each applicable 

CMF to every proposed modification. The documentation for the selected CMFs should include: 

▪ CMFs considered and selected for each proposed modification 

▪ CMF characteristics (e.g., base conditions and CMF criteria) 

▪ Summary and values of CMFs 

▪ Justification for selected CMFs 

▪ Source of the selected CMFs 

 
The documentation should summarize the selected CMF and the results of applying the CMF to the proposed 

alternatives. The text should describe the interpretation of the results, any caveats and recommendations 

based on the analysis. All supporting data and calculations should be included in the appendix. 

1.7.3 HSM Part C Methodology 

If the HSM Part C methodology is applied to the no-build and build alternatives, the discussion should 

summarize the analysis, the results and the interpretation and conclusions based on the analysis. A 

discussion for each alternative evaluated should include: 

▪ Discussion of the modifications analyzed, years analyzed and tool used in the analysis (e.g., HSM 

spreadsheets, ISATe or IHSDM) 

▪ Explanation of assumptions needed to perform the analysis, the rationale for the assumptions and 

the potential implications to the results 

▪ Discussion of the segmentation process for the reviewer to verify the approach 

▪ Presentation, explanation and comparison of the results of the analysis for all alternatives. The 

results of the analysis will likely be presented as a mix of tables and text showing the 

predicted/expected crashes. The results should show how the individual components (e.g., ramp 

terminal intersections, freeway segments, ramp segments, etc.) will perform due to the 
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recommended modifications. The documentation should compare the results of the analysis for 

each alternative and present the safety outcomes associated with the estimated future crash 

conditions. The alternatives analyzed for the safety analysis should be consistent with the 

alternatives for which operational analysis was performed. 

 

Any supporting data and calculations, such as safety analysis tool input and output data sheets, should be 

included in the appendix of the IAR. 

1.7.4 Safety Analysis Types and Work Estimate 

When preparing the IAR safety analysis, it is important to consider the tasks that will have to be performed 

and the time needed to perform these tasks. Table 5 provides a brief summary of the safety analysis tasks 

required under each methodology and the approximate time required to complete them.  

 
Table 5: Safety Analysis Types and Work Estimate 

Analysis Type Safety Analysis Process 
Time 

Estimate 

HSM Part C 
Methodology 

Calculation 
of Crash 

Rates 

Crash 
Diagrams 

Description 
of Existing 

Crash 
Trends 

Safety 
Performance 

Functions 

Empirical 
Bayes 

Method  
(if 

applicable) 

Crash 
Reduction 
Estimation 

(CMFs/CRFs) 

Documentation 

80 - 160 
Hours* 

(Including 
Existing 

Conditions) 

Countermeasure 
CMF 

Methodology 

Calculation 
of Crash 

Rates 

Crash 
Diagrams 

Description 
of Existing 

Crash 
Trends 

 

  

Crash 
Reduction 
Estimation 

(CMFs/CRFs) 

Documentation 

30 - 60 
Hours 

(Including 
Existing 

Conditions) 

Existing 
Conditions 

Calculation 
of Crash 

Rates 

Crash 
Diagrams 

Description 
of Existing 

Crash 
Trends  

  
  Documentation 

20-40 
Hours 

*Hours will vary based on multiple factors such as analysis area, application of Empirical Bayes Method, etc.  
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Appendix A-1 Example 
Safety Studies – JTB at 
Kernan Boulevard IMR
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Appendix A-2 Example 
Safety Studies – I-95 at 
Glades Road IMR Re-
Evaluation 



SR 9 (I-95) Interchange Modification Report Re-Evaluation – Glades Road (SR 808), Palm Beach County, Florida

Interchange Modification Report Re-Evaluation –July 2020 Page 5-44

5.5 Safety Analysis of the DDI Alternative

An analysis of the predicted number of crashes along mainline I-95 was conducted for both the
RFP and the DDI concepts to assess and compare the safety conditions between the two. The study
area limits for the safety analysis on I-95 are:

· I-95 between W Palmetto Park Road (northbound entrance ramp gore point) and Yamato
Rod (southbound entrance ramp gore point)

The analysis was done for 2040 conditions.

