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6520 Platt Avenue, #923 

West Hills, CA 91307 

(818) 697-6626 

(818) 438-2253 Cell 

armen@ahtraffic.com 

 

July 15, 2021 

Mr. Tal Finney 

Finney Arnold LLP 

633 West Fifth Street 

Los Angeles, CA 90071 

 

Grocery Outlet Store located at 42175 Big Bear Boulevard in the City of Big Bear Lake 

AHTC, Inc. has completed a review of the traffic impact study conducted by KD Anderson and 

Associates on September 8, 2020, for the Grocery Outlet Store project located at 42175 Big Bear 

Boulevard in the City of Big Bear Lake. The following is a list of our comments and the 

assessment of the traffic impact study: 

PROJECT DESCRIPTION 

The Executive Summary of the traffic impact study indicates the project size as 18,000 sf of 

retail commercial space. However, the Introduction section of the traffic impact study indicates 

the size of the project as 16,000 sf. There is no explanation for this discrepancy other than lack of 

quality control and attention to details in the preparation of the traffic impact study. 

PROJECT TRIP GENERATION 

The traffic impact study (page 16) considered two land use categories to determine the project 

trip generation based on Institute of Transportation Engineers (ITE) Trip Generation Manual, 

10th Edition. The two land use categories were Code 850 for Supermarket and Code 854 for 

Discount Supermarket. Please refer to Exhibit 1 for copies of the trip generation rates from ITE 

Trip Generation Manual, 10th Edition, for Weekday, AM Peak Hour, and PM Peak Hour trip 

generation rates for both Supermarket and Discount Supermarket. The traffic impact study 

provided a comparison of the two land use categories with respect to project trip characteristics 

for project trip generation purposes in Table 6, as shown below: 
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There are many discrepancies in the data presented in the traffic study in Table 6 in comparison 

to the cited data source, as shown in Exhibit 1.  

According to the ITE Trip Generation Manual, 10th Edition (see Exhibit 1): 

• The number of studies for Code 850 Supermarket for PM Peak Hour is 13 not 73 and 

average size is 51,000 GFA not 55,000 GFA as shown in Table 6. 

• The number of studies for Code 854 Discount Supermarket for PM Peak Hour is 7 not 23 

and the average size is 94,000 GFA not 66,000 GFA. Additionally, the Range for size is 

approximately from 60,000 GFA to approximately 130,000 GFA as opposed to 15,000 to 

140,000 as shown in Table 6. 

The traffic impact study indicated (page 16) the following: 

“Review of the plotted data, however, reveals that the Discount Supermarket 

surveys included many 15 ksf to 25 ksf stores. Based on the size of the stores 

considered, either category could be employed for this analysis.”  

As mentioned above according to the cited data source, the size of the surveyed stores with 

respect to the plotted data in the ITE Trip Generation Manual ranged approximately from 60,000 

GFA to 130,000 GFA. The traffic study did not identify any other form of analysis or data source 

to show or explain the difference in the average size of the land use category.     

The traffic impact study indicated (page 16) the following: 

“For this analysis use of the Supermarket’s average rates were used. As noted in 

Table 7, these rates indicate that the proposed project could generate 1,922 daily 

trips, with 69 trips in the a.m. peak hour and 166 trips in the p.m. peak hour.”.  

Table 7 of the traffic impact study is shown below: 

 

The traffic impact analysis used Code 850 Supermarket land use rate for the traffic analysis. 

According to ITE Trip Generation Manual, 10th Edition (see Exhibit 1), the Weekday Average 

Rate for supermarket is 106.78. Therefore, the weekday trip generation for the project is 1,922 

trips as shown in Table 7 of the traffic study. 



3 
 

However, the Average Rates for the AM Peak Hour and the PM Peak Hour in Table 7 do not 

match the Average Rates as indicated in the ITE Trip Generation Manual, 10th Edition (see 

Exhibit 1).  

According to the cited data, the Average Rate for trip generation is 6.67 for AM Peak Hour 

traffic. Therefore, using the Average Rate of 6.67 would generate 120 AM Peak Hour trips. 

• 18 x 6.67 = 120 AM Peak Hour trips 

The traffic study in Table 7 indicated the Average Rate for trip generation is 3.82 for AM Peak 

Hour traffic. Therefore, using the Average Rate of 3.82 would generate 69 AM Peak Hour trips. 

• 18 x 3.82 = 69 AM Peak Hour trips  

Using a lower Average Rate resulted in lower trip generation numbers for the AM Peak Hour trip 

analysis. 

Furthermore, the Directional Distributions for in and out trips in the AM Peak Hour as indicated 

in Table 7 of the traffic impact study do not match the ITE Trip Generation Manual, 10th Edition. 

According to the cited source, the Directional Distribution for in direction is 52% entering and 

out direction is 48% exiting. However, Table 7 indicated 60% for in direction and 40% for out 

direction. 

Similarly, according to cited data, the Average Rate for trip generation is 7.60 for PM Peak Hour 

traffic. Therefore, using the Average Rate of 7.60 would generate 137 PM Peak Hour trips. 

• 18 x 7.60 = 137 PM Peak Hour trips 

The traffic study in Table 7 indicated the Average Rate for trip generation is 9.24 for PM Peak 

Hour traffic. Therefore, using the Average Rate of 9.24 would generate 166 PM Peak Hour trips. 

• 18 x 9.24 = 166 PM Peak Hour trips  

Using a higher Average Rate resulted in higher trip generation numbers to be used for the PM 

Peak Hour trip analysis. 

Furthermore, the Directional Distributions for in and out trips in the PM Peak Hour as indicated 

in Table 7 of the traffic impact study do not match the ITE Trip Generation Manual, 10th Edition. 

According to the cited source, the Directional Distribution for in direction is 52% entering and 

out direction is 48% Exiting. However, Table 7 indicated 51% for in direction and 49% for out 

direction. 

We could not find any documented analysis or justification for using different Average Rates for 

trip generation and Directional Distributions in the traffic study or the attachments. In contrast, 

as previously indicated the traffic impact study (page 16) noted that “For this analysis use of 

the Supermarket’s average rates were used.”  
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PASS-BY TRIP ASSUMPTIONS 

Traffic impact study indicated (page 17): 

“Caltrans District 8 direction suggests that absent other information a default of 

15% pass-by trips may be employed. It is reasonable to expect that the default value 

will be exceeded in this case because SR 18 is a major regional facility. Many 

shoppers will simply stop at the grocery outlets store on their way home from work 

or as part of trips to Big Bear Lake Village / Resort. For this analysis, no pass-by 

trips have been assumed in the a.m. peak hour, the ITE pass-by rates have been 

assumed in the p.m. peak hour and on a daily basis.”.  

Despite Caltrans recommendation for 15% pass-by trip discount rate, the traffic study relied on 

older version of ITE Trip Generation Manual, 3rd Edition (see Exhibit 2), and used average 36% 

pass-by trip discount rate for Supermarket for the PM Peak Hour trip generation. 

The traffic impact study used the Supermarket land use category to calculate the project trip 

generation as opposed to Discount Supermarket category. According to ITE Trip Generation 

Manual, 3rd Edition, the average pass-by discount rate for Supermarket is much higher at 36% 

than the pass-by discount rate for Discount Supermarket at 21%.  

Assuming the Average Trip rates as presented in Table 7 of the traffic impact study is somehow 

justifiable or explained, the use of Supermarket category as opposed to Discount Supermarket 

provided the project with 13 less PM Peak Hour trips to be used in the calculation of traffic 

conditions during the PM Peak Hour. The table below is an illustration of the impact of pass-by 

trip discount rates on the PM Peak Hour trip generation of the project for the two possible land 

use categories:     

ITE Code Description PM Peak Hour 

Rate Used by 

Traffic Impact 

Study 

PM Peak Hour 

Trip Generation 

Pass-by 

Discount 

Rate 

Net 

New 

Trips 

854 Discount Supermarket 8.38 151 21% 119 

850 Supermarket 9.24 166 36% 106 

Difference     -13 

 

RELATED PROJECT TRIP GENERATION 

Table 11 (page 26) in the traffic impact study does not include necessary and customary 

information to verify the data in the trip generation table. The missing information are project 

address, land use number per ITE Trip Generation Manual, and the generated trips. The 

information in the related projects list Table 11 is not transparent for verification of trip 

generation by related projects, as shown below: 
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SIGHT DISTANCE, ACCESS / INTERNAL CIRCULATION 

The access feasibility analysis for Big Bear Boulevard (SR 18) in the traffic impact study (page 

39) stated the following: 

“Precedence on Big Bear Blvd (SR 62) 

Left turns might not be allowed if Caltrans or the City of Big Bear Lake have 

regularly limited access under similar circumstances as a matter of policy. In this 

case, it does not appear that there are any locations where left turns onto the 

highway have been physically prohibited. This condition may result from snow 

removal requirements and the need to avoid conflicts between snowplows and raised 

islands.” 

As shown in the vicinity map Figure 1 (page 3) of the traffic impact study, the project site is 

located on the eastside of Big Bear Boulevard just north of Sandalwood Drive on a sharp 

horizontal curve on an elevated terrain above Big Bear Boulevard. 

The traffic study relied entirely on “precedence” rather than conducting adequate analysis to 

determine if safe access for ingress and egress may be provided to the project site. An adequate 

traffic safety analysis would include consideration of speed, ingress/egress demand, traffic 

volumes, sight distance and visibility analysis, and acceleration/deceleration requirements. 

The traffic impact study (page 41) indicated the following:  

“Sight distance for exiting traffic at the Grocery Outlet driveways 

 

The HDM notes sight distance requirements for vehicles entering the state highway. 

Table 201.1 indicates that motorists need to be able to see an approaching vehicle at 

40 mph when it is 300 feet away. Because the project site is along a horizontal curve, 
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the line of site looking right from the southern driveway and the view looking left 

from the northern driveway crosses over property that is outside of the current 

pavement section and right of way for SR 18. Today the topography in this area 

blocks the line of site. The project proponents anticipate on-site excavation to 

provide a line of site satisfying the 300 foot requirement at each driveway in both 

directions.” 

 

The traffic impact study relied on the posted speed limit of 40 mph to determine the sight 

distance referring to Table 201.1 of the Highway Design Manual (HDM). Therefore, the site 

distance analysis for the project was conducted using the 40-mph posted speed limit as opposed 

to the design speed of the roadway. The use of the posted speed limit of 40 mph was also 

confirmed according to the sight distance drawing, please refer to Exhibit 3. The “Design 

Information” table on the site distance drawing analysis clearly identifies that the analysis used 

40 mph posted speed limit rather than the design speed of the roadway.  

HDM Table 201.1 clearly indicates that the speed used to determine the safe sight distance for 

stopping is the design speed NOT the posted speed limit. Please refer to Exhibit 3 for a copy of 

HDM Chapter 200, page 2, Table 201.1, also shown below: 

 

The inadequacy of the sight distance analysis in the traffic study was clearly pointed out by 

Caltrans in their comment letter addressed to the City of Big Bear, dated February 9, 2021. 
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Please refer to Exhibit 4. The letter indicated the following with respect to the sight distance 

analysis: 

“8) The Sight Distance exhibit, while helpful, was not prepared in accordance to 

Caltrans design standards. Please revise and resubmit for review.” 

Caltrans in a follow up comment letter dated April 19, 2021, indicated the following with respect 

to the sight distance analysis. Please refer to exhibit 4. The letter indicated the following with 

respect to the sight distance analysis: 

“3) The Caltrans permit submittal package should include a Sight Distance exhibit 

prepared in accordance to Caltrans Design Manual Topic 405.1. Corner sight 

distance should be based on the highway design speed, not posted speed. Clear sight 

triangles should be shown to the right and left of the decision point and follow the 

path of the highway.”  

Please note that the traffic impact study used Table 201.1 in Topic 201 to determine the sight 

distance instead of the appropriate section of HDM Topic 405.1.  

We submitted a Public Records Request to the City of Big Bear Lake requesting a copy of the 

Speed Zone Survey for Big Bear Boulevard in the vicinity of the project site. The City of Big 

Bear Lake responded informing us that they did not have a copy of the requested Speed Zone 

Survey.  

We also requested Caltrans to provide us with the design speed for Big Bear Boulevard as well 

as the speed zone survey. Caltrans initially responded to both our requests by indicating that they 

needed more time than the 10-day period to research and respond to our requested information. 

Finally, we received a response from Caltrans on July 15, 2021, which was completely irrelevant 

to our requested documents. 

