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Project Background 
The Nevada Department of Transportation (NDOT) and the Federal Highway Administration 
(FHWA) are proposing improvements to accommodate future travel demands and improve safety 
along Interstate 80 (I-80) from Vista Boulevard to USA Parkway (SR 439). The proposed project 
aims to improve freeway operations, regional mobility, and safety as well as reduce congestion 
and travel delays. The section of I-80 between Vista Boulevard and USA Parkway (SR 439) has seen 
a significant increase in congestion and crashes over the past five years. The I-80 East Widening 
project would improve traffic operations and enhance safety along the thirteen (13)-mile corridor 
of I‑80. The project will widen I-80 from four (4) to six (6) lanes, increase shoulder widths, and 
implement Intelligent Transportation Systems (ITS) and other traffic safety improvements.  

This memorandum describes the safety analysis of the I-80 Corridor Study between Vista 
Boulevard and USA Parkway (SR 439). 

 

Project Study Limits 
The safety analysis study area includes the I-80 freeway corridor in Washoe County, Nevada, from 
the Vista Boulevard interchange on the west to approximately one mile east of the USA Parkway 
(SR 439) interchange. Figure 1 shows the project limits and includes: 

 I-80: East of Vista Boulevard to east of USA Parkway (SR 439) 
 Interchanges: Lockwood, Frontage Road (Mustang), Waltham Way 

 
Figure 1. Project Limits for Traffic Analysis 
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Methodology 
The Highway Safety Model (HSM) Part C predictive method was used to calculate the predicted 
average crashes. This method introduces the use of Crash Modification Factors (CMFs) and 
Safety Performance Functions (SPFs). The HSM provides predictive methods for evaluating 
freeways, ramps and interchanges, and urban and suburban arterials, among other facility types. 
The models can be used to evaluate the impact of design alternatives on crash frequency, 
diagnose safety issues, and assess future safety conditions. These models provide the 
advantages of measuring the effects of roadway geometry, physical features, and traffic volumes 
on crash frequency 

Each model predicts average crash frequency using SPF and CMF. An SPF expresses the 
nonlinear relationship between traffic volume and crash frequency. It is established by modeling 
road segments and the crashes that are recorded on them. The SPF is based on the most 
frequent or common set of road characteristics, known as the “base condition.” 

The CMFs included as part of the predictive models are used to adjust the predicted average 
crash frequency, estimated by the SPF for a site with base conditions, to the local conditions of 
the site under evaluation. A CMF represents the relative change in estimated average crash 
frequency because of a change in one specific condition. It provides an estimate of the 
effectiveness of implementing a particular safety countermeasure (e.g., transportation solutions 
such as paving gravel shoulders, adding a left-turn lane, or increasing the radius of a horizontal 
curve).  

Analysis Tool 
The Interactive Highway Safety Design Model (IHSDM) Crash Prediction Model (CPM) was used 
to predict the number of crashes for the existing condition, the 2030 No-Build and Build 
Alternatives, and the 2050 No-Build and Build Alternatives.  

The FHWA developed the IHSDM tool as a suite of software analysis tools used to evaluate the 
operational effects of geometric design decisions on highways. IHSDM was originally designed 
to provide “decision support” in the highway design process comparing existing or proposed 
roadway designs against relevant design and operations policy values. A crash prediction 
module, which incorporates the HSM methodology, was added to estimate the safety impacts of 
design decisions.  

The IHSDM requires the same data needed for the predictive models in Part C of the HSM, and 
these models differ for each facility and intersection type, i.e., Urban and Suburban Arterials and 
Freeway facilities, and three- or four-legged stop or signal-controlled intersections that tie into 
the facility type. 
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One advantage that IHSDM software has over other tools, such as ISATe, is the ability to import 
CAD files, which can substantially simplify both the segmenting of the freeway section being 
evaluated and the gathering of necessary roadway geometry data. However, if CAD files are not 
available, manual segmentation and gathering of roadway geometry are required. 

IHSDM Data Input 
IHSDM requires the same data needed for HSM Part C predictive models, which is different for 
each facility type. IHSDM uses geometric data, speed limit, area type, Average Annual Daily 
Traffic (AADT), and other data variables to create homogenous segments. The HSM predictive 
methods for the different facility types embedded into IHSDM require different data input 
elements to generate predicted crash frequencies. Some of these include, but are not limited to: 

 Facility type 
 Horizontal alignment 
 AADT 
 Cross section elements (e.g., number of lanes, lane width, inside and outside shoulder 

width, median width, clear zone, presence of ramps, inside and outside median barrier, 
presence of shoulder rumble strips) 

All freeway and freeway interchange ramps were coded as part of a single network. 

Freeway Predictive Models 
HSM Chapter 18, Freeways and Interchanges, contains different SPFs for four-, six-, eight-, and 
ten-lane freeway segments. Table 1 lists the different SPFs included in the freeways chapter. 
 
The models are based on AADT and are used to predict crash frequency. Crash frequency is 
influenced by lane width and shoulder width dimensions, the presence and location of roadside 
and median barriers, mainline horizontal alignment, and entrance and exit ramps, with CMFs 
calculated for each factor. 

Mainline crashes are influenced by congestion, the proximity of ramps with specific sensitivity to 
weaving, the location of ramps (left-hand versus right-hand), and their design (lane balance 
versus lane drop).  
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Table 1. HSM Chapter 18 Safety Performance Functions 
Site Type Cross Section/Type 

Freeway Segments 

Urban four-lane freeways 
Urban six-lane freeways 

Urban eight-lane freeways 
Urban ten-lane freeways 
Rural four-lane freeways 
Rural six-lane freeways 

Rural eight-lane freeways 

Some of the limitations of the HSM freeway predictive models include: 

 High-occupancy vehicle (HOV) lanes cannot be modeled. 
 Ramps with more than two lanes cannot be modeled. 
 Freeways with more than ten lanes cannot be modeled. 
 Consecutive merge ramps within a single freeway section cannot be modeled. 

Freeway Ramp Predictive Models 
HSM Chapter 19, Predictive Method for Ramps, was used to estimate the safety performance of 
ramps, ramp terminals, and interchanges along the corridor and the arterials. Table 2 
summarizes the predictive models included in the HSM for different ramp segments. Similarly, 
the models are AADT-based and generate predicted average annual fatal and injury crash 
frequency and property damage only (PDO) crash frequency. A severity distribution function is 
available to further quantify the crash frequency by the following severity levels: fatal, 
incapacitating injury, non-incapacitating injury, and possible injury.  

The ramp models use several factors including (but not limited to) the number of through lanes, 
presence of horizontal curve, radius of the curve, widths of lanes, and widths of right and left 
shoulders. 

Table 2. HCM Chapter 19 Safety Performance Functions 
Site Type Cross Section/Type 

Ramp Segments 

One-lane entrance ramp 
Two-lane entrance ramp 

One-lane exit ramp 
Two-lane exit ramp 

 
  



 

NDOT | I-80 East Widening NEPA: I-80 East NEPA Safety Analysis 

6 

Alternatives Evaluated 
The alternatives evaluated in this I-80 Safety Analysis included are: 

 2030 opening year No-Build and Build Alternatives 
 2050 design year No-Build and Build Alternatives  

The 2030 and 2050 Build Alternative includes the selected alternative for the I-80 freeway, and 
the selected alternatives for the I-80 freeway interchanges. 

I-80 Modeling 
The I-80 freeway (from east of Vista Boulevard to east of USA Parkway) and freeway ramps used 
for the modeling process are summarized below: 

 The 2030 (opening year) and 2050 (design year) No-Build Geometry includes the I-80 
freeway and I-80 freeway interchange ramps for Lockwood Interchange, Mustang 
Interchange, and Waltham/Patrick Interchange. 

 The 2030 and 2050 Build Alternative Geometry includes the I-80 freeway for 
Alternative 3A – Split Profile at Existing Grade, and the I-80 freeway interchange ramps 
for Alternative 3A for Lockwood interchange – Alternative L1, Mustang Interchange, and 
Waltham/Patrick Interchange – Alternative P2 (New Tight Diamond Interchange). 

 The IHDSM analysis is based on the 2030 and 2050 Traffic Forecast. 
 AADTs were provided for the I-80 freeway segments and freeway ramps from the 

post-processing of the Washoe County TransCAD model. 
 

No-Build Alternative 
The No-Build Alternative is the existing configuration of the I-80 freeway and freeway 
interchange ramps within the project limits with 2030 opening year and 2050 design year 
No-Build model’s traffic volumes.  

I-80 is a four-lane divided freeway with two general purpose lanes in each direction with 
deceleration and acceleration lanes for most of the freeway ramps as well as median and 
outside barriers throughout most of the project limits.  

The evaluated ramps were at Lockwood Interchange, Mustang Interchange, and Waltham 
Way/Patrick Interchange. The freeway ramps were all single 12-foot lanes with varying inside 
and outside shoulder widths, and some instances of barriers on either one side or both sides of 
the ramp. 

Build Alternative 
The Build Alternative is the selected alternative with improvements on the I-80 freeway and 
freeway interchange ramps within the project limits with 2030 opening year and 2050 design 
year Build model’s traffic volumes.  
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The selected alternative, Alternative 3A Split Profile at Existing Grade, is a six-lane freeway with 
three general purpose lanes in each direction with deceleration and acceleration lanes for the 
freeway ramps, median and outside barriers were included throughout the entire project limits. 
The acceleration and deceleration lanes were all extended to meet or exceed the freeway design 
criteria. 

The Build Alternative for the Lockwood Interchange is Alternative L1. This alternative 
incorporates minor improvements to the existing interchange geometry, including adding a 
separate lane and lengthening the westbound on-ramp, improving ramp acceleration and 
deceleration lanes onto the freeway, and widening shoulder widths on all ramps to meet current 
design criteria. 

The Build Alternative for the Musting Interchange includes minor geometric improvements to 
address some design deficiencies and widen shoulder widths on all ramps to meet current 
design criteria. 

The Build Alternative for the Waltham Way/Patrick Interchange is Alternative P2 New Tight 
Diamond Interchange. This alternative proposes combining the separated access points to a 
single new tight diamond interchange and widening shoulder widths on all ramps to meet 
current design criteria. 

 

 

 

 

 

 

 

 

 

 

 



 

NDOT | I-80 East Widening NEPA: I-80 East NEPA Safety Analysis 

8 

Evaluation Results 
2030 Opening Year 
I-80 Crash Prediction results for the 2030 No-Build and the 2030 Build Alternatives are reported 
by freeway and the combined freeway interchange ramps. These results are then summarized by 
I-80 freeway and interchange ramps. The results of the crash prediction models for the No-Build 
scenario and the Build Alternatives are presented in Table 3 and Figure 2. Detailed results from 
the IHSDM analysis are provided in Appendix A. 

The overall total predicted crashes for the selected alternatives are 20 percent lower than those 
for the No-Build Alternative. The reductions are mainly due to the addition of a general purpose 
lane in each direction, the lengthening of the acceleration and deceleration lanes, and the 
installation of barrier rail in the median along the entire length of the project. 

Table 3. I-80 2030 Crash Prediction Results 

 2030 No-Build 2030 Build Alternatives 
FI PDO Total FI PDO Total 

I-80 Freeway 51.6 131.4 183.0 
41.6 104.6 146.1 

-19% -20% -20% 

I-80 Freeway 
Ramps 

0.7 0.8 1.4 
0.5 0.6 1.1 

-29% -22% -25% 

Overall Total 52.3 132.2 184.4 
42.0 105.2 147.2 

-20% -20% -20% 

 
2050 Design Year 
I-80 Crash Prediction results for the 2050 No-Build and the 2050 Build Alternatives are reported 
by freeway and the combined freeway interchange ramps. These results are then summarized by 
I-80 freeway and interchange ramps. The results of the crash prediction models for the No-Build 
scenario and the Build Alternatives are presented in Table 4 and Figure 2. Detailed results from 
the IHSDM analysis are provided in Appendix A. 

The overall total predicted crashes for the selected alternatives are 20 percent lower than those 
for the No-Build Alternative. The reductions are mainly due to the addition of a general purpose 
lane in each direction, the lengthening of the acceleration and deceleration lanes, and the 
installation of barrier rail in the median along the entire length of the project. 
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Table 4. I-80 2050 Crash Prediction Results 

 2050 No-Build 2050 Build Alternatives 

FI PDO Total FI PDO Total 

I-80 Freeway 62.2 166.7 228.9 
50.3 132.2 182.5 

-20% -21% -20% 

I-80 Freeway 
Ramps 

0.7 0.8 1.6 
0.5 0.7 1.2 

-22% -12% -25% 

Overall Total 62.9 167.5 230.5 
50.8 132.9 183.7 

-19% -21% -20% 
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Conclusions 
In conclusion, the predicted number of crashes in the 2030 and 2050 Build conditions are less 
than the No-Build conditions for the same years. This is due to the addition of a general-
purpose lane in each direction; the widening of the inside and outside shoulders; the addition of 
barrier rail along the entire freeway section both in the median and the outside shoulder; and 
the improvements to the acceleration and deceleration lanes at the Lockwood, Mustang and 
Patrick interchanges. Installing barrier rail along the entire freeway section both in the median 
and the outside shoulders is known to reduce fatal and serious injuries by eliminating any 
crossover crashes and keeping errant vehicles from overturning when leaving the roadway either 
into the median or running off the roadway to the right.  Widening the shoulders gives drivers 
additional time to recover from running off the road and provides areas for drivers to utilize in 
the case of an emergency. Increasing the deceleration and acceleration lanes for the 
interchanges also provides drivers with more decision time to maneuver, either while on the 
freeway to allow drivers to get onto the freeway or while on the ramp to get on or off the 
freeway.  

The decrease in crashes also is related to the improvements at the Lockwood, Mustang and 
Patrick interchanges. Minor improvements to the existing interchange geometry,  improving 
ramp acceleration and deceleration lanes onto the freeway, and widening shoulder widths on 
ramps to meet current design criteria all aided in the decrease of crashes. 

Overall, the geometric improvements and road safety measures proposed in the Build 
conditions proved effective in improving road users’ traffic safety. 
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ï ëëíõèçòèëð ëêëõîèòèëð ðòîïëé èëòîíï íòðìíç ðòèèíè îòïêðî ïìòïïðé ðòêì

î ëêëõîèòèëð ëéðõíðòððð ðòðçìç ëéòðéì îòðíèì ðòëèðè ïòìëéê îïòìéëé ðòçè

í ëéðõíðòððð êíîõéëòððð ïòïèîè êîçòððé îîòìêìë êòìîíí ïêòðìïí ïèòççíî ðòèê

ì êíîõéëòððð êììõððòððð ðòîïíï çíòðîè íòíîîì ðòçéîê îòíìçè ïëòëçíî ðòéï

ë êììõððòððð êéëõìêòéðð ðòëçêð íîîòíèï ïïòëïíê íòíîïë èòïçîï ïçòíïçî ðòèè

ê êéëõìêòéðð êéêõèîòìèð ðòðîëé ïïòëëð ðòìïîë ðòïïçì ðòîçíï ïêòðìðî ðòéê

é êéêõèîòìèð êèðõïïòîðð ðòðêîí îèòðçè ïòððíë ðòíðîç ðòéððê ïêòïïèí ðòéê

è êèðõïïòîðð êèêõððòððð ðòïïïë ììòêêì ïòëçëî ðòìëéë ïòïíéé ïìòíðìì ðòêè

ç êèêõððòððð êèêõîèòîðð ðòððëí îòìïî ðòðèêï ðòðîìç ðòðêïî ïêòïîçî ðòéê

ïð êèêõîèòîðð êèéõëðòððð ðòðîíï ïíòçðë ðòìçêê ðòïëïï ðòíìëë îïòëîéë ïòðî

ïï êèéõëðòððð êçðõððòððð ðòðìéí îéòïêì ðòçéðï ðòîçíç ðòêéêî îðòìèçí ðòçé

ïî êçðõððòððð êçðõìïòêðð ðòððéç íòçðë ðòïíçë ðòðìîè ðòðçêê ïéòéððç ðòèì

ïí êçðõìïòêðð êçïõîëòððð ðòðïëè èòïïê ðòîèçè ðòðèëê ðòîðìí ïèòíìçè ðòèé

ïì êçïõîëòððð êçèõïïòìðð ðòïíðð ëíòîèï ïòçðîç ðòëêìï ïòííèè ïìòêíéê ðòêç

ïë êçèõïïòìðð éððõððòððð ðòðíëé ïèòîîê ðòêëðç ðòïçìç ðòìëêð ïèòîîîç ðòèë

ïê éððõððòððð éìçõèîòíèð ðòçìíê ëêèòèèð îðòíïéï ëòèðêê ïìòëïðê îïòëíðè ïòðï

ïé éìçõèîòíèð éëîõêçòïðð ðòðëìí îêòìèð ðòçìëé ðòîèéç ðòêëéè ïéòìïëé ðòèî

ïè éëîõêçòïðð éëìõìðòíëð ðòðíîì ïíòìçé ðòìèîð ðòïìîì ðòííçé ïìòèêïè ðòéë

ïç éëìõìðòíëð éêïõððòððð ðòïîìç ììòëëê ïòëçïí ðòìêðï ïòïíïî ïîòéíéð ðòêì

îð éêïõððòððð éêíõððòððð ðòðíéç ïëòéèè ðòëêíç ðòïêîí ðòìðïë ïìòèèêï ðòéë

îï éêíõððòððð éêêõððòððð ðòðëêè îëòííê ðòçðìç ðòîëéì ðòêìéë ïëòçîëê ðòèï

îî éêêõððòððð éêéõëðòððð ðòðîèì ïïòðïï ðòíçíî ðòïïíê ðòîéçé ïíòèìîð ðòéð

îí éêéõëðòððð éèìõïëòéðð ðòíïëë ïððòêìï íòëçìí ïòðêðî îòëíìï ïïòíçíì ðòëè

îì éèìõïëòéðð éèëõééòèðð ðòðíðé ïîòîíð ðòìíêè ðòïíîì ðòíðìì ïìòîîéé ðòéî

îë éèëõééòèðð éèèõíîòçíð ðòðìèí îðòëîï ðòéíîç ðòîíîé ðòëððî ïëòïêéé ðòéë

îê éèèõíîòçíð èïêõèðòððð ðòëíçî ïèêòçìì êòêéêê ïòçééð ìòêççë ïîòíèîð ðòêï

îé èïêõèðòððð èîéõëðòððð ðòîðîé çèòðçé íòëðíë ïòððêç îòìçêê ïéòîèèî ðòèê

îè èîéõëðòððð èíêõëðòððð ðòïéðë éíòððî îòêðéî ðòéíçê ïòèêéê ïëòîçëé ðòéê

îç èíêõëðòððð èìçõïîòéêê ðòîíçî ïíîòííî ìòéîêï ïòíêèð íòíëèï ïçòéêïì ðòçè

íð èìçõïîòéêê èéëõððòððð ðòìçðð ïëìòìïï ëòëïìé ïòìêèî ìòðìêë ïïòîëìí ðòëê

íï èéëõððòððð çèèõççòïðð îòïëèç èéêòðïç íïòîèêì èòíêéï îîòçïçí ïìòìçïé ðòéî

íî çèèõççòïðð çççõïïòððð ðòïçïê êîòééë îòîìîð ðòëèèë ïòêëíì ïïòêçèí ðòêð

íí çççõïïòððð ïððíõèëòèèð ðòðèçç íìòéçë ïòîìîé ðòíìêí ðòèçêì ïíòèïéï ðòéð

íì ïððíõèëòèèð ïððçõèêòîïð ðòïïíé ììòëðì ïòëèçì ðòìîëí ïòïêìï ïíòçéçì ðòéï

íë ïððçõèêòîïð ïðïïõçðòëðð ðòðíèé ïëòîïð ðòëìíî ðòïëïì ðòíçïè ïìòðìðî ðòéî

íê ïðïïõçðòëðð ïðíèõëîòððð ðòëðìï ïéèòðéï êòíëçé ïòêéêê ìòêèíð ïîòêïêê ðòêì

íé ïðíèõëîòððð ïïçðõíðòìçð îòèéìé ïôïïèòìçì íçòçìêî ïðòêììð îçòíðîî ïíòèçëé ðòéð

íè ïïçðõíðòìçð ïïçêõëíòéçð ðòïïèð ìîòéðè ïòëîëí ðòìîðî ïòïðëï ïîòçîðè ðòêê

íç ïïçêõëíòéçð ïîïíõððòððð ðòíïïè ïîðòììì ìòíðïê ïòïìéç íòïëíé ïíòéçêé ðòéð

ìð ïîïíõððòððð ïîíëõèìòêìé ðòìíîé èðòéêï îòèèìí ðòçððë ïòçèíç êòêêëç ðòéð
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Ì¿²¹»²¬ ëëíõèçòèëð ëêëõîèòëîé ðòîïëé èëòîðê íòðìíï ðòèèíë îòïëçê ïìòïïðé ðòêì

Í·³°´» Ý«®ª» ï ëêëõîèòëîé ëèîõððòëçí ðòíïêé ïéëòððî êòîëðï ïòéèëð ìòìêëð ïçòéíêí ðòçð

Ì¿²¹»²¬ ëèîõððòëçí ëèèõïíòèìê ðòïïêï êïòéêè îòîðêð ðòêíðè ïòëéëî ïèòççíî ðòèê

Í·³°´» Ý«®ª» î ëèèõïíòèìê ëçìõìêòëìç ðòïïçè êíòéîé îòîéêð ðòêëðè ïòêîëî ïèòççíî ðòèê

Ì¿²¹»²¬ ëçìõìêòëìç ëçêõìîòçîé ðòðíéî ïçòééç ðòéðêì ðòîðîð ðòëðìì ïèòççíî ðòèê

Í·³°´» Ý«®ª» í ëçêõìîòçîé êðèõîçòéèí ðòîîìè ïïçòëìî ìòîêçì ïòîîðé íòðìèê ïèòççíî ðòèê

Ì¿²¹»²¬ êðèõîçòéèí êîïõîçòîíî ðòîìêï ïíðòèèí ìòêéìì ïòííêë íòííéè ïèòççíî ðòèê

Í·³°´» Ý«®ª» ì êîïõîçòîíî êîèõïëòïîê ðòïîçç êçòðèë îòìêéí ðòéðëë ïòéêïè ïèòççíî ðòèê

Ì¿²¹»²¬ êîèõïëòïîê êíèõêïòîìí ðòïçèï çìòéçê íòíèëê ðòçéçè îòìðëè ïéòðèéç ðòéè

Í·³°´» Ý«®ª» ë êíèõêïòîìí êìëõìîòïðï ðòïîçð ëçòïðç îòïïïð ðòêïëè ïòìçëí ïêòíéðè ðòéë

Ì¿²¹»²¬ êìëõìîòïðï êëîõíèòïìé ðòïíïè éïòíïð îòëìêè ðòéíìé ïòèïîï ïçòíïçî ðòèè

Í·³°´» Ý«®ª» ê êëîõíèòïìé êéëõìêòðëî ðòìíéï îíêòììê èòìììë îòìíêï êòððèì ïçòíïçî ðòèè

Ì¿²¹»²¬ êéëõìêòðëî êèìõëëòëðë ðòïéîî éíòìïé îòêîîð ðòéêèî ïòèëíç ïëòîîîé ðòéî

Í·³°´» Ý«®ª» é êèìõëëòëðë êçìõìîòëçí ðòïèêç çïòïïë íòîëìï ðòçéïê îòîèîë ïéòìðêì ðòèî

Ì¿²¹»²¬ êçìõìîòëçí éðíõïìòèðð ðòïêëî èîòéçé îòçëéð ðòèêìç îòðçîî ïéòçððè ðòèì

Í·³°´» Ý«®ª» è éðíõïìòèðð éïïõëìòîðç ðòïëçð çëòèìî íòìîîç ðòçéèí îòìììé îïòëíðè ïòðï

Ì¿²¹»²¬ éïïõëìòîðç éïîõéêòîìí ðòðîíï ïíòçíì ðòìçéê ðòïìîî ðòíëëì îïòëíðè ïòðï

Í·³°´» Ý«®ª» ç éïîõéêòîìí éîíõêìòêíë ðòîðêï ïîìòîéï ìòìíèî ïòîêèì íòïêçè îïòëíðè ïòðï
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Ì¿²¹»²¬ éìíõïíòðçé èïëõðèòíéè ïòíêîé ëîîòïëí ïèòêìèí ëòìèêè ïíòïêïê ïíòêèìì ðòêè

Í·³°´» Ý«®ª» ïï èïëõðèòíéè èîëõëïòïíë ðòïçéë çïòïíë íòîëìè ðòçíèç îòíïëç ïêòìèðé ðòèî

Ì¿²¹»²¬ èîëõëïòïíë èíëõéðòïçë ðòïçíð èìòéêï íòðîéî ðòèêïî îòïêêð ïëòêèìë ðòéè

Í·³°´» Ý«®ª» ïî èíëõéðòïçë èëðõêçòîïí ðòîèíç ïìèòïìî ëòîçðè ïòëîîì íòéêèì ïèòêíëè ðòçí

Ì¿²¹»²¬ èëðõêçòîïí èçïõìëòìîê ðòééîð îéïòëîë çòêçéí îòëèéî éòïïðî ïîòëêïï ðòêî

Í·³°´» Ý«®ª» ïí èçïõìëòìîê çïíõëêòèðè ðòìïèè ïêçòçìì êòðêçì ïòêîíî ìòììêí ïìòìçïé ðòéî

Ì¿²¹»²¬ çïíõëêòèðè çîëõëìòççí ðòîîêç çîòðèð íòîèèê ðòèéçë îòìðçï ïìòìçïé ðòéî

Í·³°´» Ý«®ª» ïì çîëõëìòççí çíðõèðòççð ðòðççê ìðòìîí ïòììíé ðòíèêï ïòðëéê ïìòìçïé ðòéî

Ì¿²¹»²¬ çíðõèðòççð çìðõîîòïîç ðòïéèî éîòíîê îòëèíï ðòêçðè ïòèçîí ïìòìçïé ðòéî

Í·³°´» Ý«®ª» ïë çìðõîîòïîç çéíõðëòçîç ðòêîïç îëîòíëç çòðïîè îòìïðì êòêðîë ïìòìçïé ðòéî

Ì¿²¹»²¬ çéíõðëòçîç ïðíèõèêòêëî ïòîìêí ìêðòíìì ïêòììðç ìòíèîð ïîòðëèç ïíòïçïî ðòêé

Í·³°´» Ý«®ª» ïê ïðíèõèêòêëî ïðëèõïéòîëï ðòíêëê ïìîòîêë ëòðèðç ïòíëíè íòéîéð ïíòèçëé ðòéð

Ì¿²¹»²¬ ïðëèõïéòîëï ïðêìõîíòëçð ðòïïìè ììòêèï ïòëçëé ðòìîëî ïòïéðë ïíòèçëé ðòéð

Í·³°´» Ý«®ª» ïé ïðêìõîíòëçð ïðééõïêòêéë ðòîììç çëòîèé íòìðíï ðòçðêè îòìçêí ïíòèçëé ðòéð

Ì¿²¹»²¬ ïðééõïêòêéë ïðèëõèíòðêî ðòïêìï êíòèìí îòîèðï ðòêðéê ïòêéîê ïíòèçëé ðòéð

Í·³°´» Ý«®ª» ïè ïðèëõèíòðêî ïïðéõéçòêêë ðòìïêð ïêïòèêé ëòéèðç ïòëìðì ìòîìðê ïíòèçëé ðòéð

Ì¿²¹»²¬ ïïðéõéçòêêë ïïéïõîíòìêí ïòîðïë ìêéòìéï ïêòêçëì ìòììèê ïîòîìêè ïíòèçëé ðòéð

Í·³°´» Ý«®ª» ïç ïïéïõîíòìêí ïïéêõèïòêíê ðòïðëé ìïòïíî ïòìêçð ðòíçïì ïòðééê ïíòèçëé ðòéð

Ì¿²¹»²¬ ïïéêõèïòêíê ïîðçõðíòìðê ðòêïðî îííòëíî èòíìðì îòîíéì êòïðíð ïíòêêèé ðòêç

Í·³°´» Ý«®ª» îð ïîðçõðíòìðê ïîîêõéíòíéè ðòííëî ééòëêë îòééðî ðòèïéè ïòçëîí èòîêíé ðòéð

Í·³°´» Ý«®ª» îï ïîîêõéíòíéè ïîíëõèìòêìé ðòïéîê íîòîïí ïòïëðë ðòíëçî ðòéçïí êòêêëç ðòéð

Í»½¬·±² Ì§°»­ Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬

ïð ×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´



Ì¿¾´» ëò  Ð®»¼·½¬»¼ Ý®¿­¸ Ú®»¯«»²½·»­ ¾§ Ç»¿® øÍ»½¬·±² ï÷

Ç»¿® Ì±¬¿´ Ý®¿­¸»­ Ú× Ý®¿­¸»­ Ð»®½»²¬ Ú× øû÷ ÐÜÑ Ý®¿­¸»­ Ð»®½»²¬ ÐÜÑ øû÷

îðîí ïìéòîë ìîòçê îçòïéé ïðìòîç éðòèîí

îðîì ïëîòîð ììòïè îçòðîê ïðèòðî éðòçéì

îðîë ïëéòîð ìëòìð îèòèéè ïïïòèð éïòïîî

îðîê ïêîòîë ìêòêî îèòéíí ïïëòêí éïòîêê

îðîé ïêéòíé ìéòèë îèòëçî ïïçòëï éïòìðè

îðîè ïéîòëí ìçòðç îèòìëí ïîíòìì éïòëìé

îðîç ïééòéì ëðòíí îèòíïé ïîéòìï éïòêèí

îðíð ïèíòðï ëïòëè îèòïèí ïíïòìì éïòèïé

îðíï ïèëòîî ëîòïð îèòïîç ïííòïî éïòèéï

îðíî ïèéòìì ëîòêî îèòðéë ïíìòèï éïòçîë

îðíí ïèçòêê ëíòïë îèòðîî ïíêòëî éïòçéè

îðíì ïçïòçð ëíòêé îéòçêç ïíèòîí éîòðíï

îðíë ïçìòïì ëìòîð îéòçïé ïíçòçì éîòðèí

îðíê ïçêòìð ëìòéí îéòèêì ïìïòêé éîòïíë

îðíé ïçèòêê ëëòîë îéòèïí ïìíòìï éîòïèé

îðíè îððòçí ëëòéè îéòéêî ïìëòïë éîòîíç

îðíç îðíòîï ëêòíï îéòéïð ïìêòçð éîòîçð

îðìð îðëòëð ëêòèì îéòêêð ïìèòêê éîòíìð

îðìï îðéòèð ëéòíé îéòêïð ïëðòìí éîòíçð

îðìî îïðòïï ëéòçï îéòëêð ïëîòîð éîòììð

îðìí îïîòìî ëèòìì îéòëïð ïëíòçç éîòìçð

îðìì îïìòéë ëèòçé îéòìêï ïëëòéè éîòëíç

îðìë îïéòðè ëçòëï îéòìïî ïëéòëè éîòëèè

îðìê îïçòìí êðòðì îéòíêì ïëçòíè éîòêíê

îðìé îîïòéè êðòëè îéòíïê ïêïòîð éîòêèì

îðìè îîìòïì êïòïî îéòîêé ïêíòðí éîòéíí

îðìç îîêòëï êïòêê îéòîîð ïêìòèê éîòéèð

îðëð îîèòçð êîòîð îéòïéí ïêêòéð éîòèîé

Ì±¬¿´ ëôìëëòëë ïôëîðòìê îéòèéð íôçíëòðç éîòïíð

ßª»®¿¹» ïçìòèì ëìòíð îéòèéð ïìðòëì éîòïíð

Ò±¬»æ Ú¿¬¿´ ¿²¼ ×²¶«®§ Ý®¿­¸»­ ¿²¼ Ð®±°»®¬§ Ü¿³¿¹» Ñ²´§ Ý®¿­¸»­ ¼± ²±¬ ²»½»­­¿®·´§ ­«³ «° ¬± Ì±¬¿´ Ý®¿­¸»­ ¾»½¿«­» ¬¸»

