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ABSTRACT
Access management involves the control, planning, and coordination of accesses along roadways for the purpose of providing safe and efficient operation of transportation networks. Reducing conflict points and promoting traffic capacity are the main goals of access management techniques (1).
Increase of traffic volumes and rapid growth of roadway networks have made efficient access management techniques a crucial part of roadway design. Some of the access management techniques used in the recent Highway Safety Manual (HSM) include: median treatments, traffic signal spacing, right and left turn lanes, corner clearance, driveways, U-turns as alternatives to direct left-turns, and frontage roads.

“Crash modification factors (CMFs)”, used in the predictive methods in the HSM, are used to estimate the potential change in crash frequency and severity after implementation. This study investigates the CMFs of access management techniques in the HSM. Reliability of these techniques, sensitivity analysis, and the effect of each parameter are investigated.

Keywords: Access management, Highway Safety Manual, Crash modification factor, crash.
INTRODUCTION
Access management techniques have been utilized for many years in urban, suburban and rural areas to improve roadway safety and reduce congestion. This paper focuses on safety improvements through the use of access management within the Highway Safety Manual (HSM).  The HSM offers access management techniques for three facility types: rural two-lanes, rural multi-lanes, urban, and suburban arterials. Access management techniques for all of these facility types are covered in this paper. For planning purposes it is useful to understand the sensitivity of the access management techniques in the HSM crash predictive models, for the purpose of selecting the most appropriate technique for each location resulting in the fewest crashes.  A literature review identified access management techniques to be a quantitative approach to highway safety management, with cross-sectional geometrics and traffic volumes used as inputs to predict the safety of a roadway. Attaining satisfactory access management can be accomplished by intersection spacing, corner clearance, median width and type, presents of left and right turn lanes, access spacing, and presence of frontage roads.  
LITERATURE REVIEW

Access Management Techniques
Currently, there are a total of six access management techniques used in HSM methods. CMF for each of these techniques were developed by different studies. 

A study conducted by the Utah Department of Transportation focused on analyzing the relationship between locations of access and safety in the functional area of intersections on major arterials. In this study, they used the information of 144 signalized major-arterial intersections within the state of Utah. The study results showed that with the increasing amount of accesses within the functional area of an intersection, the frequency and severity of crashes increased. It was suggested that location of access, access type, and the density of accesses have important impacts on roadway safety. The study concluded that the crash frequency, with focus on rear-end crashes, in the functional area of intersections is directionally proportion to the density of access. The study also concluded that with raised medians the severity of crashes and the amount of rear-end crashes will decrease. In addition, the study determined that if corner clearance standards are maintained, lower crash severity and fewer right-angle crashes will occur (2). 

Access management techniques cannot always reduce the overall crash frequency, but they can change the severity and patterns. A study conducted by the Utah Department of Transportation found that the severity of crashes can be reduced after implementation of proper access management techniques resulting in safer roadway conditions. The study used a tool based on a geography information system that provided web delivery data enabling researchers to sort the crash data in terms and parameters before and after the implementation of access management techniques. The study determined that the safety of a roadway will increase with a raised median and right-angle crashes will decrease as a result (3).

A study by the Arkansas State Highway and Transportation Department investigated the relationship between the features of road and access management techniques in terms crash severity, and type. The study used a database with crash records to perform a statistical analysis on the relationship between crash characteristics and access management techniques. The results show the number of crashes with higher severity will increase as access management decreases.  

Absence of a median and improper signal spacing were identified as deficiencies in access management (4).

The Utah Department of Transportation has conducted research that developed a performance-index-based prioritization process for access management techniques on arterial roadways. A decision tree method based on AADT, signal density, and land use status was used to categorize and classify the data into segments with similar characteristics. In the base of correlation between crashes and. technique, different access management strategies were presented.  The study suggested that raised medians can have a positive impact on safety (5).

A study in Florida identified access management as the process of designing a roadway to improve operational and safety aspects. This can include the placement of driveways, median openings, interchanges, and street connections. Access management increases the safety of a roadway by reducing the amount of conflict points, therefore reducing the locations where incidents can occur. Access management also improves the operation of roadways by reducing congestion that occurs due to turning movements, which is typically accomplished by medians.  The improved operation due to access management can delay roadway capacity upgrades. A common fear associated with access management is that reducing turning movements will impact businesses along roadways. According to a study by the Florida Department of Transportation (FDOT), business owners have reported improvements in sales as a result of good access management, which allowed safer access for customers to businesses along a roadway. A survey conducted by FDOT found that 78 percent of drivers felt safer and 84 percent felt that traffic moved better after access management techniques had been implemented (6).

According to the Federal Highway Administration (FHWA) access management is the control or restriction of where vehicles can enter a roadway.  The common techniques include intersection spacing, driveway density, median openings, interchanges, and street connections. The FHWA identifies benefits of access management to include: preserving the integrity of a roadway system, improving safety and capacity, extending the functional life of the roadway, preserving public investment in infrastructure, and protecting private investments.  Current access management methods include: corridor planning legislation, permitting, medians, auxiliary lanes, signal spacing, driveway location, corner clearance, cross and joint access, and frontage road use. Many municipalities have adopted some form of access management suggested by the FHWA to improve safety and reduce congestion along roadways (7).