The reason we were trying to find the design speed of the roadway in the vicinity of the project 

was to determine the appropriate design speed that should be used for the sight distance analysis. 

In absence of the information regarding the design speed, we tried to get a copy of the speed 

zone survey to determine the 85th percentile speed (aka critical speed) of Big Bear Boulevard. 

The critical speed or the 85th percentile speed indicates the speed at or below which 85 percent of 

all vehicles are observed to travel under free-flowing conditions past a monitored point which 

means that there are also 15 percent of the vehicles that exceed the critical speed. Determining 

the 85th percentile speed would also be helpful in assessing the proper sight distance for the 

roadway. 

With respect to sight distance limitations and severe visibility conditions at both project 

driveways, the traffic impact study indicates that the project proponents would excavate the 

project site to improve the visibility for egress traffic. However, given the location of the project 

it is safe to anticipate that the visibility for both driveways could be obstructed during winter 

when snow may buildup on the location where currently the embankment with the boulders 

obstructs the view of drivers. Additionally, over time there may be vegetation growth or other 
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materials that could obstruct the visibility of drivers and cause a dangerous situation. The line of 

sight should not encroach over private property and it should only be determined based on public 

right of way to ensure continuous maintenance of clear line of sight. 

On April 28, 2021, the City of Big Bear Lake, Planning Department, issued a letter imposing a 

general condition on the project by restricting left turns out of the northern driveway, see Exhibit 

5, indicating the following: 

“General conditions: 

35. Exiting left-hand turning movements from the northern driveway shall be 

prohibited. "No left-hand turn" signs shall be placed at the northern driveway to 

prevent exiting traffic from doing so. Sufficient line-of-sight shall be provided for 

exiting right-hand turning movements as required by the California Department of 

Transportation (Cal Trans).” 

Restricting left turns out of the northerly driveway would partially improve the dangerous 

conditions at that location. However, this restriction would not resolve the visibility issues for 

vehicles exiting the driveway turning right out of the northerly driveway. Allowing vehicles to 

exit the northerly driveway would create a dangerous situation for motorists for rear-end 

accidents. 

FIELD VIST TO PROJECT SITE 

We conducted a field investigation of the project site on July 14, 2021, between the hours of 10 

AM and 1 PM. The purpose of the investigation was to assess the sight distance for the proposed 

project driveways. The following is the findings based on field observations of the roadway and 

the traffic conditions adjacent to and in the vicinity of the project site: 

We began our investigation by observing general traffic conditions in the vicinity of the project. 

Initially we noted left turn restrictions at two unsignalized driveways at the commercial property 

immediately south of the project site, shown below:   
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As shown in the aerial photograph, both these driveways are located outside the blind curve to 

the north of the subject commercial site. The placement of No Left Turn signs at these driveways 

indicates existing safety problems for traffic turning left out onto Big Bear Boulevard from the 

east side of the road. 

Furthermore, as previously mentioned in this report, the traffic impact study (page 39) stated the 

following: 
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“Precedence on Big Bear Blvd (SR 62) 

Left turns might not be allowed if Caltrans or the City of Big Bear Lake have 

regularly limited access under similar circumstances as a matter of policy. In this 

case, it does not appear that there are any locations where left turns onto the 

highway have been physically prohibited. This condition may result from snow 

removal requirements and the need to avoid conflicts between snowplows and raised 

islands.” 

This statement in the traffic study is factually false. Therefore, there is precedence to restrict left 

turns out of driveways on Big Bear Boulevard even at locations where a blind curve is not as 

severe as the location next to the proposed project site.  

We continued our investigation by evaluating the severity of the blind horizontal curve 

immediately adjacent to the project site. We noted that in addition to the horizontal curvature, the 

roadway moving north is on a slight downslope. We observed vehicles picking up speed due to 

the slope as they moved north around the horizontal curve on Big Bear Boulevard. 

Using a laser distance measuring device, we then evaluated the sight distance at the proposed 

project driveways by taking actual sight distance measurements to determine an approximate line 

of sight given the existing conditions. For the southerly driveway, the sight distance for vehicles 

moving in the northbound direction towards the driveway was approximately 265 feet and for 

vehicles moving in the southbound direction towards the driveway was approximately 245 feet. 

For the northerly driveway, the sight distance for vehicles moving in the northbound direction 

towards the driveway was approximately less than 150 feet. Vehicles moving in the southbound 

direction had adequate visibility.  

In absence of a valid speed zone survey, we tried to determine the approximate speed of vehicles 

approaching the project driveways from both directions by pacing the vehicles on the Big Bear 

Boulevard. The observed speeds measurements were taken between 12 PM and 1 PM. We 

recorded ten speed measurements for each direction. The free flow speeds moving in the 

northbound direction ranged between 42 mph to 57 mph. The free flow speeds moving in the 

southbound direction ranged between 40 mph to 55 mph.  

However, on the day of our filed investigations there was roadway construction on Big Bear 

Boulevard in the vicinity of the project site and directly adjacent to the proposed project site. 

There were many road construction signs including a changeable message sign on the road 

advising drivers about the roadway construction zone to slow down. Despite the roadway 

construction signs drivers well exceeded the posted speed limit on Big Bear Boulevard. 

Therefore, it is safe to reasonably conclude that in absence of the construction work the speeds as 

observed during our investigation would be much higher than the posted speed limit on Big Bear 

Boulevard adjacent to the project site.  
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DRIVEWAY THROAT DEPTH 

There is a discrepancy in the executive summary and the body of the traffic impact study. In the 

executive summary, the traffic study indicates the 95th percentile queue at each location is 60 

feet. However, in the body of the traffic study the 95th percentile queue length is indicated as 80 

to 100 feet.  

The executive summary (page viii) indicates the following: 

“Driveway Throat Depths. The length of the throat at each driveway has been 

assessed to confirm that waiting vehicles do not extend back into the site and block 

the path of entering vehicles. The northern driveway has a 220 foot long throat and 
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the southern driveway throat is 260 feet long. In comparison, the 95th percentile 

queue at each location under Year 2040 condition is 60 feet. At each location the 

projected queue is much less than the available throat, and the design is adequate.” 

The body of the report (page 42) indicated the following: 

“Available Throat Depths. The length of the throat at each driveway has been 

assessed to confirm that waiting vehicles do not extend back into the site and block 

the path of entering vehicles, which in turn could affect traffic on public streets. 

Review of the current site plan indicates that the throats at each driveway are very 

long. The northern driveway has a 220 foot long throat and the southern driveway 

throat is 260 feet. In comparison, the 95th percentile queues at each location are 80 

to 100 feet. 

Assessment. These throat depths have been compared to projected 95th percentile 

queues. At each location the projected queue is much less than the available throat, 

and the design is adequate.” 

DELIVERY TRUCK CIRCULATION 

According to the traffic study (page i), each driveway access road has a grade of about 6% 

downhill to Big Bear Boulevard. Due to the topography of the project site with 6% grade on the 

driveways and the meandering driveway access curves, there will be conflict between delivery 

trucks and vehicles on the project driveways. Even if the deliveries are made during off-peak 

hours there would still be vehicles entering or exiting the driveways that could cause backups 

both on the project parking lot and on the street. Due to visibility constraints at the driveways 

any traffic backup on Big Bear Boulevard could create a dangerous condition.  

Additionally, the design requirements for the driveways with respect to turning radii were not 

confirmed by the traffic impact study. Therefore, it is not clear why the traffic study indicates 

that “the truck delivery route appears acceptable”.  

The traffic study (page 42) indicated the following: 

“The path of delivery trucks through the Grocery Outlet Store site is governed by 

the orientation of the loading dock which is located on the north side of the building 

and faces easterly. Trucks will enter at the southern driveway and back into the 

dock. Exiting trucks would then proceed to the northern driveway. Truck deliveries 

typically occur twice a week during off peak hours. 

Review of the site plan reveals that the project can provide the aisle width needed to 

accommodate this truck route. Trucks may use the breadth of each driveway when 

entering or exiting the site. This is typically acceptable since deliveries would be 

expected during off-peak hours when opposing on-site traffic would be minimal. 

While it will be necessary to confirm the design requirements at each driveway with 

regards to truck turning radii, the truck delivery route appears acceptable.”. 
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The following image depicts the delivery truck route accessing the project from the southerly 

driveway and exiting the project site from the northerly driveway making a wide right turn 

encroaching into the northbound number traffic lane. As shown by the yellow line in the 

following image, the delivery trucks would have to use the entire width of the driveways to be 

able to maneuver the meandering driveways in order to enter and exit the site.  

Additionally, given the sight distance constrains at the northerly driveway, exiting trucks would 

create a dangerous condition for vehicles traveling in the northbound direction on Big Bear 

Boulevard.   

 

 

CONCLUSION 

The review of the traffic impact study revealed many discrepancies within the various sections of 

the traffic study.  

Additionally, we could not find any documentation to justify the deviation for the data as 

presented in Tables 6 and 7 in comparison to the cited data from ITE Trip Generation Manual, 

10th Edition, to calculate the project trip generation during the AM and PM peak hours. The 

project trip generation was also substantially reduced by using an unreasonably high pass-by 

discount rate of 36% for a grocery outlet discount store as opposed to using the suggested 15% 

bass-by discount rate by Caltrans. 
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The sight distance analysis in the traffic impact study for ingress and egress traffic to the project 

site used the posted speed limit as opposed to using the roadway design speed as required by the 

Highway Design Manual. Furthermore, the sight distance analysis relied on the wrong Topic 

section of the Highway Design Manual to determine the safe sight distance at both project 

driveways. These issues were also documented twice in the comment letters issued by Caltrans 

on February 9, 2021, and April 19, 2021. We could not find any documentation in the project file 

that addressed the comments by Caltrans regarding sight distance analysis.            

Please let me know if you have any questions.  

Sincerely, 

Armen Hovanessian 

Armen D. Hovanessian, Principal, P.E., T.E., PTOE 

armen@ahtraffic.com 

(818) 438-2253 
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Land Use: 854
Discount Supermarket

Description

A discount supermarket is a free-standing retail store selling a complete assortment of food (often 
in bulk), food preparation and wrapping materials, and household cleaning and servicing items at 
discounted prices. Some facilities may be open 24 hours a day. Supermarket (Land Use 850) is a 
related use.

Additional Data

For the limited number of sites with multi-hour count data, the weekday site peak hours fell between 
2:00 and 6:00 p.m. The Saturday and Sunday site peak hours fell between 1:00 and 5:00 p.m.

The sites were surveyed in the 1980s, the 1990s, the 2000s, and the 2010s in Alberta (CAN), 
Canada, California, Nevada, New York, Oregon, Washington, and Wisconsin.

Caution should be used when applying daily trip generation rates for discount supermarkets, 
as the database contains a mixture of facilities with varying hours of operation. Future data 
submissions should specify the hours of operation of the study site.

Source Numbers

221, 236, 440, 537, 566, 738, 893, 959

360 Trip Generation Manual 10th Edition • Volume 2: Data • Retail (Land Uses 800–899)
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Supermarket
(850)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday

Setting/Location: General Urban/Suburban
Number of Studies: 5

Avg. 1000 Sq. Ft. GFA: 34
Directional Distribution: 50% entering, 50% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA
Average Rate Range of Rates Standard Deviation

106.78 68.67 - 170.24 37.56

Data Plot and Equation Caution – Small Sample Size

T 
= 

Tr
ip

 E
nd

s

X = 1000 Sq. Ft. GFA

Study Site Average RateFitted Curve

Fitted Curve Equation: T = 70.89(X) + 1212.64 R²= 0.70

Trip Gen Manual, 10th Edition Institute of Transportation Engineers
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Land Use: 850
Supermarket

Description

A supermarket is a free-standing retail store selling a complete assortment of food, food 
preparation and wrapping materials, and household cleaning items. Supermarkets may also 
contain the following products and services: ATMs, automobile supplies, bakeries, books and 
magazines, dry cleaning, floral arrangements, greeting cards, limited-service banks, photo centers, 
pharmacies, and video rental areas. Some facilities may be open 24 hours a day. Discount 
supermarket (Land Use 854) is a related use.

Additional Data

Caution should be used when applying daily trip generation rates for supermarkets, as 
the database contains a mixture of facilities with varying hours of operation. Future data 
submissions should specify hours of operation of a site.