¼·­¬®·¾«¬·±² ±º ¬¸»­» ¬¸®»» ½®¿­¸»­ ¸¿¼ ¾»»² ¼»®·ª»¼ ·²¼»°»²¼»²¬´§ò

Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬ Í»½¬·±² Ì§°»­

×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´ ïï



Ì¿¾´» êò  Ð®»¼·½¬»¼ Ý®¿­¸ Í»ª»®·¬§ ¾§ Ú®»»©¿§ Í»¹³»²¬ øÍ»½¬·±² ï÷

Í»¹ò Ò±ò
Ú¿¬¿´ øÕ÷ Ý®¿­¸»­

ø½®¿­¸»­÷
×²½¿°¿½·¬¿¬·²¹ ×²¶«®§ øß÷ Ý®¿­¸»­

ø½®¿­¸»­÷
Ò±²ó×²½¿°¿½·¬¿¬·²¹ ×²¶«®§ øÞ÷ Ý®¿­¸»­

ø½®¿­¸»­÷
Ð±­­·¾´» ×²¶«®§ øÝ÷
Ý®¿­¸»­ ø½®¿­¸»­÷

Ò± ×²¶«®§ øÑ÷ Ý®¿­¸»­
ø½®¿­¸»­÷

ï ðòëéëè ïòëðéì èòíìïç ïìòíîðí êðòìèëî

î ðòìðçë ïòïîêê ëòêéîî çòðëíé ìðòèïîî

í ìòêðîë ïîòîêêê êíòíëíð ççòêîçí ììçòïëëç

ì ðòéîèé ïòçðéë çòèðêé ïìòéèçé êëòéçìç

ë îòëïíì êòêçèë ííòëççî ëðòïçïî îîçòíéèí

ê ðòðèíê ðòîïëí ïòïêéè ïòèéëî èòîðéè

é ðòîïîí ðòëìêì îòçêíç ìòéëçì ïçòêïëê

è ðòíëìë ðòçðêï ìòêçíð êòèëëí íïòèëëì

ç ðòðîðð ðòðëíì ðòîëçï ðòíêëð ïòéïìë

ïð ðòïïêè ðòíïìì ïòëìîì îòîëéç çòêéíì

ïï ðòîîïë ðòëççè îòçêìð ìòìììì ïèòçíìð

ïî ðòðíìì ðòðçïè ðòììëí ðòêîéî îòéðêî

ïí ðòðêèç ðòïèíê ðòèçðî ïòîëíç ëòéïçï

ïì ðòìëðí ïòïëçé ëòèêïè èòíîîí íéòìèêç

ïë ðòïíêê ðòíëïê ïòçðéí íòðêîé ïîòéêéë

ïê ìòîçïè ïïòìïêç ëèòïïïé èèòéêíê ìðêòîçëé

ïé ðòîðïè ðòëïçì îòèïéî ìòëîíé ïèòìïèì

ïè ðòïðêé ðòîéðí ïòìíèè îòïéðì çòëïðì

ïç ðòíììé ðòèéíì ìòêìçè éòðïìî íïòêéíé

îð ðòðççî ðòîêíì ïòìèíë îòêççì ïïòîìîé

îï ðòïëéî ðòìïéê îòíëïè ìòîéçí ïèòïíðî

îî ðòðééè ðòîðïí ïòðççð ïòèðïç éòèíðê

îí ðòèìèí îòïïëç ïïòðëëî ïëòêêêï éðòçëëë

îì ðòïðëç ðòîêìï ïòíèðï ïòçëëé èòëîìê

îë ðòïèêî ðòìêìë îòìîêé íòìíèç ïìòððëï

îê ïòëçìç íòçèêê îðòêèèê îçòðèêç ïíïòëèéð

îé ðòèìîé îòïçéï ïðòêééð ïìòìéêé êçòçðíç

îè ðòëðìë ïòíïìè éòïíèç ïïòéëïé ëîòîçîì

îç ïòïððê îòçííç ïìòîîèî îðòðìïç çìòðîéì

íð ïòëéêí íòééíî ïêòðíêð ïçòéîíð ïïíòíðîç

íï èòìèëç îïòîéðð èèòèêèî ïïëòêëëî êìïòéíçç

íî ðòëçêî ïòììîë êòîêêç èòïéíì ìêòîçëé

íí ðòíìïî ðòèíïí íòêìïè ìòèèíí îëòðçéç

íì ðòìðìë ðòççìï ìòìððé êòïðçê íîòëçëë

íë ðòïììð ðòíëìð ïòëêéð îòïéëì ïðòçéðï

íê ïòëçïé íòçïíé ïéòíííè îìòïðêî ïíïòïîëí

íé ïðòéééð îêòéèðï ïïíòðëìë ïìéòìïçç èîðòìêîç

íè ðòíéèé ðòçìíï ìòîìðé êòîðîí íðòçìíë

íç ïòðééè îòéðïð ïïòéçïë ïêòëêçè èèòíðíé

ìð ðòçéïð îòìéíì çòéçèï ïïòçéðë ëëòëìèì

Ì±¬¿´ ìéòííëé ïîðòêììí ëêðòðïíì éçîòìêêë íôçíëòðçðí

Í»½¬·±² Ì§°»­ Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬

ïî ×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´



Ì¿¾´» éò  Ð®»¼·½¬»¼ Ú®»»©¿§ Ý®¿­¸ Ì§°» Ü·­¬®·¾«¬·±² øÍ»½¬·±² ï÷

Û´»³»²¬ Ì§°» Ý®¿­¸ Ì§°» Ú× Ý®¿­¸»­
Ð»®½»²¬ Ú×

øû÷
ÐÜÑ

Ý®¿­¸»­
Ð»®½»²¬

ÐÜÑ øû÷
Ì±¬¿´

Ý®¿­¸»­
Ð»®½»²¬

Ì±¬¿´ øû÷

Ø·¹¸©¿§
Í»¹³»²¬

Ý±´´·­·±² ©·¬¸ ß²·³¿´ êòðí ðòï ïðéòïð îòð ïïíòïí îòï

Ø·¹¸©¿§
Í»¹³»²¬

Ý±´´·­·±² ©·¬¸ Ú·¨»¼ Ñ¾¶»½¬ ëíëòèì çòè ïôëéêòïì îèòç îôïïïòçé íèòé

Ø·¹¸©¿§
Í»¹³»²¬

Ý±´´·­·±² ©·¬¸ Ñ¬¸»® Ñ¾¶»½¬ ííòèî ðòê íïðòêè ëòé íììòëð êòí

Ø·¹¸©¿§
Í»¹³»²¬

Ñ¬¸»® Í·²¹´»óª»¸·½´» Ý±´´·­·±² îìëòëê ìòë íîíòìí ëòç ëêèòçç ïðòì

Ø·¹¸©¿§
Í»¹³»²¬

Ý±´´·­·±² ©·¬¸ Ð¿®µ»¼ Ê»¸·½´» ïêòëè ðòí ìêòéç ðòç êíòíé ïòî

Ø·¹¸©¿§
Í»¹³»²¬

Ì±¬¿´ Í·²¹´» Ê»¸·½´» Ý®¿­¸»­ èíéòèî ïëòì îôíêìòïì ìíòí íôîðïòçê ëèòé

Ø·¹¸©¿§
Í»¹³»²¬

Î·¹¸¬óß²¹´» Ý±´´·­·±² îèòíî ðòë íêòèê ðòé êëòïè ïòî

Ø·¹¸©¿§
Í»¹³»²¬

Ø»¿¼ó±² Ý±´´·­·±² èòíî ðòî ìòëé ðòï ïîòçð ðòî

Ø·¹¸©¿§
Í»¹³»²¬

Ñ¬¸»® Ó«´¬·óª»¸·½´» Ý±´´·­·±² îçòïè ðòë éêòíí ïòì ïðëòëð ïòç

Ø·¹¸©¿§
Í»¹³»²¬

Î»¿®ó»²¼ Ý±´´·­·±² ìééòêì èòè çëíòéç ïéòë ïôìíïòìî îêòî

Ø·¹¸©¿§
Í»¹³»²¬

Í·¼»­©·°»ô Í¿³» Ü·®»½¬·±² Ý±´´·­·±² ïíçòïç îòê ìççòìï çòî êíèòêð ïïòé

Ø·¹¸©¿§
Í»¹³»²¬

Ì±¬¿´ Ó«´¬·°´» Ê»¸·½´» Ý®¿­¸»­ êèîòêì ïîòë ïôëéðòçë îèòè îôîëíòëç ìïòí

Ø·¹¸©¿§
Í»¹³»²¬

Ì±¬¿´ Ø·¹¸©¿§ Í»¹³»²¬ Ý®¿­¸»­ ïôëîðòìê îéòç íôçíëòðç éîòï ëôìëëòëë ïððòð

Ì±¬¿´ Ý®¿­¸»­ ïôëîðòìê îéòç íôçíëòðç éîòï ëôìëëòëë ïððòð

Ò±¬»æ Ú¿¬¿´ ¿²¼ ×²¶«®§ Ý®¿­¸»­ ¿²¼ Ð®±°»®¬§ Ü¿³¿¹» Ñ²´§ Ý®¿­¸»­ ¼± ²±¬ ²»½»­­¿®·´§ ­«³ «° ¬± Ì±¬¿´ Ý®¿­¸»­ ¾»½¿«­» ¬¸»

¼·­¬®·¾«¬·±² ±º ¬¸»­» ¬¸®»» ½®¿­¸»­ ¸¿¼ ¾»»² ¼»®·ª»¼ ·²¼»°»²¼»²¬´§ò

Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬ Í»½¬·±² Ì§°»­

×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´ ïí



Ì¿¾´» èò  Ûª¿´«¿¬·±² Ó»­­¿¹»

Í¬¿®¬ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Û²¼ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Ó»­­¿¹»

ëëíõèçòèëð ëêëõîèòèëð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýï øëëíõèçòèëð ¬± ëêëõîèòèëð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëëíõèçòèëð ëêëõîèòèëð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýï øëëíõèçòèëð ¬± ëêëõîèòèëð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëëíõèçòèëð ëêëõîèòèëð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýï øëëíõèçòèëð ¬± ëêëõîèòèëð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëëíõèçòèëð ëêëõîèòèëð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýï øëëíõèçòèëð ¬± ëêëõîèòèëð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëêëõîèòèëð ëéðõíðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýî øëêëõîèòèëð ¬± ëéðõíðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëêëõîèòèëð ëéðõíðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýî øëêëõîèòèëð ¬± ëéðõíðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëêëõîèòèëð ëéðõíðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýî øëêëõîèòèëð ¬± ëéðõíðòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëêëõîèòèëð ëéðõíðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýî øëêëõîèòèëð ¬± ëéðõíðòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëéðõíðòððð êíîõéëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýí øëéðõíðòððð ¬± êíîõéëòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëéðõíðòððð êíîõéëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýí øëéðõíðòððð ¬± êíîõéëòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëéðõíðòððð êíîõéëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýí øëéðõíðòððð ¬± êíîõéëòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëéðõíðòððð êíîõéëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýí øëéðõíðòððð ¬± êíîõéëòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ëéðõíðòððð êíîõéëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýí øëéðõíðòððð ¬± êíîõéëòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êíîõéëòððð êììõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýì øêíîõéëòððð ¬± êììõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êíîõéëòððð êììõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýì øêíîõéëòððð ¬± êììõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êììõððòððð êéëõìêòéðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýë øêììõððòððð ¬± êéëõìêòéðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êììõððòððð êéëõìêòéðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýë øêììõððòððð ¬± êéëõìêòéðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êììõððòððð êéëõìêòéðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýë øêììõððòððð ¬± êéëõìêòéðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êììõððòððð êéëõìêòéðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýë øêììõððòððð ¬± êéëõìêòéðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êéëõìêòéðð êéêõèîòìèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýê øêéëõìêòéðð ¬± êéêõèîòìèð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êéëõìêòéðð êéêõèîòìèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýê øêéëõìêòéðð ¬± êéêõèîòìèð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êéêõèîòìèð êèðõïïòîðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýé øêéêõèîòìèð ¬± êèðõïïòîðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

Í»½¬·±² Ì§°»­ Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬

ïì ×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´



Í¬¿®¬ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Û²¼ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Ó»­­¿¹»

êéêõèîòìèð êèðõïïòîðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýé øêéêõèîòìèð ¬± êèðõïïòîðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèðõïïòîðð êèêõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýè øêèðõïïòîðð ¬± êèêõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèêõððòððð êèêõîèòîðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýç øêèêõððòððð ¬± êèêõîèòîðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèêõîèòîðð êèéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïð øêèêõîèòîðð ¬± êèéõëðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèêõîèòîðð êèéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïð øêèêõîèòîðð ¬± êèéõëðòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèéõëðòððð êçðõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïï øêèéõëðòððð ¬± êçðõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèéõëðòððð êçðõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïï øêèéõëðòððð ¬± êçðõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êèéõëðòððð êçðõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïï øêèéõëðòððð ¬± êçðõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçðõððòððð êçðõìïòêðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïî øêçðõððòððð ¬± êçðõìïòêðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçðõððòððð êçðõìïòêðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïî øêçðõððòððð ¬± êçðõìïòêðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçðõìïòêðð êçïõîëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïí øêçðõìïòêðð ¬± êçïõîëòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçðõìïòêðð êçïõîëòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïí øêçðõìïòêðð ¬± êçïõîëòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçïõîëòððð êçèõïïòìðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïì øêçïõîëòððð ¬± êçèõïïòìðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçèõïïòìðð éððõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïë øêçèõïïòìðð ¬± éððõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êçèõïïòìðð éððõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïë øêçèõïïòìðð ¬± éððõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éððõððòððð éìçõèîòíèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïê øéððõððòððð ¬± éìçõèîòíèð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éððõððòððð éìçõèîòíèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïê øéððõððòððð ¬± éìçõèîòíèð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éððõððòððð éìçõèîòíèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïê øéððõððòððð ¬± éìçõèîòíèð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éððõððòððð éìçõèîòíèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïê øéððõððòððð ¬± éìçõèîòíèð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éìçõèîòíèð éëîõêçòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïé øéìçõèîòíèð ¬± éëîõêçòïðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éìçõèîòíèð éëîõêçòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïé øéìçõèîòíèð ¬± éëîõêçòïðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éëîõêçòïðð éëìõìðòíëð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïè øéëîõêçòïðð ¬± éëìõìðòíëð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éëìõìðòíëð éêïõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïç øéëìõìðòíëð ¬± éêïõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬ Í»½¬·±² Ì§°»­

×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´ ïë



Í¬¿®¬ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Û²¼ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Ó»­­¿¹»

éêïõððòððð éêíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîð øéêïõððòððð ¬± éêíõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêïõððòððð éêíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîð øéêïõððòððð ¬± éêíõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêïõððòððð éêíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîð øéêïõððòððð ¬± éêíõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêíõððòððð éêêõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîï øéêíõððòððð ¬± éêêõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêíõððòððð éêêõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîï øéêíõððòððð ¬± éêêõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêíõððòððð éêêõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîï øéêíõððòððð ¬± éêêõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêíõððòððð éêêõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîï øéêíõððòððð ¬± éêêõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêêõððòððð éêéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîî øéêêõððòððð ¬± éêéõëðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêêõððòððð éêéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîî øéêêõððòððð ¬± éêéõëðòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

éêêõððòððð éêéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîî øéêêõððòððð ¬± éêéõëðòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èïêõèðòððð èîéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîé øèïêõèðòððð ¬± èîéõëðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èîéõëðòððð èíêõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîè øèîéõëðòððð ¬± èíêõëðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èîéõëðòððð èíêõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîè øèîéõëðòððð ¬± èíêõëðòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èîéõëðòððð èíêõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîè øèîéõëðòððð ¬± èíêõëðòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èíêõëðòððð èìçõïîòéêê
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîç øèíêõëðòððð ¬± èìçõïîòéêê ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èíêõëðòððð èìçõïîòéêê
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîç øèíêõëðòððð ¬± èìçõïîòéêê ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èìçõïîòéêê èéëõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíð øèìçõïîòéêê ¬± èéëõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èìçõïîòéêê èéëõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíð øèìçõïîòéêê ¬± èéëõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èìçõïîòéêê èéëõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíð øèìçõïîòéêê ¬± èéëõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èéëõððòððð çèèõççòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíï øèéëõððòððð ¬± çèèõççòïðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èéëõððòððð çèèõççòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíï øèéëõððòððð ¬± çèèõççòïðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èéëõððòððð çèèõççòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíï øèéëõððòððð ¬± çèèõççòïðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èéëõððòððð çèèõççòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíï øèéëõððòððð ¬± çèèõççòïðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

Í»½¬·±² Ì§°»­ Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬

ïê ×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´



Í¬¿®¬ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Û²¼ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Ó»­­¿¹»

èéëõððòððð çèèõççòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíï øèéëõððòððð ¬± çèèõççòïðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

èéëõððòððð çèèõççòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíï øèéëõððòððð ¬± çèèõççòïðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

çèèõççòïðð çççõïïòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíî øçèèõççòïðð ¬± çççõïïòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

çèèõççòïðð çççõïïòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíî øçèèõççòïðð ¬± çççõïïòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë º»»¬÷å
¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

çççõïïòððð ïððíõèëòèèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíí øçççõïïòððð ¬± ïððíõèëòèèð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

çççõïïòððð ïððíõèëòèèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíí øçççõïïòððð ¬± ïððíõèëòèèð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

çççõïïòððð ïððíõèëòèèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíí øçççõïïòððð ¬± ïððíõèëòèèð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïððíõèëòèèð ïððçõèêòîïð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíì øïððíõèëòèèð ¬± ïððçõèêòîïð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïððíõèëòèèð ïððçõèêòîïð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíì øïððíõèëòèèð ¬± ïððçõèêòîïð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïððíõèëòèèð ïððçõèêòîïð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíì øïððíõèëòèèð ¬± ïððçõèêòîïð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïððçõèêòîïð ïðïïõçðòëðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíë øïððçõèêòîïð ¬± ïðïïõçðòëðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïððçõèêòîïð ïðïïõçðòëðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíë øïððçõèêòîïð ¬± ïðïïõçðòëðð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïððçõèêòîïð ïðïïõçðòëðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíë øïððçõèêòîïð ¬± ïðïïõçðòëðð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðïïõçðòëðð ïðíèõëîòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíê øïðïïõçðòëðð ¬± ïðíèõëîòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðïïõçðòëðð ïðíèõëîòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíê øïðïïõçðòëðð ¬± ïðíèõëîòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðïïõçðòëðð ïðíèõëîòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíê øïðïïõçðòëðð ¬± ïðíèõëîòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðïïõçðòëðð ïðíèõëîòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíê øïðïïõçðòëðð ¬± ïðíèõëîòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬ Í»½¬·±² Ì§°»­

×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´ ïé



Í¬¿®¬ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Û²¼ Ô±½¿¬·±² øÍ¬¿ò º¬÷ Ó»­­¿¹»

ïðíèõëîòððð ïïçðõíðòìçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíé øïðíèõëîòððð ¬± ïïçðõíðòìçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçðõíðòìçð ïïçêõëíòéçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíè øïïçðõíðòìçð ¬± ïïçêõëíòéçð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçðõíðòìçð ïïçêõëíòéçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíè øïïçðõíðòìçð ¬± ïïçêõëíòéçð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçðõíðòìçð ïïçêõëíòéçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíè øïïçðõíðòìçð ¬± ïïçêõëíòéçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçðõíðòìçð ïïçêõëíòéçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíè øïïçðõíðòìçð ¬± ïïçêõëíòéçð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçêõëíòéçð ïîïíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíç øïïçêõëíòéçð ¬± ïîïíõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçêõëíòéçð ïîïíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíç øïïçêõëíòéçð ¬± ïîïíõððòððð ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçêõëíòéçð ïîïíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíç øïïçêõëíòéçð ¬± ïîïíõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïïçêõëíòéçð ïîïíõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíç øïïçêõëíòéçð ¬± ïîïíõððòððð ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïîïíõððòððð ïîíëõèìòêìé
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýìð øïîïíõððòððð ¬± ïîíëõèìòêìé ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïîïíõððòððð ïîíëõèìòêìé
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýìð øïîïíõððòððð ¬± ïîíëõèìòêìé ÷ô Ó»¼·¿² ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ·²­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïîïíõððòððð ïîíëõèìòêìé
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýìð øïîïíõððòððð ¬± ïîíëõèìòêìé ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïîïíõððòððð ïîíëõèìòêìé
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýìð øïîïíõððòððð ¬± ïîíëõèìòêìé ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

ïîïíõððòððð ïîíëõèìòêìé
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýìð øïîïíõððòððð ¬± ïîíëõèìòêìé ÷ô Ñ«¬­·¼» ¾¿®®·»® ¼·­¬¿²½» º®±³ »¼¹» ±º ±«¬­·¼» ­¸±«´¼»® ¬± ¾¿®®·»® º¿½» øðòðð º»»¬÷ ·­ ´»­­ ¬¸¿² ­°»½·º·»¼ ¾±«²¼¿®·»­ øðòéë
º»»¬÷å ¿¼¶«­¬»¼ ·² ÝÓÚ ½¿´½«´¿¬·±²­ò

êéêõèîòìèð êèðõïïòîðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýé øêéêõèîòìèð ¬± êèðõïïòîðð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó´¿²»
Ú®»»©¿§

êèêõîèòîðð êèéõëðòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïð øêèêõîèòîðð ¬± êèéõëðòððð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

êèéõëðòððð êçðõððòððð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïï øêèéõëðòððð ¬± êçðõððòððð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

êçðõððòððð êçðõìïòêðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïî øêçðõððòððð ¬± êçðõìïòêðð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

éìçõèîòíèð éëîõêçòïðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýïé øéìçõèîòíèð ¬± éëîõêçòïðð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

éèëõééòèðð éèèõíîòçíð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýîë øéèëõééòèðð ¬± éèèõíîòçíð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

çççõïïòððð ïððíõèëòèèð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíí øçççõïïòððð ¬± ïððíõèëòèèð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

ïððçõèêòîïð ïðïïõçðòëðð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíë øïððçõèêòîïð ¬± ïðïïõçðòëðð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

ïïçðõíðòìçð ïïçêõëíòéçð
×²º±®³¿¬·±²æ º±® ­»¹³»²¬ ýíè øïïçðõíðòìçð ¬± ïïçêõëíòéçð ÷ô Ú®»»©¿§ Í»¹³»²¬ ±º ¬§°» Ú·ª»ó´¿²» Ú®»»©¿§ ·­ «­·²¹ «²¾¿´¿²½»¼ ´¿²» °®±½»­­·²¹ ©·¬¸ ¬§°»­ Ú±«®ó´¿²» Ú®»»©¿§ ¿²¼ Í·¨ó
´¿²» Ú®»»©¿§

Í»½¬·±² Ì§°»­ Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬

ïè ×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´



Ý®¿­¸ Ð®»¼·½¬·±² Ûª¿´«¿¬·±² Î»°±®¬ Í»½¬·±² Ì§°»­

×²¬»®¿½¬·ª» Ø·¹¸©¿§ Í¿º»¬§ Ü»­·¹² Ó±¼»´ ïç



 

 

Interactive Highway Safety Design Model
 

 

Crash Prediction Evaluation Report
 

 

 

 

 

 
June 21, 2024



 



Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:39 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:14:53 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Existing Conditions 
Project Comment: Created Tue May 07 14:58:58 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment LW EB Off Existing 
Highway Comment: Lockwood Existing EB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 4 
Evaluation Comment: Created Fri Jun 21 10:14:33 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 9+84.894 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 9+84.894 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Exit
Urban 0.000 9+84.894 984.89 0.1865

2023: 1,410; 2024: 1,387; 2025: 1,364; 2026: 1,341; 2027: 1,318; 2028: 1,295; 2029: 1,272; 2030: 1,250; 2031: 1,262; 2032:
1,274; 2033: 1,286; 2034: 1,298; 2035: 1,310; 2036: 1,322; 2037: 1,334; 2038: 1,346; 2039: 1,358; 2040: 1,370; 2041: 1,382;
2042: 1,394; 2043: 1,406; 2044: 1,418; 2045: 1,430; 2046: 1,442; 2047: 1,454; 2048: 1,466; 2049: 1,478; 2050: 1,490
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1865

Average Future Road AADT (vpd) 1,363

Predicted Crashes

Total Crashes 4.48

Fatal and Injury Crashes 2.34

Property-Damage-Only Crashes 2.14

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 52

Percent Property-Damage-Only Crashes (%) 48

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.8581

FI Crash Rate (crashes/mi/yr) 0.4487

PDO Crash Rate (crashes/mi/yr) 0.4093

Predicted Travel Crash Rate

Total Travel (million veh-mi) 2.60

Travel Crash Rate (crashes/million veh-mi) 1.73

Travel FI Crash Rate (crashes/million veh-mi) 0.90

Travel PDO Crash Rate (crashes/million veh-mi) 0.82
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 9+84.894 0.1865 4.482 0.1601 0.0837 0.0764 0.8581 1.73

Total 0.1865 4.482 0.1601 0.0837 0.0764 0.8581
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Simple Curve 1 0.000 4+65.758 0.0882 2.119 0.0757 0.0396 0.0361 0.8581 1.73

Tangent 4+65.758 9+84.894 0.0983 2.362 0.0844 0.0441 0.0402 0.8581 1.73
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.16 0.09 52.298 0.08 47.702

2024 0.16 0.09 52.297 0.08 47.703

2025 0.16 0.08 52.296 0.08 47.704

2026 0.16 0.08 52.295 0.08 47.705

2027 0.16 0.08 52.294 0.07 47.706

2028 0.15 0.08 52.292 0.07 47.708

2029 0.15 0.08 52.291 0.07 47.709

2030 0.15 0.08 52.289 0.07 47.711

2031 0.15 0.08 52.290 0.07 47.710

2032 0.15 0.08 52.291 0.07 47.709

2033 0.15 0.08 52.292 0.07 47.708

2034 0.15 0.08 52.292 0.07 47.708

2035 0.16 0.08 52.293 0.07 47.707

2036 0.16 0.08 52.294 0.07 47.706

2037 0.16 0.08 52.294 0.07 47.706

2038 0.16 0.08 52.295 0.08 47.705

2039 0.16 0.08 52.296 0.08 47.704

2040 0.16 0.08 52.296 0.08 47.704

2041 0.16 0.09 52.297 0.08 47.703

2042 0.16 0.09 52.297 0.08 47.703

2043 0.16 0.09 52.298 0.08 47.702

2044 0.17 0.09 52.298 0.08 47.702

2045 0.17 0.09 52.299 0.08 47.701

2046 0.17 0.09 52.299 0.08 47.701

2047 0.17 0.09 52.300 0.08 47.700

2048 0.17 0.09 52.300 0.08 47.700

2049 0.17 0.09 52.301 0.08 47.699

2050 0.17 0.09 52.301 0.08 47.699

Total 4.48 2.34 52.296 2.14 47.704

Average 0.16 0.08 52.296 0.08 47.704

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0637 0.1931 0.8242 1.2627 2.1379
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.04 1.0 0.05 1.2

Highway 
Segment

Collision with Fixed Object 1.63 36.4 1.47 32.8 3.10 69.2

Highway 
Segment

Collision with Other Object 0.12 2.6 0.28 6.4 0.40 8.9

Highway 
Segment

Other Single-vehicle Collision 0.47 10.5 0.22 4.9 0.69 15.4

Highway 
Segment

Collision with Parked Vehicle 0.03 0.8 0.03 0.7 0.07 1.5

Highway 
Segment

Total Single Vehicle Crashes 2.26 50.4 2.05 45.8 4.31 96.2

Highway 
Segment

Right-Angle Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.1 0.00 0.0 0.01 0.1

Highway 
Segment

Rear-end Collision 0.06 1.4 0.06 1.3 0.12 2.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.3 0.02 0.5 0.04 0.8

Highway 
Segment

Total Multiple Vehicle Crashes 0.08 1.9 0.09 1.9 0.17 3.8

Highway 
Segment

Total Highway Segment Crashes 2.34 52.3 2.14 47.7 4.48 100.0

Total Crashes 2.34 52.3 2.14 47.7 4.48 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 9+84.894
Warning: for segment #1 (0.000 to 9+84.894 ), The ramp type for Ramp Alignment LW EB Off Existing is set at the Ramp Connection (Exit) and in the Ramp
(Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:40 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:35:03 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Existing Conditions 
Project Comment: Created Tue May 07 14:58:58 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment LW EB On Existing 
Highway Comment: Lockwood Existing EB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 10:34:39 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 8+18.795 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
 
 

Crash Prediction Evaluation Report Report Overview

Interactive Highway Safety Design Model 1



Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 8+18.795 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 3



 
 
 
 

Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 0.000 8+18.795 818.80 0.1551

2023: 230; 2024: 232; 2025: 235; 2026: 238; 2027: 241; 2028: 244; 2029: 247; 2030: 250; 2031: 252; 2032: 255; 2033: 257;
2034: 260; 2035: 262; 2036: 265; 2037: 267; 2038: 270; 2039: 272; 2040: 275; 2041: 277; 2042: 280; 2043: 282; 2044: 285;
2045: 287; 2046: 290; 2047: 292; 2048: 295; 2049: 297; 2050: 300
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1551

Average Future Road AADT (vpd) 266

Predicted Crashes

Total Crashes 1.07

Fatal and Injury Crashes 0.57

Property-Damage-Only Crashes 0.51

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 53

Percent Property-Damage-Only Crashes (%) 47

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.2474

FI Crash Rate (crashes/mi/yr) 0.1308

PDO Crash Rate (crashes/mi/yr) 0.1167

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.42

Travel Crash Rate (crashes/million veh-mi) 2.55

Travel FI Crash Rate (crashes/million veh-mi) 1.35

Travel PDO Crash Rate (crashes/million veh-mi) 1.20
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 8+18.795 0.1551 1.074 0.0384 0.0203 0.0181 0.2474 2.55

