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INTRODUCTION 
 The roadside crash modification function, CMFROADSIDE, is assumed to have the 

following form: 

 

𝐶𝑀𝐹𝑅𝑂𝐴𝐷𝑆𝐼𝐷𝐸 = [𝛽𝑆𝐻𝐿𝐷 ∙ 𝑋𝑆𝐻𝐿𝐷 ∙ ∏ 𝐶𝑀𝐹𝑗

𝑚1

𝑗=1

] + [𝛽𝑈𝑁𝑆𝐻𝐿𝐷 ∙ 𝑋𝑈𝑁𝑆𝐻𝐿𝐷 ∙ ∏ 𝐶𝑀𝐹𝑘

𝑚2

𝑘=1

] 

 

Where:  

XSHLD = Proportion of the segment edge where longitudinal barriers are installed where 0≤ 

XSHLD ≤ 1. 

XUNSHLD = Proportion of the segment edge where there are unshielded ditches or roadside 

slopes and other unshielded fixed objects where 0≤ XUNSHLD ≤ 1.   

Condition  

that: 1 =  XSHLD + XUNSHLD (100% of the segment edge is accounted for). 

βSHLD = A regression coefficient associated with the segment edges where longitudinal 

barriers are installed. 

βUNSHLD = A regression coefficient associated with the segment edges where there are 

unshielded ditches, roadside slopes or fixed objects like trees, tree lines, utility 

poles, bridge piers, etc. 

CMFj = Crash modification factors associated with roadside feature j that modify the 

ROR crashes associated with longitudinal barriers.  These CMFs would account 

for characteristics like barrier type, barrier terminals, barrier transitions, barrier 

offset, etc. 

CMFk = Crash modification factors associated with roadside feature k that modify the 

ROR crashes associated with unshielded roadsides.  These CMFs would account 

for characteristics like the presence of ditches, the density of narrow fixed 

objects, and other unshielded objects. 

 

The development of CMFROADSIDE was documented in Attachment C16.  Throughout the 

derivation of βSHLD and βUNSHLD, CMFj and CMFk are taken to be unity since the modelling at 

that point was based on the mean roadside condition of the base segments.  βSHLD and βUNSHLD 

were tabulated for each severity considered in Attachment C16.  The documentation of the 

roadside base conditions where CMFj and CMFk, are equal to unity is provided in Attachment 

D16.  Countermeasures which may impact the proportion of longitudinal barrier crashes (CMFj) 

(e.g., offset, barrier type, etc.) should be applied to the first term of CMFROADSIDE while 

countermeasures which will impact the proportion of other crashes (CMFk) (e.g., narrow fixed 

object density, offset, terrain, drainage, etc.) should be applied to the second term of 

CMFROADSIDE.  

Using the definitions for longitudinal barrier crashes (LB) and other crashes (OC) 

provided in Attachment D16, the P(LB) and P(OC) were taken to be mutually exclusive events, 

therefore, 𝑃(𝐿𝐵 ∪ 𝑂𝐶) = 𝑃(𝐿𝐵) + 𝑃(𝑂𝐶).  When considering the development and application 

of CMFj and CMFk, the P(LB) and P(OC) were developed separately.  CMFj is proposed to 

modify the P(LB) and CMFk and proposed to modify the P(OC).  It is assumed that the type and 

offset of barrier is independent from the amount of shielding, therefore, the probability of an LB 

crash on barrier type i is independent of the probability of an LB crash on barrier type j.  This 

http://www.roadsafellc.com/NCHRP17-54/QPR/AttachmentC16.pdf
http://www.roadsafellc.com/NCHRP17-54/QPR/AttachmentC16.pdf
http://www.roadsafellc.com/NCHRP17-54/QPR/AttachmentD16.pdf
http://www.roadsafellc.com/NCHRP17-54/QPR/AttachmentD16.pdf
http://www.roadsafellc.com/NCHRP17-54/QPR/AttachmentD16.pdf
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can be written as 𝑃(𝐿𝐵𝑖  ∩ 𝐿𝐵𝑗) = 𝑃(𝐿𝐵𝑖) ∙ 𝑃(𝐿𝐵𝑗).  Extending this relationship to 

CMFROADSIDE, 𝑃(𝐿𝐵𝑖  ∩ 𝐿𝐵𝑗) = 𝑃(𝐿𝐵𝑖) ∙ 𝐶𝑀𝐹𝑗  .  A simulated before/after study is proposed for 

use.  The major steps and supporting rational for these steps to be undertaken this quarter are 

outlined here and discussed below: 

1. Correlate ROR predictive model with RSAPv3 model. 

2. Develop CMFj and CMFk for use with CMFROADSIDE. 

SIMULATED BEFORE/AFTER STUDY TO DEVELOP CMFJ AND CMFK 
Step 1:  Correlate ROR predictive model with RSAPv3 model. 

