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INTRODUCTION AND BACKGROUND 
 

This report summarizes the findings of the Traffic Impact Analysis (TIA) that was performed for a 

development consisting of 166 detached residences and 132 multi-plex units proposed in Henderson County, 

North Carolina. (Figures 1 & 2) The purpose of this study is to determine the impact of the anticipated traffic 

associated with this development including trip generation, trip distribution, intersection delay, vehicle 

queue, and intersection capacity.  Each of these aspects will be analyzed to determine any potential adverse 

traffic impacts on the adjacent roadway network from the proposed development.    

 

 

FIGURE 1 – REGION OF PROPOSED SITE LOCATION 
 
 

 

N 

Site Location 
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FIGURE 2 – PROPOSED SITE LOCATION 
 

PROPOSED SITE USE AND ACCESS  
 
The site plan consists of 232 acres and contains 166 single-family residences and 132 multi-plex apartment 

units.  According to developer representatives, this development will be marketed towards an older 

demographic – specifically, ages 55 and older.  The development will provide a variety of on-site services / 

amenities to the residents such as tennis courts, hiking/biking trails, horse barn and riding ring, wellness 

center, swimming pool, clubhouse, shuffleboard, horseshoes, arts & crafts building, dining / kitchen facility, 

car shop / maintenance building, and a barbeque area.  

There are two proposed full movement access points directly onto McKinney Road, one designated as the 

main access point and one designated as a service access.  There is also a third full movement access point 

onto Ewbank Road, which connects directly to Brickyard Road.  The Ewbank Road access will be gated and 

is designated for emergency use only.  All residents will utilize the main access point on McKinney Road.  

Figure 3 shows the proposed site layout of the development. Appendix A contains a full-size site plan. 

N 

Site Location 
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FIGURE 3 – Site Pan - (Site Plan Provided by Land Planning Collaborative) 
 
PARAMETERS AND STUDY AREA 

As determined through discussions with North Carolina Department of Transportation (NCDOT), Henderson 

County Planning, and engineering judgment, the study area of this TIA includes: 

• N. Greenwood Forest Drive (SR 1488) @ Brickyard Road (SR 1323) – Un-signalized 

• Holly Springs Road (SR 1322) @ Brickyard Road – Un-signalized 

• McKinney Road (SR 1203) @ Brickyard Road – Un-signalized 

• Pisgah View Drive (North) (SR 1469) @ McKinney Road – Un-signalized 

• Pisgah View Drive (South) @ McKinney Road – Un-signalized 

• McKinney Road @ US 64 (Brevard Road) – Signalized (Isolated Signal) 

• Brickyard Road @ US 64 (Brevard Road) – Signalized (Isolated Signal) 

• N. Greenwood Forest Drive @ US 64 – Un-Signalized 

Main Site Access 
Service 
Access 

N 

Emergency 
Access 
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Peak hour turning movement counts were obtained at each of the existing study intersections.  AM and PM 

peak hours were determined between the AM and PM peak periods of 7:00 – 9:00 AM and 4:00 – 6:00 PM.  

AM and PM peak hours for each intersection were analyzed for existing traffic, background traffic, and full 

build-out traffic conditions (2020).   

The AM and PM peak hours for each intersection are as follows: 

• N. Greenwood Forest Drive (SR 1488) @ Brickyard Road (SR 1323) 

o AM Peak Hour – 7:00 AM – 8:00 AM  ||  PM Peak Hour – 4:45 PM – 5:45 PM 

• Holly Springs Road (SR 1322) @ Brickyard Road 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 5:00 PM – 6:00 PM 

• McKinney Road (SR 1203) @ Brickyard Road 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 5:00 PM – 6:00 PM 

• Pisgah View Drive (North) (SR 1469) @ McKinney Road 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 5:00 PM – 6:00 PM 

• Pisgah View Drive (South) @ McKinney Road 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 5:00 PM – 6:00 PM 

• McKinney Road @ US 64 (Brevard Road) 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 4:45 PM – 5:45 PM 

• Brickyard Road @ US 64 (Brevard Road) 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 4:45 PM – 5:45 PM 