Total 0.1551 1.074 0.0384 0.0203 0.0181 0.2474
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 3+18.233 0.0603 0.418 0.0149 0.0079 0.0070 0.2474 2.55

Simple Curve 1 3+18.233 5+48.784 0.0437 0.302 0.0108 0.0057 0.0051 0.2474 2.55

Tangent 5+48.784 8+18.795 0.0511 0.354 0.0127 0.0067 0.0060 0.2474 2.55
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.04 0.02 52.994 0.02 47.006

2024 0.04 0.02 52.986 0.02 47.014

2025 0.04 0.02 52.974 0.02 47.026

2026 0.04 0.02 52.962 0.02 47.038

2027 0.04 0.02 52.950 0.02 47.050

2028 0.04 0.02 52.938 0.02 47.062

2029 0.04 0.02 52.927 0.02 47.073

2030 0.04 0.02 52.916 0.02 47.084

2031 0.04 0.02 52.908 0.02 47.092

2032 0.04 0.02 52.897 0.02 47.103

2033 0.04 0.02 52.889 0.02 47.111

2034 0.04 0.02 52.878 0.02 47.122

2035 0.04 0.02 52.871 0.02 47.129

2036 0.04 0.02 52.860 0.02 47.140

2037 0.04 0.02 52.853 0.02 47.147

2038 0.04 0.02 52.842 0.02 47.158

2039 0.04 0.02 52.835 0.02 47.165

2040 0.04 0.02 52.825 0.02 47.175

2041 0.04 0.02 52.818 0.02 47.182

2042 0.04 0.02 52.807 0.02 47.193

2043 0.04 0.02 52.800 0.02 47.200

2044 0.04 0.02 52.790 0.02 47.210

2045 0.04 0.02 52.783 0.02 47.217

2046 0.04 0.02 52.773 0.02 47.227

2047 0.04 0.02 52.767 0.02 47.233

2048 0.04 0.02 52.757 0.02 47.243

2049 0.04 0.02 52.750 0.02 47.250

2050 0.04 0.02 52.740 0.02 47.260

Total 1.07 0.57 52.856 0.51 47.144

Average 0.04 0.02 52.856 0.02 47.144

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0104 0.0314 0.2057 0.3205 0.5065
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.01 1.0 0.01 1.1

Highway 
Segment

Collision with Fixed Object 0.32 29.9 0.34 32.0 0.67 61.9

Highway 
Segment

Collision with Other Object 0.02 2.1 0.07 6.2 0.09 8.3

Highway 
Segment

Other Single-vehicle Collision 0.09 8.6 0.05 4.8 0.14 13.4

Highway 
Segment

Collision with Parked Vehicle 0.01 0.6 0.01 0.7 0.01 1.3

Highway 
Segment

Total Single Vehicle Crashes 0.45 41.5 0.48 44.7 0.93 86.1

Highway 
Segment

Right-Angle Collision 0.00 0.4 0.00 0.0 0.00 0.4

Highway 
Segment

Head-on Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.4 0.00 0.1 0.00 0.4

Highway 
Segment

Rear-end Collision 0.09 8.5 0.02 1.7 0.11 10.2

Highway 
Segment

Sideswipe, Same Direction Collision 0.02 2.0 0.01 0.7 0.03 2.7

Highway 
Segment

Total Multiple Vehicle Crashes 0.12 11.4 0.03 2.5 0.15 13.9

Highway 
Segment

Total Highway Segment Crashes 0.57 52.9 0.51 47.1 1.07 100.0

Total Crashes 0.57 52.9 0.51 47.1 1.07 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 8+18.795
Warning: for segment #1 (0.000 to 8+18.795 ), The ramp type for Ramp Alignment LW EB On Existing is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:42 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:42:17 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Existing Conditions 
Project Comment: Created Tue May 07 14:58:58 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment LW WB Off Existing 
Highway Comment: Lockwood Existing WB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 4 
Evaluation Comment: Created Fri Jun 21 10:41:42 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 5+53.672 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 5+53.672 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Exit
Urban 0.000 5+53.672 553.67 0.1049

2023: 200; 2024: 207; 2025: 214; 2026: 221; 2027: 228; 2028: 235; 2029: 242; 2030: 250; 2031: 252; 2032: 255; 2033: 257;
2034: 260; 2035: 262; 2036: 265; 2037: 267; 2038: 270; 2039: 272; 2040: 275; 2041: 277; 2042: 280; 2043: 282; 2044: 285;
2045: 287; 2046: 290; 2047: 292; 2048: 295; 2049: 297; 2050: 300
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1049

Average Future Road AADT (vpd) 261

Predicted Crashes

Total Crashes 9.87

Fatal and Injury Crashes 4.43

Property-Damage-Only Crashes 5.45

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 45

Percent Property-Damage-Only Crashes (%) 55

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 3.3627

FI Crash Rate (crashes/mi/yr) 1.5075

PDO Crash Rate (crashes/mi/yr) 1.8553

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.28

Travel Crash Rate (crashes/million veh-mi) 35.26

Travel FI Crash Rate (crashes/million veh-mi) 15.80

Travel PDO Crash Rate (crashes/million veh-mi) 19.45
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 5+53.672 0.1049 9.873 0.3526 0.1581 0.1945 3.3627 35.26

Total 0.1049 9.873 0.3526 0.1581 0.1945 3.3627
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 3+13.713 0.0594 5.594 0.1998 0.0896 0.1102 3.3627 35.26

Simple Curve 1 3+13.713 5+20.680 0.0392 3.691 0.1318 0.0591 0.0727 3.3627 35.26

Tangent 5+20.680 5+53.672 0.0062 0.588 0.0210 0.0094 0.0116 3.3627 35.26
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.29 0.13 44.669 0.16 55.331

2024 0.30 0.13 44.689 0.17 55.311

2025 0.31 0.14 44.709 0.17 55.291

2026 0.31 0.14 44.728 0.17 55.272

2027 0.32 0.14 44.746 0.18 55.254

2028 0.33 0.15 44.764 0.18 55.236

2029 0.34 0.15 44.782 0.18 55.218

2030 0.34 0.15 44.801 0.19 55.199

2031 0.34 0.15 44.806 0.19 55.194

2032 0.35 0.16 44.813 0.19 55.187

2033 0.35 0.16 44.817 0.19 55.183

2034 0.35 0.16 44.824 0.19 55.176

2035 0.35 0.16 44.829 0.20 55.171

2036 0.36 0.16 44.836 0.20 55.164

2037 0.36 0.16 44.840 0.20 55.160

2038 0.36 0.16 44.847 0.20 55.153

2039 0.36 0.16 44.851 0.20 55.149

2040 0.37 0.16 44.857 0.20 55.143

2041 0.37 0.17 44.862 0.20 55.138

2042 0.37 0.17 44.868 0.20 55.132

2043 0.37 0.17 44.872 0.20 55.128

2044 0.38 0.17 44.879 0.21 55.121

2045 0.38 0.17 44.883 0.21 55.117

2046 0.38 0.17 44.889 0.21 55.111

2047 0.38 0.17 44.893 0.21 55.107

2048 0.38 0.17 44.899 0.21 55.101

2049 0.39 0.17 44.903 0.21 55.097

2050 0.39 0.17 44.909 0.21 55.091

Total 9.87 4.43 44.829 5.45 55.171

Average 0.35 0.16 44.829 0.20 55.171

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.1382 0.4191 1.7426 2.1263 5.4473
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.02 0.2 0.12 1.2 0.14 1.4

Highway 
Segment

Collision with Fixed Object 3.14 31.8 3.89 39.4 7.03 71.2

Highway 
Segment

Collision with Other Object 0.22 2.2 0.75 7.6 0.98 9.9

Highway 
Segment

Other Single-vehicle Collision 0.91 9.2 0.58 5.9 1.49 15.0

Highway 
Segment

Collision with Parked Vehicle 0.07 0.7 0.09 0.9 0.15 1.5

Highway 
Segment

Total Single Vehicle Crashes 4.35 44.1 5.43 55.0 9.78 99.0

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Rear-end Collision 0.06 0.6 0.01 0.1 0.07 0.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.1 0.01 0.1 0.02 0.2

Highway 
Segment

Total Multiple Vehicle Crashes 0.08 0.8 0.02 0.2 0.10 1.0

Highway 
Segment

Total Highway Segment Crashes 4.43 44.8 5.45 55.2 9.87 100.0

Total Crashes 4.43 44.8 5.45 55.2 9.87 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 5+53.672
Warning: for segment #1 (0.000 to 5+53.672 ), The ramp type for Ramp Alignment LW WB Off Existing is set at the Ramp Connection (Exit) and in the Ramp
(Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:37 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:11:59 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Existing Conditions 
Project Comment: Created Tue May 07 14:58:58 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment LW WB On Existing 
Highway Comment: Lockwood Existing WB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 4 
Evaluation Comment: Created Fri Jun 21 10:11:22 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 7+05.264 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 7+05.264 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 0.000 7+05.264 705.26 0.1336

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1336

Average Future Road AADT (vpd) 831

Predicted Crashes

Total Crashes 2.14

Fatal and Injury Crashes 1.05

Property-Damage-Only Crashes 1.09

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 49

Percent Property-Damage-Only Crashes (%) 51

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.5721

FI Crash Rate (crashes/mi/yr) 0.2803

PDO Crash Rate (crashes/mi/yr) 0.2918

Predicted Travel Crash Rate

Total Travel (million veh-mi) 1.13

Travel Crash Rate (crashes/million veh-mi) 1.89

Travel FI Crash Rate (crashes/million veh-mi) 0.92

Travel PDO Crash Rate (crashes/million veh-mi) 0.96
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 7+05.264 0.1336 2.140 0.0764 0.0374 0.0390 0.5721 1.89

Total 0.1336 2.140 0.0764 0.0374 0.0390 0.5721
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 62.298 0.0118 0.189 0.0068 0.0033 0.0034 0.5721 1.89

Simple Curve 1 62.298 4+80.381 0.0792 1.268 0.0453 0.0222 0.0231 0.5721 1.89

Tangent 4+80.381 7+05.264 0.0426 0.682 0.0244 0.0119 0.0124 0.5721 1.89
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.08 0.04 48.993 0.04 51.007

2024 0.08 0.04 49.005 0.04 50.995

2025 0.07 0.04 49.016 0.04 50.984

2026 0.07 0.04 49.029 0.04 50.971

2027 0.07 0.04 49.040 0.04 50.960

2028 0.07 0.04 49.053 0.04 50.947

2029 0.07 0.04 49.065 0.04 50.935

2030 0.07 0.04 49.076 0.04 50.924

2031 0.07 0.04 49.068 0.04 50.932

2032 0.07 0.04 49.059 0.04 50.941

2033 0.07 0.04 49.051 0.04 50.949

2034 0.07 0.04 49.042 0.04 50.958

2035 0.07 0.04 49.034 0.04 50.966

2036 0.07 0.04 49.026 0.04 50.974

2037 0.07 0.04 49.017 0.04 50.983

2038 0.08 0.04 49.009 0.04 50.991

2039 0.08 0.04 49.001 0.04 50.999

2040 0.08 0.04 48.993 0.04 51.007

2041 0.08 0.04 48.985 0.04 51.015

2042 0.08 0.04 48.977 0.04 51.023

2043 0.08 0.04 48.969 0.04 51.031

2044 0.08 0.04 48.961 0.04 51.039

2045 0.08 0.04 48.954 0.04 51.046

2046 0.08 0.04 48.946 0.04 51.054

2047 0.08 0.04 48.938 0.04 51.062

2048 0.08 0.04 48.931 0.04 51.069

2049 0.08 0.04 48.923 0.04 51.077

2050 0.08 0.04 48.915 0.04 51.085

Total 2.14 1.05 49.001 1.09 50.999

Average 0.08 0.04 49.001 0.04 50.999

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0224 0.0678 0.4316 0.5267 1.0912
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.02 1.0 0.03 1.2

Highway 
Segment

Collision with Fixed Object 0.64 29.8 0.72 33.9 1.36 63.6

Highway 
Segment

Collision with Other Object 0.04 2.1 0.14 6.6 0.19 8.7

Highway 
Segment

Other Single-vehicle Collision 0.18 8.6 0.11 5.1 0.29 13.6

Highway 
Segment

Collision with Parked Vehicle 0.01 0.6 0.02 0.8 0.03 1.4

Highway 
Segment

Total Single Vehicle Crashes 0.88 41.2 1.01 47.3 1.89 88.5

Highway 
Segment

Right-Angle Collision 0.01 0.2 0.00 0.1 0.01 0.3

Highway 
Segment

Head-on Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.01 0.2 0.00 0.1 0.01 0.3

Highway 
Segment

Rear-end Collision 0.12 5.8 0.06 2.5 0.18 8.4

Highway 
Segment

Sideswipe, Same Direction Collision 0.03 1.4 0.02 1.0 0.05 2.4

Highway 
Segment

Total Multiple Vehicle Crashes 0.17 7.8 0.08 3.7 0.25 11.5

Highway 
Segment

Total Highway Segment Crashes 1.05 49.0 1.09 51.0 2.14 100.0

Total Crashes 1.05 49.0 1.09 51.0 2.14 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 7+05.264
Warning: for segment #1 (0.000 to 7+05.264 ), The ramp type for Ramp Alignment LW WB On Existing is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Minimum Location: 0.000 
Maximum Location: 11+08.502 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
 
 

Report Overview Crash Prediction Evaluation Report

2 Interactive Highway Safety Design Model



Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 11+08.502 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Urban 0.000 11+08.502 1,108.50 0.2099

2023: 2,220; 2024: 2,181; 2025: 2,142; 2026: 2,104; 2027: 2,065; 2028: 2,027; 2029: 1,988; 2030: 1,950; 2031: 1,969; 2032:
1,989; 2033: 2,008; 2034: 2,028; 2035: 2,047; 2036: 2,067; 2037: 2,086; 2038: 2,106; 2039: 2,125; 2040: 2,145; 2041: 2,164;
2042: 2,184; 2043: 2,203; 2044: 2,223; 2045: 2,242; 2046: 2,262; 2047: 2,281; 2048: 2,301; 2049: 2,320; 2050: 2,340
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2099

Average Future Road AADT (vpd) 2,135

Predicted Crashes

Total Crashes 5.94

Fatal and Injury Crashes 2.93

Property-Damage-Only Crashes 3.01

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 49

Percent Property-Damage-Only Crashes (%) 51

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 1.0105

FI Crash Rate (crashes/mi/yr) 0.4984

PDO Crash Rate (crashes/mi/yr) 0.5122

Predicted Travel Crash Rate

Total Travel (million veh-mi) 4.58

Travel Crash Rate (crashes/million veh-mi) 1.30

Travel FI Crash Rate (crashes/million veh-mi) 0.64

Travel PDO Crash Rate (crashes/million veh-mi) 0.66
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 11+08.502 0.2099 5.940 0.2122 0.1046 0.1075 1.0105 1.30

Total 0.2099 5.940 0.2122 0.1046 0.1075 1.0105
 
 
 

Section Types Crash Prediction Evaluation Report

6 Interactive Highway Safety Design Model



 
 
Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Tangent 0.000 3+84.628 0.0728 2.061 0.0736 0.0363 0.0373 1.0105 1.30

Simple Curve 1 3+84.628 7+30.463 0.0655 1.853 0.0662 0.0326 0.0335 1.0105 1.30

Tangent 7+30.463 9+76.754 0.0466 1.320 0.0471 0.0232 0.0239 1.0105 1.30

Simple Curve 2 9+76.754 10+61.301 0.0160 0.453 0.0162 0.0080 0.0082 1.0105 1.30

Simple Curve 3 10+61.301 11+08.502 0.0089 0.253 0.0090 0.0045 0.0046 1.0105 1.30
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.22 0.11 49.319 0.11 50.681

2024 0.22 0.11 49.317 0.11 50.683

2025 0.21 0.10 49.316 0.11 50.684

2026 0.21 0.10 49.315 0.11 50.685

2027 0.21 0.10 49.313 0.10 50.687

2028 0.20 0.10 49.312 0.10 50.688

2029 0.20 0.10 49.310 0.10 50.690

2030 0.20 0.10 49.308 0.10 50.692

2031 0.20 0.10 49.309 0.10 50.691

2032 0.20 0.10 49.310 0.10 50.690

2033 0.20 0.10 49.311 0.10 50.689

2034 0.20 0.10 49.312 0.10 50.688

2035 0.21 0.10 49.312 0.10 50.688

2036 0.21 0.10 49.313 0.10 50.687

2037 0.21 0.10 49.314 0.11 50.686

2038 0.21 0.10 49.315 0.11 50.685

2039 0.21 0.10 49.315 0.11 50.685

2040 0.21 0.10 49.316 0.11 50.684

2041 0.21 0.11 49.317 0.11 50.683

2042 0.22 0.11 49.317 0.11 50.683

2043 0.22 0.11 49.318 0.11 50.682

2044 0.22 0.11 49.319 0.11 50.681

2045 0.22 0.11 49.319 0.11 50.681

2046 0.22 0.11 49.320 0.11 50.680

2047 0.22 0.11 49.320 0.11 50.680

2048 0.22 0.11 49.321 0.11 50.679

2049 0.23 0.11 49.321 0.11 50.679

2050 0.23 0.11 49.322 0.12 50.678

Total 5.94 2.93 49.316 3.01 50.684

Average 0.21 0.10 49.316 0.11 50.684

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0915 0.2774 1.1534 1.4073 3.0108
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.06 1.1 0.07 1.3

Highway 
Segment

Collision with Fixed Object 2.05 34.5 2.06 34.7 4.11 69.2

Highway 
Segment

Collision with Other Object 0.14 2.4 0.40 6.7 0.55 9.2

Highway 
Segment

Other Single-vehicle Collision 0.59 9.9 0.31 5.2 0.90 15.1

Highway 
Segment

Collision with Parked Vehicle 0.04 0.7 0.05 0.8 0.09 1.5

Highway 
Segment

Total Single Vehicle Crashes 2.84 47.8 2.88 48.5 5.72 96.3

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.01 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.1 0.01 0.1

Highway 
Segment

Rear-end Collision 0.07 1.2 0.09 1.5 0.16 2.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.02 0.3 0.04 0.6 0.05 0.9

Highway 
Segment

Total Multiple Vehicle Crashes 0.09 1.5 0.13 2.2 0.22 3.7

Highway 
Segment

Total Highway Segment Crashes 2.93 49.3 3.01 50.7 5.94 100.0

Total Crashes 2.93 49.3 3.01 50.7 5.94 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 11+08.502
Warning: for segment #1 (0.000 to 11+08.502 ), The ramp type for Ramp Alignment M EB Off Existing is set at the Ramp Connection (Exit) and in the Ramp
(Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:46 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:46:13 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Mustang Interchange - Existing Conditions 
Project Comment: Created Tue May 07 15:01:57 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment M EB On Existing 
Highway Comment: Mustang Existing EB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 10:45:34 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 5+48.251 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 5+48.251 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 0.000 5+48.251 548.25 0.1038

2023: 530; 2024: 525; 2025: 521; 2026: 517; 2027: 512; 2028: 508; 2029: 504; 2030: 500; 2031: 505; 2032: 510; 2033: 515;
2034: 520; 2035: 525; 2036: 530; 2037: 535; 2038: 540; 2039: 545; 2040: 550; 2041: 555; 2042: 560; 2043: 565; 2044: 570;
2045: 575; 2046: 580; 2047: 585; 2048: 590; 2049: 595; 2050: 600
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1038

Average Future Road AADT (vpd) 542

Predicted Crashes

Total Crashes 1.11

Fatal and Injury Crashes 0.55

Property-Damage-Only Crashes 0.57

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 49

Percent Property-Damage-Only Crashes (%) 51

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.3829

FI Crash Rate (crashes/mi/yr) 0.1876

PDO Crash Rate (crashes/mi/yr) 0.1953

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.57

Travel Crash Rate (crashes/million veh-mi) 1.94

Travel FI Crash Rate (crashes/million veh-mi) 0.95

Travel PDO Crash Rate (crashes/million veh-mi) 0.99
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 5+48.251 0.1038 1.113 0.0398 0.0195 0.0203 0.3829 1.94

Total 0.1038 1.113 0.0398 0.0195 0.0203 0.3829
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 90.095 0.0171 0.183 0.0065 0.0032 0.0033 0.3829 1.94

Simple Curve 1 90.095 2+20.133 0.0246 0.264 0.0094 0.0046 0.0048 0.3829 1.94

Tangent 2+20.133 5+48.251 0.0621 0.666 0.0238 0.0117 0.0121 0.3829 1.94
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.04 0.02 49.013 0.02 50.987

2024 0.04 0.02 49.020 0.02 50.980

2025 0.04 0.02 49.026 0.02 50.974

2026 0.04 0.02 49.032 0.02 50.968

2027 0.04 0.02 49.040 0.02 50.960

2028 0.04 0.02 49.047 0.02 50.953

2029 0.04 0.02 49.053 0.02 50.947

2030 0.04 0.02 49.059 0.02 50.941

2031 0.04 0.02 49.051 0.02 50.949

2032 0.04 0.02 49.043 0.02 50.957

2033 0.04 0.02 49.036 0.02 50.964

2034 0.04 0.02 49.028 0.02 50.972

2035 0.04 0.02 49.020 0.02 50.980

2036 0.04 0.02 49.013 0.02 50.987

2037 0.04 0.02 49.005 0.02 50.995

2038 0.04 0.02 48.998 0.02 51.002

2039 0.04 0.02 48.990 0.02 51.010

2040 0.04 0.02 48.983 0.02 51.017

2041 0.04 0.02 48.976 0.02 51.024

2042 0.04 0.02 48.968 0.02 51.032

2043 0.04 0.02 48.961 0.02 51.039

2044 0.04 0.02 48.954 0.02 51.046

2045 0.04 0.02 48.947 0.02 51.053

2046 0.04 0.02 48.940 0.02 51.060

2047 0.04 0.02 48.933 0.02 51.067

2048 0.04 0.02 48.926 0.02 51.074

2049 0.04 0.02 48.919 0.02 51.081

2050 0.04 0.02 48.912 0.02 51.088

Total 1.11 0.55 48.994 0.57 51.006

Average 0.04 0.02 48.994 0.02 51.006

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0116 0.0353 0.2245 0.2740 0.5678

Section Types Crash Prediction Evaluation Report

8 Interactive Highway Safety Design Model



 
 
 
 

Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.01 1.1 0.01 1.2

Highway 
Segment

Collision with Fixed Object 0.33 29.3 0.38 34.3 0.71 63.6

Highway 
Segment

Collision with Other Object 0.02 2.1 0.07 6.7 0.10 8.7

Highway 
Segment

Other Single-vehicle Collision 0.09 8.4 0.06 5.1 0.15 13.6

Highway 
Segment

Collision with Parked Vehicle 0.01 0.6 0.01 0.8 0.01 1.4

Highway 
Segment

Total Single Vehicle Crashes 0.45 40.6 0.53 47.9 0.98 88.5

Highway 
Segment

Right-Angle Collision 0.00 0.3 0.00 0.1 0.00 0.3

Highway 
Segment

Head-on Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.3 0.00 0.1 0.00 0.3

Highway 
Segment

Rear-end Collision 0.07 6.3 0.02 2.1 0.09 8.5

Highway 
Segment

Sideswipe, Same Direction Collision 0.02 1.5 0.01 0.8 0.03 2.3

Highway 
Segment

Total Multiple Vehicle Crashes 0.09 8.4 0.03 3.1 0.13 11.5

Highway 
Segment

Total Highway Segment Crashes 0.55 49.0 0.57 51.0 1.11 100.0

Total Crashes 0.55 49.0 0.57 51.0 1.11 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 5+48.251
Warning: for segment #1 (0.000 to 5+48.251 ), The ramp type for Ramp Alignment M EB On Existing is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

 
 
 

Section Types Crash Prediction Evaluation Report

10 Interactive Highway Safety Design Model



 

 

Interactive Highway Safety Design Model
 

 

Crash Prediction Evaluation Report
 

 

 

 

 

 
June 21, 2024



 



Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:48 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:48:06 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
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E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Mustang Interchange - Existing Conditions 
Project Comment: Created Tue May 07 15:01:57 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment M WB Off Existing 
Highway Comment: Mustang Existing WB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 10:47:21 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 7+88.001 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 7+88.001 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Exit
Urban 0.000 7+88.001 788.00 0.1492

2023-2030: 410; 2031: 414; 2032: 419; 2033: 423; 2034: 428; 2035: 432; 2036: 437; 2037: 441; 2038: 446; 2039: 450; 2040:
455; 2041: 459; 2042: 464; 2043: 468; 2044: 473; 2045: 477; 2046: 482; 2047: 486; 2048: 491; 2049: 495; 2050: 500
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1492

Average Future Road AADT (vpd) 444

Predicted Crashes

Total Crashes 1.96

Fatal and Injury Crashes 0.95

Property-Damage-Only Crashes 1.02

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 48

Percent Property-Damage-Only Crashes (%) 52

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.4698

FI Crash Rate (crashes/mi/yr) 0.2263

PDO Crash Rate (crashes/mi/yr) 0.2434

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.68

Travel Crash Rate (crashes/million veh-mi) 2.90

Travel FI Crash Rate (crashes/million veh-mi) 1.40

Travel PDO Crash Rate (crashes/million veh-mi) 1.50
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 7+88.001 0.1492 1.963 0.0701 0.0338 0.0363 0.4698 2.90

Total 0.1492 1.963 0.0701 0.0338 0.0363 0.4698
 
 
 

Section Types Crash Prediction Evaluation Report

6 Interactive Highway Safety Design Model



 
 
Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 4+71.122 0.0892 1.174 0.0419 0.0202 0.0217 0.4698 2.90

Simple Curve 1 4+71.122 6+82.893 0.0401 0.528 0.0188 0.0091 0.0098 0.4698 2.90

Simple Curve 2 6+82.893 7+88.001 0.0199 0.262 0.0094 0.0045 0.0048 0.4698 2.90
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.07 0.03 48.148 0.03 51.852

2024 0.07 0.03 48.148 0.03 51.852

2025 0.07 0.03 48.148 0.03 51.852

2026 0.07 0.03 48.148 0.03 51.852

2027 0.07 0.03 48.148 0.03 51.852

2028 0.07 0.03 48.148 0.03 51.852

2029 0.07 0.03 48.148 0.03 51.852

2030 0.07 0.03 48.148 0.03 51.852

2031 0.07 0.03 48.152 0.04 51.848

2032 0.07 0.03 48.157 0.04 51.843

2033 0.07 0.03 48.161 0.04 51.839

2034 0.07 0.03 48.166 0.04 51.834

2035 0.07 0.03 48.169 0.04 51.831

2036 0.07 0.03 48.174 0.04 51.826

2037 0.07 0.03 48.178 0.04 51.822

2038 0.07 0.03 48.182 0.04 51.818

2039 0.07 0.03 48.185 0.04 51.815

2040 0.07 0.03 48.190 0.04 51.810

2041 0.07 0.04 48.193 0.04 51.807

2042 0.07 0.04 48.198 0.04 51.802

2043 0.07 0.04 48.201 0.04 51.799

2044 0.07 0.04 48.205 0.04 51.795

2045 0.07 0.04 48.208 0.04 51.792

2046 0.07 0.04 48.212 0.04 51.788

2047 0.07 0.04 48.216 0.04 51.784

2048 0.07 0.04 48.220 0.04 51.780

2049 0.08 0.04 48.223 0.04 51.777

2050 0.08 0.04 48.227 0.04 51.773

Total 1.96 0.95 48.180 1.02 51.820

Average 0.07 0.03 48.180 0.04 51.820

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0295 0.0896 0.3724 0.4544 1.0173
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.02 1.1 0.03 1.3

Highway 
Segment

Collision with Fixed Object 0.66 33.7 0.72 36.6 1.38 70.3

Highway 
Segment

Collision with Other Object 0.05 2.4 0.14 7.1 0.19 9.5

Highway 
Segment

Other Single-vehicle Collision 0.19 9.7 0.11 5.5 0.30 15.2

Highway 
Segment

Collision with Parked Vehicle 0.01 0.7 0.02 0.8 0.03 1.5

Highway 
Segment

Total Single Vehicle Crashes 0.92 46.7 1.00 51.1 1.92 97.7

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Rear-end Collision 0.02 1.1 0.01 0.5 0.03 1.6

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.3 0.00 0.2 0.01 0.5

Highway 
Segment

Total Multiple Vehicle Crashes 0.03 1.5 0.01 0.7 0.04 2.3

Highway 
Segment

Total Highway Segment Crashes 0.95 48.2 1.02 51.8 1.96 100.0

Total Crashes 0.95 48.2 1.02 51.8 1.96 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 7+88.001
Warning: for segment #1 (0.000 to 7+88.001 ), The ramp type for Ramp Alignment M WB Off Existing is set at the Ramp Connection (Exit) and in the Ramp
(Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 7+87.812 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Exit
Urban 0.000 7+87.812 787.81 0.1492

2023: 2,170; 2024: 2,145; 2025: 2,121; 2026: 2,097; 2027: 2,072; 2028: 2,048; 2029: 2,024; 2030: 2,000; 2031: 2,020; 2032:
2,040; 2033: 2,060; 2034: 2,080; 2035: 2,100; 2036: 2,120; 2037: 2,140; 2038: 2,160; 2039: 2,180; 2040: 2,200; 2041: 2,220;
2042: 2,240; 2043: 2,260; 2044: 2,280; 2045: 2,300; 2046: 2,320; 2047: 2,340; 2048: 2,360; 2049: 2,380; 2050: 2,400
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1492

Average Future Road AADT (vpd) 2,174

Predicted Crashes

Total Crashes 4.39

Fatal and Injury Crashes 2.20

Property-Damage-Only Crashes 2.19

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 50

Percent Property-Damage-Only Crashes (%) 50

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 1.0515

FI Crash Rate (crashes/mi/yr) 0.5266

PDO Crash Rate (crashes/mi/yr) 0.5249

Predicted Travel Crash Rate

Total Travel (million veh-mi) 3.32

Travel Crash Rate (crashes/million veh-mi) 1.32

Travel FI Crash Rate (crashes/million veh-mi) 0.66

Travel PDO Crash Rate (crashes/million veh-mi) 0.66
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 7+87.812 0.1492 4.393 0.1569 0.0786 0.0783 1.0515 1.32

Total 0.1492 4.393 0.1569 0.0786 0.0783 1.0515
 
 
 

Section Types Crash Prediction Evaluation Report

6 Interactive Highway Safety Design Model



 
 
Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 2+26.714 0.0429 1.264 0.0451 0.0226 0.0225 1.0515 1.32

Simple Curve 1 2+26.714 4+64.940 0.0451 1.328 0.0474 0.0238 0.0237 1.0515 1.32

Tangent 4+64.940 7+87.812 0.0611 1.800 0.0643 0.0322 0.0321 1.0515 1.32
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.16 0.08 50.084 0.08 49.916

2024 0.15 0.08 50.083 0.08 49.917

2025 0.15 0.08 50.083 0.08 49.917

2026 0.15 0.08 50.082 0.08 49.918

2027 0.15 0.08 50.081 0.08 49.919

2028 0.15 0.07 50.080 0.07 49.920

2029 0.15 0.07 50.079 0.07 49.921

2030 0.15 0.07 50.078 0.07 49.922

2031 0.15 0.07 50.079 0.07 49.921

2032 0.15 0.07 50.080 0.07 49.920

2033 0.15 0.08 50.081 0.07 49.919

2034 0.15 0.08 50.081 0.08 49.919

2035 0.15 0.08 50.082 0.08 49.918

2036 0.15 0.08 50.083 0.08 49.917

2037 0.15 0.08 50.083 0.08 49.917

2038 0.16 0.08 50.084 0.08 49.916

2039 0.16 0.08 50.084 0.08 49.916

2040 0.16 0.08 50.085 0.08 49.915

2041 0.16 0.08 50.085 0.08 49.915

2042 0.16 0.08 50.086 0.08 49.914

2043 0.16 0.08 50.086 0.08 49.914

2044 0.16 0.08 50.087 0.08 49.913

2045 0.16 0.08 50.087 0.08 49.913

2046 0.16 0.08 50.088 0.08 49.912

2047 0.17 0.08 50.088 0.08 49.912

2048 0.17 0.08 50.089 0.08 49.911

2049 0.17 0.08 50.089 0.08 49.911

2050 0.17 0.08 50.089 0.08 49.911

Total 4.39 2.20 50.084 2.19 49.916

Average 0.16 0.08 50.084 0.08 49.916

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0687 0.2083 0.8662 1.0569 2.1928
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.05 1.0 0.06 1.2

Highway 
Segment

Collision with Fixed Object 1.54 35.0 1.50 34.2 3.04 69.2

Highway 
Segment

Collision with Other Object 0.11 2.5 0.29 6.6 0.40 9.1

Highway 
Segment

Other Single-vehicle Collision 0.44 10.1 0.22 5.1 0.67 15.2

Highway 
Segment

Collision with Parked Vehicle 0.03 0.7 0.03 0.8 0.07 1.5

Highway 
Segment

Total Single Vehicle Crashes 2.13 48.5 2.10 47.7 4.23 96.2

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.1 0.00 0.1

Highway 
Segment

Rear-end Collision 0.05 1.2 0.07 1.5 0.12 2.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.3 0.03 0.6 0.04 0.9

Highway 
Segment

Total Multiple Vehicle Crashes 0.07 1.6 0.10 2.2 0.17 3.8

Highway 
Segment

Total Highway Segment Crashes 2.20 50.1 2.19 49.9 4.39 100.0

Total Crashes 2.20 50.1 2.19 49.9 4.39 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 7+87.812
Warning: for segment #1 (0.000 to 7+87.812 ), The ramp type for Ramp Alignment M WB On Existing is set at the Ramp Connection (Entrance) and in the
Ramp (Exit). The Ramp value takes precedence.