5.5.1 Data Collection

· The 2040 traffic volumes for all the basic freeway segments and ramps were used.
· All the required geometric design and traffic control data were obtained from the design

files that were provided.

5.5.2 Methodology

The analysis followed the procedures from Chapters 18 and 19 of the Highway Safety Manual
(HSM) – 1st Edition Supplement 2014 by the American Association of State Highway and
Transportation Officials (AASHTO). The Enhanced Interchange Safety Analysis Tool (ISATe)
was used for performing the analysis. The methodology discussed in the ISATe user manual was
followed in the current analysis.

5.5.3 Analysis

The project was divided into freeway segments and ramps segments. All the freeway segments
within the study limits were included in the freeway analysis whereas the ramps at the interchange
were included in the ramp analysis. However, the ramp terminals were not included in the analysis.
The RFP alternative was segmented into 24 freeway and 9 ramp segments. The DDI alternative
was segmented into 21 freeway and 8 ramp segments. The results from the analysis are
summarized in Table 5.4.

Table 5.4:  RFP and DDI Concepts - Summary of Predicted Crashes (2040)

Crash
Severity

Type

FDM Crash
Distribution

Factors
(Freeway)

FDM Crash
Distribution

Factors
(Ramps)

Predicted Crashes
RFP Concept DDI Concept

Freeway Ramp Freeway Ramp

K 0.006 0.004 0.93 0.03 0.85 0.02
A 0.035 0.032 5.40 0.25 4.98 0.15

B 0.113 0.107 17.45 0.83 16.09 0.51
C 0.206 0.210 31.81 1.64 29.33 1.01

PDO 0.641 0.647 98.97 5.05 91.28 3.11
Total

(Rounded) 162 147
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As presented in Table 5.4, the DDI concept is predicted to have 147 crashes within the study area
whereas the RFP concept is predicted to have 162 crashes. The DDI concept is predicted to have
15 less crashes, which equates to a 9 percent crash reduction when compared to the RFP concept.

5.5.4 Assumptions and Limitations

· A calibration factor of 1.00 was used for both the concepts.
· A 30-feet clear zone was assumed for both the designs.
· Freeway free flow speed of 65 mph was used for both the designs.
· The analysis did not include the ramp terminals due to the limitations of the HSM in

predicting crashes at a DDI interchange ramps terminals.

5.5.5 Safety Research on DDIs

The HSM and ISATe tool do not account for the unique configuration of a DDI and therefore,
ISATe methods could not be used to predict the safety benefits for the ramp terminal intersections
at Glades Road. Since there are no other tools that account for the DDI configuration either, the
safety benefits of the DDI based on previous researches are summarized below:
The key safety benefits of the DDI configuration include:

· Reduction of conflict points (14 conflict points and 2 crossing points, compared to the 26
conflict points found in the conventional diamond interchange) and improved sight
distance at the turns.

· Reduction in crash severity due to lower design speeds compared to other interchange
designs.

· Traffic calming effect that reduces vehicular speed (while maintaining the capacity) due
to the small geometric deflection introduced by the DDI for through traffic.

· Elimination of the wrong-way movements into ramps from the DDI interchange design.
· Crash reduction associated with the elimination of loop ramps, where applicable.

Several research papers and before-after studies support the safety benefits of the DDIs. Hummer,
Joseph E., et al.1 recommended a Crash Modification Factor (CMF) of 0.67 for conversion of a
conventional Diamond Interchange to a DDI. This implies that the DDI design is estimated to
reduce crashes by 33 percent compared to the conventional Diamond Interchange. The research
team analyzed seven of the earliest DDIs in the US - four of which were in Missouri and the rest
in Kentucky, New York, and Tennessee. The team collected over 28 site-years of “before”
(conversion to DDI) data and over 19 site-years of “after” (conversion to DDI) data. The overall
crash reduction was found to be 33 percent, while the reduction in injury crashes was found to be
41 percent. Additionally, the analyses indicated that DDI installation could reduce angle and
turning crashes substantially. The research team recommended that agencies consider DDI
strongly as replacements for conventional diamonds. The Glades Road interchange is not
completely a conventional diamond due to its loop ramps. Based on the study by Elvik, Rune, et
al.2, replacing the loop ramps with straight ramps or short ramps would reduce the crashes by 45
percent and 30 percent respectively.
This CMFs from these studies can be found in the Crash Modification Factors Clearinghouse,
developed by the US Department of Transportation (USDOT) Federal Highway Administration
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(FHWA) and maintained by the University of North Carolina Highway Safety Research Center
(UNC HSRC).