A study conducted by the Texas Transportation Institute focused on the safety benefits of access management treatments on corridors in Texas. A reduction in crashes attributed to the restriction of left turns along corridors preventing head-on and right-angle crashes was recognized. VISSIM was used to model the effects of access management by investigation the travel delay associated with two-way left turn lanes (TWLTL) vs. a closed median along a corridor. The results indicated a slight increase in travel time attributed to U-turn vehicles traveling longer distances to reach their destinations (8).

Various types of medians are available and should be selected with care. A study conducted by Florida International University found that crash levels increase with the lack of access management near un-signalized intersections. Six median types were investigated and the crash types associated with each where identified. The six median types were: open, closed, directional, two-way left turn lane, undivided, and mixed. Of the six, open medians were identified to be the most hazardous with high rear-end, angle, and left-turn crashes. Closed 
medians were identified as the safest with only a high correlation to rear-end and angle crashes (9).

The Crash Modification Factor Clearinghouse offers many CMFs for parameters related to access management. With a 10 percent increase in distance between downstream U-turns and driveways the amount of all crash types can be reduced by 3.3 percent. Installing a raised median can reduced all types of crashes of different severity by 39 percent while reducing 3.1 percent of the crashes involving bicycles. Replacing TWLTL with a raised median can reduce various types of accidents such as angle, rear end, sideswipe, and head on. The presence of parking lot entrances will increase crashes between vehicle and bicycle by 0.5 percent. Reducing driveway density from 10-24 to less than 10 per mile, from 26-48 to 10-24 per mile and from 48 to 26-48 per mile reduce the amount of all crash type with injury severity by 25, 31, and 29 percent respectively (10).

A study on major intersections identified several key access management techniques to improve safety near intersections. The access management techniques included median, turn lanes, access spacing, and corner clearance. All studies that have been done in the past show that a median will reduce crash frequency and severity. Two prominent types of median are: raised median, and two-way left-turn lane. The most common type of median in urban areas is the two-way left-turn lane (TWLFL). Turn lanes will help drivers at intersections by separating the through-traffic and turning vehicles. Sight distances will also be improved with the presents of turn lanes, resulting in increased safety.  Access Spacing has a significant impact on safety. Increasing the space between access points decreases the amount of conflict points and will lower the amount of crashes and delay. The distance between driveways to an intersection is defined as corner clearance. Providing inadequate corner clearance will cause conflict points which interrupt turning movements. Furthermore, an intersection could be blocked by the traffic that spills over to the intersection. All of these can reduce the safety (8).
Sensitivity Analysis Methods
North Carolina State University identified sensitivity analysis methods that could be used on prediction models. Sensitivity analysis is said to develop a comfort level of the model in question. Testing the model will determine if the models response to a particular change of input is reasonable. Sensitivity analysis is used to establish if a model’s behavior to input changes reacts in an acceptable way. North Carolina State University identified three possible ways of determining the sensitivity of a model mathematical, statistical, and graphical. The mathematical method establishes the model’s sensitivity to inputs.  This method does not consider variance in the output due to variance of the input. Statistical methods involve multiple simulations based on probability distributions, but are not common in sensitivity analysis. Graphical methods provide a visual representation of sensitivity and are displayed in graphical form (11).  


A review was completed for the FHWA on the prediction of expected safety performance on rural two-lane highways was competed in 2009.  A sensitive analysis was conducted testing the significance of each parameter used in a prediction model. Each parameter was altered from base condition to establish the model’s reaction, while other parameters were held constant. A total of ten parameters were tested on rural roadway segments including lane width, shoulder width and type, horizontal curve length and radius, superelevation, percent grade, driveway density, passing lane presence, and roadside hazard rating.  Each parameter was tested at five 
ADT levels ranging from 400 to 10,000. The percentage increase in crashes per mile was determined for each parameter and the sensitivity of models under each condition noted.  It was determined that at lower ADT levels the sensitivity of the model is low, and increases significantly as the ADT increases (12).  
METHODOLOGY
In this study sensitivity analysis was conducted on access management techniques within the HSM to see which parameters were the more sensitive in terms of crash frequency. The analysis was performed on various parameters related to access management in HSM, including driveway density, median types and width, and left and right turn lane presence. To accurately compare each parameter a graph was created for each showing the impact of each input on the crash frequency. Two input units were commonly used: the length system (feet) and the numeric system (number of turn lanes present). 

The study used the normalization method to compare various parameters in terms of crash severity and frequency. The results were compared and ranked in terms of sensitivity. One popular method in normalization is division of scores in each category by some function of the case value in that category, such as maximum value or sum value. In this study the first method division of each value by maximum was used. 
RESULTS
As outlined in the previous sections, in the HSM there are three predictive methods covering rural two-lane two-way roads, rural multi-lane roadways, and urban and suburban arterials. The HSM offers a quantitative approach to highway safety management and is used to predict the number of expected crashes on roadways based on cross-sectional geometrics and traffic volumes. The criteria which have been the focus of this study are the parameters related to access management techniques. The study purpose is to investigate the impact of access management on safety in the HSM. The techniques include driveway density and turn lane presence for rural two-lane two way roads, median width, and turn lane presence; for rural multi-lane highways and driveway types, driveway density and median width for urban and suburban arterials. The results of the statistical analysis were obtained for frequency of crashes, total fatal crashes and property damage crashes to identify the correlations between safety and access management techniques.
Rural Two Lanes
There are only three access management techniques in the HSM for rural two lane roadways, including driveway density, and presence of left and right turn lanes. The safety effect of these techniques can be quantified with their CMFs in the HSM. These CMFs were developed by past studies. When the sensitivity of the driveway density was tested it was determined that as driveway density increases one unit the crash frequency increases by 0.119 units. The small increase in crash frequency indicates driveway density accounts for only a small portion of the overall safety of a roadway. A graph depicting the results can be seen in figure 1.
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FIGURE 1 Driveway Sensitivity Rural Two-Lane Roadways