 
 
 

Section Types Crash Prediction Evaluation Report

10 Interactive Highway Safety Design Model



 

 

Interactive Highway Safety Design Model
 

 

Crash Prediction Evaluation Report
 

 

 

 

 

 
June 21, 2024



 



Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:51 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:51:52 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Patrick Interchange - Existing Conditions 
Project Comment: Created Tue May 07 15:07:17 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment WT EB Off Existing 
Highway Comment: Waltham Existing EB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 5 
Evaluation Comment: Created Fri Jun 21 10:51:19 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 12+67.493 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 12+67.493 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Rural 0.000 12+67.493 1,267.49 0.2401

2023: 860; 2024: 844; 2025: 828; 2026: 812; 2027: 797; 2028: 781; 2029: 765; 2030: 750; 2031: 757; 2032: 765; 2033: 772;
2034: 780; 2035: 787; 2036: 795; 2037: 802; 2038: 810; 2039: 817; 2040: 825; 2041: 832; 2042: 840; 2043: 847; 2044: 855;
2045: 862; 2046: 870; 2047: 877; 2048: 885; 2049: 892; 2050: 900
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2401

Average Future Road AADT (vpd) 822

Predicted Crashes

Total Crashes 2.66

Fatal and Injury Crashes 1.34

Property-Damage-Only Crashes 1.32

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 50

Percent Property-Damage-Only Crashes (%) 50

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.3958

FI Crash Rate (crashes/mi/yr) 0.1990

PDO Crash Rate (crashes/mi/yr) 0.1968

Predicted Travel Crash Rate

Total Travel (million veh-mi) 2.02

Travel Crash Rate (crashes/million veh-mi) 1.32

Travel FI Crash Rate (crashes/million veh-mi) 0.66

Travel PDO Crash Rate (crashes/million veh-mi) 0.66
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 12+67.493 0.2401 2.660 0.0950 0.0478 0.0472 0.3958 1.32

Total 0.2401 2.660 0.0950 0.0478 0.0472 0.3958
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 0.000 2+31.159 0.0438 0.485 0.0173 0.0087 0.0086 0.3958 1.32

Tangent 2+31.159 12+67.493 0.1963 2.175 0.0777 0.0390 0.0386 0.3958 1.32
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.10 0.05 50.276 0.05 49.724

2024 0.10 0.05 50.273 0.05 49.727

2025 0.10 0.05 50.270 0.05 49.730

2026 0.09 0.05 50.267 0.05 49.733

2027 0.09 0.05 50.264 0.05 49.736

2028 0.09 0.05 50.260 0.05 49.740

2029 0.09 0.04 50.257 0.04 49.743

2030 0.09 0.04 50.253 0.04 49.747

2031 0.09 0.04 50.255 0.04 49.745

2032 0.09 0.04 50.257 0.04 49.743

2033 0.09 0.05 50.258 0.04 49.742

2034 0.09 0.05 50.260 0.05 49.740

2035 0.09 0.05 50.261 0.05 49.739

2036 0.09 0.05 50.263 0.05 49.737

2037 0.09 0.05 50.265 0.05 49.735

2038 0.09 0.05 50.266 0.05 49.734

2039 0.10 0.05 50.268 0.05 49.732

2040 0.10 0.05 50.269 0.05 49.731

2041 0.10 0.05 50.270 0.05 49.730

2042 0.10 0.05 50.272 0.05 49.728

2043 0.10 0.05 50.273 0.05 49.727

2044 0.10 0.05 50.275 0.05 49.725

2045 0.10 0.05 50.276 0.05 49.724

2046 0.10 0.05 50.277 0.05 49.723

2047 0.10 0.05 50.278 0.05 49.722

2048 0.10 0.05 50.280 0.05 49.720

2049 0.10 0.05 50.281 0.05 49.719

2050 0.10 0.05 50.282 0.05 49.718

Total 2.66 1.34 50.268 1.32 49.732

Average 0.10 0.05 50.268 0.05 49.732

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0501 0.1519 0.6619 0.4733 1.3230
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.5 0.08 3.1 0.10 3.6

Highway 
Segment

Collision with Fixed Object 0.75 28.3 0.80 29.9 1.55 58.2

Highway 
Segment

Collision with Other Object 0.04 1.5 0.16 6.0 0.20 7.5

Highway 
Segment

Other Single-vehicle Collision 0.49 18.3 0.21 7.8 0.69 26.1

Highway 
Segment

Collision with Parked Vehicle 0.03 1.2 0.03 1.1 0.06 2.3

Highway 
Segment

Total Single Vehicle Crashes 1.33 49.9 1.27 47.8 2.60 97.7

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.1 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.1 0.01 0.2

Highway 
Segment

Rear-end Collision 0.01 0.3 0.03 1.0 0.03 1.2

Highway 
Segment

Sideswipe, Same Direction Collision 0.00 0.1 0.02 0.7 0.02 0.8

Highway 
Segment

Total Multiple Vehicle Crashes 0.01 0.4 0.05 1.9 0.06 2.3

Highway 
Segment

Total Highway Segment Crashes 1.34 50.3 1.32 49.7 2.66 100.0

Total Crashes 1.34 50.3 1.32 49.7 2.66 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 12+67.493
Warning: for segment #1 (0.000 to 12+67.493 ), The ramp type for Ramp Alignment WT EB Off Existing is set at the Ramp Connection (Exit) and in the
Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:56 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Thu May 23 16:25:55 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Patrick Interchange - Existing Conditions 
Project Comment: Created Tue May 07 15:07:17 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment WT EB On Existing 
Highway Comment: Waltham Existing EB nf Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Thu May 23 16:25:37 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 14+00.408 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 14+00.408 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)

Section Types Crash Prediction Evaluation Report

4 Interactive Highway Safety Design Model



Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Rural 0.000 14+00.408 1,400.41 0.2652

2023: 160; 2024: 162; 2025: 165; 2026: 168; 2027: 171; 2028: 174; 2029: 177; 2030: 180; 2031: 181; 2032: 183; 2033: 184;
2034: 186; 2035: 187; 2036: 189; 2037: 190; 2038: 192; 2039: 193; 2040: 195; 2041: 196; 2042: 198; 2043: 199; 2044: 201;
2045: 202; 2046: 204; 2047: 205; 2048: 207; 2049: 208; 2050: 210
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2652

Average Future Road AADT (vpd) 188

Predicted Crashes

Total Crashes 0.62

Fatal and Injury Crashes 0.28

Property-Damage-Only Crashes 0.34

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 45

Percent Property-Damage-Only Crashes (%) 55

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.0832

FI Crash Rate (crashes/mi/yr) 0.0378

PDO Crash Rate (crashes/mi/yr) 0.0454

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.51

Travel Crash Rate (crashes/million veh-mi) 1.21

Travel FI Crash Rate (crashes/million veh-mi) 0.55

Travel PDO Crash Rate (crashes/million veh-mi) 0.66
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 14+00.408 0.2652 0.618 0.0221 0.0100 0.0120 0.0832 1.21

Total 0.2652 0.618 0.0221 0.0100 0.0120 0.0832
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted FI
Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mill
ion veh-mi)

Tangent 0.000 14+00.408 0.2652 0.618 0.0221 0.0100 0.0120 0.0832 1.21
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.02 0.01 45.466 0.01 54.534

2024 0.02 0.01 45.462 0.01 54.538

2025 0.02 0.01 45.457 0.01 54.543

2026 0.02 0.01 45.452 0.01 54.548

2027 0.02 0.01 45.446 0.01 54.554

2028 0.02 0.01 45.441 0.01 54.559

2029 0.02 0.01 45.436 0.01 54.564

2030 0.02 0.01 45.430 0.01 54.570

2031 0.02 0.01 45.429 0.01 54.571

2032 0.02 0.01 45.425 0.01 54.575

2033 0.02 0.01 45.423 0.01 54.577

2034 0.02 0.01 45.420 0.01 54.580

2035 0.02 0.01 45.418 0.01 54.582

2036 0.02 0.01 45.414 0.01 54.586

2037 0.02 0.01 45.413 0.01 54.587

2038 0.02 0.01 45.409 0.01 54.591

2039 0.02 0.01 45.407 0.01 54.593

2040 0.02 0.01 45.404 0.01 54.596

2041 0.02 0.01 45.402 0.01 54.598

2042 0.02 0.01 45.398 0.01 54.602

2043 0.02 0.01 45.396 0.01 54.604

2044 0.02 0.01 45.393 0.01 54.607

2045 0.02 0.01 45.391 0.01 54.609

2046 0.02 0.01 45.388 0.01 54.612

2047 0.02 0.01 45.386 0.01 54.614

2048 0.02 0.01 45.382 0.01 54.618

2049 0.02 0.01 45.380 0.01 54.620

2050 0.02 0.01 45.377 0.01 54.623

Total 0.62 0.28 45.414 0.34 54.586

Average 0.02 0.01 45.414 0.01 54.586

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0078 0.0237 0.1550 0.0943 0.3374
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.4 0.02 3.3 0.02 3.8

Highway 
Segment

Collision with Fixed Object 0.15 24.2 0.20 32.2 0.35 56.4

Highway 
Segment

Collision with Other Object 0.01 1.3 0.04 6.4 0.05 7.8

Highway 
Segment

Other Single-vehicle Collision 0.10 15.7 0.05 8.3 0.15 24.1

Highway 
Segment

Collision with Parked Vehicle 0.01 1.0 0.01 1.2 0.01 2.2

Highway 
Segment

Total Single Vehicle Crashes 0.26 42.7 0.32 51.5 0.58 94.2

Highway 
Segment

Right-Angle Collision 0.00 0.1 0.00 0.1 0.00 0.2

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.2 0.00 0.2 0.00 0.4

Highway 
Segment

Rear-end Collision 0.01 1.7 0.01 1.6 0.02 3.3

Highway 
Segment

Sideswipe, Same Direction Collision 0.00 0.6 0.01 1.2 0.01 1.8

Highway 
Segment

Total Multiple Vehicle Crashes 0.02 2.7 0.02 3.1 0.04 5.8

Highway 
Segment

Total Highway Segment Crashes 0.28 45.4 0.34 54.6 0.62 100.0

Total Crashes 0.28 45.4 0.34 54.6 0.62 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 14+00.408
Warning: for segment #1 (0.000 to 14+00.408 ), The ramp type for Ramp Alignment WT EB On Existing is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:55 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
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IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
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Project Title: Patrick Interchange - Existing Conditions 
Project Comment: Created Tue May 07 15:07:17 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment WT WB Off Existing 
Highway Comment: Waltham Existing WB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 10:55:12 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 5+65.945 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
 
 

Report Overview Crash Prediction Evaluation Report

2 Interactive Highway Safety Design Model



Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 5+65.945 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;

 
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 3



 
 
 
 

Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Exit
Rural 0.000 5+65.945 565.95 0.1072

2023: 140; 2024: 142; 2025: 145; 2026: 148; 2027: 151; 2028: 154; 2029: 157; 2030: 160; 2031: 161; 2032: 163; 2033: 164;
2034: 166; 2035: 167; 2036: 169; 2037: 170; 2038: 172; 2039: 173; 2040: 175; 2041: 176; 2042: 178; 2043: 179; 2044: 181;
2045: 182; 2046: 184; 2047: 185; 2048: 187; 2049: 188; 2050: 190
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1072

Average Future Road AADT (vpd) 168

Predicted Crashes

Total Crashes 1.49

Fatal and Injury Crashes 0.68

Property-Damage-Only Crashes 0.81

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 46

Percent Property-Damage-Only Crashes (%) 54

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.4953

FI Crash Rate (crashes/mi/yr) 0.2267

PDO Crash Rate (crashes/mi/yr) 0.2686

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.18

Travel Crash Rate (crashes/million veh-mi) 8.07

Travel FI Crash Rate (crashes/million veh-mi) 3.69

Travel PDO Crash Rate (crashes/million veh-mi) 4.38
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 5+65.945 0.1072 1.486 0.0531 0.0243 0.0288 0.4953 8.07

Total 0.1072 1.486 0.0531 0.0243 0.0288 0.4953
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 2+21.181 0.0419 0.581 0.0207 0.0095 0.0113 0.4953 8.07

Simple Curve 1 2+21.181 4+07.440 0.0353 0.489 0.0175 0.0080 0.0095 0.4953 8.07

Tangent 4+07.440 4+65.679 0.0110 0.153 0.0055 0.0025 0.0030 0.4953 8.07

Simple Curve 2 4+65.679 5+65.945 0.0190 0.263 0.0094 0.0043 0.0051 0.4953 8.07
 
 
 
 
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 7



Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.05 0.02 45.654 0.03 54.346

2024 0.05 0.02 45.663 0.03 54.337

2025 0.05 0.02 45.676 0.03 54.324

2026 0.05 0.02 45.689 0.03 54.311

2027 0.05 0.02 45.701 0.03 54.299

2028 0.05 0.02 45.714 0.03 54.286

2029 0.05 0.02 45.726 0.03 54.274

2030 0.05 0.02 45.737 0.03 54.263

2031 0.05 0.02 45.741 0.03 54.259

2032 0.05 0.02 45.749 0.03 54.251

2033 0.05 0.02 45.753 0.03 54.247

2034 0.05 0.02 45.760 0.03 54.240

2035 0.05 0.02 45.764 0.03 54.236

2036 0.05 0.02 45.771 0.03 54.229

2037 0.05 0.03 45.775 0.03 54.225

2038 0.05 0.03 45.782 0.03 54.218

2039 0.05 0.03 45.786 0.03 54.214

2040 0.06 0.03 45.793 0.03 54.207

2041 0.06 0.03 45.796 0.03 54.204

2042 0.06 0.03 45.803 0.03 54.197

2043 0.06 0.03 45.807 0.03 54.193

2044 0.06 0.03 45.814 0.03 54.186

2045 0.06 0.03 45.817 0.03 54.183

2046 0.06 0.03 45.824 0.03 54.176

2047 0.06 0.03 45.827 0.03 54.173

2048 0.06 0.03 45.834 0.03 54.166

2049 0.06 0.03 45.837 0.03 54.163

2050 0.06 0.03 45.843 0.03 54.157

Total 1.49 0.68 45.769 0.81 54.231

Average 0.05 0.02 45.769 0.03 54.231

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0273 0.0829 0.3545 0.2156 0.8061
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.5 0.05 3.5 0.06 4.0

Highway 
Segment

Collision with Fixed Object 0.38 25.8 0.50 33.7 0.89 59.5

Highway 
Segment

Collision with Other Object 0.02 1.4 0.10 6.7 0.12 8.2

Highway 
Segment

Other Single-vehicle Collision 0.25 16.8 0.13 8.7 0.38 25.5

Highway 
Segment

Collision with Parked Vehicle 0.02 1.1 0.02 1.2 0.04 2.3

Highway 
Segment

Total Single Vehicle Crashes 0.68 45.5 0.80 53.9 1.48 99.5

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Rear-end Collision 0.00 0.2 0.00 0.2 0.01 0.3

Highway 
Segment

Sideswipe, Same Direction Collision 0.00 0.1 0.00 0.1 0.00 0.2

Highway 
Segment

Total Multiple Vehicle Crashes 0.00 0.2 0.00 0.3 0.01 0.5

Highway 
Segment

Total Highway Segment Crashes 0.68 45.8 0.81 54.2 1.49 100.0

Total Crashes 0.68 45.8 0.81 54.2 1.49 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 5+65.945
Warning: for segment #1 (0.000 to 5+65.945 ), The ramp type for Ramp Alignment WT WB Off Existing is set at the Ramp Connection (Exit) and in the Ramp
(Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:57 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:57:04 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Patrick Interchange - Existing Conditions 
Project Comment: Created Tue May 07 15:07:17 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: Alignment WT WB On Existing 
Highway Comment: Waltham Existing WB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 10:56:42 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 6+74.844 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 6+74.844 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Rural 0.000 3+38.000 338.00 0.0640

2023: 620; 2024: 614; 2025: 608; 2026: 602; 2027: 597; 2028: 591; 2029: 585; 2030: 580; 2031: 586; 2032: 592; 2033: 598;
2034: 604; 2035: 610; 2036: 616; 2037: 622; 2038: 628; 2039: 634; 2040: 640; 2041: 646; 2042: 652; 2043: 658; 2044: 664;
2045: 670; 2046: 676; 2047: 682; 2048: 688; 2049: 694; 2050: 700

2
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Rural 3+38.000 6+74.844 336.84 0.0638

2023: 620; 2024: 614; 2025: 608; 2026: 602; 2027: 597; 2028: 591; 2029: 585; 2030: 580; 2031: 586; 2032: 592; 2033: 598;
2034: 604; 2035: 610; 2036: 616; 2037: 622; 2038: 628; 2039: 634; 2040: 640; 2041: 646; 2042: 652; 2043: 658; 2044: 664;
2045: 670; 2046: 676; 2047: 682; 2048: 688; 2049: 694; 2050: 700
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1278

Average Future Road AADT (vpd) 631

Predicted Crashes

Total Crashes 5.62

Fatal and Injury Crashes 2.35

Property-Damage-Only Crashes 3.27

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 42

Percent Property-Damage-Only Crashes (%) 58

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 1.5714

FI Crash Rate (crashes/mi/yr) 0.6568

PDO Crash Rate (crashes/mi/yr) 0.9145

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.82

Travel Crash Rate (crashes/million veh-mi) 6.83

Travel FI Crash Rate (crashes/million veh-mi) 2.85

Travel PDO Crash Rate (crashes/million veh-mi) 3.97
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 3+38.000 0.0640 5.168 0.1846 0.0764 0.1082 2.8829 12.53

2 3+38.000 6+74.844 0.0638 0.456 0.0163 0.0076 0.0087 0.2553 1.11

Total 0.1278 5.623 0.2008 0.0840 0.1169 1.5714

Section Types Crash Prediction Evaluation Report

6 Interactive Highway Safety Design Model



 
 
 
 
Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Simple Curve 1 0.000 2+04.724 0.0388 3.130 0.1118 0.0463 0.0655 2.8829 12.53

Tangent 2+04.724 6+74.844 0.0890 2.494 0.0891 0.0377 0.0514 1.0002 4.34
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.20 0.08 41.798 0.12 58.202

2024 0.20 0.08 41.796 0.12 58.204

2025 0.20 0.08 41.794 0.11 58.206

2026 0.19 0.08 41.793 0.11 58.207

2027 0.19 0.08 41.791 0.11 58.209

2028 0.19 0.08 41.789 0.11 58.211

2029 0.19 0.08 41.787 0.11 58.213

2030 0.19 0.08 41.786 0.11 58.214

2031 0.19 0.08 41.788 0.11 58.212

2032 0.19 0.08 41.789 0.11 58.211

2033 0.19 0.08 41.791 0.11 58.209

2034 0.20 0.08 41.793 0.11 58.207

2035 0.20 0.08 41.795 0.11 58.205

2036 0.20 0.08 41.797 0.12 58.203

2037 0.20 0.08 41.799 0.12 58.201

2038 0.20 0.08 41.800 0.12 58.200

2039 0.20 0.08 41.802 0.12 58.198

2040 0.20 0.09 41.804 0.12 58.196

2041 0.20 0.09 41.805 0.12 58.195

2042 0.21 0.09 41.807 0.12 58.193

2043 0.21 0.09 41.809 0.12 58.191

2044 0.21 0.09 41.810 0.12 58.190

2045 0.21 0.09 41.812 0.12 58.188

2046 0.21 0.09 41.813 0.12 58.187

2047 0.21 0.09 41.815 0.12 58.185

2048 0.21 0.09 41.816 0.12 58.184

2049 0.21 0.09 41.817 0.12 58.183

2050 0.22 0.09 41.819 0.13 58.181

Total 5.62 2.35 41.801 3.27 58.199

Average 0.20 0.08 41.801 0.12 58.199

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. No.
Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury
(O) Crashes

(crashes)

1 0.0595 0.1803 1.1805 0.7181 3.0291

2 0.0058 0.0175 0.1154 0.0736 0.2437

Total 0.0652 0.1978 1.2958 0.7918 3.2728
 
 
 
 
 

Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.02 0.4 0.21 3.7 0.23 4.1

Highway 
Segment

Collision with Fixed Object 1.30 23.2 1.98 35.2 3.28 58.4

Highway 
Segment

Collision with Other Object 0.07 1.3 0.40 7.0 0.47 8.3

Highway 
Segment

Other Single-vehicle Collision 0.85 15.0 0.51 9.1 1.36 24.2

Highway 
Segment

Collision with Parked Vehicle 0.06 1.0 0.07 1.3 0.13 2.3

Highway 
Segment

Total Single Vehicle Crashes 2.30 40.9 3.17 56.3 5.47 97.2

Highway 
Segment

Right-Angle Collision 0.00 0.1 0.00 0.1 0.01 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.1 0.01 0.1 0.01 0.2

Highway 
Segment

Rear-end Collision 0.03 0.6 0.05 1.0 0.09 1.5

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.2 0.04 0.7 0.05 0.9

Highway 
Segment

Total Multiple Vehicle Crashes 0.05 0.9 0.11 1.9 0.16 2.8

Highway 
Segment

Total Highway Segment Crashes 2.35 41.8 3.27 58.2 5.62 100.0

Total Crashes 2.35 41.8 3.27 58.2 5.62 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta.
ft)

End Location (Sta.
ft)

Message

0.000 3+38.000
Warning: for segment #1 (0.000 to 3+38.000 ), The ramp type for Ramp Alignment WT WB On Existing is set at
the Ramp Connection (Entrance) and in the Ramp (Entrance). The Ramp value takes precedence.

3+38.000 6+74.844
Warning: for segment #2 (3+38.000 to 6+74.844 ), The ramp type for Ramp Alignment WT WB On Existing is set
at the Ramp Connection (Entrance) and in the Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 10:05 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 10:04:59 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: I 80 Vista Boulevard Interchange to USA Parkway Interchange 
Project Comment: Created Fri Apr 26 14:41:46 PDT 2024 
Project Unit System: U.S. Customary 
 
 
Highway Title: I-80 Capacity Improvements - 2050 Build 
Highway Comment: I-80 2050 Build 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 5 
Evaluation Comment: Created Fri Jun 21 10:04:22 PDT 2024 
 
 
Minimum Location: 553+89.850 
Maximum Location: 1235+84.647 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Section 1 Evaluation
 
Section: Section 1 
Evaluation Start Location: 553+89.850 
Evaluation End Location: 1235+84.647 
Functional Class: Freeway 
Type of Alignment: Divided, Multilane 
Model Category: Freeway Segment 
Calibration Factor: FI_MV=1.0; FI_SV=1.0; PDO_MV=1.0; PDO_SV=1.0;  
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Figure 1.  Crash Prediction Summary (Section 1)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Section 1)

Seg. No. Type Area Type
Start Location

(Sta. ft)
End Location (Sta.

ft)
Length (ft) Length (mi) AADT

Median
Width (ft)

Type
Effective Median

Width (ft)

1 Six-lane Freeway Urban 553+89.850 560+00.000 610.15 0.1156

2023: 48,560; 2024: 49,774; 2025: 50,988; 2026: 52,202; 2027: 53,417; 2028: 54,631; 2029: 55,845; 2030: 57,060; 2031:
57,630; 2032: 58,201; 2033: 58,771; 2034: 59,342; 2035: 59,912; 2036: 60,483; 2037: 61,053; 2038: 61,624; 2039: 62,194;
2040: 62,765; 2041: 63,335; 2042: 63,906; 2043: 64,476; 2044: 65,047; 2045: 65,617; 2046: 66,188; 2047: 66,758; 2048:
67,329; 2049: 67,899; 2050: 68,470

4.00 Non-Traversable Median 24.00

2 Six-lane Freeway Urban 560+00.000 666+81.410 10,681.41 2.0230

2023: 48,560; 2024: 49,774; 2025: 50,988; 2026: 52,202; 2027: 53,417; 2028: 54,631; 2029: 55,845; 2030: 57,060; 2031:
57,630; 2032: 58,201; 2033: 58,771; 2034: 59,342; 2035: 59,912; 2036: 60,483; 2037: 61,053; 2038: 61,624; 2039: 62,194;
2040: 62,765; 2041: 63,335; 2042: 63,906; 2043: 64,476; 2044: 65,047; 2045: 65,617; 2046: 66,188; 2047: 66,758; 2048:
67,329; 2049: 67,899; 2050: 68,470

4.00 Non-Traversable Median 24.00

3
Seven-lane
Freeway

Urban 666+81.410 669+78.320 296.91 0.0562

2023: 48,560; 2024: 49,774; 2025: 50,988; 2026: 52,202; 2027: 53,417; 2028: 54,631; 2029: 55,845; 2030: 57,060; 2031:
57,630; 2032: 58,201; 2033: 58,771; 2034: 59,342; 2035: 59,912; 2036: 60,483; 2037: 61,053; 2038: 61,624; 2039: 62,194;
2040: 62,765; 2041: 63,335; 2042: 63,906; 2043: 64,476; 2044: 65,047; 2045: 65,617; 2046: 66,188; 2047: 66,758; 2048:
67,329; 2049: 67,899; 2050: 68,470

4.00 Non-Traversable Median 24.00

4 Six-lane Freeway Urban 669+78.320 675+46.700 568.38 0.1076

2023: 48,560; 2024: 49,774; 2025: 50,988; 2026: 52,202; 2027: 53,417; 2028: 54,631; 2029: 55,845; 2030: 57,060; 2031:
57,630; 2032: 58,201; 2033: 58,771; 2034: 59,342; 2035: 59,912; 2036: 60,483; 2037: 61,053; 2038: 61,624; 2039: 62,194;
2040: 62,765; 2041: 63,335; 2042: 63,906; 2043: 64,476; 2044: 65,047; 2045: 65,617; 2046: 66,188; 2047: 66,758; 2048:
67,329; 2049: 67,899; 2050: 68,470

4.00 Non-Traversable Median 24.00

5 Six-lane Freeway Urban 675+46.700 677+75.320 228.62 0.0433

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

6 Six-lane Freeway Urban 677+75.320 680+11.540 236.22 0.0447

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

7 Six-lane Freeway Urban 680+11.540 683+37.700 326.16 0.0618

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

8 Six-lane Freeway Urban 683+37.700 694+42.590 1,104.89 0.2093

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

9
Seven-lane
Freeway

Urban 694+42.590 697+39.130 296.54 0.0562

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

10
Seven-lane
Freeway

Urban 697+39.130 697+76.160 37.03 0.0070

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

11 Six-lane Freeway Urban 697+76.160 698+11.400 35.24 0.0067

2023: 46,310; 2024: 47,558; 2025: 48,807; 2026: 50,055; 2027: 51,304; 2028: 52,552; 2029: 53,801; 2030: 55,050; 2031:
55,600; 2032: 56,151; 2033: 56,701; 2034: 57,252; 2035: 57,802; 2036: 58,353; 2037: 58,903; 2038: 59,454; 2039: 60,004;
2040: 60,555; 2041: 61,105; 2042: 61,656; 2043: 62,206; 2044: 62,757; 2045: 63,307; 2046: 63,858; 2047: 64,408; 2048:
64,959; 2049: 65,509; 2050: 66,060

4.00 Non-Traversable Median 24.00

12 Six-lane Freeway Urban 698+11.400 739+49.080 4,137.68 0.7837

2023: 46,740; 2024: 47,998; 2025: 49,257; 2026: 50,515; 2027: 51,774; 2028: 53,032; 2029: 54,291; 2030: 55,550; 2031:
56,105; 2032: 56,661; 2033: 57,216; 2034: 57,772; 2035: 58,327; 2036: 58,883; 2037: 59,438; 2038: 59,994; 2039: 60,549;
2040: 61,105; 2041: 61,660; 2042: 62,216; 2043: 62,771; 2044: 63,327; 2045: 63,882; 2046: 64,438; 2047: 64,993; 2048:
65,549; 2049: 66,104; 2050: 66,660