5.5.6 Conclusions

The DDI configuration at Glades Road results in reduced ramp access points along the I-95
freeway. Based on the ISATe analysis results, the DDI concept is predicted to have 15 less crashes,
which equates to a 9 percent crash reduction when compared to the RFP concept. The before and
after comparison presented in the research study indicates that the DDIs (in comparison to the
conventional Diamond Interchanges) are predicted to reduce the overall crashes by 33 percent
while significantly reducing the injury crashes. Additionally, the elimination of the existing loop
ramps would further improve the safety conditions for the DDI. Therefore, the DDI configuration
at Glades Road is predicted to have lower than the total number of predicted crashes as well as
reduce the severity of crashes.

5.5.7 References

1. Hummer, Joseph E., et al. "Safety evaluation of seven of the earliest diverging diamond
interchanges installed in the United States." Transportation research record 2583.1 (2016):
25-33.

2. Elvik, Rune, et al. "Traffic Control', The Handbook of Road Safety Measures." (2009): 397-
541.
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6.5 Safety Comparison 

Table 10 summarizes the expected crashes for the study alternatives. Appendix E contains the safety 

performance analysis worksheets and crash data utilized for this study. 

Due to the geometric configuration of the No-Build and Build alternatives, and as noted in Table 10, the 

application of HSM methodologies is limited in that there is not a distinct difference in the estimated crash 

frequencies per year between the two (2) alternatives. Based on the safety analysis, there is a slight increase 

in expected number of crashes in the Build alternative compared to the No Build alternative for the ramp 

segments. However, there is a slight reduction in expected number of crashes in the Build alternative 

compared to the No Build alternative for the freeway segment. Based on estimated average crash frequency 

during the study period (2018-2038) for the No Build and Build alternatives, the Build alternative is 

expected to have slightly more crashes per year (0.19) compared to the No Build alternative.  

Table 10: Expected Number of Crashes for Years 2018 through 2038 
 

Crash 
Segment  

Type 

Crash   
Segment 

No Build Build 

Difference  
(Build 

minus No 
Build) 

Ramp 
NB On-Ramp & SB Off-Ramp at I-75/SR 884 

36.81 46.43 9.62 
NB Off-Ramp at I-75/SR 82 

Freeway I-75 between SR 884 and SR 82 321.28 315.68 -5.60 

Estimated Number of Crashes during Study Period 358.09 362.11 4.02 

Estimated Average Crash Frequency during Study Period 
(crashes/year) 

17.05 17.24 0.19 

 
Even though the expected number of crashes and expected crash frequencies resulting from the HSM analysis 

are similar between the two alternatives, the proposed improvements from the Build Alternative provide for 

a safer operation because of the following: 

 Under the No Build alternative, a merge condition is present on the I-75 NB on-ramp before the 

freeway-ramp gore point, whereas the Build alternative will provide an additional 1,650 feet 

distance for the outside ramp lane to merge with the inside lane. The enhanced merge condition 

under the Build alternative is anticipated to provide safer operations with more distance and smooth 

merging.  

 The lane balance provided under the Build alternative because of choice lane at the I-75 exit ramps 

(NB off-ramp to SR 82 and SB off-ramp to SR 884) will provide safer operations as evidenced by 

the freeway operational results. The freeway operational results show that the demand on I-75 
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segment between SR 884 and SR 82 will exceed capacity resulting in LOS F under the No Build 

alternative, which may contribute to a higher number of crashes compared to the Build alternative.  

 The Build condition does not need a lane change from the freeway to ramp and this condition is 

anticipated to reduce the sideswipe crashes. 
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