When rural intersections were tested, the left turn lane presence was determined to have the largest impact on safety. As the number of left turn lanes increase, the crash frequency decreases by 0.974 from zero to two left turn lanes; after two left turn lanes are present the crash frequency remains constant with the addition of three or four left turn lanes. Right turn lanes have less of an effect on safety than that of left turn lanes. The decrease in crash frequency was determined to be 0.513 with the addition of right turn lanes from zero to two, with the same pattern holding as left turn lanes with the presence of more than two.  Table 1 displays the ranking in sensitivity for rural two-lane two-way roadway access management techniques.  
	Type of road
	Parameter
	Rank

	Two-lane two way roadway
	Left Turn lane
	1

	
	Right Turn lane
	2

	
	Driveway Density
	3


TABLE 1 Sensitivity Ranking Rural Two-Lane Two-way Roadways
Rural Multi-Lanes
Intersections

The HSM offers three access management techniques for rural multi-lane roadways median width, presence of right and left turn lanes. There are three configurations for rural multi-lane intersections: three and four-way stop controlled and four-way signalized intersections. For three-way stop controlled intersections, left turn lane sensitivity proved to be the most sensitive with a 0.920 reduction in the crash frequency with the presence of one left turn lane, however the presence of more than one left turn lane did not further reduce the crash frequency. Right turn 
lanes on three-way intersections also provided a reduction in the expected number of crashes. Zero to four lanes can be input into the HSM, however the same pattern was followed in that only one right turn lane provides benefit by reducing crashes by 0.360 per unit increase in right turn lanes.  

Four-way stop controlled intersections were also tested.  The presence of left turn lanes offered an increasing benefit by reducing crashes with the addition of each lane.  From zero to two left turn lanes, the benefit was determined to be a 0.490 reduction in the crash frequency for each unit increase in lane presence.  For right turn lanes a benefit was only seen for up to two turn lanes.  The addition of more than two right turn lanes did not decrease the number of predicted crashes.  The benefit was determined to be a 0.520 decrease in crash frequency per unit increase in right lane presence.

The last intersection tested for rural multi-lanes was four-way signalized controlled. When left and right turn lanes were tested no benefit was seen with their presents.  
Segments
An additional technique for rural multi-lane roadways was identified to be median width ranging from zero to 100 feet. The sensitivity of the median width was linear with a decrease in crash frequency per unit increase in width of 0.109. A graph displaying the sensitivity of median width can be seen in figure 2.  
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FIGURE 2 Median Width Sensitivity Rural Multi-lane Roadways
Table 2 displays the results for rural multi-lane roadway sensitivity. Similar results are seen in rural two-lane roadways in that turn lane presence has the greatest effect on the safety of a roadway.     
	Type of road
	Parameter
	Rank

	Three-way Stop Controlled
	Left Turn lane
	1

	
	Right Turn lane
	2

	
	Median Width
	3

	Four-way Stop Controlled
	Right Turn Lane
	1

	
	Left Turn Lane
	2

	
	Median Width
	3

	Four-way Signalized
	Left Turn lane
	No Benefit

	
	Right Turn lane
	No Benefit

	
	Median Width
	No Benefit


TABLE 2 Sensitivity of AM Techniques for Rural Multi-Lane Roadway Intersections
Urban and Suburban

For urban and suburban arterials the HSM address three access management techniques: median width, number of driveways, and driveway type. There are five configurations for urban and suburban roadways.  For the three lanes with TWLTL, a major industrial driveway proved to be the most sensitive with a 0.083 reduction in the crash frequency per unit decrease in the commercial driveways. Major commercial driveways were found to have a 0.08 reduction in crash frequency per unit decrease of industrial driveways. 

For the five lanes with TWLTL, again major industrial driveways proved to be the most sensitive with a 0.099 reduction in the crash frequency per unit decrease in the driveways. Major commercial driveways are second in the sensitivity ranking with 0.094 reductions in crash frequency with a decrease of one unit in commercial driveway. 


Two lane undivided roads were also tested, the results show major industrial driveways are the most sensitive parameter with 0.120 reduction in crash frequency per unit decrease in unit driveways.  Four lanes undivided the major industrial driveways had similar results, with a one unit decrease in industrial driveway causing a reduction in crash frequency of 0.120.  The last test for urban and suburban roadways was four lane divided. Again, major industrial driveways proved to be the most sensitive with a 0.046 reduction in the crash frequency per unit decrease in the driveways.


An additional technique for urban and suburban roadways was identified to be median width ranging from zero to 100 feet. The sensitivity of the median width was linear with a decrease in crash frequency as width increases of 0.0987. A graph displaying the sensitivity of median width can be seen in figure 3.  