4.00 Non-Traversable Median 24.00

13
Seven-lane
Freeway

Urban 739+49.080 743+13.100 364.02 0.0689

2023: 46,740; 2024: 47,998; 2025: 49,257; 2026: 50,515; 2027: 51,774; 2028: 53,032; 2029: 54,291; 2030: 55,550; 2031:
56,105; 2032: 56,661; 2033: 57,216; 2034: 57,772; 2035: 58,327; 2036: 58,883; 2037: 59,438; 2038: 59,994; 2039: 60,549;
2040: 61,105; 2041: 61,660; 2042: 62,216; 2043: 62,771; 2044: 63,327; 2045: 63,882; 2046: 64,438; 2047: 64,993; 2048:
65,549; 2049: 66,104; 2050: 66,660

4.00 Non-Traversable Median 24.00

14 Six-lane Freeway Urban 743+13.100 752+69.100 956.00 0.1811

2023: 46,740; 2024: 47,998; 2025: 49,257; 2026: 50,515; 2027: 51,774; 2028: 53,032; 2029: 54,291; 2030: 55,550; 2031:
56,105; 2032: 56,661; 2033: 57,216; 2034: 57,772; 2035: 58,327; 2036: 58,883; 2037: 59,438; 2038: 59,994; 2039: 60,549;
2040: 61,105; 2041: 61,660; 2042: 62,216; 2043: 62,771; 2044: 63,327; 2045: 63,882; 2046: 64,438; 2047: 64,993; 2048:
65,549; 2049: 66,104; 2050: 66,660

4.00 Non-Traversable Median 24.00

15 Six-lane Freeway Urban 752+69.100 753+63.640 94.54 0.0179

2023: 42,535; 2024: 43,830; 2025: 45,125; 2026: 46,420; 2027: 47,715; 2028: 49,010; 2029: 50,305; 2030: 51,600; 2031:
52,116; 2032: 52,632; 2033: 53,148; 2034: 53,664; 2035: 54,180; 2036: 54,696; 2037: 55,212; 2038: 55,728; 2039: 56,244;
2040: 56,760; 2041: 57,276; 2042: 57,792; 2043: 58,308; 2044: 58,824; 2045: 59,340; 2046: 59,856; 2047: 60,372; 2048:
60,888; 2049: 61,404; 2050: 61,920

4.00 Non-Traversable Median 24.00
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Seg. No. Type Area Type
Start Location

(Sta. ft)
End Location (Sta.

ft)
Length (ft) Length (mi) AADT

Median
Width (ft)

Type
Effective Median

Width (ft)

16 Six-lane Freeway Urban 753+63.640 777+48.970 2,385.33 0.4518

2023: 42,535; 2024: 43,830; 2025: 45,125; 2026: 46,420; 2027: 47,715; 2028: 49,010; 2029: 50,305; 2030: 51,600; 2031:
52,116; 2032: 52,632; 2033: 53,148; 2034: 53,664; 2035: 54,180; 2036: 54,696; 2037: 55,212; 2038: 55,728; 2039: 56,244;
2040: 56,760; 2041: 57,276; 2042: 57,792; 2043: 58,308; 2044: 58,824; 2045: 59,340; 2046: 59,856; 2047: 60,372; 2048:
60,888; 2049: 61,404; 2050: 61,920

4.00 Non-Traversable Median 24.00

17 Six-lane Freeway Urban 777+48.970 785+77.800 828.83 0.1570

2023: 42,535; 2024: 43,830; 2025: 45,125; 2026: 46,420; 2027: 47,715; 2028: 49,010; 2029: 50,305; 2030: 51,600; 2031:
52,116; 2032: 52,632; 2033: 53,148; 2034: 53,664; 2035: 54,180; 2036: 54,696; 2037: 55,212; 2038: 55,728; 2039: 56,244;
2040: 56,760; 2041: 57,276; 2042: 57,792; 2043: 58,308; 2044: 58,824; 2045: 59,340; 2046: 59,856; 2047: 60,372; 2048:
60,888; 2049: 61,404; 2050: 61,920

4.00 Non-Traversable Median 24.00

18 Six-lane Freeway Urban 785+77.800 786+41.310 63.51 0.0120

2023: 43,290; 2024: 44,607; 2025: 45,924; 2026: 47,241; 2027: 48,558; 2028: 49,875; 2029: 51,192; 2030: 52,510; 2031:
53,035; 2032: 53,561; 2033: 54,086; 2034: 54,612; 2035: 55,137; 2036: 55,663; 2037: 56,188; 2038: 56,714; 2039: 57,239;
2040: 57,765; 2041: 58,290; 2042: 58,816; 2043: 59,341; 2044: 59,867; 2045: 60,392; 2046: 60,918; 2047: 61,443; 2048:
61,969; 2049: 62,494; 2050: 63,020

4.00 Non-Traversable Median 24.00

19
Seven-lane
Freeway

Urban 786+41.310 791+41.310 500.00 0.0947

2023: 43,290; 2024: 44,607; 2025: 45,924; 2026: 47,241; 2027: 48,558; 2028: 49,875; 2029: 51,192; 2030: 52,510; 2031:
53,035; 2032: 53,561; 2033: 54,086; 2034: 54,612; 2035: 55,137; 2036: 55,663; 2037: 56,188; 2038: 56,714; 2039: 57,239;
2040: 57,765; 2041: 58,290; 2042: 58,816; 2043: 59,341; 2044: 59,867; 2045: 60,392; 2046: 60,918; 2047: 61,443; 2048:
61,969; 2049: 62,494; 2050: 63,020

4.00 Non-Traversable Median 24.00

20 Six-lane Freeway Urban 791+41.310 794+41.440 300.13 0.0568

2023: 43,290; 2024: 44,607; 2025: 45,924; 2026: 47,241; 2027: 48,558; 2028: 49,875; 2029: 51,192; 2030: 52,510; 2031:
53,035; 2032: 53,561; 2033: 54,086; 2034: 54,612; 2035: 55,137; 2036: 55,663; 2037: 56,188; 2038: 56,714; 2039: 57,239;
2040: 57,765; 2041: 58,290; 2042: 58,816; 2043: 59,341; 2044: 59,867; 2045: 60,392; 2046: 60,918; 2047: 61,443; 2048:
61,969; 2049: 62,494; 2050: 63,020

4.00 Non-Traversable Median 24.00

21 Six-lane Freeway Urban 794+41.440 849+12.766 5,471.33 1.0362

2023: 43,290; 2024: 44,607; 2025: 45,924; 2026: 47,241; 2027: 48,558; 2028: 49,875; 2029: 51,192; 2030: 52,510; 2031:
53,035; 2032: 53,561; 2033: 54,086; 2034: 54,612; 2035: 55,137; 2036: 55,663; 2037: 56,188; 2038: 56,714; 2039: 57,239;
2040: 57,765; 2041: 58,290; 2042: 58,816; 2043: 59,341; 2044: 59,867; 2045: 60,392; 2046: 60,918; 2047: 61,443; 2048:
61,969; 2049: 62,494; 2050: 63,020

4.00 Non-Traversable Median 24.00

22 Six-lane Freeway Rural 849+12.766 988+99.100 13,986.33 2.6489

2023: 43,290; 2024: 44,607; 2025: 45,924; 2026: 47,241; 2027: 48,558; 2028: 49,875; 2029: 51,192; 2030: 52,510; 2031:
53,035; 2032: 53,561; 2033: 54,086; 2034: 54,612; 2035: 55,137; 2036: 55,663; 2037: 56,188; 2038: 56,714; 2039: 57,239;
2040: 57,765; 2041: 58,290; 2042: 58,816; 2043: 59,341; 2044: 59,867; 2045: 60,392; 2046: 60,918; 2047: 61,443; 2048:
61,969; 2049: 62,494; 2050: 63,020

4.00 Non-Traversable Median 24.00

23 Six-lane Freeway Rural 988+99.100 999+58.470 1,059.37 0.2006

2023: 41,810; 2024: 43,148; 2025: 44,487; 2026: 45,825; 2027: 47,164; 2028: 48,502; 2029: 49,841; 2030: 51,180; 2031:
51,692; 2032: 52,204; 2033: 52,716; 2034: 53,228; 2035: 53,740; 2036: 54,252; 2037: 54,764; 2038: 55,276; 2039: 55,788;
2040: 56,300; 2041: 56,812; 2042: 57,324; 2043: 57,836; 2044: 58,348; 2045: 58,860; 2046: 59,372; 2047: 59,884; 2048:
60,396; 2049: 60,908; 2050: 61,420

4.00 Non-Traversable Median 24.00

24
Seven-lane
Freeway

Rural 999+58.470 1004+58.470 500.00 0.0947

2023: 41,810; 2024: 43,148; 2025: 44,487; 2026: 45,825; 2027: 47,164; 2028: 48,502; 2029: 49,841; 2030: 51,180; 2031:
51,692; 2032: 52,204; 2033: 52,716; 2034: 53,228; 2035: 53,740; 2036: 54,252; 2037: 54,764; 2038: 55,276; 2039: 55,788;
2040: 56,300; 2041: 56,812; 2042: 57,324; 2043: 57,836; 2044: 58,348; 2045: 58,860; 2046: 59,372; 2047: 59,884; 2048:
60,396; 2049: 60,908; 2050: 61,420

4.00 Non-Traversable Median 24.00

25 Six-lane Freeway Rural 1004+58.470 1008+58.460 399.99 0.0758

2023: 41,810; 2024: 43,148; 2025: 44,487; 2026: 45,825; 2027: 47,164; 2028: 48,502; 2029: 49,841; 2030: 51,180; 2031:
51,692; 2032: 52,204; 2033: 52,716; 2034: 53,228; 2035: 53,740; 2036: 54,252; 2037: 54,764; 2038: 55,276; 2039: 55,788;
2040: 56,300; 2041: 56,812; 2042: 57,324; 2043: 57,836; 2044: 58,348; 2045: 58,860; 2046: 59,372; 2047: 59,884; 2048:
60,396; 2049: 60,908; 2050: 61,420

4.00 Non-Traversable Median 24.00

26 Six-lane Freeway Rural 1008+58.460 1012+58.530 400.07 0.0758

2023: 41,810; 2024: 43,148; 2025: 44,487; 2026: 45,825; 2027: 47,164; 2028: 48,502; 2029: 49,841; 2030: 51,180; 2031:
51,692; 2032: 52,204; 2033: 52,716; 2034: 53,228; 2035: 53,740; 2036: 54,252; 2037: 54,764; 2038: 55,276; 2039: 55,788;
2040: 56,300; 2041: 56,812; 2042: 57,324; 2043: 57,836; 2044: 58,348; 2045: 58,860; 2046: 59,372; 2047: 59,884; 2048:
60,396; 2049: 60,908; 2050: 61,420

4.00 Non-Traversable Median 24.00

27 Six-lane Freeway Rural 1012+58.530 1037+53.090 2,494.56 0.4725

2023: 41,810; 2024: 43,148; 2025: 44,487; 2026: 45,825; 2027: 47,164; 2028: 48,502; 2029: 49,841; 2030: 51,180; 2031:
51,692; 2032: 52,204; 2033: 52,716; 2034: 53,228; 2035: 53,740; 2036: 54,252; 2037: 54,764; 2038: 55,276; 2039: 55,788;
2040: 56,300; 2041: 56,812; 2042: 57,324; 2043: 57,836; 2044: 58,348; 2045: 58,860; 2046: 59,372; 2047: 59,884; 2048:
60,396; 2049: 60,908; 2050: 61,420

4.00 Non-Traversable Median 24.00

28 Six-lane Freeway Rural 1037+53.090 1038+52.000 98.91 0.0187

2023: 41,810; 2024: 43,148; 2025: 44,487; 2026: 45,825; 2027: 47,164; 2028: 48,502; 2029: 49,841; 2030: 51,180; 2031:
51,692; 2032: 52,204; 2033: 52,716; 2034: 53,228; 2035: 53,740; 2036: 54,252; 2037: 54,764; 2038: 55,276; 2039: 55,788;
2040: 56,300; 2041: 56,812; 2042: 57,324; 2043: 57,836; 2044: 58,348; 2045: 58,860; 2046: 59,372; 2047: 59,884; 2048:
60,396; 2049: 60,908; 2050: 61,420

4.00 Non-Traversable Median 24.00

29 Six-lane Freeway Rural 1038+52.000 1041+16.190 264.19 0.0500

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00

30 Six-lane Freeway Rural 1041+16.190 1045+20.090 403.90 0.0765

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00

31
Seven-lane
Freeway

Rural 1045+20.090 1048+19.090 299.00 0.0566

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00
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Seg. No. Type Area Type
Start Location

(Sta. ft)
End Location (Sta.

ft)
Length (ft) Length (mi) AADT

Median
Width (ft)

Type
Effective Median

Width (ft)

32 Six-lane Freeway Rural 1048+19.090 1201+78.720 15,359.63 2.9090

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00

33
Seven-lane
Freeway

Rural 1201+78.720 1206+78.720 500.00 0.0947

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00

34 Six-lane Freeway Rural 1206+78.720 1209+03.410 224.69 0.0426

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00

35 Five-lane Freeway Rural 1209+03.410 1213+00.000 396.59 0.0751

2023: 42,110; 2024: 43,454; 2025: 44,798; 2026: 46,142; 2027: 47,487; 2028: 48,831; 2029: 50,175; 2030: 51,520; 2031:
52,035; 2032: 52,550; 2033: 53,065; 2034: 53,580; 2035: 54,095; 2036: 54,610; 2037: 55,125; 2038: 55,640; 2039: 56,155;
2040: 56,670; 2041: 57,185; 2042: 57,700; 2043: 58,215; 2044: 58,730; 2045: 59,245; 2046: 59,760; 2047: 60,275; 2048:
60,790; 2049: 61,305; 2050: 61,820

4.00 Non-Traversable Median 24.00

36 Five-lane Freeway Rural 1213+00.000 1226+73.000 1,373.00 0.2600

2023: 23,020; 2024: 23,200; 2025: 23,380; 2026: 23,560; 2027: 23,740; 2028: 23,920; 2029: 24,100; 2030: 24,280; 2031:
24,523; 2032: 24,766; 2033: 25,009; 2034: 25,252; 2035: 25,495; 2036: 25,738; 2037: 25,981; 2038: 26,224; 2039: 26,467;
2040: 26,710; 2041: 26,953; 2042: 27,196; 2043: 27,439; 2044: 27,682; 2045: 27,925; 2046: 28,168; 2047: 28,411; 2048:
28,654; 2049: 28,897; 2050: 29,140

4.00 Non-Traversable Median 24.00

37 Five-lane Freeway Rural 1226+73.000 1227+27.500 54.50 0.0103

2023: 23,020; 2024: 23,200; 2025: 23,380; 2026: 23,560; 2027: 23,740; 2028: 23,920; 2029: 24,100; 2030: 24,280; 2031:
24,523; 2032: 24,766; 2033: 25,009; 2034: 25,252; 2035: 25,495; 2036: 25,738; 2037: 25,981; 2038: 26,224; 2039: 26,467;
2040: 26,710; 2041: 26,953; 2042: 27,196; 2043: 27,439; 2044: 27,682; 2045: 27,925; 2046: 28,168; 2047: 28,411; 2048:
28,654; 2049: 28,897; 2050: 29,140

4.32 Non-Traversable Median 24.33

38 Four-lane Freeway Rural 1227+27.500 1227+56.850 29.35 0.0056

2023: 23,020; 2024: 23,200; 2025: 23,380; 2026: 23,560; 2027: 23,740; 2028: 23,920; 2029: 24,100; 2030: 24,280; 2031:
24,523; 2032: 24,766; 2033: 25,009; 2034: 25,252; 2035: 25,495; 2036: 25,738; 2037: 25,981; 2038: 26,224; 2039: 26,467;
2040: 26,710; 2041: 26,953; 2042: 27,196; 2043: 27,439; 2044: 27,682; 2045: 27,925; 2046: 28,168; 2047: 28,411; 2048:
28,654; 2049: 28,897; 2050: 29,140

4.83 Traversable Median 24.83

39 Four-lane Freeway Rural 1227+56.850 1235+84.647 827.80 0.1568

2023: 23,020; 2024: 23,200; 2025: 23,380; 2026: 23,560; 2027: 23,740; 2028: 23,920; 2029: 24,100; 2030: 24,280; 2031:
24,523; 2032: 24,766; 2033: 25,009; 2034: 25,252; 2035: 25,495; 2036: 25,738; 2037: 25,981; 2038: 26,224; 2039: 26,467;
2040: 26,710; 2041: 26,953; 2042: 27,196; 2043: 27,439; 2044: 27,682; 2045: 27,925; 2046: 28,168; 2047: 28,411; 2048:
28,654; 2049: 28,897; 2050: 29,140

10.00 Traversable Median 30.00
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Table 2.  Predicted Freeway Crash Rates and Frequencies Summary (Section 1)

First Year of Analysis 2023

Last Year of Analysis 2050

Effective Length (mi) 12.9157

Average Future Road AADT (vpd) 54,971

Predicted Crashes

Total Crashes 4,354.39

Fatal and Injury Crashes 1,226.20

Property-Damage-Only Crashes 3,128.20

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 28

Percent Property-Damage-Only Crashes (%) 72

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 12.0407

FI Crash Rate (crashes/mi/yr) 3.3907

PDO Crash Rate (crashes/mi/yr) 8.6501

Predicted Travel Crash Rate

Total Travel (million veh-mi) 7,256.11

Travel Crash Rate (crashes/million veh-mi) 0.60

Travel FI Crash Rate (crashes/million veh-mi) 0.17

Travel PDO Crash Rate (crashes/million veh-mi) 0.43
 
 
Note: Effective Length is the segment length minus the length of the speed change lanes if present. 
Note: Total Travel and Crash Rates/Million Vehicle Miles for Speed Change Lanes reflect AADTs that are half of the Freeway

Segment AADTs based on the assumption of 50/50 directional distribution.  
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Table 3.  Predicted Crash Frequencies and Rates by Freeway Segment/Intersection

(Section 1)

Segment 
Number/Intersectio
n Name/Cross Road

Start Location
(Sta. ft)

End Location
(Sta. ft)

Effective
Length (mi)

Total Predicted
Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted FI
Crash

Frequency
(crashes/yr)

Predicted PDO
Crash

Frequency
(crashes/yr)

Predicted
Crash Rate

(crashes/mi/yr)

Predicted
Travel Crash

Rate
(crashes/millio

n veh-mi)

1 553+89.850 560+00.000 0.1156 46.583 1.6637 0.4553 1.2084 14.3969 0.66

2 560+00.000 666+81.410 2.0230 852.513 30.4469 8.9023 21.5446 15.0504 0.69

3 666+81.410 669+78.320 0.0562 23.880 0.8528 0.2737 0.5792 15.1664 0.69

4 669+78.320 675+46.700 0.1076 50.450 1.8018 0.5607 1.2411 16.7379 0.76

5 675+46.700 677+75.320 0.0433 20.952 0.7483 0.2177 0.5306 17.2815 0.82

6 677+75.320 680+11.540 0.0447 18.782 0.6708 0.1926 0.4782 14.9938 0.71

7 680+11.540 683+37.700 0.0618 20.990 0.7497 0.2097 0.5399 12.1357 0.57

8 683+37.700 694+42.590 0.2093 86.468 3.0881 0.9625 2.1256 14.7575 0.70

9 694+42.590 697+39.130 0.0562 19.960 0.7128 0.2058 0.5070 12.6924 0.60

10 697+39.130 697+76.160 0.0070 3.387 0.1210 0.0366 0.0844 17.2488 0.82

11 697+76.160 698+11.400 0.0067 3.290 0.1175 0.0342 0.0834 17.6074 0.83

12 698+11.400 739+49.080 0.7837 383.935 13.7120 4.0486 9.6634 17.4975 0.82

13 739+49.080 743+13.100 0.0689 33.433 1.1940 0.3763 0.8177 17.3189 0.81

14 743+13.100 752+69.100 0.1811 73.798 2.6356 0.7519 1.8838 14.5567 0.68

15 752+69.100 753+63.640 0.0179 6.536 0.2334 0.0684 0.1650 13.0361 0.66

16 753+63.640 777+48.970 0.4518 142.418 5.0863 1.4330 3.6534 11.2588 0.57

17 777+48.970 785+77.800 0.1570 55.089 1.9675 0.5727 1.3947 12.5336 0.63

18 785+77.800 786+41.310 0.0120 3.971 0.1418 0.0404 0.1014 11.7904 0.59

19 786+41.310 791+41.310 0.0947 29.701 1.0607 0.3117 0.7491 11.2014 0.56

20 791+41.310 794+41.440 0.0568 18.247 0.6517 0.1841 0.4676 11.4648 0.57

21 794+41.440 849+12.766 1.0362 391.883 13.9958 4.0798 9.9160 13.5064 0.67

22 849+12.766 988+99.100 2.6489 794.646 28.3802 7.6686 20.7116 10.7139 0.53

23 988+99.100 999+58.470 0.2006 57.224 2.0437 0.5215 1.5222 10.1860 0.52

24 999+58.470 1004+58.470 0.0947 27.416 0.9791 0.2630 0.7161 10.3395 0.53

25 1004+58.470 1008+58.460 0.0758 24.990 0.8925 0.2358 0.6567 11.7812 0.60

26 1008+58.460 1012+58.530 0.0758 22.975 0.8205 0.2149 0.6057 10.8292 0.55

27 1012+58.530 1037+53.090 0.4725 131.898 4.7106 1.1977 3.5130 9.9705 0.51

28 1037+53.090 1038+52.000 0.0187 6.195 0.2212 0.0592 0.1621 11.8106 0.60

29 1038+52.000 1041+16.190 0.0500 15.266 0.5452 0.1595 0.3857 10.8965 0.55

30 1041+16.190 1045+20.090 0.0765 26.902 0.9608 0.2874 0.6734 12.5600 0.64

31 1045+20.090 1048+19.090 0.0566 16.948 0.6053 0.1875 0.4178 10.6884 0.54

32 1048+19.090 1201+78.720 2.9090 834.190 29.7925 7.9402 21.8523 10.2414 0.52

33 1201+78.720 1206+78.720 0.0947 26.212 0.9362 0.2469 0.6893 9.8858 0.50

34 1206+78.720 1209+03.410 0.0426 12.111 0.4325 0.1098 0.3227 10.1638 0.52

35 1209+03.410 1213+00.000 0.0751 21.560 0.7700 0.2170 0.5529 10.2513 0.52

36 1213+00.000 1226+73.000 0.2600 30.792 1.0997 0.3538 0.7459 4.2291 0.45

37 1226+73.000 1227+27.500 0.0103 1.190 0.0425 0.0137 0.0288 4.1178 0.43

38 1227+27.500 1227+56.850 0.0056 0.659 0.0235 0.0073 0.0162 4.2325 0.45

39 1227+56.850 1235+84.647 0.1568 16.956 0.6056 0.1912 0.4144 3.8625 0.41

Total 12.9157 4,354.395 155.5141 43.7927 111.7214 12.0407 0.60

 
 
Note: Effective Length is the segment length minus the length of the speed change lanes if present. This may create Freeway

segments with zero effective length and zero crashes. 
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 9



 
 
Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Section 1)

Title
Start Location

(Sta. ft)
End Location

(Sta. ft)
Length

(mi)

Total Predicted
Crashes for
Evaluation

Period

Predicted Total
Crash

Frequency
(crashes/yr)

Predicted FI
Crash

Frequency
(crashes/yr)

Predicted PDO
Crash

Frequency
(crashes/yr)

Predicted
Crash Rate

(crashes/mi/yr)

Predicted
Travel Crash

Rate
(crashes/millio

n veh-mi)

Tangent 553+89.850 565+28.527 0.2157 88.766 3.1702 0.8958 2.2745 14.7002 0.67

Simple Curve 1 565+28.527 582+00.593 0.3167 133.452 4.7662 1.3936 3.3726 15.0504 0.69

Tangent 582+00.593 588+13.846 0.1161 48.945 1.7480 0.5111 1.2369 15.0504 0.69

Simple Curve 2 588+13.846 594+46.549 0.1198 50.498 1.8035 0.5273 1.2762 15.0504 0.69

Tangent 594+46.549 596+42.927 0.0372 15.674 0.5598 0.1637 0.3961 15.0504 0.69

Simple Curve 3 596+42.927 608+29.783 0.2248 94.726 3.3831 0.9892 2.3939 15.0504 0.69

Tangent 608+29.783 621+29.232 0.2461 103.713 3.7040 1.0830 2.6210 15.0504 0.69

Simple Curve 4 621+29.232 628+15.126 0.1299 54.743 1.9551 0.5716 1.3835 15.0504 0.69

Tangent 628+15.126 638+61.243 0.1981 83.493 2.9819 0.8719 2.1100 15.0504 0.69

Simple Curve 5 638+61.243 645+42.101 0.1290 54.341 1.9408 0.5675 1.3733 15.0504 0.69

Tangent 645+42.101 652+38.147 0.1318 55.553 1.9840 0.5801 1.4039 15.0504 0.69

Simple Curve 6 652+38.147 675+46.052 0.4371 189.463 6.7666 2.0366 4.7299 15.4804 0.70

Tangent 675+46.052 684+55.505 0.1722 70.001 2.5001 0.7232 1.7768 14.5145 0.69

Simple Curve 7 684+55.505 694+42.593 0.1869 77.249 2.7589 0.8599 1.8990 14.7575 0.70

Tangent 694+42.593 703+14.800 0.1652 73.347 2.6196 0.7691 1.8505 15.8578 0.75

Simple Curve 8 703+14.800 711+54.209 0.1590 77.889 2.7817 0.8213 1.9604 17.4975 0.82

Tangent 711+54.209 712+76.243 0.0231 11.323 0.4044 0.1194 0.2850 17.4975 0.82

Simple Curve 9 712+76.243 723+64.635 0.2061 100.992 3.6069 1.0650 2.5419 17.4975 0.82

Tangent 723+64.635 729+08.311 0.1030 50.448 1.8017 0.5320 1.2697 17.4975 0.82

Simple Curve 10 729+08.311 743+13.097 0.2661 130.005 4.6430 1.3947 3.2484 17.4513 0.82

Tangent 743+13.097 815+08.378 1.3627 477.804 17.0644 4.9034 12.1610 12.5221 0.62

Simple Curve 11 815+08.378 825+51.135 0.1975 74.687 2.6674 0.7776 1.8899 13.5064 0.67

Tangent 825+51.135 835+70.195 0.1930 72.990 2.6068 0.7599 1.8469 13.5064 0.67

Simple Curve 12 835+70.195 850+69.213 0.2839 105.050 3.7518 1.0869 2.6649 13.2150 0.66

Tangent 850+69.213 891+45.426 0.7720 231.594 8.2712 2.2350 6.0363 10.7139 0.53

Simple Curve 13 891+45.426 913+56.808 0.4188 125.642 4.4872 1.2125 3.2747 10.7139 0.53

Tangent 913+56.808 925+54.993 0.2269 68.076 2.4313 0.6570 1.7743 10.7139 0.53

Simple Curve 14 925+54.993 930+80.990 0.0996 29.885 1.0673 0.2884 0.7789 10.7139 0.53

Tangent 930+80.990 940+22.129 0.1782 53.472 1.9097 0.5160 1.3937 10.7139 0.53

Simple Curve 15 940+22.129 973+05.929 0.6219 186.572 6.6633 1.8005 4.8628 10.7139 0.53

Tangent 973+05.929 1038+86.652 1.2463 363.216 12.9720 3.3865 9.5855 10.4080 0.53

Simple Curve 16 1038+86.652 1058+17.251 0.3656 111.324 3.9759 1.1295 2.8464 10.8736 0.55

Tangent 1058+17.251 1064+23.590 0.1148 32.931 1.1761 0.3134 0.8626 10.2414 0.52

Simple Curve 17 1064+23.590 1077+16.675 0.2449 70.228 2.5081 0.6685 1.8397 10.2414 0.52

Tangent 1077+16.675 1085+83.062 0.1641 47.054 1.6805 0.4479 1.2326 10.2414 0.52

Simple Curve 18 1085+83.062 1107+79.665 0.4160 119.299 4.2607 1.1355 3.1251 10.2414 0.52

Tangent 1107+79.665 1171+23.463 1.2015 344.535 12.3048 3.2794 9.0254 10.2414 0.52

Simple Curve 19 1171+23.463 1176+81.636 0.1057 30.315 1.0827 0.2885 0.7941 10.2414 0.52

Tangent 1176+81.636 1209+03.406 0.6102 173.941 6.2122 1.6475 4.5646 10.1808 0.52

Simple Curve 20 1209+03.406 1226+73.378 0.3352 52.361 1.8700 0.5709 1.2991 5.5785 0.46

Simple Curve 21 1226+73.378 1235+84.647 0.1726 18.796 0.6713 0.2120 0.4593 3.8895 0.41
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Table 5.  Predicted Crash Frequencies by Year (Section 1)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 117.75 34.47 29.273 83.28 70.727

2024 121.68 35.46 29.145 86.22 70.855

2025 125.65 36.46 29.019 89.19 70.981

2026 129.67 37.47 28.896 92.20 71.104

2027 133.73 38.48 28.776 95.25 71.225

2028 137.82 39.50 28.657 98.33 71.343

2029 141.96 40.52 28.541 101.44 71.459

2030 146.14 41.55 28.427 104.60 71.573

2031 147.90 41.98 28.381 105.92 71.619

2032 149.65 42.41 28.336 107.25 71.664

2033 151.42 42.84 28.290 108.58 71.710

2034 153.19 43.27 28.245 109.92 71.755

2035 154.97 43.70 28.200 111.27 71.800

2036 156.76 44.14 28.156 112.62 71.844

2037 158.55 44.57 28.112 113.98 71.888

2038 160.35 45.01 28.068 115.34 71.932

2039 162.16 45.44 28.024 116.72 71.976

2040 163.97 45.88 27.981 118.09 72.019

2041 165.79 46.32 27.938 119.47 72.062

2042 167.62 46.76 27.895 120.86 72.105

2043 169.46 47.20 27.853 122.26 72.147

2044 171.30 47.64 27.811 123.66 72.189

2045 173.15 48.08 27.769 125.07 72.231

2046 175.01 48.52 27.727 126.48 72.273

2047 176.87 48.97 27.686 127.90 72.314

2048 178.74 49.41 27.645 129.33 72.355

2049 180.62 49.86 27.604 130.76 72.396

2050 182.50 50.30 27.563 132.20 72.437

Total 4,354.39 1,226.20 28.160 3,128.20 71.840

Average 155.51 43.79 28.160 111.72 71.840

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 6.  Predicted Crash Severity by Freeway Segment (Section 1)

Seg. No.
Fatal (K) Crashes

(crashes)
Incapacitating Injury (A) Crashes

(crashes)
Non-Incapacitating Injury (B) Crashes

(crashes)
Possible Injury (C)
Crashes (crashes)

No Injury (O) Crashes
(crashes)

1 0.2781 0.7388 4.1605 7.5703 33.8356

2 5.9228 16.0620 84.6717 142.6075 603.2487

3 0.1930 0.5308 2.6728 4.2662 16.2171

4 0.3953 1.0874 5.4759 8.7418 34.7499

5 0.1330 0.3532 1.9892 3.6194 14.8570

6 0.1261 0.3296 1.8219 3.1142 13.3907

7 0.1470 0.3783 2.0521 3.2952 15.1177

8 0.6734 1.8425 9.3697 15.0651 59.5173

9 0.1347 0.3523 1.9474 3.3288 14.1963

10 0.0224 0.0594 0.3344 0.6075 2.3635

11 0.0209 0.0554 0.3121 0.5679 2.3341

12 2.7587 7.5047 38.9390 64.1573 270.5756

13 0.2836 0.7680 3.7949 5.6903 22.8959

14 0.4922 1.2871 7.1137 12.1597 52.7451

15 0.0479 0.1234 0.6692 1.0746 4.6205

16 0.9932 2.5631 13.9458 22.6218 102.2938

17 0.4013 1.0331 5.6037 8.9983 39.0527

18 0.0283 0.0729 0.3955 0.6351 2.8390

19 0.2184 0.5622 3.0493 4.8965 20.9743

20 0.1290 0.3320 1.8011 2.8921 13.0932

21 2.8679 7.5986 39.8960 63.8722 277.6482

22 7.5839 19.0184 80.5717 107.5467 579.9257

23 0.4960 1.2190 5.3962 7.4917 42.6209

24 0.2501 0.6148 2.7214 3.7782 20.0509

25 0.2242 0.5510 2.4393 3.3866 18.3887

26 0.2119 0.5161 2.2604 3.0283 16.9583

27 1.1501 2.8200 12.4474 17.1173 98.3629

28 0.0599 0.1450 0.6301 0.8218 4.5380

29 0.1803 0.4498 1.7728 2.0634 10.7998

30 0.3108 0.7912 3.1311 3.8133 18.8559

31 0.2028 0.5163 2.0431 2.4883 11.6972

32 8.0373 19.8855 84.3581 110.0448 611.8643

33 0.2348 0.5770 2.5543 3.5462 19.2999

34 0.1044 0.2566 1.1360 1.5772 9.0363

35 0.2348 0.5975 2.3649 2.8801 15.4824

36 0.3997 1.0058 3.9275 4.5734 20.8860

37 0.0157 0.0394 0.1529 0.1749 0.8072

38 0.0084 0.0210 0.0816 0.0934 0.4543

39 0.2196 0.5503 2.1373 2.4452 11.6032

Total 36.1918 93.2097 440.1422 656.6526 3,128.1982
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Table 7.  Predicted Freeway Crash Type Distribution (Section 1)

Element Type Crash Type FI Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 4.52 0.1 85.70 2.0 90.22 2.1

Highway 
Segment

Collision with Fixed Object 413.42 9.5 1,294.53 29.7 1,707.95 39.2

Highway 
Segment

Collision with Other Object 26.26 0.6 254.99 5.9 281.25 6.5

Highway 
Segment

Other Single-vehicle Collision 185.59 4.3 262.25 6.0 447.84 10.3

Highway 
Segment

Collision with Parked Vehicle 12.56 0.3 37.99 0.9 50.55 1.2

Highway 
Segment

Total Single Vehicle Crashes 642.35 14.8 1,935.46 44.4 2,577.81 59.2

Highway 
Segment

Right-Angle Collision 23.89 0.5 27.57 0.6 51.46 1.2

Highway 
Segment

Head-on Collision 6.99 0.2 3.40 0.1 10.39 0.2

Highway 
Segment

Other Multi-vehicle Collision 24.58 0.6 56.10 1.3 80.68 1.9

Highway 
Segment

Rear-end Collision 410.09 9.4 730.39 16.8 1,140.48 26.2

Highway 
Segment

Sideswipe, Same Direction Collision 118.29 2.7 375.27 8.6 493.56 11.3

Highway 
Segment

Total Multiple Vehicle Crashes 583.84 13.4 1,192.74 27.4 1,776.58 40.8

Highway 
Segment

Total Highway Segment Crashes 1,226.20 28.2 3,128.20 71.8 4,354.39 100.0

Total Crashes 1,226.20 28.2 3,128.20 71.8 4,354.39 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

553+89.850 560+00.000
Warning: for segment #1 (553+89.850 to 560+00.000 ), Median barrier offset (9.00 feet) is less than the right side inside shoulder width (10.00 feet). This indicates there is problem
with the input data. 