Time-of-day distribution data for this land use for a weekday, Saturday, and Sunday are presented in 
Appendix A. For the one general urban/suburban site with data, the overall highest vehicle volumes 
during the AM and PM on a weekday were counted between 11:00 a.m. and 12:00 p.m. and 4:00 
and 5:00 p.m., respectively. For the one dense multi-use urban site with data, the overall highest 
vehicle volumes during the AM and PM on a weekday were counted between 11:45 a.m. and 12:45 
p.m. and 5:15 and 6:15 p.m., respectively.

The sites were surveyed in the 1980s, the 1990s, the 2000s, and the 2010s in Alberta (CAN), 
California, Colorado, Connecticut, District of Columbia, Florida, Illinois, Kentucky, Maryland, 
Minnesota, New Jersey, New York, Oregon, Pennsylvania, South Dakota, Texas, Vermont, Virginia, 
Washington, and Wisconsin.

Source Numbers

213, 251, 273, 305, 359, 365, 438, 442, 447, 448, 514, 520, 552, 577, 610, 715, 716, 728, 746, 854, 
870, 882, 917, 926, 935, 946, 961, 966, 975

275Trip Generation Manual 10th Edition • Volume 2: Data • Retail (Land Uses 800–899)
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CHAPTER 200 – GEOMETRIC DESIGN AND 
STRUCTURE STANDARDS 
Topic 201 – Sight Distance 
Index 201.1 – General 
Sight distance is the continuous length of highway ahead, visible to the highway user.  
Four types of sight distance are considered herein: passing, stopping, decision, and 
corner.  Passing sight distance is used where use of an opposing lane can provide passing 
opportunities (see Index 201.2).  Stopping sight distance is the minimum sight distance for 
a given design speed to be provided on multilane highways and on 2-lane roads when 
passing sight distance is not economically obtainable.  Stopping sight distance also is to 
be provided for all users, including motorists and bicyclists, at all elements of interchanges 
and intersections at grade, including private road connections (see Topic 504, 
Index 405.1, & Figure 405.7).  Decision sight distance is used at major decision points 
(see Indexes 201.7 and 504.2).  Corner sight distance is used at intersections (see 
Index 405.1, Figure 405.7, and Figure 504.3I). 
Table 201.1 shows the minimum standards for stopping sight distance related to 
design speed for motorists.  Stopping sight distances given in the table are suitable for 
Class II and Class III bikeways.  The stopping sight distances are also applicable to 
roundabout design on the approach roadway, within the circulatory roadway, and on the 
exits prior to the pedestrian crossings.  Also shown in Table 201.1 are the values for use 
in providing passing sight distance. 
See Chapter 1000 for Class I bikeway sight distance guidance. 
Chapter 3 of "A Policy on Geometric Design of Highways and Streets," AASHTO, contains 
a thorough discussion of the derivation of stopping sight distance. 

201.2  Passing Sight Distance 
Passing sight distance is the minimum sight distance required for the driver of one vehicle 
to pass another vehicle safely and comfortably.  Passing must be accomplished assuming 
an oncoming vehicle comes into view and maintains the design speed, without reduction, 
after the overtaking maneuver is started. 
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Table 201.1 

Sight Distance Standards 

Design Speed
(1) 

(mph) 
Stopping

(2) 
(ft) 

Passing 
(ft) 

10 50 --- 
15 100 --- 
20 125 800 
25 150 950 
30 200 1,100 
35 250 1,300 
40 300 1,500 
45 360 1,650 
50 430 1,800 
55 500 1,950 
60 580 2,100 
65 660 2,300 
70 750 2,500 
75 840 2,600 
80 930 2,700 

Notes: 
(1)See Topic 101 for selection of design speed. 
(2)For sustained downgrades, refer to underlined standard in Index 201.3 

The sight distance available for passing at any place is the longest distance at which a 
driver whose eyes are 3 ½ feet above the pavement surface can see the top of an object 
4 ¼ feet high on the road.  See Table 201.1 for the calculated values that are associated 
with various design speeds. 
In general, 2-lane highways should be designed to provide for passing where possible, 
especially those routes with high volumes of trucks or recreational vehicles.  Passing 
should be done on tangent horizontal alignments with constant grades or a slight sag 
vertical curve.  Not only are drivers reluctant to pass on a long crest vertical curve, but it 
is impracticable to design crest vertical curves to provide for passing sight distance 
because of high cost where crest cuts are involved.  Passing sight distance for crest 
vertical curves is 7 to 17 times longer than the stopping sight distance. 
Ordinarily, passing sight distance is provided at locations where combinations of alignment 
and profile do not require the use of crest vertical curves. 
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Passing sight distance is considered only on 2-lane roads.  At critical locations, a stretch 
of 3- or 4-lane passing section with stopping sight distance is sometimes more economical 
than two lanes with passing sight distance. 
Passing on sag vertical curves can be accomplished both day and night because 
headlights can be seen through the entire curve. 
See Part 3 of the California Manual on Uniform Traffic Control Devices (California 
MUTCD) for criteria relating to the placement of barrier striping for no-passing zones.  
Note, that the passing sight distances shown in the California MUTCD are based on traffic 
operational criteria.  Traffic operational criteria are different from the design characteristics 
used to develop the values provided in Table 201.1 and Chapter 3 of AASHTO, A Policy 
on Geometric Design of Highways and Streets.  The aforementioned table and AASHTO 
reference are also used to design the vertical profile and horizontal alignment of the 
highway.  Consult the District Traffic Engineer or designee when using the California 
MUTCD criteria for traffic operating-control needs. 
Other means for providing passing opportunities, such as climbing lanes or turnouts, are 
discussed in Index 204.5.  Chapter 3 of AASHTO, A Policy on Geometric Design of 
Highways and Streets, contains a thorough discussion of the derivation of passing sight 
distance. 

201.3  Stopping Sight Distance 
The minimum stopping sight distance is the distance required by the user, traveling at a 
given speed, to bring the vehicle or bicycle to a stop after an object ½-foot high on the 
road becomes visible.  Stopping sight distance for motorists is measured from the driver's 
eyes, which are assumed to be 3 ½ feet above the pavement surface, to an object ½-foot 
high on the road.  See Index 1003.1(10) for Class I bikeway stopping sight distance 
guidance. 
The stopping sight distances in Table 201.1 should be increased by 20 percent on 
sustained downgrades steeper than 3 percent and longer than one mile. 

201.4  Stopping Sight Distance at Grade Crests 
Figure 201.4 shows graphically the relationships between length of highway crest vertical 
curve, design speed, and algebraic difference in grades.  Any one factor can be 
determined when the other two are known. 

201.5  Stopping Sight Distance at Grade Sags 
From the curves in Figure 201.5, the minimum length of vertical curve which provides 
headlight sight distance in grade sags for a given design speed can be obtained. 
If headlight sight distance is not obtainable at grade sags, lighting may be considered.  
The District approval authority or Project Delivery Coordinator, depending upon the current 
District Design Delegation Agreement, and the District Traffic Engineer or designee shall 
be contacted to review proposed grade sag lighting to determine if such use is appropriate. 
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201.6  Stopping Sight Distance on Horizontal Curves 
Where an object off the pavement such as a bridge pier, building, cut slope, or natural 
growth restricts sight distance, the minimum radius of curvature is determined by the 
stopping sight distance. 
Available stopping sight distance on horizontal curves is obtained from Figure 201.6.  It is 
assumed that the driver's eye is 3 ½ feet above the center of the inside lane (inside with 
respect to curve) and the object is ½-foot high.  The line of sight is assumed to intercept 
the view obstruction at the midpoint of the sight line and 2 feet above the center of the 
inside lane when the road profile is flat (i.e. no vertical curve).  Crest vertical curves can 
cause additional reductions in sight distance.  The clear distance (m) is measured from 
the center of the inside lane to the obstruction. 
The design objective is to determine the required clear distance from centerline of inside 
lane to a retaining wall, bridge pier, abutment, cut slope, or other obstruction for a given 
design speed.  Using radius of curvature and minimum sight distance for that design 
speed, Figure 201.6 gives the clear distance (m) from centerline of inside lane to the 
obstruction. 
See Index 1003.1(13) for bikeway stopping sight distance on horizontal curve guidance. 
When the radius of curvature and the clear distance to a fixed obstruction are known, 
Figure 201.6 also gives the sight distance for these conditions. 
See Index 101.1 for technical reductions in design speed caused by partial or momentary 
horizontal sight distance restrictions.  See Index 203.2 for additional comments on glare 
screens. 
Cuts may be widened where vegetation restricting horizontal sight distance is expected to 
grow on finished slopes.  Widening is an economic trade-off that must be evaluated along 
with other options.  See Topic 902 for sight distance requirements on landscape projects. 

201.7  Decision Sight Distance 
At certain locations, sight distance greater than stopping sight distance is desirable to 
allow drivers time for decisions without making last minute erratic maneuvers (see Chapter 
III of AASHTO, A Policy on Geometric Design of Highways and Streets, for a thorough 
discussion of the derivation of decision sight distance.) 
On freeways and expressways the decision sight distance values in Table 201.7 should 
be used at lane drops and at off-ramp noses to interchanges, branch connections, safety 
roadside rest areas, vista points, and inspection stations.  When determining decision sight 
distance on horizontal and vertical curves, Figures 201.4, 201.5, and 201.6 can be used.  
Figure 201.7 is an expanded version of Figure 201.4 and gives the relationship among 
length of crest vertical curve, design speed, and algebraic difference in grades for much 
longer vertical curves than Figure 201.4. 
Decision sight distance is measured using the 3 ½-foot eye height and ½-foot object 
height.  See Index 504.2 for sight distance at secondary exits on a collector-distributor 
road. 
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Table 201.7 
Decision Sight Distance 

Design Speed(mph) Decision Sight Distance(ft) 
30 450 
35 525 
40 600 
45 675 
50 750 
55 865 
60 990 
65 1,050 
70 1,105 
75 1,180 
80 1,260 

 

Topic 202 – Superelevation 
202.1  Basic Criteria 
When a vehicle moves in a circular path, it undergoes a centripetal acceleration that acts 
toward the center of curvature.  This force is countered by the perceived centrifugal force 
experienced by the motorist. 
On a superelevated highway, this force is resisted by the vehicle weight component 
parallel to the superelevated surface and by the side friction developed between the tires 
and pavement.  It is impractical to balance centrifugal force by superelevation alone, 
because for any given curve radius a certain superelevation rate is exactly correct for only 
one driving speed.  At all other speeds there will be a side thrust either outward or inward, 
relative to the curve center, which must be offset by side friction. 
If the vehicle is not skidding, these forces are in equilibrium as represented by the following 
simplified curve equation, which is used to design a curve for a comfortable operation at 
a particular speed: 
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Figure 201.4 

Stopping Sight Distance on Crest Vertical Curves 

 

Drivers eye height is 3 ½ feet. 
Object height is ½-foot. 

L = Curve Length  (feet) 
A = Algebraic Grade Difference  
(%) 
S = Sight Distance  (feet) 
V = Design Speed for “S” in mph  
K = Distance in feet required to 

achieve a 1% change in 
grade.  K value as shown on 
graph is valid when S < L. 

Notes: 
� Before using this figure for intersections, branch connections and exits, see 

Indexes 201.7 and 405.1, and Topic 504. 
� See Figure 204.4 for vertical curve formulas. 
� See Index 204.4 for minimum length of vertical curve 

When  S > L 
 
L = 2S – 
1329/A 

When  S < L 
 
L = AS2 /1329 
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Figure 201.5 

Stopping Sight Distance on Sag Vertical Curves 
 

 

L = Curve Length (feet) 
A = Algebraic Grade 
Difference (%) 
S = Sight Distance (feet) 
V = Design Speed for 
“S” in mph 
K = Distance in feet 

required to achieve a 
1% change in grade.  
K value as shown on 
graph is valid when 
S < L. 

Notes: 
� For sustained downgrades, see Index 201.3. 
� Before using this figure for intersections, branch connections and exits, see 

Indexes 201.7 and 405.1, and Topic 504. 
� See Figure 204.4 for vertical curve formulas. 
� See Index 204.4 for minimum length of vertical curve. 

When  S > L 
 
L = 2S - (400 + 3.5S)/A 

When  S < L 
 
L = AS2 /(400 + 3.5S) 
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Figure 201.6 

Stopping Sight Distance on Horizontal Curves 
 

 

Line of sight is 2.0 feet 
above the centerline inside 
lane at point of obstruction. 
R = Radius of the 

centerline of the lane 
nearest the obstruction 
(feet). 

S = Sight Distance (feet) 
V = Design Speed for “S” 
in mph 
m = Clear distance from 

centerline of the lane 
nearest the obstruction  
(feet). 