When urban and suburban intersections were tested, the left turn lane presence was found to have the largest impact on safety. As the number of left turn lanes increased the crash frequency decreased for both signalized and un-signalized intersections. The four-leg un-signalized intersection had the most sensitivity to the presents of left-turn lanes.  Table 3 displays the results for urban and suburban roadway sensitivity ranked in order of sensitivity. As shown, industrial driveways have the greatest effect on the safety of urban and suburban roadways.     
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FIGURE 3 Median Width Sensitivity Urban and Suburban Roadways
	Type of road
	Parameter
	Rank

	Three lanes with TWLFL
	Major Industrial Driveway
	1

	
	Major Commercial Driveway
	2

	
	Major Residential Driveway
	3

	Five lanes with TWLFL
	Major Industrial Driveway
	1

	
	Major Commercial Driveway
	2

	
	Major Residential Driveway
	3

	Two lanes undivided
	Major Industrial Driveway
	1

	
	Major Commercial Driveway
	2

	
	Major Residential Driveway
	3

	Four lanes undivided
	Major Industrial Driveway
	1

	
	Major Commercial Driveway
	2

	
	Major Residential Driveway
	3

	Four lanes divided
	Major Industrial Driveway
	1

	
	Major Commercial Driveway
	2

	
	Major Residential Driveway
	3


TABLE 3 Sensitivity Ranking Urban/Suburban Roadways
RECOMMENDATIONS

While the HSM addresses some access management techniques there are many that are not included in the current edition. Current techniques include presence of turn lanes, median width and type, driveway density, and driveway type. CMFs need to be further developed for intersection spacing, corner clearance, access spacing, and presence of frontage roads for use in the HSM.  It is recommended that the ranking established in this study be used when addressing transportation safety due to access management, to obtain the maximum project benefit of each transportation safety project.     
SUMMARY

This study discussed the different access management techniques that are included in the HSM crash predictive models.  Sensitivity analysis was conducted to see which parameters are most sensitive in terms of crash frequency. This paper provides insight of how the existing access management techniques affect crash frequency predictions in the HSM models.
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				Base Condtions

				ADT (Veh/day)		Crash Rate (Crashes per mile per year)		Fatal and Injury		Property Damage Only

				500		0.1		0.0		0.1

				1000		0.3		0.1		0.2

				2000		0.5		0.2		0.3

				4000		1.0		0.3		0.7

				8000		2.0		0.6		1.4

				16000		4.0		1.3		2.7

																Lane Width

																9						10						11						12 (Base)

														ADT		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO

														500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1

														1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2

														2000		0.6		0.2		0.4		0.6		0.2		0.4		0.5		0.2		0.4		0.5		0.2		0.3

														4000		1.3		0.4		0.9		1.2		0.4		0.8		1.0		0.3		0.7		1.0		0.3		0.7

														8000		2.6		0.8		1.8		2.4		0.8		1.6		2.1		0.7		1.4		2.0		0.6		1.4

														16000		5.2		1.7		3.5		4.7		1.5		3.2		4.1		1.3		2.8		4.0		1.3		2.7						Percent Grade

																																												0% (Base)						2%						4%						6%						8%

																																										ADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO

																																										500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1

																																										1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2

																																										2000		0.5		0.2		0.3		0.5		0.2		0.3		0.6		0.2		0.4		0.6		0.2		0.4		0.6		0.2		0.4

																																										4000		1.0		0.3		0.7		1.0		0.3		0.7		1.1		0.4		0.8		1.1		0.4		0.8		1.2		0.4		0.8

																																										8000		2.0		0.6		1.4		2.0		0.6		1.4		2.2		0.7		1.5		2.2		0.7		1.5		2.3		0.7		1.6

																																										16000		4.0		1.3		2.7		4.0		1.3		2.7		4.4		1.4		3.0		4.4		1.4		3.0		4.7		1.5		3.2						Road Side Hazard Rating (RHR)

																																																																														1						2						3 (Base)						4						5						6						7

																																																																												ADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO

																																																																												500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.2		0.0		0.1		0.2		0.1		0.1		0.2		0.1		0.1		0.2		0.1		0.1

																																																																												1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.4		0.1		0.2		0.4		0.1		0.3

																																																																												2000		0.5		0.2		0.3		0.5		0.2		0.4		0.6		0.2		0.4		0.6		0.2		0.4		0.7		0.2		0.5		0.7		0.2		0.5		0.8		0.2		0.5

																																																																												4000		1.0		0.3		0.7		1.1		0.3		0.7		1.2		0.4		0.8		1.2		0.4		0.8		1.3		0.4		0.9		1.4		0.5		0.1		1.5		0.5		1.0

																																																																												8000		2.0		0.7		1.4		2.2		0.7		1.5		2.3		0.7		1.6		2.5		0.8		1.7		2.7		0.9		1.8		2.8		0.9		1.9		3.0		1.0		2.1

																																																																												16000		4.1		1.3		2.8		4.4		1.4		3.0		4.7		1.5		3.2		5.0		1.6		3.4		5.3		1.7		3.6		5.7		1.8		3.9		6.1		2.0		4.1

																																																																																																																												Driveways Per Mile

																																																																																																																												0						5 (Base)						10						15						20						25						30

																																																																																																																										AADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO

																																																																																																																										500		0.1		0.0		0.1		0.1		0.0		0.1		0.2		0.0		0.1		0.2		0.1		0.1		0.2		0.1		0.1		0.2		0.1		0.2		0.3		0.1		0.2