553+89.850 560+00.000
Warning: for segment #1 (553+89.850 to 560+00.000 ), Median barrier offset (8.00 feet) is less than the left side inside shoulder width (10.00 feet). This indicates there is problem with
the input data. 

553+89.850 560+00.000
Information: for segment #1 (553+89.850 to 560+00.000 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

553+89.850 560+00.000
Information: for segment #1 (553+89.850 to 560+00.000 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

560+00.000 666+81.410
Information: for segment #2 (560+00.000 to 666+81.410 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

560+00.000 666+81.410
Information: for segment #2 (560+00.000 to 666+81.410 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

560+00.000 666+81.410
Information: for segment #2 (560+00.000 to 666+81.410 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

560+00.000 666+81.410
Information: for segment #2 (560+00.000 to 666+81.410 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

666+81.410 669+78.320
Information: for segment #3 (666+81.410 to 669+78.320 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

666+81.410 669+78.320
Information: for segment #3 (666+81.410 to 669+78.320 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

666+81.410 669+78.320
Information: for segment #3 (666+81.410 to 669+78.320 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

666+81.410 669+78.320
Information: for segment #3 (666+81.410 to 669+78.320 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

669+78.320 675+46.700
Information: for segment #4 (669+78.320 to 675+46.700 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

669+78.320 675+46.700
Information: for segment #4 (669+78.320 to 675+46.700 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

669+78.320 675+46.700
Information: for segment #4 (669+78.320 to 675+46.700 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

669+78.320 675+46.700
Information: for segment #4 (669+78.320 to 675+46.700 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

675+46.700 677+75.320
Information: for segment #5 (675+46.700 to 677+75.320 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

675+46.700 677+75.320
Information: for segment #5 (675+46.700 to 677+75.320 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

675+46.700 677+75.320
Information: for segment #5 (675+46.700 to 677+75.320 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

675+46.700 677+75.320
Information: for segment #5 (675+46.700 to 677+75.320 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

677+75.320 680+11.540
Information: for segment #6 (677+75.320 to 680+11.540 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

677+75.320 680+11.540
Information: for segment #6 (677+75.320 to 680+11.540 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.
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Start Location (Sta. ft) End Location (Sta. ft) Message

677+75.320 680+11.540
Information: for segment #6 (677+75.320 to 680+11.540 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

680+11.540 683+37.700
Information: for segment #7 (680+11.540 to 683+37.700 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

680+11.540 683+37.700
Information: for segment #7 (680+11.540 to 683+37.700 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

680+11.540 683+37.700
Information: for segment #7 (680+11.540 to 683+37.700 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

683+37.700 694+42.590
Information: for segment #8 (683+37.700 to 694+42.590 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

683+37.700 694+42.590
Information: for segment #8 (683+37.700 to 694+42.590 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

683+37.700 694+42.590
Information: for segment #8 (683+37.700 to 694+42.590 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

683+37.700 694+42.590
Information: for segment #8 (683+37.700 to 694+42.590 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

694+42.590 697+39.130
Information: for segment #9 (694+42.590 to 697+39.130 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

694+42.590 697+39.130
Information: for segment #9 (694+42.590 to 697+39.130 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

694+42.590 697+39.130
Information: for segment #9 (694+42.590 to 697+39.130 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

697+39.130 697+76.160
Information: for segment #10 (697+39.130 to 697+76.160 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

697+39.130 697+76.160
Information: for segment #10 (697+39.130 to 697+76.160 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

697+39.130 697+76.160
Information: for segment #10 (697+39.130 to 697+76.160 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

697+39.130 697+76.160
Information: for segment #10 (697+39.130 to 697+76.160 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

697+76.160 698+11.400
Information: for segment #11 (697+76.160 to 698+11.400 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

697+76.160 698+11.400
Information: for segment #11 (697+76.160 to 698+11.400 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

697+76.160 698+11.400
Information: for segment #11 (697+76.160 to 698+11.400 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

697+76.160 698+11.400
Information: for segment #11 (697+76.160 to 698+11.400 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

698+11.400 739+49.080
Information: for segment #12 (698+11.400 to 739+49.080 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

698+11.400 739+49.080
Information: for segment #12 (698+11.400 to 739+49.080 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

698+11.400 739+49.080
Information: for segment #12 (698+11.400 to 739+49.080 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

698+11.400 739+49.080
Information: for segment #12 (698+11.400 to 739+49.080 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.
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Start Location (Sta. ft) End Location (Sta. ft) Message

739+49.080 743+13.100
Information: for segment #13 (739+49.080 to 743+13.100 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

739+49.080 743+13.100
Information: for segment #13 (739+49.080 to 743+13.100 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

739+49.080 743+13.100
Information: for segment #13 (739+49.080 to 743+13.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

743+13.100 752+69.100
Information: for segment #14 (743+13.100 to 752+69.100 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

743+13.100 752+69.100
Information: for segment #14 (743+13.100 to 752+69.100 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

743+13.100 752+69.100
Information: for segment #14 (743+13.100 to 752+69.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

752+69.100 753+63.640
Information: for segment #15 (752+69.100 to 753+63.640 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

752+69.100 753+63.640
Information: for segment #15 (752+69.100 to 753+63.640 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

753+63.640 777+48.970
Information: for segment #16 (753+63.640 to 777+48.970 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

753+63.640 777+48.970
Information: for segment #16 (753+63.640 to 777+48.970 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

753+63.640 777+48.970
Information: for segment #16 (753+63.640 to 777+48.970 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

777+48.970 785+77.800
Information: for segment #17 (777+48.970 to 785+77.800 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

777+48.970 785+77.800
Information: for segment #17 (777+48.970 to 785+77.800 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

785+77.800 786+41.310
Information: for segment #18 (785+77.800 to 786+41.310 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

785+77.800 786+41.310
Information: for segment #18 (785+77.800 to 786+41.310 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

786+41.310 791+41.310
Information: for segment #19 (786+41.310 to 791+41.310 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

786+41.310 791+41.310
Information: for segment #19 (786+41.310 to 791+41.310 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

791+41.310 794+41.440
Information: for segment #20 (791+41.310 to 794+41.440 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

791+41.310 794+41.440
Information: for segment #20 (791+41.310 to 794+41.440 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

794+41.440 849+12.766
Information: for segment #21 (794+41.440 to 849+12.766 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

794+41.440 849+12.766
Information: for segment #21 (794+41.440 to 849+12.766 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

794+41.440 849+12.766
Information: for segment #21 (794+41.440 to 849+12.766 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

794+41.440 849+12.766
Information: for segment #21 (794+41.440 to 849+12.766 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.
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794+41.440 849+12.766
Information: for segment #21 (794+41.440 to 849+12.766 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

849+12.766 988+99.100
Information: for segment #22 (849+12.766 to 988+99.100 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

988+99.100 999+58.470
Information: for segment #23 (988+99.100 to 999+58.470 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

988+99.100 999+58.470
Information: for segment #23 (988+99.100 to 999+58.470 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75 feet);
adjusted in CMF calculations.

988+99.100 999+58.470
Information: for segment #23 (988+99.100 to 999+58.470 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

999+58.470 1004+58.470
Information: for segment #24 (999+58.470 to 1004+58.470 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

999+58.470 1004+58.470
Information: for segment #24 (999+58.470 to 1004+58.470 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

999+58.470 1004+58.470
Information: for segment #24 (999+58.470 to 1004+58.470 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1004+58.470 1008+58.460
Information: for segment #25 (1004+58.470 to 1008+58.460 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1004+58.470 1008+58.460
Information: for segment #25 (1004+58.470 to 1008+58.460 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1004+58.470 1008+58.460
Information: for segment #25 (1004+58.470 to 1008+58.460 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1008+58.460 1012+58.530
Information: for segment #26 (1008+58.460 to 1012+58.530 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1008+58.460 1012+58.530
Information: for segment #26 (1008+58.460 to 1012+58.530 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1008+58.460 1012+58.530
Information: for segment #26 (1008+58.460 to 1012+58.530 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.
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1008+58.460 1012+58.530
Information: for segment #26 (1008+58.460 to 1012+58.530 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1012+58.530 1037+53.090
Information: for segment #27 (1012+58.530 to 1037+53.090 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1012+58.530 1037+53.090
Information: for segment #27 (1012+58.530 to 1037+53.090 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1012+58.530 1037+53.090
Information: for segment #27 (1012+58.530 to 1037+53.090 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1037+53.090 1038+52.000
Information: for segment #28 (1037+53.090 to 1038+52.000 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1037+53.090 1038+52.000
Information: for segment #28 (1037+53.090 to 1038+52.000 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1038+52.000 1041+16.190
Information: for segment #29 (1038+52.000 to 1041+16.190 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1038+52.000 1041+16.190
Information: for segment #29 (1038+52.000 to 1041+16.190 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1041+16.190 1045+20.090
Information: for segment #30 (1041+16.190 to 1045+20.090 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1041+16.190 1045+20.090
Information: for segment #30 (1041+16.190 to 1045+20.090 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1041+16.190 1045+20.090
Information: for segment #30 (1041+16.190 to 1045+20.090 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1045+20.090 1048+19.090
Information: for segment #31 (1045+20.090 to 1048+19.090 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1045+20.090 1048+19.090
Information: for segment #31 (1045+20.090 to 1048+19.090 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1045+20.090 1048+19.090
Information: for segment #31 (1045+20.090 to 1048+19.090 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1048+19.090 1201+78.720
Information: for segment #32 (1048+19.090 to 1201+78.720 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1048+19.090 1201+78.720
Information: for segment #32 (1048+19.090 to 1201+78.720 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1048+19.090 1201+78.720
Information: for segment #32 (1048+19.090 to 1201+78.720 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1048+19.090 1201+78.720
Information: for segment #32 (1048+19.090 to 1201+78.720 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1048+19.090 1201+78.720
Information: for segment #32 (1048+19.090 to 1201+78.720 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1048+19.090 1201+78.720
Information: for segment #32 (1048+19.090 to 1201+78.720 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1201+78.720 1206+78.720
Information: for segment #33 (1201+78.720 to 1206+78.720 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1201+78.720 1206+78.720
Information: for segment #33 (1201+78.720 to 1206+78.720 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1201+78.720 1206+78.720
Information: for segment #33 (1201+78.720 to 1206+78.720 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.
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1206+78.720 1209+03.410
Information: for segment #34 (1206+78.720 to 1209+03.410 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1206+78.720 1209+03.410
Information: for segment #34 (1206+78.720 to 1209+03.410 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1206+78.720 1209+03.410
Information: for segment #34 (1206+78.720 to 1209+03.410 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1209+03.410 1213+00.000
Information: for segment #35 (1209+03.410 to 1213+00.000 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1209+03.410 1213+00.000
Information: for segment #35 (1209+03.410 to 1213+00.000 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1209+03.410 1213+00.000
Information: for segment #35 (1209+03.410 to 1213+00.000 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1213+00.000 1226+73.000
Information: for segment #36 (1213+00.000 to 1226+73.000 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1213+00.000 1226+73.000
Information: for segment #36 (1213+00.000 to 1226+73.000 ), Median barrier distance from edge of inside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1213+00.000 1226+73.000
Information: for segment #36 (1213+00.000 to 1226+73.000 ), Outside barrier distance from edge of outside shoulder to barrier face (0.00 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1226+73.000 1227+27.500
Warning: for segment #37 (1226+73.000 to 1227+27.500 ), Median barrier offset (9.87 feet) is less than the left side inside shoulder width (10.00 feet). This indicates there is problem
with the input data. 

1226+73.000 1227+27.500
Information: for segment #37 (1226+73.000 to 1227+27.500 ), Median barrier distance from edge of inside shoulder to barrier face (0.30 feet) is less than specified boundaries (0.75
feet); adjusted in CMF calculations.

1227+27.500 1227+56.850
Warning: for segment #38 (1227+27.500 to 1227+56.850 ), Median barrier offset (9.66 feet) is less than the left side inside shoulder width (10.00 feet). This indicates there is problem
with the input data. 

1227+56.850 1235+84.647
Warning: for segment #39 (1227+56.850 to 1235+84.647 ), Median barrier offset (7.54 feet) is less than the left side inside shoulder width (10.00 feet). This indicates there is problem
with the input data. 

666+81.410 669+78.320
Information: for segment #3 (666+81.410 to 669+78.320 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and Eight-
lane Freeway

694+42.590 697+39.130
Information: for segment #9 (694+42.590 to 697+39.130 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and Eight-
lane Freeway

697+39.130 697+76.160
Information: for segment #10 (697+39.130 to 697+76.160 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and Eight-
lane Freeway

739+49.080 743+13.100
Information: for segment #13 (739+49.080 to 743+13.100 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and Eight-
lane Freeway

786+41.310 791+41.310
Information: for segment #19 (786+41.310 to 791+41.310 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and Eight-
lane Freeway

999+58.470 1004+58.470
Information: for segment #24 (999+58.470 to 1004+58.470 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and
Eight-lane Freeway

1045+20.090 1048+19.090
Information: for segment #31 (1045+20.090 to 1048+19.090 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and
Eight-lane Freeway

1201+78.720 1206+78.720
Information: for segment #33 (1201+78.720 to 1206+78.720 ), Freeway Segment of type Seven-lane Freeway is using unbalanced lane processing with types Six-lane Freeway and
Eight-lane Freeway

1209+03.410 1213+00.000
Information: for segment #35 (1209+03.410 to 1213+00.000 ), Freeway Segment of type Five-lane Freeway is using unbalanced lane processing with types Four-lane Freeway and Six-
lane Freeway

1213+00.000 1226+73.000
Information: for segment #36 (1213+00.000 to 1226+73.000 ), Freeway Segment of type Five-lane Freeway is using unbalanced lane processing with types Four-lane Freeway and Six-
lane Freeway
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1226+73.000 1227+27.500
Information: for segment #37 (1226+73.000 to 1227+27.500 ), Freeway Segment of type Five-lane Freeway is using unbalanced lane processing with types Four-lane Freeway and Six-
lane Freeway
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:07 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:07:42 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Build 
Project Comment: Lockwood Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: LW1 EB Off Ramp 2050 Build 
Highway Comment: Lockwood EB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Fri Jun 21 11:07:27 PDT 2024 
 
 
Minimum Location: 4+65.510 
Maximum Location: 14+94.601 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 4+65.510 
Evaluation End Location: 14+94.601 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Urban 4+65.510 14+94.601 1,029.09 0.1949

2023: 1,410; 2024: 1,387; 2025: 1,364; 2026: 1,341; 2027: 1,318; 2028: 1,295; 2029: 1,272; 2030: 1,250; 2031: 1,262; 2032:
1,274; 2033: 1,286; 2034: 1,298; 2035: 1,310; 2036: 1,322; 2037: 1,334; 2038: 1,346; 2039: 1,358; 2040: 1,370; 2041: 1,382;
2042: 1,394; 2043: 1,406; 2044: 1,418; 2045: 1,430; 2046: 1,442; 2047: 1,454; 2048: 1,466; 2049: 1,478; 2050: 1,490
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1949

Average Future Road AADT (vpd) 1,363

Predicted Crashes

Total Crashes 3.25

Fatal and Injury Crashes 1.55

Property-Damage-Only Crashes 1.69

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 48

Percent Property-Damage-Only Crashes (%) 52

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.5947

FI Crash Rate (crashes/mi/yr) 0.2843

PDO Crash Rate (crashes/mi/yr) 0.3104

Predicted Travel Crash Rate

Total Travel (million veh-mi) 2.71

Travel Crash Rate (crashes/million veh-mi) 1.20

Travel FI Crash Rate (crashes/million veh-mi) 0.57

Travel PDO Crash Rate (crashes/million veh-mi) 0.62
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 4+65.510 14+94.601 0.1949 3.246 0.1159 0.0554 0.0605 0.5947 1.20

Total 0.1949 3.246 0.1159 0.0554 0.0605 0.5947
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 4+65.510 9+30.307 0.0880 1.466 0.0524 0.0250 0.0273 0.5947 1.20

Tangent 9+30.307 14+94.601 0.1069 1.780 0.0636 0.0304 0.0332 0.5947 1.20
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.12 0.06 47.808 0.06 52.192

2024 0.12 0.06 47.807 0.06 52.193

2025 0.12 0.06 47.806 0.06 52.194

2026 0.12 0.06 47.805 0.06 52.195

2027 0.11 0.05 47.804 0.06 52.196

2028 0.11 0.05 47.802 0.06 52.198

2029 0.11 0.05 47.801 0.06 52.199

2030 0.11 0.05 47.799 0.06 52.201

2031 0.11 0.05 47.800 0.06 52.200

2032 0.11 0.05 47.801 0.06 52.199

2033 0.11 0.05 47.802 0.06 52.198

2034 0.11 0.05 47.802 0.06 52.198

2035 0.11 0.05 47.803 0.06 52.197

2036 0.11 0.05 47.804 0.06 52.196

2037 0.11 0.06 47.804 0.06 52.196

2038 0.12 0.06 47.805 0.06 52.195

2039 0.12 0.06 47.806 0.06 52.194

2040 0.12 0.06 47.806 0.06 52.194

2041 0.12 0.06 47.807 0.06 52.193

2042 0.12 0.06 47.807 0.06 52.193

2043 0.12 0.06 47.808 0.06 52.192

2044 0.12 0.06 47.809 0.06 52.191

2045 0.12 0.06 47.809 0.06 52.191

2046 0.12 0.06 47.810 0.06 52.190

2047 0.12 0.06 47.810 0.06 52.190

2048 0.12 0.06 47.810 0.06 52.190

2049 0.12 0.06 47.811 0.06 52.189

2050 0.12 0.06 47.811 0.06 52.189

Total 3.25 1.55 47.806 1.69 52.194

Average 0.12 0.06 47.806 0.06 52.194

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0457 0.1386 0.5830 0.7843 1.6941

Section Types Crash Prediction Evaluation Report

8 Interactive Highway Safety Design Model



 
 
 
 

Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.04 1.1 0.04 1.3

Highway 
Segment

Collision with Fixed Object 1.08 33.3 1.16 35.9 2.25 69.2

Highway 
Segment

Collision with Other Object 0.08 2.4 0.23 7.0 0.30 9.3

Highway 
Segment

Other Single-vehicle Collision 0.31 9.6 0.17 5.4 0.48 14.9

Highway 
Segment

Collision with Parked Vehicle 0.02 0.7 0.03 0.8 0.05 1.5

Highway 
Segment

Total Single Vehicle Crashes 1.50 46.1 1.63 50.1 3.12 96.2

Highway 
Segment

Right-Angle Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.1 0.00 0.1 0.00 0.1

Highway 
Segment

Rear-end Collision 0.04 1.3 0.05 1.4 0.09 2.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.3 0.02 0.6 0.03 0.9

Highway 
Segment

Total Multiple Vehicle Crashes 0.06 1.7 0.07 2.1 0.12 3.8

Highway 
Segment

Total Highway Segment Crashes 1.55 47.8 1.69 52.2 3.25 100.0

Total Crashes 1.55 47.8 1.69 52.2 3.25 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

4+65.510 14+94.601
Warning: for segment #1 (4+65.510 to 14+94.601 ), The ramp type for Ramp LW1 EB Off Ramp 2050 Build is set at the Ramp Connection (Exit) and in the
Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:11 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:11:45 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Build 
Project Comment: Lockwood Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: LW2 EB On Ramp 2050 Build 
Highway Comment: Lockwood EB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Fri Jun 21 11:11:28 PDT 2024 
 
 
Minimum Location: 0.000 
Maximum Location: 7+00.000 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 7+00.000 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 0.000 7+00.000 700.00 0.1326

2023: 230; 2024: 232; 2025: 235; 2026: 238; 2027: 241; 2028: 244; 2029: 247; 2030: 250; 2031: 252; 2032: 255; 2033: 257;
2034: 260; 2035: 262; 2036: 265; 2037: 267; 2038: 270; 2039: 272; 2040: 275; 2041: 277; 2042: 280; 2043: 282; 2044: 285;
2045: 287; 2046: 290; 2047: 292; 2048: 295; 2049: 297; 2050: 300
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.1326

Average Future Road AADT (vpd) 266

Predicted Crashes

Total Crashes 0.68

Fatal and Injury Crashes 0.33

Property-Damage-Only Crashes 0.35

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 49

Percent Property-Damage-Only Crashes (%) 51

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.1839

FI Crash Rate (crashes/mi/yr) 0.0895

PDO Crash Rate (crashes/mi/yr) 0.0944

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.36

Travel Crash Rate (crashes/million veh-mi) 1.90

Travel FI Crash Rate (crashes/million veh-mi) 0.92

Travel PDO Crash Rate (crashes/million veh-mi) 0.97
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 7+00.000 0.1326 0.682 0.0244 0.0119 0.0125 0.1839 1.90

Total 0.1326 0.682 0.0244 0.0119 0.0125 0.1839
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Tangent 0.000 2+80.874 0.0532 0.274 0.0098 0.0048 0.0050 0.1839 1.90

Simple Curve 1 2+80.874 7+00.000 0.0794 0.409 0.0146 0.0071 0.0075 0.1839 1.90
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.02 0.01 48.817 0.01 51.183

2024 0.02 0.01 48.809 0.01 51.191

2025 0.02 0.01 48.797 0.01 51.203

2026 0.02 0.01 48.785 0.01 51.215

2027 0.02 0.01 48.773 0.01 51.227

2028 0.02 0.01 48.761 0.01 51.239

2029 0.02 0.01 48.749 0.01 51.251

2030 0.02 0.01 48.737 0.01 51.263

2031 0.02 0.01 48.730 0.01 51.270

2032 0.02 0.01 48.718 0.01 51.282

2033 0.02 0.01 48.711 0.01 51.289

2034 0.02 0.01 48.700 0.01 51.300

2035 0.02 0.01 48.692 0.01 51.308

2036 0.02 0.01 48.681 0.01 51.319

2037 0.02 0.01 48.674 0.01 51.326

2038 0.03 0.01 48.663 0.01 51.337

2039 0.03 0.01 48.656 0.01 51.344

2040 0.03 0.01 48.645 0.01 51.355

2041 0.03 0.01 48.638 0.01 51.362

2042 0.03 0.01 48.627 0.01 51.373

2043 0.03 0.01 48.620 0.01 51.380

2044 0.03 0.01 48.610 0.01 51.390

2045 0.03 0.01 48.603 0.01 51.397

2046 0.03 0.01 48.593 0.01 51.407

2047 0.03 0.01 48.586 0.01 51.414

2048 0.03 0.01 48.576 0.01 51.424

2049 0.03 0.01 48.569 0.01 51.431

2050 0.03 0.01 48.559 0.01 51.441

Total 0.68 0.33 48.677 0.35 51.323

Average 0.02 0.01 48.677 0.01 51.323

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0063 0.0191 0.1243 0.1825 0.3503
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.01 1.1 0.01 1.2

Highway 
Segment

Collision with Fixed Object 0.19 27.5 0.24 34.8 0.42 62.3

Highway 
Segment

Collision with Other Object 0.01 1.9 0.05 6.8 0.06 8.7

Highway 
Segment

Other Single-vehicle Collision 0.05 7.9 0.04 5.2 0.09 13.1

Highway 
Segment

Collision with Parked Vehicle 0.00 0.6 0.01 0.8 0.01 1.4

Highway 
Segment

Total Single Vehicle Crashes 0.26 38.1 0.33 48.6 0.59 86.7

Highway 
Segment

Right-Angle Collision 0.00 0.3 0.00 0.0 0.00 0.4

Highway 
Segment

Head-on Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.3 0.00 0.1 0.00 0.4

Highway 
Segment

Rear-end Collision 0.05 7.9 0.01 1.9 0.07 9.8

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 1.9 0.01 0.7 0.02 2.6

Highway 
Segment

Total Multiple Vehicle Crashes 0.07 10.6 0.02 2.7 0.09 13.3

Highway 
Segment

Total Highway Segment Crashes 0.33 48.7 0.35 51.3 0.68 100.0

Total Crashes 0.33 48.7 0.35 51.3 0.68 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 7+00.000
Warning: for segment #1 (0.000 to 7+00.000 ), The ramp type for Ramp LW2 EB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:02 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:02:50 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Lockwood Interchange - Build 
Project Comment: Lockwood Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: LW WB Off Ramp 2050 Build 
Highway Comment: Lockwood WB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 4 
Evaluation Comment: Created Fri Jun 21 11:02:17 PDT 2024 
 
 
Minimum Location: 9+37.109 
Maximum Location: 13+23.485 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 9+37.109 
Evaluation End Location: 13+23.485 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Exit
Urban 9+37.109 13+23.485 386.38 0.0732

2023: 200; 2024: 207; 2025: 214; 2026: 221; 2027: 228; 2028: 235; 2029: 242; 2030: 250; 2031: 252; 2032: 255; 2033: 257;
2034: 260; 2035: 262; 2036: 265; 2037: 267; 2038: 270; 2039: 272; 2040: 275; 2041: 277; 2042: 280; 2043: 282; 2044: 285;
2045: 287; 2046: 290; 2047: 292; 2048: 295; 2049: 297; 2050: 300
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.0732

Average Future Road AADT (vpd) 261

Predicted Crashes

Total Crashes 3.72

Fatal and Injury Crashes 1.55

Property-Damage-Only Crashes 2.17

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 42

Percent Property-Damage-Only Crashes (%) 58

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 1.8163

FI Crash Rate (crashes/mi/yr) 0.7565

PDO Crash Rate (crashes/mi/yr) 1.0597

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.20

Travel Crash Rate (crashes/million veh-mi) 19.04

Travel FI Crash Rate (crashes/million veh-mi) 7.93

Travel PDO Crash Rate (crashes/million veh-mi) 11.11
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 9+37.109 13+23.485 0.0732 3.721 0.1329 0.0554 0.0775 1.8163 19.04

Total 0.0732 3.721 0.1329 0.0554 0.0775 1.8163
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 9+37.109 13+23.485 0.0732 3.721 0.1329 0.0554 0.0775 1.8163 19.04
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.11 0.05 41.501 0.07 58.499

2024 0.11 0.05 41.521 0.07 58.479

2025 0.12 0.05 41.539 0.07 58.461

2026 0.12 0.05 41.558 0.07 58.442

2027 0.12 0.05 41.575 0.07 58.425

2028 0.12 0.05 41.593 0.07 58.407

2029 0.13 0.05 41.609 0.07 58.391

2030 0.13 0.05 41.627 0.07 58.373

2031 0.13 0.05 41.632 0.08 58.368

2032 0.13 0.05 41.639 0.08 58.361

2033 0.13 0.06 41.643 0.08 58.357

2034 0.13 0.06 41.650 0.08 58.350

2035 0.13 0.06 41.654 0.08 58.346

2036 0.13 0.06 41.660 0.08 58.340

2037 0.14 0.06 41.665 0.08 58.335

2038 0.14 0.06 41.671 0.08 58.329

2039 0.14 0.06 41.675 0.08 58.325

2040 0.14 0.06 41.681 0.08 58.319

2041 0.14 0.06 41.685 0.08 58.315

2042 0.14 0.06 41.691 0.08 58.309

2043 0.14 0.06 41.695 0.08 58.305

2044 0.14 0.06 41.701 0.08 58.299

2045 0.14 0.06 41.705 0.08 58.295

2046 0.14 0.06 41.711 0.08 58.289

2047 0.14 0.06 41.715 0.08 58.285

2048 0.14 0.06 41.721 0.08 58.279

2049 0.15 0.06 41.725 0.09 58.275

2050 0.15 0.06 41.730 0.09 58.270

Total 3.72 1.55 41.654 2.17 58.346

Average 0.13 0.06 41.654 0.08 58.346

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0424 0.1287 0.5486 0.8304 2.1713
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.05 1.3 0.05 1.4