Notes: 
� For sustained downgrades, see Index 201.3. 
� Formulas apply only when “S” is equal to or less than 

length of curve. 
� Angles in formulas are expressed in degrees. 
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Figure 201.7 

Decision Sight Distance on Crest Vertical Curves 
 
 

Drivers eye height is 3½ feet. 
Object height is ½-foot. 

L = Curve Length  (feet) 
A = Algebraic Grade Difference  (%) 
S = Sight Distance  (feet) 
V = Design Speed for “S” in mph  
K = Distance in feet required to 

achieve a 1% change in grade.  
K value as shown on graph is 
valid when S < L. 

Notes: 
� Before using this figure for intersections, branch connections and exits, see 

Indexes 201.7 and 405.1, and Topic 504. 
� See Figure 204.4 for vertical curve formulas. 
� See Index 204.4 for minimum length of vertical curve. 

When  S > L 
 
L = 2S – 1329/A 

When  S < L 
 
L = AS2 /1329 
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e+f  

Where: 
 e = Roadway superelevation slope, feet per foot 
 f = Side friction factor 
 R = Curve radius, feet 
 V = Vehicle speed, miles per hour 
Standard superelevation rates are designed to hold the portion of the centrifugal force that 
must be taken up by tire friction within allowable limits.  Friction factors as related to speed 
are shown on Figure 202.2.  The factors apply equally to flexible and rigid pavements. 

202.2  Standards for Superelevation 
(1) Highways.  Maximum superelevation rates for various highway conditions are shown in 

Tables 202.2A through 202.2E.  The maximum rates of superelevation (emax) used on 
highways are controlled by four factors:  climate conditions (i.e., frequency and amount 
of snow and ice); terrain conditions (i.e., flat, rolling, or mountainous); type of area (i.e., 
rural or urban); and frequency of slow-moving vehicles whose operations might be 
affected by high superelevation rates.  Consideration of these factors jointly leads to the 
conclusion that no single maximum superelevation rate is universally applicable. 
The highest superelevation rate for highways in common use is 10 percent, although 
12 percent is used in some cases.  Superelevation rates above 8 percent are only used 
in areas without snow and ice.  Although higher superelevation rates offer an advantage 
to vehicles at high speeds, current practice considers that rates in excess of 12 percent 
are beyond practical limits.  This practice recognizes the combined effects of construction 
processes, maintenance difficulties, and operation of vehicles at low speeds. 
Where traffic congestion or the clustered land use of developing corridors (i.e., industrial, 
commercial, and residential) restricts top speeds, it is common practice to utilize a lower 
maximum rate of superelevation (typically 4 to 6 percent).  Similarly, either a low 
maximum rate of superelevation or no superelevation is employed within intersection 
areas or where there is a tendency to drive slowly because of turning and crossing 
movements, warning devices, and signals.  In these areas it is difficult to warp crossing 
pavements for drainage without providing negative superelevation for some turning 
movements.  Therefore, use of Tables 202.2D and 202.2E for urban roads may not apply 
in these locations. 
Roadways described below, (a) through (e), shall be designed with the emax 
indicated.  Design of local roads should generally use (d) and (e). 
(a) Use emax=12% for ramps, connectors,  

2-lane conventional highways, and frontage roads.  See Index 202.7 for frontage 
roads under other jurisdictions. 

(b) Use emax=10% for freeways, expressways, and multilane conventional highways. 
(c) Use emax=8% when snow and ice conditions prevail (usually over 3,000 feet 

elevation). 
(d) Use emax=6% for urban roads with design speeds 35 to 45 miles per hour. 
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(e) Use emax=4% for urban roads with design speeds less than 35 miles per hour. 
Based on the above emax, superelevation rates from Tables 202.2A through 202.2E 
shall be used with the minimum curve radii and design speed (Vd).  If the superelevation 
rate is not a whole number, the superelevation rate may be rounded up to the next whole 
number.  If less than standard superelevation rates are approved (see Index 82.1), 
Figure 202.2 shall be used to determine superelevation based on the curve radius and 
maximum comfortable speed. 
When using Tables 202.2A through 202.2E for a given radius, interpolation is not necessary 
as the superelevation rate should be determined from a radius equal to, or slightly smaller 
than, the radius provided in the table.  The result is a superelevation rate that is rounded up 
to the nearest 0.2 of a percent.  For example, a 50 mph curve with a maximum superelevation 
rate of 8 percent and a radius of 1,880 feet should use the radius of 1,830 feet to obtain a 
superelevation of 5.4 percent.  Also, Tables 202.2A through 202.2E use the following terms 
as defined: 
(1) “normal crown” (NC) designates a traveled way cross section used on curves that are so 

flat that the elimination of adverse cross slope is not needed, and thus the normal cross 
slope sections can be used.  See Index 301.3 for further guidance. 

(2) “remove adverse crown” (RC) designates curves where the adverse cross slope should 
be eliminated by superelevating the entire roadway at the normal cross slope rate. 

Maximum comfortable speed is determined by the formula given on Figure 202.2.  It 
represents the speed on a curve where discomfort caused by centripetal acceleration is 
evident to a driver.  AASHTO, A Policy on Geometric Design of Highways and Streets, states, 
"In general, studies show that the maximum side friction factors developed between new tires 
and wet concrete pavements range from about 0.5 at 20 miles per hour to approximately 
0.35 at 60 miles per hour.  In all cases, the studies show a decrease in friction values as 
speeds increase. 
To use Figure 202.2, the designer must decide on the relative importance among three 
variables.  Normally, when a nonstandard superelevation rate is approved, Figure 202.2 will 
be entered with the superelevation rate and a desired curve radius.  It must then be 
determined whether the resulting maximum comfortable speed is adequate for the conditions 
or whether further adjustments to radius and superelevation may be needed. 
Except for short radius curves, the standard superelevation rate results in very little side 
thrust at speeds less than 45 miles per hour.  This provides maximum comfort for most 
drivers. 
Superelevation for horizontal curves with radii of 10,000 feet and greater may be deleted in 
those situations where the combination of a flat grade and a superelevation transition would 
create undesirable drainage conditions on the pavement. 
Superelevated cross slopes on curves extend the full width of the traveled way and 
shoulders, except that the shoulder slope on the low side should be not less than the 
minimum shoulder slope used on the tangents (see Index 304.3 for cross slopes undercut 
widening conditions). 
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On rural 2-lane roads, superelevation should be on the same plane for the full width of 
traveled way and shoulders, except on transitions (see Index 304.3 for cut widening 
conditions). 
(2) Bikeways.  Superelevation design criteria in Index 202.2(1) also accommodates Class II, 

III, and IV bikeways.  See Index 1003.1 for Class I guidance. 

202.3  Restrictive Conditions 
Lower superelevation rates than those given in either Table 202.2 or Figure 202.2 may be 
necessary in areas where restricted speed zones or ramp/street intersections are controlling 
factors.  Other typical locations are short radius curves on ramps near the local road juncture, 
either at an intersection or where a loop connects with an overcrossing structure.  Often, 
established street grades, curbs, or drainage may prove difficult to alter and/or 
superelevation transition lengths would be undesirably short. 
Such conditions may justify a reduction in the superelevation rate, different rates for each 
half of the roadbed, or both.  In any case, the superelevation rate provided should be 
appropriate for the conditions allowing for a smooth transition while providing the maximum 
level of comfort to the driver.  Where standard superelevation rates cannot be attained, 
discussions should be held with the District Design Liaison and/or the Project Delivery 
Coordinator to determine the proper solution and the necessity of preparing a design 
standard decision document.  In warping street or ramp surface areas for drainage, adverse 
superelevation should be avoided (see Figure 202.2). 

202.4  Axis of Rotation 
(1) Undivided Highways.  For undivided highways the axis of rotation for superelevation is 

usually the centerline of the roadbed.  However, in special cases such as desert roads 
where curves are preceded by long relatively level tangents, the plane of superelevation 
may be rotated about the inside edge of traveled way to improve perception of the curve.  
In flat country, drainage pockets caused by superelevation may be avoided by changing 
the axis of rotation from the centerline to the inside edge of traveled way. 

(2) Ramps and Freeway-to-freeway Connections.  The axis of rotation may be about either 
edge of traveled way or centerline if multilane.  Appearance and drainage considerations 
should always be taken into account in selection of the axis of rotation. 

(3) Divided Highways. 
(a) Freeways – Where the initial median width is 65 feet or less, the axis of rotation should 

be at the centerline. 
Where the initial median width is greater than 65 feet and the ultimate median width 
is 65 feet or less, the axis of rotation should be at the centerline, except where the 
resulting initial median slope would be steeper than 10:1.  In the latter case, the axis 
of rotation should be at the ultimate median edges of traveled way. 
Where the ultimate median width is greater than 65 feet, the axis of rotation should 
normally be at the ultimate median edges of traveled way. 
To avoid sawtooth on bridges with decked medians, the axis of rotation, if not already 
on centerline, should be shifted to the centerline. 
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Table 202.2A 
Minimum Radii for Design Superelevation Rates, Design Speeds, and 
emax=4% 

e (%) 
Vd (mph) 

20 25 30 35 40 45 50 
R (ft) 

NC 1410 2050 2830 3730 4770 5930 7220 
RC 902 1340 1880 2490 3220 4040 4940 
2.2 723 1110 1580 2120 2760 3480 4280 
2.4 513 838 1270 1760 2340 2980 3690 
2.6 388 650 1000 1420 1930 2490 3130 
2.8 308 524 817 1170 1620 2100 2660 
3.0 251 433 681 982 1370 1800 2290 
3.2 209 363 576 835 1180 1550 1980 
3.4 175 307 490 714 1010 1340 1720 
3.6 147 259 416 610 865 1150 1480 
3.8 122 215 348 512 730 970 1260 
4.0 86 154 250 371 533 711 926 
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Table 202.2B 

Minimum Radii for Design Superelevation Rates, Design Speeds, and 
emax=6% 

e 
(%) 

Vd (mph) 
20 25 30 35 40 45 50 55 60 

R (ft) 
NC 1580 2290 3130 4100 5230 6480 7870 9410 11100 
RC 1120 1630 2240 2950 3770 4680 5700 6820 8060 
2.2 991 1450 2000 2630 3370 4190 5100 6110 7230 
2.4 884 1300 1790 2360 3030 3770 4600 5520 6540 
2.6 791 1170 1610 2130 2740 3420 4170 5020 5950 
2.8 709 1050 1460 1930 2490 3110 3800 4580 5440 
3.0 635 944 1320 1760 2270 2840 3480 4200 4990 
3.2 566 850 1200 1600 2080 2600 3200 3860 4600 
3.4 498 761 1080 1460 1900 2390 2940 3560 4250 
3.6 422 673 972 1320 1740 2190 2710 3290 3940 
3.8 358 583 864 1190 1590 2010 2490 3040 3650 
4.0 309 511 766 1070 1440 1840 2300 2810 3390 
4.2 270 452 684 960 1310 1680 2110 2590 3140 
4.4 238 402 615 868 1190 1540 1940 2400 2920 
4.6 212 360 555 788 1090 1410 1780 2210 2710 
4.8 189 324 502 718 995 1300 1640 2050 2510 
5.0 169 292 456 654 911 1190 1510 1890 2330 
5.2 152 264 413 595 833 1090 1390 1750 2160 
5.4 136 237 373 540 759 995 1280 1610 1990 
5.6 121 212 335 487 687 903 1160 1470 1830 
5.8 106 186 296 431 611 806 1040 1320 1650 
6.0 81 144 231 340 485 643 833 1060 1330 
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Table 202.2C 

Minimum Radii for Design Superelevation Rates, Design Speeds, and 
emax=8% 

e (%) 
Vd (mph) 

15 20 25 30 35 40 45 50 55 60 65 70 75 80 
R (ft) 