 One of the original objectives of this research effort was to correlate the RSAP and HSM 

crash predictions.  This step will accomplish that original objective and serve as the basis for the 

development of CMFj and CMFk for use with CMFROADSIDE.  RSAP was initially developed as a 

computer program for performing cost benefit analyses of roadside designs.  A key step in 

performing such analyses is to estimate the frequency and severity of roadside crashes.  The third 

version of RSAP (RSAPv3) added the ability to calculate the risk of each roadside alternative for 

any specified severity (i.e., A+K, F+I, etc.).   

 Attachment D of the December 2013 Quarterly Progress included a table (Table 4) which 

summarized the relationship between the ROR Predictive Model (Equation 1) and the RSAPv3 

modules.  That table has been copied here and expanded upon to the right (see Table 1).  Both 

models start with AADT, length, and the number of edges.  A correlation will be found for 

encroachments to crashes in this first step.  The SPFEDGE will be added with the previously 

discussed geometric CMFs.   

Using the mean roadside characteristics gathered for base OH segments and the RFIP 

data for base WS segment, the RSVPv3 predicted crashes for each segment will be modeled and 

compared with the SPF predictions for the same segments and the crash data to develop the 

correlation index (δ).   

Finally, using all of the segments which include WS RFIP data and the geometric CMFs 

previously developed, determine if the correlation index (δ) varies with AADT or segment 

length for the larger sample.  The correlation index (δ) will be applied to the encroachment 

probability model through an encroachment adjustment factor.    
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Table 1.  Correlation between ROR Predictive Model Terms and RSAPv3 Modules. 

ROR SPF 

(Eqn 1) 

RSAPv3 Module 17-54 Correlation Index 

SPFEDGE 

Probability of 

Encroachment 

 ADT●L/edge 

 P(Enc.) 

 geometric 

adjustment factors 

SPFEDGE 

P(Enc.) = 

Encroachment 

Frequency  

SPFEDGE  = ROR Crash 

Frequency per edge year 

CMFROADWAY 
Replace RSAPv3 adjustment factors with the 

CMFROADWAY 

CMFROADSIDE 

Probability of Collision 

 The conditional 

probability of 

striking an object 

based on its position 

on the roadside and 

the trajectories of 

vehicles departing 

the roadway. 

Develop Correlation Index: 

1. Model crashes/edge using develop methods 

developed under this research. 
2. Add roadside base conditions collected and 

documented in Attachment D16 to RSAPv3. 

3. Model crashes/edge using RSAPv3  

4. Determine the correlation between the two 

models (δ). 

5. Determine if δ varies with ADT or L. 

 

Expected Crash Risk 

 The conditional 

probability of the 

severity of a crash 

with each particular 

object based on the 

impact speed. 

 

Where: 

P(Enc.) = Probability of encroachment (encroachment rate) 

δ = correlation index for use with ROR SPF and RSAPv3 

 

 

Step 2:  Develop CMFj and CMFk for use with CMFROADSIDE. 

The companion CMFs for the CMFROADSIDE will be developed using a simulated before-

after study similar to the approach described by Hauer.[Hauer97]  The CMFROADSIDE has been 

calibrated to the base conditions of the SPF through the development of BSHLD and BUNSHLD.  

Recall when developing BSHLD and BUNSHLD, CMFj and CMFk were assumed to equal unity.  This 

step will develop companion CMFs for modifying those conditions to allow for the consideration 

of crash severity with different roadside features and different locations on the roadside.   

 

 

Step 2a:  Determine the expected crashes per edge for base roadside conditions. 

Using the correlated encroachment probably model at base conditions, predict the 

expected annual crash frequency by edge, the expected annual fatal crash frequency by edge (K), 
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expected annual severe injury crash frequency by edge (K+A) and expected annual injury crash 

frequency by edge (F+I).   

 

Severity Nomenclature 

All 

Fatal (K) 

Severity injury 

(K+A) 

Injury (F+I) 

nEDGE 

nEDGE-K 

nEDGE-K+A 

nEDGE-F+I 

 

Where: 

nEDGE  = expected annual crashes on the any edge for the severity specified. 

   

 

Step 2b:  Determine the number of crashes that would be expected under non-base roadside 

conditions for each severity level. 