																																																																																																																										1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.4		0.1		0.3		0.4		0.1		0.3		0.5		0.2		0.3

																																																																																																																										2000		0.5		0.2		0.3		0.5		0.2		0.3		0.6		0.2		0.4		0.7		0.2		0.4		0.7		0.2		0.5		0.8		0.3		0.6		0.9		0.3		0.6

																																																																																																																										4000		1.0		0.3		0.7		1.0		0.3		0.7		1.1		0.4		0.8		1.2		0.4		0.8		1.4		0.4		0.9		1.5		0.5		1.0		1.6		0.5		1.1																																																																Shoulder Type and Width

																																																																																																																										8000		2.0		0.6		1.4		2.0		0.6		1.4		2.2		0.7		1.5		2.3		0.7		1.6		2.4		0.8		1.7		2.6		0.8		1.8		2.7		0.9		1.9

																																																																																																																										16000		4.0		1.3		2.7		4.0		1.3		2.7		4.1		1.3		2.8		4.2		1.4		2.9		4.3		1.4		2.9		4.4		1.4		3.0		4.5		1.4		3.1

																																																																																																																																																																										Paved																																												Gravel																																Composite																																Turf

																																																																																																																																																																												0						1						2						3						4						6						8								0						2						4						6						8								0						2						4						6						8								0						2						4						6						8

																																																																																																																																																																										AADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		AADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		AADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		AADT (Veh/day)		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO		Total		K,I		PDO

																																																																																																																																																																										500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		500		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1		0.1		0.0		0.1

																																																																																																																																																																										1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.2		0.1		0.2		1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		1000		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2		0.3		0.1		0.2

																																																																																																																																																																										2000		0.6		0.2		0.4		0.6		0.2		0.4		0.6		0.2		0.4		0.6		0.2		0.4		0.5		0.2		0.4		0.5		0.2		0.3		0.5		0.1		0.3		2000		0.7		0.2		0.5		0.6		0.2		0.4		0.6		0.2		0.4		0.5		0.2		0.4		0.5		0.2		0.3		2000		0.7		0.2		0.5		0.6		0.2		0.4		0.6		0.2		0.4		0.5		0.2		0.4		0.5		0.2		0.3		2000		0.7		0.2		0.5		0.6		0.2		0.4		0.6		0.2		0.4		0.6		0.2		0.4		0.5		0.2		0.4

																																																																																																																																																																										4000		1.3		0.4		0.9		1.2		0.4		0.8		1.2		0.4		0.8		1.1		0.4		0.8		1.1		0.4		0.7		1.0		0.3		0.7		0.9		0.3		0.6		4000		1.4		0.4		0.9		1.3		0.4		0.9		1.2		0.4		0.8		1.1		0.3		0.7		1.0		0.3		0.7		4000		1.4		0.4		0.9		1.3		0.4		0.9		1.2		0.4		..8		1.1		0.4		0.7		1.0		0.3		0.7		4000		1.4		0.4		0.9		1.3		0.4		0.9		1.2		0.4		0.8		1.1		0.4		0.8		1.0		0.3		0.7

																																																																																																																																																																										8000		2.6		0.8		1.8		2.5		0.8		1.7		2.4		0.8		1.6		2.3		0.7		1.5		2.2		0.7		1.5		2.0		0.6		1.4		1.9		0.6		1.3		8000		2.8		0.9		1.9		2.5		0.8		1.7		2.3		0.7		1.6		2.2		0.7		1.5		2.0		0.6		1.4		8000		2.8		0.9		1.9		2.5		0.8		1.7		2.4		0.8		1.6		2.2		0.7		1.5		2.0		0.7		1.4		8000		2.8		0.9		1.9		2.4		0.8		1.6		2.2		0.7		1.5		2.1		0.7		1.4		2.0		0.6		1.3

																																																																																																																																																																										16000		5.2		1.7		3.5		4.9		1.6		3.4		4.7		1.5		3.2		4.5		1.5		3.1		4.4		1.4		3.0		4.0		1.3		2.7		3.7		1.2		2.5		16000		5.5		1.8		3.7		5.0		1.6		3.4		4.7		1.5		3.2		4.3		1.4		2.9		4.0		1.3		2.7		16000		5.5		1.8		3.7		5.1		1.6		3.4		4.7		1.5		3.2		4.4		1.4		3.0		4.1		1.3		2.8		16000		5.2		1.7		3.5		4.8		1.5		3.3		4.5		1.4		3.1		4.2		1.3		2.9		3.9		1.3		2.7