NC 932 1640 2370 3240 4260 5410 6710 8150 9720 11500 12900 14500 16100 17800 
RC 676 1190 1720 2370 3120 3970 4930 5990 7150 8440 9510 10700 12000 13300 
2.2 605 1070 1550 2130 2800 3570 4440 5400 6450 7620 8600 9660 10800 12000 
2.4 546 959 1400 1930 2540 3240 4030 4910 5870 6930 7830 8810 9850 11000 
2.6 496 872 1280 1760 2320 2960 3690 4490 5370 6350 7180 8090 9050 10100 
2.8 453 796 1170 1610 2130 2720 3390 4130 4950 5850 6630 7470 8370 9340 
3.0 415 730 1070 1480 1960 2510 3130 3820 4580 5420 6140 6930 7780 8700 
3.2 382 672 985 1370 1820 2330 2900 3550 4250 5040 5720 6460 7260 8130 
3.4 352 620 911 1270 1690 2170 2700 3300 3970 4700 5350 6050 6800 7620 
3.6 324 572 845 1180 1570 2020 2520 3090 3710 4400 5010 5680 6400 7180 
3.8 300 530 784 1100 1470 1890 2360 2890 3480 4140 4710 5350 6030 6780 
4.0 277 490 729 1030 1370 1770 2220 2720 3270 3890 4450 5050 5710 6420 
4.2 255 453 678 955 1280 1660 2080 2560 3080 3670 4200 4780 5410 6090 
4.4 235 418 630 893 1200 1560 1960 2410 2910 3470 3980 4540 5140 5800 
4.6 215 384 585 834 1130 1470 1850 2280 2750 3290 3770 4310 4890 5530 
4.8 193 349 542 779 1060 1390 1750 2160 2610 3120 3590 4100 4670 5280 
5.0 172 314 499 727 991 1310 1650 2040 2470 2960 3410 3910 4460 5050 
5.2 154 284 457 676 929 1230 1560 1930 2350 2820 3250 3740 4260 4840 
5.4 139 258 420 627 870 1160 1480 1830 2230 2680 3110 3570 4090 4640 
5.6 126 236 387 582 813 1090 1390 1740 2120 2550 2970 3420 3920 4460 
5.8 115 216 358 542 761 1030 1320 1650 2010 2430 2840 3280 3760 4290 
6.0 105 199 332 506 713 965 1250 1560 1920 2320 2710 3150 3620 4140 
6.2 97 184 308 472 669 909 1180 1480 1820 2210 2600 3020 3480 3990 
6.4 89 170 287 442 628 857 1110 1400 1730 2110 2490 2910 3360 3850 
6.6 82 157 267 413 590 808 1050 1330 1650 2010 2380 2790 3240 3720 
6.8 76 146 248 386 553 761 990 1260 1560 1910 2280 2690 3120 3600 
7.0 70 135 231 360 518 716 933 1190 1480 1820 2180 2580 3010 3480 
7.2 64 125 214 336 485 672 878 1120 1400 1720 2070 2470 2900 3370 
7.4 59 115 198 312 451 628 822 1060 1320 1630 1970 2350 2780 3250 
7.6 54 105 182 287 417 583 765 980 1230 1530 1850 2230 2650 3120 
7.8 48 94 164 261 380 533 701 901 1140 1410 1720 2090 2500 2970 
8.0 38 76 134 214 314 444 587 758 960 1200 1480 1810 2210 2670 
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Table 202.2D 

Minimum Radii for Design Superelevation Rates, Design Speeds, and 
emax=10% 

e (%) 
Vd (mph) 

30 35 40 45 50 55 60 65 70 75 80 
R (ft) 

NC 3320 4350 5520 6830 8280 9890 11700 13100 14700 16300 18000 
RC 2440 3210 4080 5050 6130 7330 8630 9720 10900 12200 13500 
2.2 2200 2900 3680 4570 5540 6630 7810 8800 9860 11000 12200 
2.4 2000 2640 3350 4160 5050 6050 7130 8040 9010 10100 11200 
2.6 1840 2420 3080 3820 4640 5550 6550 7390 8290 9260 10300 
2.8 1690 2230 2840 3520 4280 5130 6050 6840 7680 8580 9550 
3.0 1570 2060 2630 3270 3970 4760 5620 6360 7140 7990 8900 
3.2 1450 1920 2450 3040 3700 4440 5250 5930 6680 7480 8330 
3.4 1360 1790 2290 2850 3470 4160 4910 5560 6260 7020 7830 
3.6 1270 1680 2150 2670 3250 3900 4620 5230 5900 6620 7390 
3.8 1190 1580 2020 2510 3060 3680 4350 4940 5570 6260 6990 
4.0 1120 1490 1900 2370 2890 3470 4110 4670 5270 5930 6630 
4.2 1060 1400 1800 2240 2740 3290 3900 4430 5010 5630 6300 
4.4 994 1330 1700 2120 2590 3120 3700 4210 4760 5370 6010 
4.6 940 1260 1610 2020 2460 2970 3520 4010 4540 5120 5740 
4.8 890 1190 1530 1920 2340 2830 3360 3830 4340 4900 5490 
5.0 844 1130 1460 1830 2240 2700 3200 3660 4150 4690 5270 
5.2 802 1080 1390 1740 2130 2580 3060 3500 3980 4500 5060 
5.4 762 1030 1330 1660 2040 2460 2930 3360 3820 4320 4860 
5.6 724 974 1270 1590 1950 2360 2810 3220 3670 4160 4680 
5.8 689 929 1210 1520 1870 2260 2700 3090 3530 4000 4510 
6.0 656 886 1160 1460 1790 2170 2590 2980 3400 3860 4360 
6.2 624 846 1110 1400 1720 2090 2490 2870 3280 3730 4210 
6.4 594 808 1060 1340 1650 2010 2400 2760 3160 3600 4070 
6.6 564 772 1020 1290 1590 1930 2310 2670 3060 3480 3940 
6.8 536 737 971 1230 1530 1860 2230 2570 2960 3370 3820 
7.0 509 704 931 1190 1470 1790 2150 2490 2860 3270 3710 
7.2 483 671 892 1140 1410 1730 2070 2410 2770 3170 3600 
7.4 460 641 855 1100 1360 1670 2000 2330 2680 3070 3500 
7.6 437 612 820 1050 1310 1610 1940 2250 2600 2990 3400 
7.8 416 585 786 1010 1260 1550 1870 2180 2530 2900 3310 
8.0 396 558 754 968 1220 1500 1810 2120 2450 2820 3220 
8.2 377 533 722 930 1170 1440 1750 2050 2380 2750 3140 
8.4 359 509 692 893 1130 1390 1690 1990 2320 2670 3060 
8.6 341 486 662 856 1080 1340 1630 1930 2250 2600 2980 
8.8 324 463 633 820 1040 1290 1570 1870 2190 2540 2910 
9.0 307 440 604 784 992 1240 1520 1810 2130 2470 2840 
9.2 291 418 574 748 948 1190 1460 1740 2060 2410 2770 
9.4 274 395 545 710 903 1130 1390 1670 1990 2340 2710 
9.6 256 370 513 671 854 1080 1320 1600 1910 2260 2640 
9.8 236 343 477 625 798 1010 1250 1510 1820 2160 2550 
10.0 200 292 410 540 694 877 1090 1340 1630 1970 2370 
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Table 202.2E 
Minimum Radii for Design Superelevation Rates, Design Speeds, and 
emax=12% 
e (%) 

Vd (mph)  
25 30 35 40 45 50 55 60 65 70 75 80  

R (ft)  
NC 2460 3370 4390 5580 6910 8370 9990 11800 13200 14800 16400 18100  
RC 1820 2490 3260 4140 5130 6220 7430 8740 9840 11000 12300 13600  
2.2 1640 2250 2950 3750 4640 5640 6730 7930 8920 9980 11200 12400  
2.4 1500 2060 2690 3420 4240 5150 6150 7240 8160 9130 10200 11300  
2.6 1370 1890 2470 3140 3900 4730 5660 6670 7510 8420 9380 10500  
2.8 1270 1740 2280 2910 3600 4380 5240 6170 6960 7800 8700 9660  
3.0 1170 1620 2120 2700 3350 4070 4870 5740 6480 7270 8110 9010  
3.2 1090 1510 1970 2520 3130 3800 4550 5370 6060 6800 7600 8440  
3.4 1020 1410 1850 2360 2930 3560 4270 5030 5690 6390 7140 7940  
3.6 953 1320 1730 2220 2750 3350 4020 4740 5360 6020 6740 7500  
3.8 896 1250 1630 2090 2600 3160 3790 4470 5060 5700 6380 7100  
4.0 845 1180 1540 1980 2460 2990 3590 4240 4800 5400 6050 6740  
4.2 798 1110 1460 1870 2330 2840 3400 4020 4560 5130 5750 6420  
4.4 756 1050 1390 1780 2210 2700 3240 3830 4340 4890 5490 6120  
4.6 717 997 1320 1690 2110 2570 3080 3650 4140 4670 5240 5850  
4.8 681 948 1260 1610 2010 2450 2940 3480 3960 4470 5020 5610  
5.0 648 904 1200 1540 1920 2340 2810 3330 3790 4280 4810 5380  
5.2 618 862 1140 1470 1840 2240 2700 3190 3630 4110 4620 5170  
5.4 589 824 1090 1410 1760 2150 2590 3060 3490 3950 4440 4980  
5.6 563 788 1050 1350 1690 2060 2480 2940 3360 3800 4280 4800  
5.8 538 754 1000 1300 1620 1980 2390 2830 3230 3660 4130 4630  
6.0 514 723 960 1250 1560 1910 2300 2730 3110 3530 3990 4470  
6.2 492 694 922 1200 1500 1840 2210 2630 3010 3410 3850 4330  
6.4 471 666 886 1150 1440 1770 2140 2540 2900 3300 3730 4190  
6.6 452 639 852 1110 1390 1710 2060 2450 2810 3190 3610 4060  
6.8 433 615 820 1070 1340 1650 1990 2370 2720 3090 3500 3940  
7.0 415 591 790 1030 1300 1590 1930 2290 2630 3000 3400 3820  
7.2 398 568 762 994 1250 1540 1860 2220 2550 2910 3300 3720  
7.4 382 547 734 960 1210 1490 1810 2150 2470 2820 3200 3610  
7.6 366 527 708 928 1170 1440 1750 2090 2400 2740 3120 3520  
7.8 351 507 684 897 1130 1400 1700 2020 2330 2670 3030 3430  
8.0 336 488 660 868 1100 1360 1650 1970 2270 2600 2950 3340  
8.2 321 470 637 840 1070 1320 1600 1910 2210 2530 2880 3260  
8.4 307 452 615 813 1030 1280 1550 1860 2150 2460 2800 3180  
8.6 294 435 594 787 997 1240 1510 1810 2090 2400 2740 3100  
8.8 281 418 574 762 967 1200 1470 1760 2040 2340 2670 3030  
9.0 270 403 554 738 938 1170 1430 1710 1980 2280 2610 2960  
9.2 259 388 535 715 910 1140 1390 1660 1940 2230 2550 2890  
9.4 248 373 516 693 883 1100 1350 1620 1890 2180 2490 2830  
9.6 238 359 499 671 857 1070 1310 1580 1840 2130 2440 2770  
9.8 228 346 481 650 832 1040 1280 1540 1800 2080 2380 2710  
10.0 219 333 465 629 806 1010 1250 1500 1760 2030 2330 2660  
10.2 210 320 448 608 781 980 1210 1460 1720 1990 2280 2600  
10.4 201 308 432 588 757 951 1180 1430 1680 1940 2240 2550  
10.6 192 296 416 568 732 922 1140 1390 1640 1900 2190 2500  
10.8 184 284 400 548 707 892 1110 1350 1600 1860 2150 2460  
11.0 175 272 384 527 682 862 1070 1310 1560 1820 2110 2410  
11.2 167 259 368 506 656 831 1040 1270 1510 1780 2070 2370  
11.4 158 247 351 485 629 799 995 1220 1470 1730 2020 2320  
11.6 149 233 333 461 600 763 953 1170 1410 1680 1970 2280  
11.8 139 218 312 434 566 722 904 1120 1350 1620 1910 2230  
12.0 119 188 272 381 500 641 807 1000 1220 1480 1790 2130  
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Figure 202.2 
Maximum Comfortable Speed on Horizontal Curves* 
 

 
NOTES: 

*See Index 202.2(1) for application of this figure. 

Speed 
(mph) 

Side Friction 
Factor “f” 

 

20 0.27 
NOTES: 
This figure is not intended to represent standard superelevation rates or 
curve radius.  The standards are contained in Tables 202.2A through 
202.2E.  This figure should be used as an aid to designers to determine 
maximum comfortable speeds.  Use of this figure in lieu of the standards 
must be documented as discussed in Index 82.2. 

30 0.20 
40 0.16 
50 0.14 
55 0.13 
60 0.12 
65 0.11 e = Superelevation (feet per foot)  
70 0.10 f = Side Friction Factor 

e+f=
0.067V2

R  75 0.09 V = Speed (mph) 
80 0.08 R = Radius (feet)  



Highway Design Manual  200-19 
 July 1, 2020 

 

(b) Conventional Highways – The axis of rotation should be considered on an individual 
project basis and the most appropriate case for the conditions should be selected. 