Repeat the four different calculations to determine the expected crashes per edge (step 

2a) for each variation to the roadside base conditions shown for longitudinal barriers, fixed 

objects, and slopes.  Variations in traffic volume and segment length over time have already been 

accounted for and action to adjust for either need not be done again. 

 

 

Crash Frequency and 

Severity 
Longitudinal barriers† 

 

Change roadside slope, fixed object 

density and offset†† 

CMFROADSIDE | SEVERITY =       BSHLD XSHLD CMFj +           BUNSHLD XUNSHLD CMFk 

nedge:  Base Conditions 

nedge-K 

nedge-K+A 

nedge-F+I 

 Base: W-Beam at edge 

of travel (CMFj=1) 

 Vary barrier offset from 

edge of travel to 30’ 

 Vary type††† 

o Concrete 

o Cable 

 Base:  Traversable and free of fixed 

objects (CMFk=1) 

 Vary fixed object density from 1 to 

100 objects/mile 

 Vary fixed object offset from edge of 

pavement to 50’ from edge of 

pavement. 

† Longitudinal barrier CMFs will only consider barriers which are NCHRP Report 350 

compliant or better.   

††Fixed objects considered will be the average outcome of a crash with any fixed object on the 

roadside.   

††† This CMF will only consider changes to crash frequency expected from a change in barrier 

type.  Changes to test level will not be considered because there are insufficient variables 

in this model to account for these countermeasures.  This CMF will not determine the 

appropriate barrier for a given situation.  The design engineer should choose the 

appropriate barrier for any situation using the principals within RDG.  
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Step 2c:  Estimate the safety effect of changes to the base roadside conditions. 

The frequency and severity of crashes that would be expected under non-base roadside 

conditions is compared to the frequency and severity of crashes under base conditions to estimate 

the safety effects of changes to the base conditions.  This is repeated for each change in roadside 

conditions considered in step 2b and for each severity level considered.   

 

 

Index of Effectiveness 

for each segment edge 
𝜃𝑒𝑑𝑔𝑒−𝑘 =

𝑛𝑒𝑑𝑔𝑒−𝐾𝑖 𝑛𝑒𝑑𝑔𝑒−𝐾𝑏𝑎𝑠𝑒⁄

{1 + [𝑛𝑒𝑑𝑔𝑒−𝐾) 𝑛𝑒𝑑𝑔𝑒−𝐾
2]}⁄

 

Variance 𝑉𝑎𝑟(𝜃𝑒𝑑𝑔𝑒−𝐾) = 𝜃𝑒𝑑𝑔𝑒−𝐾
2 ∙

{
𝑛𝑒𝑑𝑔𝑒−𝐾𝑖

𝑛𝑒𝑑𝑔𝑒−𝐾𝑖
2 +

𝑛𝑒𝑑𝑔𝑒−𝐾𝑏𝑎𝑠𝑒

𝑛𝑒𝑑𝑔𝑒−𝐾𝑏𝑎𝑠𝑒
2}

[1 +
𝑛𝑒𝑑𝑔𝑒−𝐾𝑏𝑎𝑠𝑒

𝑛𝑒𝑑𝑔𝑒−𝐾𝑏𝑎𝑠𝑒
2]

2  

 

where: 

nedge-Kbase = frequency and severity of edge crashes under base conditions. 

nedge-Ki = frequency and severity of edge crashes under non-base condition i. 

Qedge-K = expected change in edge crashes for severity noted. 

 

Step 2d:  Tabulate Finding for CMFj and CMFk.. 

 The results will likely be tabulated to allow the user to choose a CMFj which adjusts the 

crash frequency and severity for barrier offset and type.  The user will also be able to choose a 

CMFk for adjusting the slope and/or density and offset to fixed objects like trees and utility 

poles.  The CMFs will adjust for the changes modeled under step 2b. 

 

SUMMARY AND CONCLUSION 
The procedures presented herein include methods which can be adopted by any State to 

develop State-specific CMFs as well as limit the amount of additional data collection States 

would be subjected to.  The correlated version of RSAPv3 developed for this research will be 

released for use by any State to develop additional CMFs of interest, which will continue to 

minimize the data collection burden on States.  The research team is confident that this approach 

will accomplish the project objectives, including (1) develop quality CMFs to quantify the effect 

of roadway design on ROR crash frequency and roadside design on crash frequency and severity; 

(2) coordinate the HSM approach with the Roadside Design Guide approach; and (3) limit the 

amount of data collection necessary for any State to develop their own CMFs. 
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