																																																																																																																																																																																																																																																																																																																														various imput factors

																																																																																																																																																																																																																																																																																																																														AADT 4000

																																																																																																																																																																																																																																																																																																																														Treatment		Present		Not Present

																																																																																																																																																																																																																																																																																																																														Centerline rumble strips		1.0		1.1

																																																																																																																																																																																																																																																																																																																														Passing Lane 1		0.8		1.1

																																																																																																																																																																																																																																																																																																																														Passing lanes 2		0.7		1.1

																																																																																																																																																																																																																																																																																																																														Two-way left-turn lane		1.1		1.1

																																																																																																																																																																																																																																																																																																																														Segment lighting		1.0		1.1

																																																																																																																																																																																																																																																																																																																														Auto speed enforcement		1.0		1.1

																																																																																																																																																																																																																																																																																																																														AADT 8000

																																																																																																																																																																																																																																																																																																																														Treatment		Present		Not Present

																																																																																																																																																																																																																																																																																																																														Centerline rumble strips		2.0		2.1

																																																																																																																																																																																																																																																																																																																														Passing Lane 1		1.6		2.1

																																																																																																																																																																																																																																																																																																																														Passing lanes 2		1.4		2.1

																																																																																																																																																																																																																																																																																																																														Two-way left-turn lane		2.1		2.1

																																																																																																																																																																																																																																																																																																																														Segment lighting		2.0		2.1

																																																																																																																																																																																																																																																																																																																														Auto speed enforcement		2.0		2.1

																																																																																																																																																																																																																																																																																																																														AADT 16000

																																																																																																																																																																																																																																																																																																																														Treatment		Present		Not Present

																																																																																																																																																																																																																																																																																																																														Centerline rumble strips		4.0		4.3

																																																																																																																																																																																																																																																																																																																														Passing Lane 1		3.2		4.3

																																																																																																																																																																																																																																																																																																																														Passing lanes 2		2.8		4.3

																																																																																																																																																																																																																																																																																																																														Two-way left-turn lane		4.3		4.3

																																																																																																																																																																																																																																																																																																																														Segment lighting		3.9		4.3						Raduis and horiz curve

																																																																																																																																																																																																																																																																																																																														Auto speed enforcement		4.0		4.3				AADT				2000								8000										16000

																																																																																																																																																																																																																																																																																																																																										Total		K,I		PDO						Total		K,I		PDO						Total		K,I		PDO

																																																																																																																																																																																																																																																																																																																																						Radius		1060		0.5		0.2		0.4		Radius		1060		2.1		0.7		1.5		Radius		1060		4.3		1.4		2.9

																																																																																																																																																																																																																																																																																																																																						Length		500								Length		500								Length		500

																																																																																																																																																																																																																																																																																																																																						Radius		1500		0.5		0.2		0.4		Radius		1500		2.1		0.7		1.5		Radius		1500		4.3		1.4		2.9

																																																																																																																																																																																																																																																																																																																																						Length		1000								Length		1000								Length		1000

																																																																																																																																																																																																																																																																																																																																						Radius		2000		0.5		0.2		0.4		Radius		2000		2.1		0.7		1.5		Radius		2000		4.3		1.4		2.9

																																																																																																																																																																																																																																																																																																																																						Length		1500								Length		1500								Length		1500

																																																																																																																																																																																																																																																																																																																																						Min Length of 500 ft, Min Radius of 1060

																																																																																																																																																																																																																																																																																																																																								AADT 16,000								AADT 8000								AADT 4000								AADT 2000								AADT 1000

																																																																																																																																																																																																																																																																																																																																								e		Total		K,I		PDO		e		Total		K,I		PDO		e		Total		K,I		PDO		e		Total		K,I		PDO		e		Total		K,I		PDO

																																																																																																																																																																																																																																																																																																																																								0		4.3		1.4		2.9		0		2.1		0.7		1.5		0								0								0

																																																																																																																																																																																																																																																																																																																																								2		4.5		1.5		3.1		2		2.3		0.7		1.5		2								2								2

																																																																																																																																																																																																																																																																																																																																								4		4.8		1.5		3.3		4		2.4		0.8		1.6		4								4								4

																																																																																																																																																																																																																																																																																																																																								6		5.0		1.6		3.4		6		2.5		0.8		1.7		6								6								6

																																																																																																																																																																																																																																																																																																																																								8		5.3		1.7		3.6		8		2.7		0.9		1.8		8								8								8

																																																																																																																																																																																																																																																																																																																																																																																				AADT 16000

																																																																																																																																																																																																																																																																																																																																																																																		Spiral transition present at minimum curve

																																																																																																																																																																																																																																																																																																																																																																																		Min Length of 500 ft, Min Radius of 1060

																																																																																																																																																																																																																																																																																																																																																																																				Total		K,I		PDO

																																																																																																																																																																																																																																																																																																																																																																																		Present		4.3		1.4		2.9

																																																																																																																																																																																																																																																																																																																																																																																		Not Present		4.3		1.4		2.9

																																																																																																																																																																																																																																																																																																																																																																																		Only One End		4.3		1.4		2.9





Segments

		



Total Crashes

K,I Crashes

PDO Crashes

AADT

Crash Rate (Crashes/Mile/Year)

AADT vs. Base Condition



Sensitivity

		



9 foot lanes

10 foot lanes

11 foot lanes

12 foot lanes

AADT

Crash Rate (Crashes/Mile/Year)

AADT vs. Lane Width



Ranking

										1



0% Grade

2% Grade

4% Grade

6% Grade

8% Grade

AADT

Crash Rate (Crashes/Mile/Year)

AADT vs. Percent Grade



		



RHR 1

RHR 2

RHR 3

RHR 4

RHR 5

RHR 6

RHR 7

AADT

Crash Rate (Crashes/Mile/Year)

AADT vs. RHR



		



0 Drives

5 Drives

10 Drives

15 Drives

20 Drives

25 Drives

30 Drives

AADT

Crash Rate (Crashes/Mile/Year)