 Aesthetics, grade distortion, superelevation transitions, drainage, and driver perception 
should be considered when selecting the axis of rotation (see Index 204.2). 

202.5  Superelevation Transition 
(1) General.  The superelevation transition generally consists of the crown runoff and the 

superelevation runoff as shown on Figure 202.5A and 202.5B. 
A superelevation transition should be designed in accordance with the diagram and 
tabular data shown in Figure 202.5A to satisfy the requirements of safety, comfort and 
pleasing appearance.  The length of superelevation transition should be based upon the 
combination of superelevation rate and width of rotated plane in accordance with the 
tabulated superelevation runoff lengths on the bottom of Figure 202.5A. 
Edge of traveled way and shoulder profiles should be plotted and irregularities resulting 
from interactions between the superelevation transition and vertical alignment of the 
roadway should be eliminated by introducing smooth curves.  Edge of traveled way and 
shoulder profiles also will reveal flat areas which are undesirable from a drainage 
standpoint and should be avoided. 

(2) Runoff.  Two-thirds of the superelevation runoff should be on the tangent and one-third 
within the curve.  This results in two-thirds of the full superelevation rate at the beginning 
or ending of a curve.  This may be altered as required to adjust for flat spots or unsightly 
sags and humps, or when conforming to existing roadway. 

(3) Restrictive Situations.  In restrictive situations, such as on two lane highways in 
mountainous terrain, interchange ramps, collector roads, frontage roads, etc., where 
curve radius and length and tangents between curves are short, standard superelevation 
rates and/or transitions may not be attainable.  In such situations the highest possible 
superelevation rate(s) and transition length should be used, but the rate of change of 
cross slope should not exceed 6 percent per 100 feet. 

(4) Superelevation Transitions on Bridges.  Superelevation transitions on bridges should be 
avoided whenever possible (See Index 203.9). 

(5) Shoulder Transitions.  The shoulder plane rotates about the adjacent edge of traveled 
way as well as the rotational axis of the traveled way.  Shoulder superelevation transitions 
should be smooth and compatible with the transition of the adjacent pavements. 
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Figure 202.5A 

Superelevation Transition 
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Figure 202.5B 

Superelevation Transition Terms & Definitions 
 

Term Definition 
Crown Runoff 
 

The distance from the station where the high side of the superelevating 
section surfaces are at a cross slope of 2% to where the high side of 
the section surfaces reaches a cross slope of 0%. 

Superelevation 
Runoff (L) 
 

The distance from the station where the high side of the superelevating 
section surfaces are at a cross slope of 0% to the station where the 
entire cross section is at full superelevation.  
 

Superelevation 
Transition 
 

 

The distance from the station where the high side of the superelevating 
sections are crowned at a cross slope of 2% to the station where the 
entire cross section is at full superelevation. The Crown Runoff Length 
plus the Superelevation Runoff Length (L) equals the Superelevation 
Transition Length. 

%L On tangent The percentage of the superelevation runoff length (L) that is outside of 
the curve (2/3L).  See Index 202.5(2). 

%L On curve The percentage of the superelevation runoff length (L) that is within the 
curve (1/3L). See Index 202.5(2). The % On Tangent and % On curve 
values must total 100%. 

 
  Elements of a Superelevation Transition (Right Curve) 

2 3 

6 3 

6 2 
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202.6  Superelevation of Compound Curves 
Superelevation of compound curves should follow the procedure as shown in Figure 202.6.  
Where feasible, the criteria in Index 202.5 should apply. 

202.7  Superelevation on City Streets and County Roads 
Superelevation rates of local streets and roads which are within the State right of way 
(with or without connection to State facilities) shall conform to AASHTO standards, 
for the functional classification of the facility in question.  If the local agency having 
jurisdiction over the local facility in question maintains standards that exceed AASHTO 
standards, then the local agency standards should prevail. 
See Index 202.2 for Frontage Roads within the State right of way.  Frontage roads that will 
be relinquished after construction should follow AASHTO or local standards as stated above. 

Topic 203 – Horizontal Alignment 
203.1  General Controls 
Horizontal alignment should provide for safe and continuous operation at a uniform design 
speed for substantial lengths of highway.  The standards which follow apply to curvature on 
both 2-lane and multilane highways except when otherwise noted.  These standards also 
apply to portions of local streets and roads within the State right of way which connect directly 
to a freeway or expressway, or are expected to do so in the foreseeable future.  For local 
facilities which are within the State right of way and where there is no connection or 
the connection is to a non-controlled access facility (conventional highway), AASHTO 
standards shall prevail.  If the local agency having jurisdiction over the local facility in 
question maintains standards that exceed AASHTO standards, then the local agency 
standards should prevail. 
The major considerations in horizontal alignment design are safety, profile, type of facility, 
design speed, geotechnical features, topography, right of way cost and construction cost.  In 
design, safety is always considered, either directly or indirectly.  On freeways in metropolitan 
areas, alternative studies often indicate that right of way considerations influence alignment 
more than any other single factor.  Topography controls both curve radius and design speed 
to a large extent.  The design speed, in turn, controls sight distance, but sight distance must 
be considered concurrently with topography because it often demands a larger radius than 
the design speed.  All these factors must be balanced to produce an alignment which 
optimizes the achievement of various objectives such as safety, cost, harmony with the 
natural contour of the land, and at the same time adequate for the design classification of the 
highway. 
Horizontal alignment shall provide at least the minimum stopping sight distance for 
the chosen design speed at all points on the highway, as given in Table 201.1 and 
explained in Index 201.3.  See Index 101.1 for technical reductions in design speed. 
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Figure 202.6 

Superelevation of Compound Curves 
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203.2  Standards for Curvature 
Tables 202.2A through 202.2E shall be the minimum radius of curve for superelevation 
rates and design speeds on highways.  These tables are based upon the relationship 
between design speed and curvature and on their joint relationship with superelevation and 
side friction.  Though these relationships originate from the laws of mechanics, the actual 
values for use in design depend on practical limits and factors determined empirically.  If the 
minimum radii indicated in Tables 202.2A through 202.2E do not provide the desired 
lateral clearance to an obstruction, Figure 201.6 shall govern. 
See Index 202.2(1) for further information regarding the use of the tables. 
Every effort should be made to exceed minimum radii values for the emax of the table being 
used.  Such minimum radii should be used only when the cost or other adverse effects of 
realizing a higher standard are inconsistent with the benefits.  Use of Figure 202.2, in lieu of 
the above standards must be documented as discussed in Index 82.2. 
The recommended minimum radii for freeways are 5,000 feet in rural areas and 3,000 feet 
in urban areas. 

If a glare screen or a median barrier is contemplated, either initially or ultimately, adjustments 
may be necessary to maintain the required sight distance on curves on divided highways.  In 
such cases, a larger curve radius or a wider median may be required throughout the length 
of the curve.  For design purposes, a planting screen is presumed to be 8 feet wide.  See 
Traffic Safety Systems Guidance for glare screen criteria. 

203.3  Alignment Consistency 
Sudden reductions in alignment standards should be avoided.  Where physical restrictions 
on curve radius cannot be overcome and it becomes necessary to introduce curvature of 
lower standard than the design speed for the project, the design speed between successive 
curves should change not more than 10 miles per hour.  Introduction of curves with lower 
design speeds should be avoided at the end of long tangents, steep downgrades, or at other 
locations where high approach speeds may be anticipated. 
The horizontal and vertical alignments should be coordinated such that horizontal curves are 
not hidden behind crest vertical curves.  Sharp horizontal curves should not follow long 
tangents because some drivers tend to develop higher speeds on the tangent and could over 
drive the curve. 
See “Combination of Horizontal and Vertical Alignment” in Chapter 3 of AASHTO, A Policy 
on Geometric Design of Highways and Streets, for further guidance on alignment 
consistency. 

203.4  Curve Length and Central Angle 
The minimum curve length for central angles less than 10 degrees should be 800 feet to 
avoid the appearance of a kink.  For central angles larger than 30 minutes, a curve is required 
without exception.  Above a 20,000-foot radius, a parabolic curve may be used. Sight 
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distance or other safety considerations are not to be sacrificed to meet the above 
requirements. 
On 2-lane roads a curve should not exceed a length of one-half mile and should be no shorter 
than 500 feet. 

203.5  Compound Curves 
Compound curves should be avoided because drivers who have adjusted to the first curve 
could over drive the second curve if the second curve has a smaller radius than the first.  
Exceptions can occur in mountainous terrain or other situations where use of a simple curve 
would result in excessive cost.  Where compound curves are necessary, the shorter radius 
should be at least two-thirds the longer radius when the shorter radius is 1,000 feet or less.  
On one-way roads, the larger radius should follow the smaller radius. 
The total arc length of a compound curve should be not less than 500 feet. 

203.6  Reversing Curves 
When horizontal curves reverse direction the connecting tangents should be long enough to 
accommodate the standard superelevation runoffs given on Figure 202.5A.  If this is not 
possible, the 6 percent per 100 feet rate of change should govern (see Index 202.5(3)).  
When feasible, a minimum of 400 feet of tangent should be considered. 

203.7  Broken Back Curves 
A broken back curve consists of two curves in the same direction joined by a short tangent.  
Broken back curves are unsightly and undesirable. 

203.8  Spiral Transition 
Spiral transitions are used to transition from a tangent alignment to a circular curve and 
between circular curves of unequal radius. Spiral transitions may be used whenever the 
traffic lane width is less than 12 feet, the posted speed is greater than 45 miles per hour, and 
the superelevation rate exceeds 8 percent.  The length of spiral should be the same as the 
Superelevation Runoff Length shown in Figure 202.5A.  In the typical design, full 
superelevation occurs where the spiral curve meets the circular curve, with crown runoff 
being handled per Figure 202.5A.  For a general discussion of spiral transitions see AASHTO 
A Policy on the Geometric Design of Streets and Highways. When used, spirals transitions 
should conform to the Clothoid definition. 

203.9  Alignment at Bridges 
Due to the difficulty in constructing bridges with superelevation rates greater than 10 percent, 
the curve radii on bridges should be designed to accommodate superelevation rates of 
10 percent or less.  See Index 202.2 for standard superelevation rates. 
Superelevation transitions on bridges are difficult to construct and almost always result in an 
unsightly appearance of the bridge and the bridge railing.  Therefore, if possible, horizontal 
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curves should begin and end a sufficient distance from the bridge so that no part of the 
superelevation transition extends onto the bridge. 
Alignment and safety considerations, however, are paramount and must not be sacrificed to 
meet the above criteria. 

Topic 204 – Grade 
204.1  General Controls 
The grade line is a reference line by which the elevation of the pavement and other features 
of the highway are established.  It is controlled mainly by topography, type of highway, 
horizontal alignment, performance of heavy vehicles, right of way costs, safety, sight 
distance, construction costs, cultural development, drainage, and pleasing appearance. 
All portions of the grade line must meet sight distance requirements for the design speed 
classification of the road. 
In flat terrain, the elevation of the grade line is often controlled by drainage considerations.  
In rolling terrain, some undulation in the grade line is often advantageous for construction 
economy.  This should be done with appearance in mind; for example, a grade line on tangent 
alignment exhibiting a series of humps visible for some distance ahead should be avoided 
whenever possible.  In rolling hills or mountainous terrain, however, the grade line usually is 
more closely dependent upon physical controls. 
In considering alternative profiles, economic comparisons involving earthwork quantities 
and/or retaining walls should be made.  A balanced earthwork design is most cost effective.  
When long or steep grades are involved, economic comparisons should include vehicle 
operating costs.  
The standards in Topic 204 also apply to portions of local streets and roads within the State 
right of way which connect directly to a freeway or expressway, or are expected to do so in 
the foreseeable future.  For local facilities which are within the State right of way and 
where there is no connection or the connection is to a non-controlled access facility 
(conventional highway), AASHTO standards shall prevail.  If the local agency having 
jurisdiction over the local facility in question maintains standards that exceed AASHTO 
standards, then the local agency standards should prevail. 

204.2  Position With Respect to Cross Section 
The grade line should generally coincide with the axis of rotation for superelevation (see 
Index 202.4).  Its relation to the cross section should be as follows: 
(1) Undivided Highways.  The grade line should coincide with the highway centerline. 
(2) Ramps and Freeway-to-freeway Connections.  Although the grade line is usually 

positioned at the left edge of traveled way, either edge of traveled way or centerline may 
be used on multilane facilities. 