• N. Greenwood Forest Drive @ US 64 

o AM Peak Hour – 7:15 AM – 8:15 AM  ||  PM Peak Hour – 4:45 PM – 5:45 PM 

 

Other parameters include: 

• Background Traffic Growth Factor of 2% 

o NCDOT approved growth factor 

• Peak Hour Factor of 0.90 for projected conditions  
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SURROUNDING LAND USES 
The proposed site is located in the Etowah community of Henderson County, NC.  The predominant land use 

within the study area is low density residential, recreational, and agricultural land uses.  Horseshoe, NC is 

located roughly 3 miles to the east of the proposed site.  Mills River, NC is located roughly 6 miles to the 

north of the proposed development and Hendersonville, NC is located roughly 8 miles to the east of the 

proposed development. 

 
SURROUNDING ROADWAYS 
 

According to NCDOT’s Online GIS, US 64 (Brevard Road) is classified as a minor arterial.  US 64 is a three-

lane road with a posted speed limit of 45 mph within the vicinity of the proposed development.  According 

to NCDOT data, the Average Annual Daily Traffic (AADT) on US 64 was 9,800 vehicles per day (vpd) east 

of Brickyard Road and 7,500 vpd west of Brickyard Road in 2016. 

N. Greenwood Forest Drive is classified as a local road.  N. Greenwood Forest Drive is a two-lane road with 

a posted speed limit of 35 mph.  According to NCDOT data, the AADT on N. Greenwood Forest Drive near 

US 64 was 2,100 vpd in 2014.  Additionally, the AADT near Brickyard Road was 2,100 in 2015. 

Brickyard Road is classified as a local road.  Brickyard Road is a two-lane road with a posted speed limit of 

35 mph within the vicinity of the study area.  According to NCDOT data, the AADT on Brickyard Road was 

2,000 vpd between N. Greenwood Forest Drive and Holly Springs Road in 2016.  Additionally, the AADT 

on Brickyard Road was 3,000 vpd between McKinney Road and US 64 in 2015. 

Holly Springs Road is classified as a local road.  Holly Springs Road is a two-lane road with a posted speed 

limit of 35 mph within the vicinity of the study area.  According to NCDOT data, the AADT on Holly Springs 

Road was 2,400 vpd north of Brickyard Road in 2015.   

McKinney Road Road is classified as a local road.  McKinney Road is a two-lane road with a posted speed 

limit of 35 mph within the vicinity of the study area.  According to NCDOT data, the AADT on McKinney 

Road was 480 vpd just north of US 64 in 2016. 

Pisgah View Road is classified as a local road.  Pisgah View Road is a two-lane road with a posted speed 

limit of 25 mph within the vicinity of the study area.  According to NCDOT data, the AADT on Pisgah View 

Road was 180 vpd in 2015.   
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 EXISTING TRAFFIC 
 
Peak hour turning movement counts were conducted at the intersections in the study area.   The AM and PM 

peak hours were identified between the peak periods of 7:00 – 9:00 AM and 4:00 – 6:00 PM.  The existing 

lane configurations and existing peak hour volumes are shown in Figures 4 & 5.  The complete existing 

turning movement counts can be found in Appendix B.     

It is worth noting that the traffic patterns within the study area are indicative of commuter and “cut-through” 

travel patterns.  N. Greenwood Forest Drive is a direct connection between Brickyard Road and US 64 for 

vehicles traveling to and from Brevard, Mills River, and Asheville.   
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FIGURE 4 – EXISTING LANE CONFIGURATIONS 
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FIGURE 5 – EXISTING AM AND PM PEAK HOUR TRAFFIC 
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BACKGROUND TRAFFIC  
 

Background traffic is defined as the traffic that would be at the studied intersections at the time of anticipated 

project completion (build-out), without the proposed development.  Background traffic is comprised of 

existing traffic and any increase or decrease in volumes which might occur from general growth trends in the 

surrounding area or from nearby specific developments.  It also assumes no significant roadway geometric 

changes from the existing condition scenario.  A 2% background traffic growth factor was utilized for this 

study.  The anticipated project completion year (build-out) is 2020.  The anticipated background traffic is 

shown in Figure 6. The background turning movement data can be found in Appendix B.     