AADT vs. Driveways per Mile



																																																																																																																																																																																																																				Number of Lanes

																																																																																																																																																																																																																		No Passing Lane		0		0		4.3		1.00

																																																																																																																																																																																																																		Passing Lane 1		1		0.5		3.2		0.74

								Crash Rate																																																								AADT 16000																																																																																																																																																		Passing lanes 2		2		1		2.8		0.65

				AADT		AADT		Total Crash		Total Crash		Fatal and Injury		Property Damage								Lane Width																												Percent Grade

				500		0.0		0.1		0.0		0.0		0.1								9				10				11				12 (Base)				AADT		16000										0% (Base)		2%		4%		6%		8%

				1000		0.1		0.3		0.1		0.1		0.2				AADT				Total				Total				Total				Total				Lane Width				Crash Rate						ADT (Veh/day)		Total		Total		Total		Total		Total						Grade				Crash Rate

				2000		0.1		0.5		0.1		0.2		0.3				500		0.0		0.1		0.0		0.1		0.0		0.1		0.0		0.1		0.0		9		0.8		5.2		1.0				500		0.1		0.1		0.1		0.1		0.1						0.00		0.0		4.0		0.9												Road Side Hazard Rating (RHR)

				4000		0.3		1.0		0.3		0.3		0.7				1000		0.1		0.3		0.1		0.3		0.1		0.3		0.1		0.3		0.1		10		0.8		4.7		0.9				1000		0.3		0.3		0.3		0.3		0.3						0.02		0.3		4.0		0.9												1		2		3 (Base)		4		5		6		7						AADT				16000																								AADT		16000

				8000		0.5		2.0		0.5		0.6		1.4				2000		0.1		0.6		0.1		0.6		0.1		0.5		0.1		0.5		0.1		11		0.9		4.1		0.8				2000		0.5		0.5		0.6		0.6		0.6						0.04		0.5		4.4		0.9										ADT (Veh/day)		Total		Total		Total		Total		Total		Total		Total						RHR				Crash Rate																								Driveway				Crash Rate

				16000		1.0		4.0		1.0		1.3		2.7				4000		0.3		1.3		0.3		1.2		0.3		1.0		0.2		1.0		0.3		12		1.0		4.0		0.8				4000		1.0		1.0		1.1		1.1		1.2						0.06		0.8		4.4		0.9										500		0.1		0.1		0.1		0.2		0.2		0.2		0.2						1.0		0.1		4.1		0.7						Driveways Per Mile																0		0.0		4		0.9																																																																various imput factors

																		8000		0.5		2.6		0.5		2.4		0.5		2.1		0.5		2.0		0.5												8000		2.0		2.0		2.2		2.2		2.3						0.08		1.0		4.7		1.0										1000		0.3		0.3		0.3		0.3		0.3		0.4		0.4						2.0		0.3		4.4		0.7						0		5 (Base)		10		15		20		25		30				5		0.2		4		0.9																																																																AADT 16000

																		16000		1.0		5.2		1.0		4.7		1.0		4.1		1.0		4.0		1.0												16000		4.0		4.0		4.4		4.4		4.7																						2000		0.5		0.5		0.6		0.6		0.7		0.7		0.8						3.0		0.4		4.7		0.8				AADT (Veh/day)		Total		Total		Total		Total		Total		Total		Total				10		0.3		4.1		0.9																																																																Treatment		Present		Present		Not Present		Not Present

																																																																																4000		1.0		1.1		1.2		1.2		1.3		1.4		1.5						4.0		0.6		5.0		0.8				500		0.1		0.1		0.2		0.2		0.2		0.2		0.3				15		0.5		4.2		0.9																																																																Centerline rumble strips		4.0		0.9		4.3		1										AADT 16000

																																																																																8000		2.0		2.2		2.3		2.5		2.7		2.8		3.0						5.0		0.7		5.3		0.9				1000		0.3		0.3		0.3		0.3		0.4		0.4		0.5				20		0.7		4.3		1.0																														Shoulder Type and Width																																		Passing Lane 1		3.2		0.7		4.3		1				Spiral transition present at minimum curve

																																																																																16000		4.1		4.4		4.7		5.0		5.3		5.7		6.1						6.0		0.9		5.7		0.9				2000		0.5		0.5		0.6		0.7		0.7		0.8		0.9				25		0.8		4.4		1.0																																																																Passing lanes 2		2.8		0.7		4.3		1				Min Length of 500 ft, Min Radius of 1060																Spiral Transition				Present		Not Present

																																																																																																				7.0		1.0		6.1		1.0				4000		1.0		1.0		1.1		1.2		1.4		1.5		1.6				30		1.0		4.5		1.0																				base																																												Two-way left-turn lane		4.3		1.0		4.3		1										Total		K,I		PDO										1		1

																																																																																																														8000		2.0		2.0		2.2		2.3		2.4		2.6		2.7																		Paved																Gravel												Composite												Turf																Segment lighting		3.9		0.9		4.3		1				Present						4.3		1.4		2.9

																																																																																																														16000		4.0		4.0		4.1		4.2		4.3		4.4		4.5																				0		1		2		3		4		6		8				0		2		4		6		8				0		2		4		6		8				0		2		4		6		8						Auto speed enforcement		4.0		0.9		4.3		1				Not Present						4.3		1.4		2.9