Highway 
Segment

Collision with Fixed Object 1.10 29.5 1.55 41.6 2.65 71.1

Highway 
Segment

Collision with Other Object 0.08 2.1 0.30 8.1 0.38 10.2

Highway 
Segment

Other Single-vehicle Collision 0.32 8.5 0.23 6.2 0.55 14.7

Highway 
Segment

Collision with Parked Vehicle 0.02 0.6 0.04 0.9 0.06 1.5

Highway 
Segment

Total Single Vehicle Crashes 1.52 40.9 2.16 58.1 3.68 99.0

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Rear-end Collision 0.02 0.6 0.01 0.2 0.03 0.8

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.1 0.00 0.1 0.01 0.2

Highway 
Segment

Total Multiple Vehicle Crashes 0.03 0.8 0.01 0.2 0.04 1.0

Highway 
Segment

Total Highway Segment Crashes 1.55 41.7 2.17 58.3 3.72 100.0

Total Crashes 1.55 41.7 2.17 58.3 3.72 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

9+37.109 13+23.485
Warning: for segment #1 (9+37.109 to 13+23.485 ), The ramp type for Ramp LW WB Off Ramp 2050 Build is set at the Ramp Connection (Exit) and in the
Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 57.750 
Evaluation End Location: 4+75.750 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 57.750 92.750 35.00 0.0066

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920

2
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 92.750 1+62.750 70.00 0.0133

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920

3
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 1+62.750 2+32.750 70.00 0.0133

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920

4
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 2+32.750 3+01.750 69.00 0.0131

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920

5
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 3+01.750 3+71.750 70.00 0.0133

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920

6
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 3+71.750 4+41.750 70.00 0.0133

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920

7
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 4+41.750 4+75.750 34.00 0.0064

2023: 840; 2024: 828; 2025: 817; 2026: 805; 2027: 794; 2028: 782; 2029: 771; 2030: 760; 2031: 768; 2032: 776; 2033: 784;
2034: 792; 2035: 800; 2036: 808; 2037: 816; 2038: 824; 2039: 832; 2040: 840; 2041: 848; 2042: 856; 2043: 864; 2044: 872;
2045: 880; 2046: 888; 2047: 896; 2048: 904; 2049: 912; 2050: 920
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.0792

Average Future Road AADT (vpd) 831

Predicted Crashes

Total Crashes 1.74

Fatal and Injury Crashes 0.81

Property-Damage-Only Crashes 0.93

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 47

Percent Property-Damage-Only Crashes (%) 53

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.7837

FI Crash Rate (crashes/mi/yr) 0.3646

PDO Crash Rate (crashes/mi/yr) 0.4192

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.67

Travel Crash Rate (crashes/million veh-mi) 2.58

Travel FI Crash Rate (crashes/million veh-mi) 1.20

Travel PDO Crash Rate (crashes/million veh-mi) 1.38
 
 
 
 
 

Section Types Crash Prediction Evaluation Report

6 Interactive Highway Safety Design Model



Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 57.750 92.750 0.0066 0.127 0.0045 0.0022 0.0024 0.6829 2.25

2 92.750 1+62.750 0.0133 0.316 0.0113 0.0054 0.0059 0.8523 2.81

3 1+62.750 2+32.750 0.0133 0.309 0.0110 0.0052 0.0058 0.8333 2.75

4 2+32.750 3+01.750 0.0131 0.293 0.0105 0.0049 0.0056 0.8015 2.64

5 3+01.750 3+71.750 0.0133 0.286 0.0102 0.0047 0.0055 0.7711 2.54

6 3+71.750 4+41.750 0.0133 0.275 0.0098 0.0044 0.0054 0.7417 2.44

7 4+41.750 4+75.750 0.0064 0.130 0.0046 0.0021 0.0026 0.7207 2.38

Total 0.0792 1.737 0.0620 0.0289 0.0332 0.7837
 
 
 
 
 
Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Simple Curve 1 57.750 4+75.750 0.0792 1.737 0.0620 0.0289 0.0332 0.7837 2.58
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.06 0.03 46.511 0.03 53.489

2024 0.06 0.03 46.520 0.03 53.480

2025 0.06 0.03 46.529 0.03 53.471

2026 0.06 0.03 46.538 0.03 53.462

2027 0.06 0.03 46.547 0.03 53.453

2028 0.06 0.03 46.557 0.03 53.443

2029 0.06 0.03 46.566 0.03 53.434

2030 0.06 0.03 46.575 0.03 53.425

2031 0.06 0.03 46.568 0.03 53.432

2032 0.06 0.03 46.562 0.03 53.438

2033 0.06 0.03 46.555 0.03 53.445

2034 0.06 0.03 46.549 0.03 53.451

2035 0.06 0.03 46.542 0.03 53.458

2036 0.06 0.03 46.536 0.03 53.464

2037 0.06 0.03 46.530 0.03 53.470

2038 0.06 0.03 46.523 0.03 53.477

2039 0.06 0.03 46.517 0.03 53.483

2040 0.06 0.03 46.511 0.03 53.489

2041 0.06 0.03 46.505 0.03 53.495

2042 0.06 0.03 46.498 0.03 53.502

2043 0.06 0.03 46.492 0.03 53.508

2044 0.06 0.03 46.486 0.03 53.514

2045 0.07 0.03 46.480 0.04 53.520

2046 0.07 0.03 46.474 0.04 53.526

2047 0.07 0.03 46.468 0.04 53.532

2048 0.07 0.03 46.462 0.04 53.538

2049 0.07 0.03 46.456 0.04 53.544

2050 0.07 0.03 46.451 0.04 53.549

Total 1.74 0.81 46.517 0.93 53.483

Average 0.06 0.03 46.517 0.03 53.483

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. No.
Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury
(O) Crashes

(crashes)

1 0.0013 0.0039 0.0250 0.0305 0.0661

2 0.0028 0.0086 0.0562 0.0838 0.1649

3 0.0027 0.0082 0.0538 0.0814 0.1633

4 0.0025 0.0077 0.0502 0.0760 0.1568

5 0.0024 0.0074 0.0483 0.0731 0.1551

6 0.0023 0.0070 0.0457 0.0692 0.1511

7 0.0011 0.0033 0.0213 0.0323 0.0720

Total 0.0152 0.0462 0.3005 0.4462 0.9291
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.02 1.1 0.02 1.3

Highway 
Segment

Collision with Fixed Object 0.50 28.7 0.62 35.9 1.12 64.6

Highway 
Segment

Collision with Other Object 0.04 2.0 0.12 7.0 0.16 9.0

Highway 
Segment

Other Single-vehicle Collision 0.14 8.3 0.09 5.4 0.24 13.6

Highway 
Segment

Collision with Parked Vehicle 0.01 0.6 0.01 0.8 0.02 1.4

Highway 
Segment

Total Single Vehicle Crashes 0.69 39.8 0.87 50.1 1.56 89.9

Highway 
Segment

Right-Angle Collision 0.00 0.2 0.00 0.1 0.01 0.3

Highway 
Segment

Head-on Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.2 0.00 0.1 0.01 0.3

Highway 
Segment

Rear-end Collision 0.09 5.1 0.04 2.3 0.13 7.4

Highway 
Segment

Sideswipe, Same Direction Collision 0.02 1.2 0.01 0.9 0.04 2.1

Highway 
Segment

Total Multiple Vehicle Crashes 0.12 6.8 0.06 3.3 0.18 10.1

Highway 
Segment

Total Highway Segment Crashes 0.81 46.5 0.93 53.5 1.74 100.0

Total Crashes 0.81 46.5 0.93 53.5 1.74 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

57.750 92.750
Warning: for segment #1 (57.750 to 92.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

92.750 1+62.750
Warning: for segment #2 (92.750 to 1+62.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

1+62.750 2+32.750
Warning: for segment #3 (1+62.750 to 2+32.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

2+32.750 3+01.750
Warning: for segment #4 (2+32.750 to 3+01.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

3+01.750 3+71.750
Warning: for segment #5 (3+01.750 to 3+71.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

3+71.750 4+41.750
Warning: for segment #6 (3+71.750 to 4+41.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.

4+41.750 4+75.750
Warning: for segment #7 (4+41.750 to 4+75.750 ), The ramp type for Ramp LW WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in the
Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:13 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:13:22 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Mustang Interchange - Build 
Project Comment: Mustang Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: MS1 EB Off Ramp 2050 Build 
Highway Comment: Mustang EB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Fri Jun 21 11:13:06 PDT 2024 
 
 
Minimum Location: 10+50.000 
Maximum Location: 21+20.824 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 10+50.000 
Evaluation End Location: 21+20.824 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Urban 10+50.000 21+20.824 1,070.82 0.2028

2023: 2,220; 2024: 2,181; 2025: 2,142; 2026: 2,104; 2027: 2,065; 2028: 2,027; 2029: 1,988; 2030: 1,950; 2031: 1,969; 2032:
1,989; 2033: 2,008; 2034: 2,028; 2035: 2,047; 2036: 2,067; 2037: 2,086; 2038: 2,106; 2039: 2,125; 2040: 2,145; 2041: 2,164;
2042: 2,184; 2043: 2,203; 2044: 2,223; 2045: 2,242; 2046: 2,262; 2047: 2,281; 2048: 2,301; 2049: 2,320; 2050: 2,340
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2028

Average Future Road AADT (vpd) 2,135

Predicted Crashes

Total Crashes 4.43

Fatal and Injury Crashes 2.08

Property-Damage-Only Crashes 2.34

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 47

Percent Property-Damage-Only Crashes (%) 53

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.7795

FI Crash Rate (crashes/mi/yr) 0.3668

PDO Crash Rate (crashes/mi/yr) 0.4127

Predicted Travel Crash Rate

Total Travel (million veh-mi) 4.42

Travel Crash Rate (crashes/million veh-mi) 1.00

Travel FI Crash Rate (crashes/million veh-mi) 0.47

Travel PDO Crash Rate (crashes/million veh-mi) 0.53
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total
Crash

Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

1 10+50.000 21+20.824 0.2028 4.427 0.1581 0.0744 0.0837 0.7795 1.00

Total 0.2028 4.427 0.1581 0.0744 0.0837 0.7795
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 10+50.000 17+38.699 0.1304 2.847 0.1017 0.0478 0.0538 0.7795 1.00

Tangent 17+38.699 19+04.772 0.0315 0.686 0.0245 0.0115 0.0130 0.7795 1.00

Simple Curve 2 19+04.772 20+48.984 0.0273 0.596 0.0213 0.0100 0.0113 0.7795 1.00

Tangent 20+48.984 21+20.824 0.0136 0.297 0.0106 0.0050 0.0056 0.7795 1.00
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.16 0.08 47.059 0.09 52.941

2024 0.16 0.08 47.059 0.09 52.941

2025 0.16 0.07 47.059 0.08 52.941

2026 0.16 0.07 47.059 0.08 52.941

2027 0.15 0.07 47.058 0.08 52.942

2028 0.15 0.07 47.058 0.08 52.942

2029 0.15 0.07 47.057 0.08 52.943

2030 0.15 0.07 47.057 0.08 52.943

2031 0.15 0.07 47.057 0.08 52.943

2032 0.15 0.07 47.057 0.08 52.943

2033 0.15 0.07 47.058 0.08 52.942

2034 0.15 0.07 47.058 0.08 52.942

2035 0.15 0.07 47.058 0.08 52.942

2036 0.15 0.07 47.058 0.08 52.942

2037 0.16 0.07 47.059 0.08 52.941

2038 0.16 0.07 47.059 0.08 52.941

2039 0.16 0.07 47.059 0.08 52.941

2040 0.16 0.07 47.059 0.08 52.941

2041 0.16 0.07 47.059 0.09 52.941

2042 0.16 0.08 47.059 0.09 52.941

2043 0.16 0.08 47.059 0.09 52.941

2044 0.16 0.08 47.059 0.09 52.941

2045 0.16 0.08 47.059 0.09 52.941

2046 0.17 0.08 47.059 0.09 52.941

2047 0.17 0.08 47.059 0.09 52.941

2048 0.17 0.08 47.059 0.09 52.941

2049 0.17 0.08 47.059 0.09 52.941

2050 0.17 0.08 47.059 0.09 52.941

Total 4.43 2.08 47.059 2.34 52.941

Average 0.16 0.07 47.059 0.08 52.941

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0651 0.1972 0.8201 1.0007 2.3436
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.05 1.1 0.06 1.3

Highway 
Segment

Collision with Fixed Object 1.45 32.9 1.60 36.1 3.05 69.0

Highway 
Segment

Collision with Other Object 0.10 2.3 0.31 7.0 0.41 9.3

Highway 
Segment

Other Single-vehicle Collision 0.42 9.5 0.24 5.4 0.66 14.9

Highway 
Segment

Collision with Parked Vehicle 0.03 0.7 0.04 0.8 0.07 1.5

Highway 
Segment

Total Single Vehicle Crashes 2.01 45.5 2.23 50.4 4.25 95.9

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.1 0.01 0.1

Highway 
Segment

Rear-end Collision 0.05 1.2 0.08 1.7 0.13 2.9

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.3 0.03 0.7 0.04 0.9

Highway 
Segment

Total Multiple Vehicle Crashes 0.07 1.6 0.11 2.5 0.18 4.1

Highway 
Segment

Total Highway Segment Crashes 2.08 47.1 2.34 52.9 4.43 100.0

Total Crashes 2.08 47.1 2.34 52.9 4.43 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

10+50.000 21+20.824
Warning: for segment #1 (10+50.000 to 21+20.824 ), The ramp type for Ramp MS1 EB Off Ramp 2050 Build is set at the Ramp Connection (Exit) and in the
Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: May 30, 2024 1:28 PM 
Report Template: System: Multi-Page, 508 Compliant [System] (mlcpm4, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Thu May 23 16:44:02 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Mustang Interchange - Build 
Project Comment: Mustang Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: MS3 EB On Ramp 2050 Build 
Highway Comment: Mustang EB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 1 
Evaluation Comment: Created Thu May 23 16:43:44 PDT 2024 
 
 
Minimum Location: 2+68.484 
Maximum Location: 15+35.405 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 2+68.484 
Evaluation End Location: 15+35.405 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)

Section Types Crash Prediction Evaluation Report

4 Interactive Highway Safety Design Model



Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 2+68.484 15+35.405 1,266.92 0.2399

2023: 530; 2024: 525; 2025: 521; 2026: 517; 2027: 512; 2028: 508; 2029: 504; 2030: 500; 2031: 505; 2032: 510; 2033: 515;
2034: 520; 2035: 525; 2036: 530; 2037: 535; 2038: 540; 2039: 545; 2040: 550; 2041: 555; 2042: 560; 2043: 565; 2044: 570;
2045: 575; 2046: 580; 2047: 585; 2048: 590; 2049: 595; 2050: 600
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2399

Average Future Road AADT (vpd) 542

Predicted Crashes

Total Crashes 1.56

Fatal and Injury Crashes 0.74

Property-Damage-Only Crashes 0.82

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 48

Percent Property-Damage-Only Crashes (%) 52

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.2326

FI Crash Rate (crashes/mi/yr) 0.1109

PDO Crash Rate (crashes/mi/yr) 0.1216

Predicted Travel Crash Rate

Total Travel (million veh-mi) 1.33

Travel Crash Rate (crashes/million veh-mi) 1.18

Travel FI Crash Rate (crashes/million veh-mi) 0.56

Travel PDO Crash Rate (crashes/million veh-mi) 0.61
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 2+68.484 15+35.405 0.2399 1.562 0.0558 0.0266 0.0292 0.2326 1.18

Total 0.2399 1.562 0.0558 0.0266 0.0292 0.2326
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted FI
Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mill
ion veh-mi)

Tangent 2+68.484 15+35.405 0.2399 1.562 0.0558 0.0266 0.0292 0.2326 1.18
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.06 0.03 47.731 0.03 52.269

2024 0.06 0.03 47.742 0.03 52.258

2025 0.05 0.03 47.751 0.03 52.249

2026 0.05 0.03 47.760 0.03 52.240

2027 0.05 0.03 47.771 0.03 52.229

2028 0.05 0.03 47.780 0.03 52.220

2029 0.05 0.03 47.789 0.03 52.211

2030 0.05 0.03 47.799 0.03 52.201

2031 0.05 0.03 47.787 0.03 52.213

2032 0.05 0.03 47.776 0.03 52.224

2033 0.05 0.03 47.764 0.03 52.236

2034 0.05 0.03 47.753 0.03 52.247

2035 0.06 0.03 47.742 0.03 52.258

2036 0.06 0.03 47.731 0.03 52.269

2037 0.06 0.03 47.720 0.03 52.280

2038 0.06 0.03 47.709 0.03 52.291

2039 0.06 0.03 47.698 0.03 52.302

2040 0.06 0.03 47.687 0.03 52.313

2041 0.06 0.03 47.676 0.03 52.324

2042 0.06 0.03 47.666 0.03 52.334

2043 0.06 0.03 47.655 0.03 52.345

2044 0.06 0.03 47.645 0.03 52.355

2045 0.06 0.03 47.634 0.03 52.366

2046 0.06 0.03 47.624 0.03 52.376

2047 0.06 0.03 47.614 0.03 52.386

2048 0.06 0.03 47.603 0.03 52.397

2049 0.06 0.03 47.593 0.03 52.407

2050 0.06 0.03 47.583 0.03 52.417

Total 1.56 0.74 47.704 0.82 52.296

Average 0.06 0.03 47.704 0.03 52.296

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0159 0.0482 0.3069 0.3744 0.8171
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.2 0.02 1.1 0.02 1.2

Highway 
Segment

Collision with Fixed Object 0.43 27.5 0.54 34.5 0.97 62.0

Highway 
Segment

Collision with Other Object 0.03 1.9 0.10 6.7 0.14 8.6

Highway 
Segment

Other Single-vehicle Collision 0.12 7.9 0.08 5.2 0.20 13.1

Highway 
Segment

Collision with Parked Vehicle 0.01 0.6 0.01 0.8 0.02 1.3

Highway 
Segment

Total Single Vehicle Crashes 0.60 38.1 0.75 48.1 1.35 86.3

Highway 
Segment

Right-Angle Collision 0.01 0.3 0.00 0.1 0.01 0.4

Highway 
Segment

Head-on Collision 0.00 0.1 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.01 0.3 0.00 0.1 0.01 0.4

Highway 
Segment

Rear-end Collision 0.11 7.2 0.04 2.9 0.16 10.0

Highway 
Segment

Sideswipe, Same Direction Collision 0.03 1.7 0.02 1.1 0.04 2.8

Highway 
Segment

Total Multiple Vehicle Crashes 0.15 9.6 0.07 4.2 0.21 13.7

Highway 
Segment

Total Highway Segment Crashes 0.74 47.7 0.82 52.3 1.56 100.0

Total Crashes 0.74 47.7 0.82 52.3 1.56 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

2+68.484 15+35.405
Warning: for segment #1 (2+68.484 to 15+35.405 ), The ramp type for Ramp MS3 EB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in
the Ramp (Entrance). The Ramp value takes precedence.

 
 
 

Section Types Crash Prediction Evaluation Report

10 Interactive Highway Safety Design Model



 

 

Interactive Highway Safety Design Model
 

 

Crash Prediction Evaluation Report
 

 

 

 

 

 
June 21, 2024



 



Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Highway Comment: Mustang WB Off Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 11:16:43 PDT 2024 
 
 
Minimum Location: 13+92.483 
Maximum Location: 15+47.024 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 13+92.483 
Evaluation End Location: 15+47.024 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Urban 13+92.483 15+47.024 154.54 0.0293

2023-2030: 410; 2031: 414; 2032: 419; 2033: 423; 2034: 428; 2035: 432; 2036: 437; 2037: 441; 2038: 446; 2039: 450; 2040:
455; 2041: 459; 2042: 464; 2043: 468; 2044: 473; 2045: 477; 2046: 482; 2047: 486; 2048: 491; 2049: 495; 2050: 500
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.0293

Average Future Road AADT (vpd) 444

Predicted Crashes

Total Crashes 4.61

Fatal and Injury Crashes 1.89

Property-Damage-Only Crashes 2.72

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 41

Percent Property-Damage-Only Crashes (%) 59

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 5.6233

FI Crash Rate (crashes/mi/yr) 2.2998

PDO Crash Rate (crashes/mi/yr) 3.3235

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.13

Travel Crash Rate (crashes/million veh-mi) 34.73

Travel FI Crash Rate (crashes/million veh-mi) 14.21

Travel PDO Crash Rate (crashes/million veh-mi) 20.53
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total
Crash

Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

1 13+92.483 15+47.024 0.0293 4.609 0.1646 0.0673 0.0973 5.6233 34.73

Total 0.0293 4.609 0.1646 0.0673 0.0973 5.6233
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 13+92.483 14+70.894 0.0149 2.338 0.0835 0.0342 0.0494 5.6233 34.73

Tangent 14+70.894 15+47.024 0.0144 2.270 0.0811 0.0332 0.0479 5.6233 34.73
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.16 0.06 40.851 0.09 59.149

2024 0.16 0.06 40.851 0.09 59.149

2025 0.16 0.06 40.851 0.09 59.149

2026 0.16 0.06 40.851 0.09 59.149

2027 0.16 0.06 40.851 0.09 59.149

2028 0.16 0.06 40.851 0.09 59.149

2029 0.16 0.06 40.851 0.09 59.149

2030 0.16 0.06 40.851 0.09 59.149

2031 0.16 0.06 40.857 0.09 59.143

2032 0.16 0.07 40.864 0.09 59.136

2033 0.16 0.07 40.869 0.09 59.131

2034 0.16 0.07 40.876 0.10 59.124

2035 0.16 0.07 40.881 0.10 59.119

2036 0.16 0.07 40.888 0.10 59.112

2037 0.16 0.07 40.893 0.10 59.107

2038 0.17 0.07 40.900 0.10 59.100

2039 0.17 0.07 40.905 0.10 59.095

2040 0.17 0.07 40.911 0.10 59.089

2041 0.17 0.07 40.916 0.10 59.084

2042 0.17 0.07 40.923 0.10 59.077

2043 0.17 0.07 40.928 0.10 59.072

2044 0.17 0.07 40.934 0.10 59.066

2045 0.17 0.07 40.939 0.10 59.061

2046 0.17 0.07 40.945 0.10 59.055

2047 0.18 0.07 40.950 0.10 59.050

2048 0.18 0.07 40.956 0.10 59.044

2049 0.18 0.07 40.960 0.10 59.040

2050 0.18 0.07 40.966 0.11 59.034

Total 4.61 1.89 40.897 2.72 59.103

Average 0.17 0.07 40.897 0.10 59.103

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0589 0.1785 0.7420 0.9054 2.7237
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.06 1.3 0.07 1.5

Highway 
Segment

Collision with Fixed Object 1.34 29.1 1.94 42.1 3.28 71.2

Highway 
Segment

Collision with Other Object 0.10 2.1 0.38 8.2 0.47 10.2

Highway 
Segment

Other Single-vehicle Collision 0.39 8.4 0.29 6.3 0.68 14.7

Highway 
Segment

Collision with Parked Vehicle 0.03 0.6 0.04 0.9 0.07 1.5

Highway 
Segment

Total Single Vehicle Crashes 1.86 40.3 2.71 58.8 4.57 99.1

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Rear-end Collision 0.02 0.5 0.01 0.2 0.03 0.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.1 0.00 0.1 0.01 0.2

Highway 
Segment

Total Multiple Vehicle Crashes 0.03 0.6 0.01 0.3 0.04 0.9

Highway 
Segment

Total Highway Segment Crashes 1.89 40.9 2.72 59.1 4.61 100.0

Total Crashes 1.89 40.9 2.72 59.1 4.61 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

13+92.483 15+47.024
Warning: for segment #1 (13+92.483 to 15+47.024 ), The ramp type for Ramp MS4 WB Off Ramp 2050 Build is set at the Ramp Connection (Exit) and in
the Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Project Comment: Mustang Interchange - Build 
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Highway Title: MS6 WB On Ramp 2050 Build 
Highway Comment: Mustang WB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 3 
Evaluation Comment: Created Fri Jun 21 11:18:31 PDT 2024 
 
 
Minimum Location: 1+66.450 
Maximum Location: 4+10.355 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
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Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 1+66.450 
Evaluation End Location: 4+10.355 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 1+66.450 2+27.450 61.00 0.0116

2023: 2,170; 2024: 2,145; 2025: 2,121; 2026: 2,097; 2027: 2,072; 2028: 2,048; 2029: 2,024; 2030: 2,000; 2031: 2,020; 2032:
2,040; 2033: 2,060; 2034: 2,080; 2035: 2,100; 2036: 2,120; 2037: 2,140; 2038: 2,160; 2039: 2,180; 2040: 2,200; 2041: 2,220;
2042: 2,240; 2043: 2,260; 2044: 2,280; 2045: 2,300; 2046: 2,320; 2047: 2,340; 2048: 2,360; 2049: 2,380; 2050: 2,400

2
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 2+27.450 3+49.450 122.00 0.0231

2023: 2,170; 2024: 2,145; 2025: 2,121; 2026: 2,097; 2027: 2,072; 2028: 2,048; 2029: 2,024; 2030: 2,000; 2031: 2,020; 2032:
2,040; 2033: 2,060; 2034: 2,080; 2035: 2,100; 2036: 2,120; 2037: 2,140; 2038: 2,160; 2039: 2,180; 2040: 2,200; 2041: 2,220;
2042: 2,240; 2043: 2,260; 2044: 2,280; 2045: 2,300; 2046: 2,320; 2047: 2,340; 2048: 2,360; 2049: 2,380; 2050: 2,400

3
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Urban 3+49.450 4+10.355 60.91 0.0115

2023: 2,170; 2024: 2,145; 2025: 2,121; 2026: 2,097; 2027: 2,072; 2028: 2,048; 2029: 2,024; 2030: 2,000; 2031: 2,020; 2032:
2,040; 2033: 2,060; 2034: 2,080; 2035: 2,100; 2036: 2,120; 2037: 2,140; 2038: 2,160; 2039: 2,180; 2040: 2,200; 2041: 2,220;
2042: 2,240; 2043: 2,260; 2044: 2,280; 2045: 2,300; 2046: 2,320; 2047: 2,340; 2048: 2,360; 2049: 2,380; 2050: 2,400
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.0462

Average Future Road AADT (vpd) 2,174

Predicted Crashes

Total Crashes 6.05

Fatal and Injury Crashes 2.49

Property-Damage-Only Crashes 3.56

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 41

Percent Property-Damage-Only Crashes (%) 59

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 4.6755

FI Crash Rate (crashes/mi/yr) 1.9232

PDO Crash Rate (crashes/mi/yr) 2.7522

Predicted Travel Crash Rate

Total Travel (million veh-mi) 1.03

Travel Crash Rate (crashes/million veh-mi) 5.89

Travel FI Crash Rate (crashes/million veh-mi) 2.42

Travel PDO Crash Rate (crashes/million veh-mi) 3.47
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
(mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 1+66.450 2+27.450 0.0116 1.555 0.0555 0.0231 0.0324 4.8077 6.06

2 2+27.450 3+49.450 0.0231 3.024 0.1080 0.0444 0.0636 4.6743 5.89

3 3+49.450 4+10.355 0.0115 1.468 0.0524 0.0213 0.0311 4.5453 5.73

Total 0.0462 6.047 0.2160 0.0888 0.1271 4.6755
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

Simple Curve 1 1+66.450 4+10.355 0.0462 6.047 0.2160 0.0888 0.1271 4.6755 5.89
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.22 0.09 41.135 0.13 58.865

2024 0.21 0.09 41.136 0.13 58.864

2025 0.21 0.09 41.136 0.12 58.864

2026 0.21 0.09 41.137 0.12 58.863

2027 0.21 0.09 41.137 0.12 58.863

2028 0.21 0.09 41.138 0.12 58.862

2029 0.20 0.08 41.138 0.12 58.862

2030 0.20 0.08 41.139 0.12 58.861

2031 0.20 0.08 41.138 0.12 58.862

2032 0.21 0.09 41.138 0.12 58.862

2033 0.21 0.09 41.138 0.12 58.862

2034 0.21 0.09 41.137 0.12 58.863

2035 0.21 0.09 41.137 0.12 58.863

2036 0.21 0.09 41.136 0.12 58.864

2037 0.21 0.09 41.136 0.13 58.864

2038 0.21 0.09 41.135 0.13 58.865

2039 0.22 0.09 41.135 0.13 58.865

2040 0.22 0.09 41.135 0.13 58.865

2041 0.22 0.09 41.134 0.13 58.866

2042 0.22 0.09 41.134 0.13 58.866

2043 0.22 0.09 41.133 0.13 58.867

2044 0.22 0.09 41.133 0.13 58.867

2045 0.23 0.09 41.132 0.13 58.868

2046 0.23 0.09 41.132 0.13 58.868

2047 0.23 0.09 41.132 0.13 58.868

2048 0.23 0.09 41.131 0.14 58.869

2049 0.23 0.10 41.131 0.14 58.869

2050 0.23 0.10 41.130 0.14 58.870

Total 6.05 2.49 41.135 3.56 58.865

Average 0.22 0.09 41.135 0.13 58.865

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. No.
Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury
(O) Crashes

(crashes)

1 0.0138 0.0419 0.2666 0.3253 0.9077

2 0.0265 0.0804 0.5120 0.6248 1.7804

3 0.0127 0.0386 0.2455 0.2995 0.8717

Total 0.0531 0.1609 1.0241 1.2496 3.5598
 
 
 
 
 

Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.2 0.07 1.2 0.08 1.4

Highway 
Segment

Collision with Fixed Object 1.65 27.2 2.42 40.1 4.07 67.3

Highway 
Segment

Collision with Other Object 0.12 1.9 0.47 7.8 0.59 9.7

Highway 
Segment

Other Single-vehicle Collision 0.47 7.8 0.36 6.0 0.84 13.8

Highway 
Segment

Collision with Parked Vehicle 0.03 0.6 0.05 0.9 0.09 1.5

Highway 
Segment

Total Single Vehicle Crashes 2.28 37.7 3.39 56.0 5.67 93.7

Highway 
Segment

Right-Angle Collision 0.01 0.1 0.00 0.1 0.01 0.2

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.01 0.1 0.00 0.1 0.01 0.2

Highway 
Segment

Rear-end Collision 0.15 2.6 0.12 2.0 0.27 4.5

Highway 
Segment

Sideswipe, Same Direction Collision 0.04 0.6 0.05 0.8 0.08 1.4

Highway 
Segment

Total Multiple Vehicle Crashes 0.21 3.4 0.17 2.8 0.38 6.3

Highway 
Segment

Total Highway Segment Crashes 2.49 41.1 3.56 58.9 6.05 100.0

Total Crashes 2.49 41.1 3.56 58.9 6.05 100.0
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 9



 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

1+66.450 2+27.450
Warning: for segment #1 (1+66.450 to 2+27.450 ), The ramp type for Ramp MS6 WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in
the Ramp (Entrance). The Ramp value takes precedence.