 
NCDOT 2018-2027 STATE TRANSPORTATION IMPROVEMENT PROJECTS 

 

The current 2018-2027 NCDOT State Transportation Improvement Projects (STIP) does not indicate any 

funded NCDOT projects within the immediate study area of the proposed development. 
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FIGURE 6 – BACKGROUND AM AND PM PEAK HOUR TRAFFIC 
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TRIP DISTRIBUTION     
 

The trip distribution for this development was estimated from the existing traffic volume patterns within the 

surrounding roadway network, the surrounding population densities, the location of the proposed 

development, and engineering judgment.  Trip distribution percentages can be seen in Figure 7. 
 

TRIP GENERATION     
 

The latest edition (9th) of the Trip Generation Manual published by the Institute of Transportation Engineers 

(ITE) was used as a baseline to determine site generated traffic.  The proposed development fits the 

characteristics for multiple ITE Land Use Codes.  As previously mentioned, the intended demographic of 

this development is a 55 and older population geared towards a “senior adult housing” land use.  However, 

no explicit age restrictions are being enforced on this development so it is anticipated that some typical single-

family residences will be incorporated into the development.  Through the TIA scoping process with NCDOT 

& Henderson County Planning, it was determined that assuming all the units as “Single-Family – Detached” 

would be appropriate to analyze a “worst-case” scenario.   

Additionally, the proposed site will provide a plethora of amenities that will be accessible to the surrounding 

Etowah community through social memberships.  Developer representatives have indicated a cap of 200 

social memberships to use on-site amenities.  NCDOT has requested that Land Use Code 495 (Recreational 

Community Club) be utilized to estimate anticipated traffic to and from the on-site amenities during the AM 

and PM peak hours.  NCDOT guidelines indicate that the independent variable for this land use should be by 

the 1,000 SF.  However, since the on-site amenities will be utilized by memberships, a custom trip generation 

scenario was created to combine the two variables.   

The on-site amenities and associated square footages are as follows: Restaurant (6,000 SF), Clubhouse (4,000 

SF), Wellness Center (10,000 SF), Art Gallery (3,000 SF), Motorcycle / Car Display Building (3,000 SF), 

Equestrian Barn / Restaurant (10,000 SF), Event Building / Restaurant (8,000 SF), and Pavilion / Restaurant 

(3,000 SF).  The total square footage for the on-site amenities to be utilized by the social memberships is 

47,000 SF.   

ITE provides one (1) study for Land Use Code 495 with the independent variable listed as memberships and 

the study was conducted at a 14,000 SF facility.  Using this information, a conversion factor was calculated 

(47,000 SF / 14,000 SF = 3.4) to determine anticipated site trips based on memberships. 
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In accordance with NCDOT guidelines, the rate method was used instead of the equation method in 

determining trips associated with these particular land uses.  The rates for weekday total, AM peak hour, and 

PM peak hour can be seen below.  The typical weekday trip generation is shown in Table 1. 

• LUC 210 – Single-Family – Detached Housing 
o Weekday Rate = 9.52 
o AM Peak Hour of Adjacent Street Traffic Equation 

▪ Rate = 0.75  :  25% entering / 75% exiting 
o PM Peak Hour of Adjacent Street Traffic Equation 

▪ Rate = 1.00  :  63% entering / 37% exiting 
• LUC 495 – Recreational Community Center 

o Weekday Rate = Not Listed for Memberships (Assumed to be 10x AM Peak Trips) 
o AM Peak Hour of Adjacent Street Traffic Equation 

▪ Rate = (0.03) * (3.4) = 0.102  :  58% entering / 42% exiting 
o PM Peak Hour of Adjacent Street Traffic Equation 

▪ Rate = (0.02) * (3.4) = 0.068  :  39% entering / 61% exiting 

In addition to the land uses listed above, there will be employees dedicated to some of the on-site amenities 

that will come from off-site the development and add to the overall trips generated by the site.  These 

employees will be staffed to the dining / kitchen facilities, administration building, car shop / maintenance 

building, and guest room services building.  Through a review of the site plan layout, it was determined that 