(3) Divided Highways.  The grade line should be positioned at the centerline of the median 
for paved medians 65 feet wide or less, thus avoiding a “saw tooth” section, which can 
reduce horizontal stopping sight distance. 
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 The grade line may be positioned at the ultimate median edge of traveled way when: 
(a) The median edges of traveled way of the two roadways are at equal elevation. 
(b) The two roadways are at different elevations as described in Index 204.8. 
(c) The width of median is nonuniform (see Index 305.6). 

204.3  Standards for Grade 
Table 204.3 shows the maximum grades which shall not be exceeded for the condition 
indicated. 
Steep grades affect truck speeds and overall capacity.  They also cause operational 
problems at intersections.  For these reasons it is desirable to provide the flattest grades 
practicable (see Index 204.5 for information on truck issues with grades). 

Table 204.3 

Maximum Grades for Type of Highway and Terrain Conditions 
Type  of 
Terrain 

Freeways and 
Expressways 

Rural  
Highways 

Urban 
Highways 

Level 3% 4% 6% 
Rolling 4% 5% 7% 
Mountainous 6% 7% 9% 

 
Minimum grades should be 0.5 percent in snow country and 0.3 percent at other locations.  
Except for conventional highways in urban or suburban areas, a level grade line is 
permissible in level terrain where side fill slopes are 4:1 or flatter and dikes are not needed 
to carry water in the roadbed.  Flat grades are not permissible in superelevation transitions 
due to flat spots which cause ponding on the roadbed. 
Ramp grades should not exceed 8 percent.  On descending on-ramps and ascending off-
ramps, one percent steeper is allowed (see Index 504.2(5)). 

204.4  Vertical Curves 
Properly designed vertical curves should provide adequate sight distance, safety, 
comfortable driving, good drainage, and pleasing appearance. 
A parabolic vertical curve is used.  Figure 204.4 gives all necessary mathematical relations 
for computing a vertical curve, either at crests or sags.  For algebraic grade differences of 
2 percent and greater, and design speeds equal to or greater than 40 miles per hour, the 
minimum length of vertical curve in feet should be equal to 10V, where V = design speed.  
As an example, a 65 miles per hour design speed would require a 650-foot minimum vertical 
curve length.  For algebraic grade differences of less than 2 percent, or design speeds less 
than 40 miles per hour, the vertical curve length should be a minimum of 200 feet.  Vertical 
curves are not required where the algebraic difference in grades is 0.5 percent or less.  Grade  
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breaks should not be closer together than 50 feet and a total of all grade breaks within 
200 feet should not exceed 0.5 percent. 
Since flat vertical curves may develop poor drainage at the level section, adjusting the gutter 
grade or shortening the vertical curve may overcome any drainage problems. 
On 2-lane roads, extremely long crest vertical curves, over one-half mile, should be avoided, 
since many drivers refuse to pass on such curves despite adequate sight distance.  It is 
sometimes more economical to construct passing lanes than to obtain passing sight distance 
by the use of a long vertical curve. 
Broken-back vertical curves consist of two vertical curves in the same direction separated by 
a short grade tangent.  A profile with such curvature normally should be avoided, particularly 
in sags where the view of both curves is not pleasing. 

204.5  Sustained Grades 
(1) General.  Maximum grade is not a complete design control.  The length of an uphill grade 

is important as well, because it affects capacity, level of service, and delay when slow 
moving trucks, buses, and recreational vehicles are present. 
A common criterion for all types of highways is to consider the addition of a climbing lane 
where the running speed of trucks falls 10 miles per hour or more below the running speed 
of remaining traffic.  Figure 204.5 shows the speed reduction curves for a 200 lb/hp truck, 
which is representative of large trucks operating near maximum gross weight.  The 
10 miles per hour reduction criterion may be used as one method of determining need, 
however the Highway Capacity Manual should be consulted for detailed analysis. 

(2) Freeway Climbing Lanes.  If design year traffic volumes are expected to be near capacity, 
right of way acquisition and grading for a future lane should be considered at locations 
where the upgrade exceeds 2 percent and the total rise exceeds 50 feet. 
Regardless of traffic volumes, the need for a climbing lane should be investigated on 
sustained upgrades greater than 2 percent if the total rise is greater than 250 feet.  Refer 
to the Highway Capacity Manual for passenger car equivalent factors and sample 
calculations. 
Decision sight distance (Table 201.7) should be provided at climbing lane drops on 
freeways. 

(3) Two-lane Road Climbing and Passing Lanes.  Climbing and passing lanes are most 
effective on uphill grades and curving alignment where the speed differential among 
vehicles is significant.  Climbing and passing lanes should normally not be constructed 
on tangent sections where the length of tangent equals or exceeds the passing sight 
distance, because passing will occur at such locations without a passing lane and the 
double barrier stripe increases delay for opposing traffic.  Where the ADT exceeds 5000, 
4-lane passing sections may be considered.  See Index 305.1(2) for median width 
standards. 
The Headquarters Division of Traffic Operations should be consulted regarding the length 
of climbing and passing lanes, which will vary with the design speed of the highway, the 
traffic volume, and other factors. 
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Figure 204.5 

Critical Lengths of Grade for Design 

 
ASSUMED TYPICAL HEAVY TRUCK OF 200 lb/hp 

(4) Turnouts 
(a) General.  On a two-lane highway where passing is limited, the California Vehicle Code 

requires slow-moving vehicles followed by five or more vehicles to turn off at 
designated turnouts or wherever sufficient area for a safe turnout exists.  Designated 
turnouts may be constructed in hilly or mountainous terrain or on winding roads in 
other areas.  
Where less than 4-foot shoulders are provided on ascending grades, consideration 
should be given to providing several short sections of 4 feet or wider shoulder as 
turnouts for bicycle passing.  Frequent turnouts that are at least 30 feet in length are 
recommended on sustained uphill grades. These turnouts will allow safe passing of 
bicycles by other bicyclists and vehicles in addition to providing resting opportunities 
on the sustained grade for bicyclists. 

(b) Length.  Designated turnouts should be from 200 feet to 500 feet long including a short 
taper (usually 50 feet) at each end.  Approach speeds, grades, traffic volumes, and 
available space are some factors to be considered in determining the length.  The 
District Traffic Engineer or designee should be consulted if longer turnouts are 
desired. 
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(c) Width.  Paved widths of at least 15 feet in fill sections and 12 feet in cut sections are 
recommended.  Width is measured from the edge of traveled way.  On the outside of 
curves along steep fill slopes or dropoffs, greater width or the installation of guardrail 
should be considered. 

(d) Location.  Turnouts should be located where there is stopping sight distance for 
approaching drivers to see vehicles leaving and re-entering the through lanes. 

204.6  Coordination of Horizontal and Vertical Alignment 
A proper balance between curvature and grades should be sought.  When possible, vertical 
curves should be superimposed on horizontal curves.  This reduces the number of sight 
restrictions on the project, makes changes in profile less apparent, particularly in rolling 
country, and results in a pleasing appearance.  Where the change in horizontal alignment at 
a grade summit is moderate, a pleasing appearance may be attained by making the vertical 
curve overlap the horizontal curve. 
When horizontal and vertical curves are superimposed, the combination of superelevation 
and profile grades may cause distortion in the outer pavement edges which could create 
drainage concerns or confuse drivers at night.  In such situations edge of pavement profiles 
should be plotted and smooth curves introduced to eliminate any irregularities or distortion. 
On highways in mountainous or rolling terrain where horizontal and vertical curves are 
superimposed at a grade summit or sag, the design speed of the horizontal curve should be 
at least equal to that of the crest or sag, and not more than 10 miles per hour less than the 
measured or estimated running (85th percentile) speed of vehicles on the approach roadway. 
On long open curves, a uniform grade line should be used because a rolling profile makes 
for a poor appearance. 
Horizontal and vertical curvature at intersections should be as flat as physical conditions 
permit. 
See “Combination of Horizontal and Vertical Alignment” in Chapter III of AASHTO, A Policy 
on Geometric Design of Highways and Streets, for further guidance on an alignment 
consistency. 

204.7  Separate Grade Lines 
Separate or independent grade lines are appropriate in some cases for freeways and 
expressways. 
They are not normally considered appropriate where medians are less than 65 feet wide (see 
Index 305.6).  Exceptions to this may be minor differences between opposing grade lines in 
special situations. In addition, for either interim or ultimate expressways, any appreciable 
grade differential between roadbeds should be avoided in the vicinity of at-grade 
intersections.  For traffic entering from the crossroad, confusion and wrong-way movements 
could result if the pavement of the far roadway is obscured because of excessive grade 
differential. 
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204.8  Grade Line of Structures 
(1) Structure Depth.  The depth to span ratio for each structure is dependent on many factors.  

Some of these are: span, type of construction, aesthetics, cost, falsework limitations, and 
vertical clearance limitations.  For purposes of preliminary planning and design, the depth 
to span ratios listed below may be used in setting grade lines at grade separations. 
(a) Railroad Underpass Structures. 

� Single track, through girder type structures: use 5-foot depth from top of rail to 
structure soffit (bottom of girder). 

� Deck-type structures: for simple spans use d/s (depth to span ratio)= 0.08; for 
continuous multiple span structures use d/s= 0.07.  These ratios do not include the 
additional 2 feet required above the deck for ballast and rail height. 

(b) Highway Structures. 
� Structures with single spans of 100 feet or less, use d/s= 0.06. 
� Structures with single spans between 100 feet and 180 feet use d/s= 0.045. 
� Continuous structures with multiple spans of 100 feet or less, use d/s= 0.055. 
� Continuous structures with multiple spans of more than 100 feet, use d/s= 0.04. 
� Geometric plans should be submitted to the DES – Structure Design prior to 

preparation of the project report so that preliminary studies  can   be   prepared.   
Preliminary bridge type selection should be a joint effort between the DES – 
Structure Design and the District. 

(2) Steel or Precast Concrete Structures.  Steel and precast concrete girders in lieu of cast-
in-place concrete eliminate falsework, and may permit lower grade lines and reduced 
approach fill heights.  Potential cost savings from elimination of falsework, lowered grade 
lines, and the ability to accommodate settlement beneath the abutments should be 
considered in structure type selection along with unit price, aesthetics, uniformity, and 
any other relevant factors.  Note that grade lines at grade separations frequently need to 
be adjusted after final structure depths are determined (see Index 309.2(3)).  Details of 
traffic handling and stage construction should be provided when the bridge site plan is 
submitted to the DES – Structure Design if the design or construction of the structure is 
affected (see Drafting and Plans Manual, Section 3-3.2). 

(3) Depressed Grade Line Under Structures.  Bridge and drainage design will frequently be 
simplified if the low point in the grade line is set a sufficient distance from the intersection 
of the centerlines of the structure and the highway so that drainage structures clear the 
structure footings. 

(4) Grade Line on Bridge Decks.  Vertical curves on bridge decks should provide a minimum 
fall of 0.05-foot per station.  This fall should not extend over a length greater than 100 feet.  
The flattest allowable tangent grade should be 0.3 percent. 

(5) Falsework.  In many cases, it is economically justified to have falsework over traffic during 
construction in order to have a support-free open area beneath the permanent structure.  
The elimination of permanent obstructions usually outweighs objections to the temporary 
inconvenience of falsework during construction. 
Because the width of traffic openings through falsework can, and oftentimes does, 
significantly affect costs, special care should be given to determining opening widths.  The 
following should be considered:  staging and traffic handling requirements, 
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accommodation of pedestrians and bicyclists, the width of approach roadbed that will 
exist at the time the bridge is constructed, traffic volumes, needs of the local agencies, 
controls in the form of existing facilities, and the practical challenges of falsework 
construction. 
The normal width of traffic openings and required falsework spans are shown in 
Table 204.8. 
The normal spans shown in Table 204.8 are for anchored temporary K-rail.  When 
temporary K-rail is not anchored, add 4 feet to normal span to include K-rail deflection. 
The minimum vertical falsework clearance over freeways and nonfreeways shall be 
15 feet.  The following items should be considered: 
� Mix, volume, and speed of traffic. 
� Effect of increased vertical clearance on the grade of adjacent sections. 
� Closing local streets to all traffic or trucks only during construction. 
� Detours. 
� Carrying local traffic through construction on subgrade. 
� Temporary or permanent lowering of the existing facility. 
� Cost of higher clearance versus cost of traffic control. 
� Desires of local agency. 