2+27.450 3+49.450
Warning: for segment #2 (2+27.450 to 3+49.450 ), The ramp type for Ramp MS6 WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in
the Ramp (Entrance). The Ramp value takes precedence.

3+49.450 4+10.355
Warning: for segment #3 (3+49.450 to 4+10.355 ), The ramp type for Ramp MS6 WB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and in
the Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:21 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:21:36 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Patrick Interchange - Build 
Project Comment: Patrick Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: WT1a EB Off Ramp 2050 Build 
Highway Comment: Patrick EB Off Ramp Build 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Fri Jun 21 11:21:12 PDT 2024 
 
 
Minimum Location: 8+00.000 
Maximum Location: 19+99.070 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 8+00.000 
Evaluation End Location: 19+99.070 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Rural 8+00.000 19+99.070 1,199.07 0.2271

2023: 860; 2024: 844; 2025: 828; 2026: 812; 2027: 797; 2028: 781; 2029: 765; 2030: 750; 2031: 757; 2032: 765; 2033: 772;
2034: 780; 2035: 787; 2036: 795; 2037: 802; 2038: 810; 2039: 817; 2040: 825; 2041: 832; 2042: 840; 2043: 847; 2044: 855;
2045: 862; 2046: 870; 2047: 877; 2048: 885; 2049: 892; 2050: 900

 
 
 
 
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 5



Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2271

Average Future Road AADT (vpd) 822

Predicted Crashes

Total Crashes 1.90

Fatal and Injury Crashes 0.92

Property-Damage-Only Crashes 0.98

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 48

Percent Property-Damage-Only Crashes (%) 52

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.2982

FI Crash Rate (crashes/mi/yr) 0.1443

PDO Crash Rate (crashes/mi/yr) 0.1539

Predicted Travel Crash Rate

Total Travel (million veh-mi) 1.91

Travel Crash Rate (crashes/million veh-mi) 0.99

Travel FI Crash Rate (crashes/million veh-mi) 0.48

Travel PDO Crash Rate (crashes/million veh-mi) 0.51
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 8+00.000 19+99.070 0.2271 1.896 0.0677 0.0328 0.0349 0.2982 0.99

Total 0.2271 1.896 0.0677 0.0328 0.0349 0.2982
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 8+00.000 10+10.462 0.0399 0.333 0.0119 0.0058 0.0061 0.2982 0.99

Tangent 10+10.462 19+11.829 0.1707 1.425 0.0509 0.0246 0.0263 0.2982 0.99

Simple Curve 2 19+11.829 19+99.070 0.0165 0.138 0.0049 0.0024 0.0025 0.2982 0.99
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.07 0.03 48.401 0.04 51.599

2024 0.07 0.03 48.398 0.04 51.602

2025 0.07 0.03 48.395 0.04 51.605

2026 0.07 0.03 48.392 0.04 51.608

2027 0.07 0.03 48.389 0.03 51.611

2028 0.07 0.03 48.386 0.03 51.614

2029 0.06 0.03 48.382 0.03 51.618

2030 0.06 0.03 48.378 0.03 51.622

2031 0.06 0.03 48.380 0.03 51.620

2032 0.06 0.03 48.382 0.03 51.618

2033 0.07 0.03 48.383 0.03 51.617

2034 0.07 0.03 48.385 0.03 51.615

2035 0.07 0.03 48.387 0.03 51.613

2036 0.07 0.03 48.389 0.03 51.611

2037 0.07 0.03 48.390 0.03 51.610

2038 0.07 0.03 48.392 0.04 51.608

2039 0.07 0.03 48.393 0.04 51.607

2040 0.07 0.03 48.395 0.04 51.605

2041 0.07 0.03 48.396 0.04 51.604

2042 0.07 0.03 48.398 0.04 51.602

2043 0.07 0.03 48.399 0.04 51.601

2044 0.07 0.03 48.400 0.04 51.600

2045 0.07 0.03 48.401 0.04 51.599

2046 0.07 0.03 48.403 0.04 51.597

2047 0.07 0.03 48.404 0.04 51.596

2048 0.07 0.04 48.405 0.04 51.595

2049 0.07 0.04 48.406 0.04 51.594

2050 0.07 0.04 48.408 0.04 51.592

Total 1.90 0.92 48.394 0.98 51.606

Average 0.07 0.03 48.394 0.04 51.606

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0369 0.1118 0.4781 0.2908 0.9785
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.5 0.06 3.2 0.07 3.7

Highway 
Segment

Collision with Fixed Object 0.52 27.2 0.59 31.0 1.10 58.2

Highway 
Segment

Collision with Other Object 0.03 1.5 0.12 6.2 0.15 7.7

Highway 
Segment

Other Single-vehicle Collision 0.34 17.7 0.15 8.0 0.49 25.7

Highway 
Segment

Collision with Parked Vehicle 0.02 1.2 0.02 1.1 0.04 2.3

Highway 
Segment

Total Single Vehicle Crashes 0.91 48.0 0.94 49.7 1.85 97.7

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.1 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.2 0.00 0.2

Highway 
Segment

Rear-end Collision 0.01 0.2 0.02 1.0 0.02 1.2

Highway 
Segment

Sideswipe, Same Direction Collision 0.00 0.1 0.01 0.7 0.02 0.8

Highway 
Segment

Total Multiple Vehicle Crashes 0.01 0.4 0.04 2.0 0.04 2.3

Highway 
Segment

Total Highway Segment Crashes 0.92 48.4 0.98 51.6 1.90 100.0

Total Crashes 0.92 48.4 0.98 51.6 1.90 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

8+00.000 19+99.070
Warning: for segment #1 (8+00.000 to 19+99.070 ), The ramp type for Ramp WT1a EB Off Ramp 2050 Build is set at the Ramp Connection (Exit) and in the
Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:27 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:27:36 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Patrick Interchange - Build 
Project Comment: Patrick Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: WT1b EB On Ramp 2050 Build 
Highway Comment: Waltham EB On Ramp 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Fri Jun 21 11:27:19 PDT 2024 
 
 
Minimum Location: 19+99.070 
Maximum Location: 33+00.000 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 19+99.070 
Evaluation End Location: 33+00.000 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Rural 19+99.070 33+00.000 1,300.93 0.2464

2023: 160; 2024: 162; 2025: 165; 2026: 168; 2027: 171; 2028: 174; 2029: 177; 2030: 180; 2031: 181; 2032: 183; 2033: 184;
2034: 186; 2035: 187; 2036: 189; 2037: 190; 2038: 192; 2039: 193; 2040: 195; 2041: 196; 2042: 198; 2043: 199; 2044: 201;
2045: 202; 2046: 204; 2047: 205; 2048: 207; 2049: 208; 2050: 210
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.2464

Average Future Road AADT (vpd) 188

Predicted Crashes

Total Crashes 0.58

Fatal and Injury Crashes 0.26

Property-Damage-Only Crashes 0.32

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 45

Percent Property-Damage-Only Crashes (%) 55

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.0837

FI Crash Rate (crashes/mi/yr) 0.0380

PDO Crash Rate (crashes/mi/yr) 0.0457

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.47

Travel Crash Rate (crashes/million veh-mi) 1.22

Travel FI Crash Rate (crashes/million veh-mi) 0.55

Travel PDO Crash Rate (crashes/million veh-mi) 0.67
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total
Crash

Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

1 19+99.070 33+00.000 0.2464 0.577 0.0206 0.0094 0.0113 0.0837 1.22

Total 0.2464 0.577 0.0206 0.0094 0.0113 0.0837
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 19+99.070 20+50.266 0.0097 0.023 0.0008 0.0004 0.0004 0.0837 1.22

Tangent 20+50.266 31+80.837 0.2141 0.502 0.0179 0.0081 0.0098 0.0837 1.22

Simple Curve 2 31+80.837 33+00.000 0.0226 0.053 0.0019 0.0009 0.0010 0.0837 1.22
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.02 0.01 45.431 0.01 54.569

2024 0.02 0.01 45.428 0.01 54.572

2025 0.02 0.01 45.422 0.01 54.578

2026 0.02 0.01 45.417 0.01 54.583

2027 0.02 0.01 45.412 0.01 54.588

2028 0.02 0.01 45.407 0.01 54.593

2029 0.02 0.01 45.401 0.01 54.599

2030 0.02 0.01 45.396 0.01 54.604

2031 0.02 0.01 45.395 0.01 54.605

2032 0.02 0.01 45.391 0.01 54.609

2033 0.02 0.01 45.389 0.01 54.611

2034 0.02 0.01 45.386 0.01 54.614

2035 0.02 0.01 45.384 0.01 54.616

2036 0.02 0.01 45.380 0.01 54.620

2037 0.02 0.01 45.379 0.01 54.621

2038 0.02 0.01 45.375 0.01 54.625

2039 0.02 0.01 45.373 0.01 54.627

2040 0.02 0.01 45.370 0.01 54.630

2041 0.02 0.01 45.368 0.01 54.632

2042 0.02 0.01 45.364 0.01 54.636

2043 0.02 0.01 45.363 0.01 54.637

2044 0.02 0.01 45.359 0.01 54.641

2045 0.02 0.01 45.357 0.01 54.643

2046 0.02 0.01 45.354 0.01 54.646

2047 0.02 0.01 45.352 0.01 54.648

2048 0.02 0.01 45.349 0.01 54.651

2049 0.02 0.01 45.347 0.01 54.653

2050 0.02 0.01 45.343 0.01 54.657

Total 0.58 0.26 45.380 0.32 54.620

Average 0.02 0.01 45.380 0.01 54.620

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0073 0.0221 0.1446 0.0880 0.3153
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.4 0.02 3.4 0.02 3.8

Highway 
Segment

Collision with Fixed Object 0.14 24.2 0.19 32.2 0.33 56.4

Highway 
Segment

Collision with Other Object 0.01 1.3 0.04 6.4 0.04 7.8

Highway 
Segment

Other Single-vehicle Collision 0.09 15.7 0.05 8.4 0.14 24.1

Highway 
Segment

Collision with Parked Vehicle 0.01 1.0 0.01 1.2 0.01 2.2

Highway 
Segment

Total Single Vehicle Crashes 0.25 42.7 0.30 51.6 0.54 94.3

Highway 
Segment

Right-Angle Collision 0.00 0.1 0.00 0.1 0.00 0.2

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.2 0.00 0.2 0.00 0.4

Highway 
Segment

Rear-end Collision 0.01 1.7 0.01 1.6 0.02 3.2

Highway 
Segment

Sideswipe, Same Direction Collision 0.00 0.6 0.01 1.2 0.01 1.8

Highway 
Segment

Total Multiple Vehicle Crashes 0.01 2.7 0.02 3.1 0.03 5.7

Highway 
Segment

Total Highway Segment Crashes 0.26 45.4 0.32 54.6 0.58 100.0

Total Crashes 0.26 45.4 0.32 54.6 0.58 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

19+99.070 33+00.000
Warning: for segment #1 (19+99.070 to 33+00.000 ), The ramp type for Ramp WT1b EB On Ramp 2050 Build is set at the Ramp Connection (Entrance) and
in the Ramp (Entrance). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Minimum Location: 0.000 
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Policy for Superelevation: AASHTO 2011 U.S. Customary 
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Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 0.000 
Evaluation End Location: 16+70.340 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: EX_RAMP_MV_FI=1.0; EX_RAMP_MV_PDO=1.0; EX_RAMP_SV_FI=1.0; EX_RAMP_SV_PDO=1.0;
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane

Ramp Exit
Rural 0.000 16+70.340 1,670.34 0.3164

2023: 140; 2024: 142; 2025: 145; 2026: 148; 2027: 151; 2028: 154; 2029: 157; 2030: 160; 2031: 161; 2032: 163; 2033: 164;
2034: 166; 2035: 167; 2036: 169; 2037: 170; 2038: 172; 2039: 173; 2040: 175; 2041: 176; 2042: 178; 2043: 179; 2044: 181;
2045: 182; 2046: 184; 2047: 185; 2048: 187; 2049: 188; 2050: 190
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.3164

Average Future Road AADT (vpd) 168

Predicted Crashes

Total Crashes 0.85

Fatal and Injury Crashes 0.41

Property-Damage-Only Crashes 0.44

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 48

Percent Property-Damage-Only Crashes (%) 52

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.0956

FI Crash Rate (crashes/mi/yr) 0.0458

PDO Crash Rate (crashes/mi/yr) 0.0497

Predicted Travel Crash Rate

Total Travel (million veh-mi) 0.54

Travel Crash Rate (crashes/million veh-mi) 1.56

Travel FI Crash Rate (crashes/million veh-mi) 0.75

Travel PDO Crash Rate (crashes/million veh-mi) 0.81
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi/

yr)

Predicted
Travel

Crash Rate
(crashes/mil
lion veh-mi)

1 0.000 16+70.340 0.3164 0.847 0.0302 0.0145 0.0157 0.0956 1.56

Total 0.3164 0.847 0.0302 0.0145 0.0157 0.0956
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Simple Curve 1 0.000 5+67.276 0.1074 0.287 0.0103 0.0049 0.0053 0.0956 1.56

Tangent 5+67.276 16+70.340 0.2089 0.559 0.0200 0.0096 0.0104 0.0956 1.56
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.03 0.01 47.860 0.01 52.140

2024 0.03 0.01 47.867 0.01 52.133

2025 0.03 0.01 47.877 0.01 52.123

2026 0.03 0.01 47.886 0.01 52.114

2027 0.03 0.01 47.895 0.01 52.105

2028 0.03 0.01 47.905 0.01 52.095

2029 0.03 0.01 47.913 0.01 52.087

2030 0.03 0.01 47.922 0.01 52.078

2031 0.03 0.01 47.925 0.01 52.075

2032 0.03 0.01 47.931 0.01 52.069

2033 0.03 0.01 47.933 0.01 52.067

2034 0.03 0.01 47.939 0.02 52.061

2035 0.03 0.01 47.941 0.02 52.059

2036 0.03 0.01 47.947 0.02 52.053

2037 0.03 0.01 47.950 0.02 52.050

2038 0.03 0.01 47.955 0.02 52.045

2039 0.03 0.01 47.957 0.02 52.043

2040 0.03 0.01 47.962 0.02 52.038

2041 0.03 0.01 47.965 0.02 52.035

2042 0.03 0.01 47.970 0.02 52.030

2043 0.03 0.01 47.973 0.02 52.027

2044 0.03 0.01 47.977 0.02 52.023

2045 0.03 0.01 47.980 0.02 52.020

2046 0.03 0.01 47.985 0.02 52.015

2047 0.03 0.02 47.987 0.02 52.013

2048 0.03 0.02 47.992 0.02 52.008

2049 0.03 0.02 47.994 0.02 52.006

2050 0.03 0.02 47.999 0.02 52.001

Total 0.85 0.41 47.945 0.44 52.055

Average 0.03 0.01 47.945 0.02 52.055

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0163 0.0495 0.2115 0.1286 0.4407
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Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.00 0.5 0.03 3.3 0.03 3.8

Highway 
Segment

Collision with Fixed Object 0.23 26.9 0.27 32.0 0.50 58.9

Highway 
Segment

Collision with Other Object 0.01 1.5 0.05 6.4 0.07 7.9

Highway 
Segment

Other Single-vehicle Collision 0.15 17.5 0.07 8.3 0.22 25.8

Highway 
Segment

Collision with Parked Vehicle 0.01 1.1 0.01 1.2 0.02 2.3

Highway 
Segment

Total Single Vehicle Crashes 0.40 47.4 0.43 51.2 0.83 98.7

Highway 
Segment

Right-Angle Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.0

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.0 0.00 0.1 0.00 0.1

Highway 
Segment

Rear-end Collision 0.00 0.3 0.00 0.4 0.01 0.7

Highway 
Segment

Sideswipe, Same Direction Collision 0.00 0.1 0.00 0.3 0.00 0.4

Highway 
Segment

Total Multiple Vehicle Crashes 0.00 0.5 0.01 0.8 0.01 1.3

Highway 
Segment

Total Highway Segment Crashes 0.41 47.9 0.44 52.1 0.85 100.0

Total Crashes 0.41 47.9 0.44 52.1 0.85 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
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Table 8.  Evaluation Message

Start Location (Sta. ft) End Location (Sta. ft) Message

0.000 16+70.340
Warning: for segment #1 (0.000 to 16+70.340 ), The ramp type for Ramp WT4a WB Off Ramp 2050 Build is set at the Ramp Connection (Exit) and in the
Ramp (Exit). The Ramp value takes precedence.
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Disclaimer
 
The Interactive Highway Design Model (IHSDM) software is disseminated under the sponsorship of the Department of

Transportation in the interest of information exchange. The United States Government assumes no liability for its content or use

thereof. This document does not constitute a standard, specification, or regulation.
 
The United States Government does not endorse products or manufacturers. Trade and manufacturers' names may appear in this

software and documentation only because they are considered essential to the objective of the software.
 
Limited Warranty and Limitations of Remedies
 
This software product is provided "as-is," without warranty of any kind-either expressed or implied (but not limited to the

implied warranties of merchantability and fitness for a particular purpose). The FHWA do not warrant that the functions

contained in the software will meet the end-user's requirements or that the operation of the software will be uninterrupted and

error-free.
 
Under no circumstances will the FHWA be liable to the end-user for any damages or claimed lost profits, lost savings, or other

incidental or consequential damages rising out of the use or inability to use the software (even if these organizations have been

advised of the possibility of such damages), or for any claim by any other party.
 
Notice
 
The use of the IHSDM software is being done strictly on a voluntary basis. In exchange for provision of IHSDM, the user agrees

that the Federal Highway Administration (FHWA), U.S. Department of Transportation and any other agency of the Federal

Government shall not be responsible for any errors, damage or other liability that may result from any and all use of the software,

including installation and testing of the software. The user further agrees to hold the FHWA and the Federal Government

harmless from any resulting liability. The user agrees that this hold harmless provision shall flow to any person to whom or any

entity to which the user provides the IHSDM software. It is the user's full responsibility to inform any person to whom or any

entity to which it provides the IHSDM software of this hold harmless provision.
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Report Overview
 
Report Generated: Jun 21, 2024 11:29 AM 
Report Template: System: Single Page, 508 Compliant [System] (mlcpm5, Dec 13, 2022 10:30 AM) 
 
 
Evaluation Date: Fri Jun 21 11:29:28 PDT 2024 
IHSDM Version: v17.0.0 (Sep 22, 2021) 
Crash Prediction Module: v12.0.0 (Sep 22, 2021) 
 
 
User Name: jimc 
Organization Name: CA Group 
Phone: 
E-Mail: Jim.Ceragioli@c-agroup.com 
 
 
Project Title: Patrick Interchange - Build 
Project Comment: Patrick Interchange - Build 
Project Unit System: U.S. Customary 
 
 
Highway Title: WT4b WB On Ramp 2050 Build 
Highway Comment: Patrick WB On Ramp Build 
Highway Version: 1 
 
 
Evaluation Title: Evaluation 2 
Evaluation Comment: Created Fri Jun 21 11:29:13 PDT 2024 
 
 
Minimum Location: 16+70.340 
Maximum Location: 32+73.811 
 
 
Policy for Superelevation: AASHTO 2011 U.S. Customary 
Calibration: HSM Configuration 
Crash Distribution: HSM Configuration 
Model/CMF: HSM Configuration 
 
 
First Year of Analysis: 2023 
Last Year of Analysis: 2050 
Empirical-Bayes Analysis: None 
First Year of Observed Crashes: 
Last Year of Observed Crashes: 
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Disclaimer Regarding Crash Prediction Method
 
 
IMPORTANT NOTICE ABOUT COMPARING RESULTS FROM HIGHWAY SAFETY MANUAL FIRST EDITION

(2010) MODELS TO RESULTS FROM NEW MODELS DEVELOPED UNDER NCHRP PROJECTS 17-70, 17-58, AND

17-68 
 
Since the publication of the Highway Safety Manual - First Edition (HSM-1), in 2010 by the American Association of State

Highway and Transportation Officials (AASHTO), multiple research efforts have been undertaken through the National

Cooperative Highway Research Program (NCHRP) to develop safety performance models for road segment and intersection

facility types that were not initially reflected in the HSM-1, in order to expand the breadth and depth of the HSM in the future. 
 
The IHSDM Crash Prediction Module (CPM) is intended as a faithful implementation of HSM Part C predictive methods. As

NCHRP projects to develop new predictive methods for the HSM are completed, FHWA works to incorporate the new methods

into IHSDM, sometimes in advance of publication in the HSM. The following new crash predictive methods have been accepted

by NCHRP project panels and incorporated into IHSDM, while pending AASHTO's approval for incorporation into a future

edition of the HSM: 
 
- Roundabouts: completed in 2018 under NCHRP Project 17-70, the new methods will provide improved outcomes for the safety

analysis of roundabouts. 
- 6+ lane and one-way urban/suburban arterials (including models for segments and intersections): completed under NCHRP

Project 17-58. 
- Intersection crash prediction methods for some intersection configurations and traffic control types not currently addressed in

the HSM (e.g., all-way stop; rural 3-leg signalized; 3-leg stop-controlled where the major leg turns; urban 5-leg signalized; urban

high-speed intersections): completed in 2021 under NCHRP Project 17-68. 
 
However, in the absence of local calibration factors (see HSM-1 Part C, Appendix A for guidance on calibration of the predictive

models), it is neither appropriate nor advisable to directly compare the results from new models (from NCHRP Projects 17-58,

17-68, and 17-70) to results from HSM-1 models, as the models were not calibrated to the same base state data sets, and

consequently can produce unexpected results. If local calibration factors are available and applied to both new models and HSM-

1 models, then it may be appropriate to directly compare the results.[Note: Work being performed under NCHRP Project 17-72

(Update of Crash Modification Factors for the Highway Safety Manual) is expected to re-calibrate many of the old (HSM-1) and

new (e.g., NCHRP 17-70) models to data from a single (or small number of) states, that would allow results from all models to be

directly compared.] 
 
The models produced for NCHRP Project 17-70 have independent value in terms of informing the design of a roundabout and

assessing the effects of different design characteristics on the expected safety performance of a roundabout. 
 
The HSM-1 interim method previously included in IHSDM for evaluating roundabouts on urban/suburban arterials (i.e.,

evaluating an existing intersection and then applying a Crash Modification Factor for replacing the existing intersection with a

roundabout) has been deactivated in IHSDM, to minimize any confusion with the new roundabout methodology. 
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Section Types
 
Freeway Ramp Evaluation
 
Section: Section 1 
Evaluation Start Location: 16+70.340 
Evaluation End Location: 32+73.811 
Functional Class: Freeway Service Ramp 
Type of Alignment: One Direction 
Model Category: Freeway Service Ramp 
Calibration Factor: ENT_RAMP_MV_FI=1.0; ENT_RAMP_MV_PDO=1.0; ENT_RAMP_SV_FI=1.0;

ENT_RAMP_SV_PDO=1.0;  
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Figure 1.  Crash Prediction Summary (Freeway Ramp Sections)
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Table 1.  Evaluation Freeway - Homogeneous Segments (Freeway Ramp Sections)

Seg. No. Type Area Type Start Location (Sta. ft) End Location (Sta. ft) Length (ft) Length (mi) AADT

1
Freeway Ramp and C-D Road One-lane Ramp

Entrance
Rural 16+70.340 32+73.811 1,603.47 0.3037

2023: 620; 2024: 614; 2025: 608; 2026: 602; 2027: 597; 2028: 591; 2029: 585; 2030: 580; 2031: 586; 2032: 592; 2033: 598;
2034: 604; 2035: 610; 2036: 616; 2037: 622; 2038: 628; 2039: 634; 2040: 640; 2041: 646; 2042: 652; 2043: 658; 2044: 664;
2045: 670; 2046: 676; 2047: 682; 2048: 688; 2049: 694; 2050: 700
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Table 2.  Predicted Ramp Crash Rates and Frequencies Summary (Freeway Ramp

Sections)

First Year of Analysis 2023

Last Year of Analysis 2050

Evaluated Length (mi) 0.3037

Average Future Road AADT (vpd) 631

Predicted Crashes

Total Crashes 1.71

Fatal and Injury Crashes 0.77

Property-Damage-Only Crashes 0.95

Percent of Total Predicted Crashes

Percent Fatal and Injury Crashes (%) 45

Percent Property-Damage-Only Crashes (%) 55

Predicted Crash Rate

Crash Rate (crashes/mi/yr) 0.2015

FI Crash Rate (crashes/mi/yr) 0.0899

PDO Crash Rate (crashes/mi/yr) 0.1116

Predicted Travel Crash Rate

Total Travel (million veh-mi) 1.96

Travel Crash Rate (crashes/million veh-mi) 0.88

Travel FI Crash Rate (crashes/million veh-mi) 0.39

Travel PDO Crash Rate (crashes/million veh-mi) 0.48
 
 
 
 
 
Table 3.  Predicted Crash Frequencies and Rates by Ramp Segment/Intersection (Freeway

Ramp Sections)

Segment 
Number/Interse

ction 
Name/Cross

Road

Start
Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total
Crash

Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

1 16+70.340 32+73.811 0.3037 1.714 0.0612 0.0273 0.0339 0.2015 0.88

Total 0.3037 1.714 0.0612 0.0273 0.0339 0.2015
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Table 4.  Predicted Crash Frequencies and Rates by Horizontal Design Element (Freeway

Ramp Sections)

Title
Start 

Location
(Sta. ft)

End
Location
(Sta. ft)

Length
 (mi)

Total
Predicted

Crashes for
Evaluation

Period

Predicted
Total Crash
Frequency
(crashes/yr)

Predicted
FI Crash

Frequency
(crashes/yr)

Predicted
PDO Crash
Frequency
(crashes/yr)

Predicted
Crash Rate
(crashes/mi

/yr)

Predicted
Travel

Crash Rate
(crashes/mi
llion veh-

mi)

Tangent 16+70.340 29+19.349 0.2366 1.335 0.0477 0.0213 0.0264 0.2015 0.88

Simple Curve 1 29+19.349 32+73.811 0.0671 0.379 0.0135 0.0060 0.0075 0.2015 0.88
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Table 5.  Predicted Crash Frequencies by Year (Freeway Ramp Sections)

Year Total Crashes FI Crashes Percent FI (%) PDO Crashes Percent PDO (%)

2023 0.06 0.03 44.643 0.03 55.357

2024 0.06 0.03 44.652 0.03 55.348

2025 0.06 0.03 44.661 0.03 55.339

2026 0.06 0.03 44.670 0.03 55.330

2027 0.06 0.03 44.677 0.03 55.323

2028 0.06 0.03 44.686 0.03 55.314

2029 0.06 0.03 44.695 0.03 55.305

2030 0.06 0.03 44.703 0.03 55.297

2031 0.06 0.03 44.694 0.03 55.306

2032 0.06 0.03 44.685 0.03 55.315

2033 0.06 0.03 44.676 0.03 55.324

2034 0.06 0.03 44.667 0.03 55.333

2035 0.06 0.03 44.658 0.03 55.342

2036 0.06 0.03 44.649 0.03 55.351

2037 0.06 0.03 44.640 0.03 55.360

2038 0.06 0.03 44.631 0.03 55.369

2039 0.06 0.03 44.622 0.03 55.378

2040 0.06 0.03 44.614 0.03 55.386

2041 0.06 0.03 44.605 0.04 55.395

2042 0.06 0.03 44.596 0.04 55.404

2043 0.06 0.03 44.587 0.04 55.413

2044 0.06 0.03 44.578 0.04 55.422

2045 0.06 0.03 44.570 0.04 55.430

2046 0.06 0.03 44.561 0.04 55.439

2047 0.07 0.03 44.552 0.04 55.448

2048 0.07 0.03 44.544 0.04 55.456

2049 0.07 0.03 44.535 0.04 55.465

2050 0.07 0.03 44.526 0.04 55.474

Total 1.71 0.77 44.626 0.95 55.374

Average 0.06 0.03 44.626 0.03 55.374

 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 
 
 

Table 6.  Predicted Crash Severity by Ramp Segment (Freeway Ramp Sections)

Seg. 
No.

Fatal (K)
Crashes
(crashes)

Incapacitating Injury (A)
Crashes (crashes)

Non-Incapacitating Injury
(B) Crashes (crashes)

Possible Injury
(C) Crashes

(crashes)

No Injury (O)
Crashes
(crashes)

1 0.0213 0.0645 0.4222 0.2568 0.9490

Section Types Crash Prediction Evaluation Report

8 Interactive Highway Safety Design Model



 
 
 
 

Table 7.  Predicted Freeway Ramp Crash Type Distribution (Freeway Ramp Sections)

Element Type Crash Type
FI

Crashes
Percent FI

(%)
PDO

Crashes
Percent

PDO (%)
Total

Crashes
Percent

Total (%)

Highway 
Segment

Collision with Animal 0.01 0.4 0.06 3.2 0.06 3.6

Highway 
Segment

Collision with Fixed Object 0.41 24.1 0.53 31.0 0.94 55.1

Highway 
Segment

Collision with Other Object 0.02 1.3 0.11 6.2 0.13 7.5

Highway 
Segment

Other Single-vehicle Collision 0.27 15.6 0.14 8.0 0.41 23.7

Highway 
Segment

Collision with Parked Vehicle 0.02 1.0 0.02 1.1 0.04 2.2

Highway 
Segment

Total Single Vehicle Crashes 0.73 42.5 0.85 49.6 1.58 92.0

Highway 
Segment

Right-Angle Collision 0.00 0.1 0.00 0.2 0.01 0.3

Highway 
Segment

Head-on Collision 0.00 0.0 0.00 0.0 0.00 0.1

Highway 
Segment

Other Multi-vehicle Collision 0.00 0.1 0.01 0.5 0.01 0.6

Highway 
Segment

Rear-end Collision 0.02 1.4 0.05 3.0 0.07 4.3

Highway 
Segment

Sideswipe, Same Direction Collision 0.01 0.5 0.04 2.2 0.05 2.7

Highway 
Segment

Total Multiple Vehicle Crashes 0.04 2.2 0.10 5.8 0.14 8.0

Highway 
Segment

Total Highway Segment Crashes 0.77 44.6 0.95 55.4 1.71 100.0

Total Crashes 0.77 44.6 0.95 55.4 1.71 100.0
 
 
Note: Fatal and Injury Crashes and Property Damage Only Crashes do not necessarily sum up to Total Crashes because the

distribution of these three crashes had been derived independently. 
 

Crash Prediction Evaluation Report Section Types

Interactive Highway Safety Design Model 9