																																																																																																																																														AADT (Veh/day)		Total		Total		Total		Total		Total		Total		Total		AADT (Veh/day)		Total		Total		Total		Total		Total		AADT (Veh/day)		Total		Total		Total		Total		Total		AADT (Veh/day)		Total		Total		Total		Total		Total																		Only One End						4.3		1.4		2.9

																																																																																																																																														500		0.1		0.1		0.1		0.1		0.1		0.1		0.1		500		0.1		0.1		0.1		0.1		0.1		500		0.1		0.1		0.1		0.1		0.1		500		0.1		0.1		0.1		0.1		0.1

																																																																																																																																														1000		0.3		0.3		0.3		0.3		0.3		0.3		0.2		1000		0.3		0.3		0.3		0.3		0.3		1000		0.3		0.3		0.3		0.3		0.3		1000		0.3		0.3		0.3		0.3		0.3								Present		Not Present						Super Elevation

																																																																																																																																														2000		0.6		0.6		0.6		0.6		0.5		0.5		0.5		2000		0.7		0.6		0.6		0.5		0.5		2000		0.7		0.6		0.6		0.5		0.5		2000		0.7		0.6		0.6		0.6		0.5						Centerline rumble strips		0.9		1.0						AADT 16,000																		Raduis and horiz curve

																																																																																																																																														4000		1.3		1.2		1.2		1.1		1.1		1.0		0.9		4000		1.4		1.3		1.2		1.1		1.0		4000		1.4		1.3		1.2		1.1		1.0		4000		1.4		1.3		1.2		1.1		1.0						Passing Lane 1		0.7		1.0						e								Total								AADT				2000								8000										16000

																																																																																																																																														8000		2.6		2.5		2.4		2.3		2.2		2.0		1.9		8000		2.8		2.5		2.3		2.2		2.0		8000		2.8		2.5		2.4		2.2		2.0		8000		2.8		2.4		2.2		2.1		2.0						Passing lanes 2		0.7		1.0						0		0.0						4.3		0.8										Total		K,I		PDO						Total		K,I		PDO						Length		Raduis		Total

																																																																																																																																														16000		5.2		4.9		4.7		4.5		4.4		4.0		3.7		16000		5.5		5.0		4.7		4.3		4.0		16000		5.5		5.1		4.7		4.4		4.1		16000		5.2		4.8		4.5		4.2		3.9						Two-way left-turn lane		1.0		1.0						2		0.3						4.5		0.8						Radius		1060		0.5		0.2		0.4		Radius		1060		2.1		0.7		1.5		Radius		1060		0.3		0.5		4.3		1

																																																																																																																																																																																																						Segment lighting		0.9		1.0						4		0.5						4.8		0.9						Length		500								Length		500								Length		500		0.7		0.8				1

																																																																																																																																																Paved																																																						Auto speed enforcement		0.9		1.0						6		0.8						5.0		0.9						Radius		1500		0.5		0.2		0.4		Radius		1500		2.1		0.7		1.5		Radius		1500		1.0		1.0		4.3		1

																																																																																																																																																AADT 16000																						AADT		16000.0				Gravel																																				8		1.0						5.3		1.0						Length		1000								Length		1000								Length		1000

																																																																																																																																																Crash Rate				Shoulder Width																				6 foot				AADT 16000																																																				Radius		2000		0.5		0.2		0.4		Radius		2000		2.1		0.7		1.5		Radius		2000						4.3

																																																																																																																																																5.2		1.0		0		0.0																Paved		4				Crash Rate				Shoulder Width																																																Length		1500								Length		1500								Length		1500

																																																																																																																																																4.9		0.9		1		0.1																Turf		4.2				5.5		1.00		0		0.0

																																																																																																																																																4.7		0.9		2		0.3																Gravel		4.3				5.0		0.91		2		0.3

																																																																																																																																																4.5		0.9		3		0.4																Composite		4.4				4.7		0.85		4		0.5

																																																																																																																																																4.4		0.8		4		0.5																						4.3		0.78		6		0.8

																																																																																																																																																4.0		0.8		6		0.8																						4.0		0.73		8		1.0

																																																																																																																																																3.7		0.7		8		1.0

																																																																																																																																																				Paved		1		0.25		4.0		0.91

																																																																																																																																																				Turf		2		0.5		4.2		0.95

																																																																																																																																																				Gravel		3		0.75		4.3		0.98

																																																																																																																																																				Composite		4		1		4.4		1.00
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																				Input		Sensitivity

																				AADT (veh/day)		1.0019

																				Lane Width (ft)		0.9692		Negative

																				Roadside Hazard Rating		0.3770

																				Passing Lanes		0.3488

																				Shoulder Width (ft)		0.2791		Negative

																				Superelevation Variance (ft/ft)		0.1887

																				Grade (%)		0.1532

																				Driveway Density (driveways/mile)		0.1190

																				Shoulder Type		0.1182

																				Segment Lighting		0.0930

																				Centerline Rumble Strips		0.0698

																				Auto Speed Enforcement		0.0698

																				Length of Horizontal Curve (mi)		0.0000		no effect

																				Radius of Curvature (ft)		0.0000		no effect

																				Spiral Transition Curve		0.0000		no effect

																				Two-way Left-turn Lane		0.0000
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