 Worker safety should be considered when determining vertical falsework clearance.  
Requests for approval of temporary vertical clearances less than 15 feet should discuss 
the impact on worker safety. 

 Temporary horizontal clearances less than shown in Table 204.8 or temporary vertical 
clearances less than 15 feet should be noted in the PS&E Transmittal Report. 

 To establish the grade of a structure to be constructed with a falsework opening, 
allowance must be made for the depth of the falsework.  The minimum depths required 
for various widths of traffic opening are shown in Table 204.8. 

 Where vertical clearances, either temporary or permanent are critical, the District and the 
DES – Structure Design should work closely during the early design stage when the 
preliminary grades, structure depths, and falsework depths can be adjusted without 
incurring major design changes. 

 Where the vertical falsework clearance is less than 15 feet, advance warning devices are 
to be specified or shown on the plans.  Such devices may consist of flashing lights, 
overhead signs, over-height detectors, or a combination of these or other devices. 

 Warning signs on the cross road or in advance of the previous off-ramp may be required 
for overheight permit loads.  Check with the Regional Permit Manager. 

 After establishing the opening requirements, a field review of the bridge site should be 
made by the District designer to ensure that existing facilities (drainage, other bridges, or 
roadways) will not conflict with the falsework. 

 The placement and removal of falsework requires special consideration.  During these 
operations, traffic should either be stopped for short intervals or diverted away from the 
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Table 204.8 

Falsework Span and Depth Requirements 
   Depth of Superstructure(5) 

Facility to 
be 

Spanned 

Minimum 
Normal 
Width of 
Traffic 

Opening 
(2)(3)(4) 

Resulting 
Falsework 

Up to 
6 feet 

Up to 
8 feet 

Up to 
10 feet 

Up to 
12 feet 

  Normal 
Span(1) Minimum Falsework Depth 

Freeway 
& Non 

Freeway 

20' 28' 1'-9" 1'-10" 1'-10" 1'-10½" 

25' 33' 1'-10½" 2'-1' 2'-1' 2'-8½" 

32' 40' 2'-0" 2'-8½" 2'-9" 3'-0" 
37' 45' 2'-9" 2'-11½" 3'-0" 3'-3" 
40' 48' 3'-0" 3'-0" 3'-2½" 3'-3" 
49' 57' 3'-3" 3'-3½" 3'-3½" 3'-3½" 
52' 60' 3'-3" 3'-3½" 3'-3½" 3'-4" 
61' 69' 3'-5" 3'-5" 3'-7" 3'-7½" 
64' 72' 3'-5" 3'-7½" 3'-7½" 3'-8" 
73' 81' 3'-6" 3'-9" 3'-9" 3'-9" 

NOTES: 
��� Includes 8' for two temporary K-rails and 2' to center line of post including 3” clearance between K-

rail and footing pad.  This is for K-rail anchored to the pavement.  
��� Approach roadway width measured normal to lanes.  Use next highest width if the approach 

roadway width is not shown in the table. 
���Dependent upon the width of approach roadbed available at the time of bridge construction. 
���Clear vehicular opening between temporary railings. 
���See Index 204.8 for preliminary depth to span ratios.  For more detailed information, contact the 

Division of Engineering Services, Structure Design and refer to the Bridge Design Aids. 
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span where the placement or removal operations are being performed.  The method of 
traffic handling during these operations is to be included in the Special Provisions. 

Topic 205 – Road Connections and Driveways 
205.1  Access Openings on Expressways 
Access openings are used only on expressways.  The term access opening applies to 
openings through the right of way line which serve abutting land ownerships whose remaining 
access rights have been acquired by the State. 
(1) Criteria for Location. Access openings should not be spaced closer than one-half mile to 

an adjacent public road intersection or to another private access opening that is wider 
than 30 feet.  When several access openings are closely spaced, a frontage road should 
be considered (see Index 104.3).  To discourage wrong-way movements, access 
openings should be located directly opposite, or at least 300 feet from a median opening. 
Sight distance equivalent to that required for public road intersections shall be 
provided (see Index 405.1). 

(2) Width.  The normal access opening width should be 30 feet.  A greater width may result 
in large savings in right of way costs in some instances, but should be considered with 
caution because of the possibility that public use might develop.  Conversion of a private 
opening into a public road connection requires the consent of the CTC, which cannot be 
committed in advance (see the Project Development Procedures Manual). 

(3) Recessed Access Openings.  Recessed access openings, as shown on Figure 205.1, are 
desirable at all points where private access is permitted and should be provided whenever 
they can be obtained without requiring alterations to existing adjacent improvements.  
When recessed openings are required, the opening should be located a minimum 
distance of 75 feet from the nearest edge of the traveled way. 

(4) Joint Openings.  A joint access opening serving two or more parcels of land is desirable 
whenever feasible.  If the property line is not normal to the right of way line, care should 
be taken in designing the joint opening so that both owners are adequately served. 

(5) Surfacing.  All points of private access should be surfaced with adequate width and depth 
of pavement to serve the anticipated traffic.  The surfacing should extend from the edge 
of the traveled way to the right of way line. 

205.2  Private Road Connections 
The minimum private road connection design is shown on Figure 205.1.  Sight distance 
requirements for the minimum private road connection are shown on Figure 405.7 (see 
Index 405.1(2)(c)). 
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STATE OF CAl IEORNIA:--CAI IFORNIA STATE TRANSPORTATION AGENCY GAVIN NEWSOM Governor 

DEPARTMENT OF TRANSPORTATION 
OFFICE OF LOCAL DEVELOPMENT-INTERGOVERNMENTAL REVIEW 
DISTRICT 8, PLANNING 
464 W, 4TH STREET, 6TH FLOOR MS-725 
SAN BERNARDINO, CA 92401 

Making Conservalion 
a California Way of Ufe. 

PHONE (909) 806-3923 
TTY 711 
www.dot.co.gov/dist8 

February 9,2021 

Mr. Nathan Castillo 
Planning Department 
City of Big Bear Lake 
39707 Big Bear Blvd 
Big Bear Lake, CA 92315 

Dear Mr. Castillo: 

Traffic Impact Analysis & Site Plan, 
Grocery Outlet Store 

File: 08-SBd-18-PM 51.45 
CIS: Sandalwood Drive 

Thank you for providing the California Department of Transportation (Caltrans) the 
opportunity to review and comment on the Traffic Impact Analysis and Site Plan with site 
distance exhibit for the Grocery Outlet project, proposed in the City of Big Bear Lake. 
Located at 42040 Big Bear Blvd (State Route 18), between its intersections with Stanfield 
Cut-off Road to the north and Sandalwood Drive to the south, this project proposes to 
construct and operate an 16,000 square-foot discount grocery store. (APNs 0311-395-01 
& 02 and 0311-405-01.) 

As the owner and operator of the State Highway System (SHS), it is our responsibility to 
coordinate and consult with local jurisdictions when proposed development may impact 
our facilities. As the responsible agency under the California Environmental Quality Act, 
it is also our responsibility to make recommendations to offset associated impacts with 
the proposed project. Although the project is under the jurisdiction of the City of Big Bear 
Lake, due to the project's potential impact to the State facilHies, it is also subject to the 
policies and regulations that govern the SHS. We offer the following comments: 

Electrical Operations: 

1) Future intersection widening at SR-18 and Fox Farm Road may require use of dual 
left-turn lanes in each direction. This is due to a distance that appears insufficient 
for a single left-turn lane suitable for the anticipated vehicle volume. 

2) Based on the projected 2040 Traffic counts with project, it appears that the SR-18 
at Sandalwood Drive intersection will require signalization to protect vehicles 
turning left while entering or exiting the Lakeview Shopping Center driveway. 

3) Updated traffic analysis may be required for Items 1 and 2 above at the time 
Caltrans Encroachment Permits are reviewed. 

"Provide a &ate, sustainable, integrated and efficient transportation system to enhance California's economy and livability" 



Mr. Nathan Castillo 
February 9, 2021 
Page 2 

Traffic Forecasting: 

4) Page 19 of the TIA, under section Peak Hour Volume Adjustments, refers to the 
Streetlight data was assembled for each tuming movement on Tuesday
Wednesday-Thursday for July 2019, July 2020, and analyzed 2019 conditions. 
Existing truck volumes should be counted and then converted to Passenger Car 
Equivalent (PCE). The PCE volume is appropriate if used in the peak hour volume 
for the intersection analysis, to calculate the delay in seconds which directly 
affects occupancy spacing. 

5) Page 22 of the TIA, Figure 3 Existing Traffic Volumes and Lane Configurations, 
verify the lane configuration intersection # 1 which does not look correct based 
on the Ariel map of the area. 

6) Page 27 of the TlA, under section Primary Trip Distribution, refers to the distribution 
of trips made specifically to visit the proposed project will likely be based on the 
location of residences within this store's trade area. Please provide an Exhibit 
(Inbound & Outbound) for trip distribution and directional orientation of traffic to 
and from the project. 

7) Page 28 of the TIA, Table 7 Trip Generation Rates/ Forecast: Verity Table 7, the Net, 
new Trips. Also, provide plots with (readable traffic volumes) showing ADT and 
AM/PM Peak Hours for all modeled years. 

Traffic Operations (Partial): 

8) The Sight Distance exhibit, while helpful, was not prepared in accordance to 
Caltrans design standards. Please revise and resubmit for review. 

9) Additional comments from the District's Traffic Operations Unit may be 
forthcoming after full review of the TIA, Grocery Outlet site plan, and sight distance 
exhibit is completed. 

10) Additional comments are forthcoming after the completion of review of the 
provided documents by the Traffic Operations Unit. 

At such time that encroachment into SR-18 Right-of-Way (R/W) is undertaken, issuance 
of a Caltrans Encroachment Permit will be required. Implementation of Caltrans' 
Encroachment Permits Office Process (EPOP) or the Project Delivery Quality 
Management Assessment Process (QMAP) will be determined with submittal of a permit 
application. 

"Provide a safe, sustainable, integrated and efficient transportation system to enhance California's economy and livability" 
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CITY OF 

BIG BEAR LAKE 

April 28, 2021 

Matthew K. Rasmussen 
Tectonics Design Group 
730 Sandhill Rd, Suite 250 
Reno, NV 89521 
matt@tdg-inc.com 

PLANNING DEPARTMENT 

RE: PLOT PLAN REVIEW 2020-078 
42175 BIG BEAR BLVD. 
ASSESSOR'S PARCEL NUMBER 0311-405-01 & 0311-395-01 & 02 

Dear Mr. Rasmussen: 

We are pleased to inform you that the City of Big Bear Lake Planning Commission conditionally approved the 
above-referenced Plot Plan Review application at its April 21, 2021, meeting, by adopting Planning Commission 
Resolution PC2021-04. 

Your project demonstrates consistency and support for the overall goals and objectives of the City of Big Bear Lake. 
To assure that your project will incorporate the specific standards the community has set for all such events, 
conditions of approval have been adopted by the Planning Commission, including those amended and/or added 
during the Planning Commission meeting, as follows: 

General conditions: 

35. Exiting left-hand turning movements from the northern driveway shall be prohibited. "No left
hand turn" signs shall be placed at the northern driveway to prevent exiting traffic from doing 
so. Sufficient line-of-sight shall be provided for exiting right-hand turning movements as 
required by the California Department of Transportation (Cal Trans). 

This approval will become effective on May 3, 2021, unless an appeal is received by the Planning Division. Should 
anyone disagree with these conditions of approval or the action to approve the permit, an appeal must be received by 
5:00 p.m. on April 30, 2021. If not appealed, this action becomes final. 

The approval shall expire within twenty-four (24) months of the effective date of the application, on May 3, 2023. 
Should additional time be needed to inaugurate this project, the Development Code allows the reviewing authority to 
grant an extension of time not to exceed an additional twelve (12) months. An application for a time extension must 
be filed, along with the appropriate filing fee, at least ninety (90) days before the expiration of the approval. 

We appreciate your cooperation and wish you the best ofluck with your project. 

Sincerely, 

J~ 
Planning Department Administrative Assistant 
jellis@citvbigbeadake.com 
909-866-5831 x 141 

P:ICURRENTIPPRI202012020-078 - 42175 Big Bear Blvd - Grocery OutietlPC Decision Letter. doc 

Planning and Inspections Department 
39707 Big Bear Boulevard, PO Box 10000, Big Bear Lake, CA 92315 • (909) 866-5831 • www.citvbigbearlake.com 
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