20 parking spaces will be dedicated for employee use.  Based on engineering judgement and to assume a 

“worst-case” scenario, it was assumed that 20 employees (100%) would enter the site during the AM peak 

hour and a 50/50 split between ingress / egress trips would occur during the PM peak hour.  Additionally, it 

was assumed that all employees will enter through the main site access instead of the secondary service 

access along McKinney Road.  The trip generation associated with the 20 employee parking spaces can be 

seen below in Table 1. 
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 Size Unit ADT 
(vpd) 

AM Peak 
(vph) 

PM Peak 
(vph) 

IN OUT IN OUT 
ITE Land Use Code 210 –  
Single-Family Detached 299 Dwelling 

Units 2,847 56 168 188 111 

ITE Land Use Code 495 –  
Recreational Community Center 200 Memberships 200 12 8 5 9 

Employees –  
Parking Spaces 20 Spaces 40 20 0 10 10 

TOTAL TRIPS  3,087 88 176 203 130 

Table 1 – Typical Weekday Trip Generation 

Trip assignments were distributed using the percentages found in Figure 7 and shown as AM and PM Peak 

Hour ingress and egress site generated trips in Figure 8. 

BUILD-OUT TRAFFIC  
 
Build-out traffic is defined as the total traffic volume that will be present on the surrounding roadway network 

at the time of project completion and full occupancy.  This time is assumed to be 2020.  Build-out traffic was 

calculated by adding the background traffic and site traffic.  Figure 9 shows the anticipated build-out AM & 

PM Peak Hour traffic.   
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FIGURE 7 – TRIP DISTRIBUTION PERCENTAGES 
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FIGURE 8 – ANTICIPATED SITE TRIPS – AM & PM PEAK HOURS 
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FIGURE 9 – BUILD-OUT AM AND PM PEAK HOUR TRAFFIC 
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METHOD OF ANALYSIS     
The studied intersections were analyzed using Synchro.  Synchro is a specialized software package that allow 

the user to model and simulate intersections and roadway networks to determine levels of service (LOS), 

based on the thresholds specified in the Highway Capacity Manual (HCM) published by the Transportation 

Research Board.  Synchro also provides analysis of capacity, vehicle delay, volume to capacity ratio (v/c), 

queue lengths, traffic signal timing, and vehicle flow rate. 
 

The HCM defines capacity as “the maximum hourly rate at which persons or vehicles can reasonably be 

expected to traverse a point during a given time period under prevailing roadway, traffic, and control 

conditions”.  LOS is a term used to represent different driving conditions, primarily with respect to traffic 

congestion.  It is defined as a “qualitative measure describing operational and perceptional conditions within 

a traffic stream”.  LOS “A” represents free flow traffic conditions with no congestion.  LOS “F” represents 

severely impacted traffic flow due to vehicle congestion.  LOS is generally determined by the total “Control 

Delay” experienced by drivers.  Control delay is vehicle delay that is ultimately caused by the traffic control 

device.  This includes deceleration delay, queue move-up time delay, stopped delay, and acceleration delay. 

(Table 2)    

HIGHWAY CAPACITY MANUAL 
LEVEL OF SERVICE AND DELAY 

 
UN-SIGNALIZED INTERSECTION SIGNALIZED INTERSECTION 

LEVEL OF SERVICE 
AVERAGE CONTROL 
DELAY PER VEHICLE 

(Seconds) 
LEVEL OF SERVICE 

AVERAGE CONTROL 
DELAY PER VEHICLE 

(Seconds) 
A 0-10 A 0-10 
B 10-15 B 10-20 
C 15-25 C 20-35 
D 25-35 D 35-55 
E 35-50 E 55-80 
F > 50 F > 80 

  
<Table 2> 

 

The analysis for un-signalized intersections can project very high delays on the side street, thus it is 

recommended to use LOS measurements as a comparative tool rather than a design tool.  The 95th Queue is 

defined to be the vehicle queue (back-up) that has only a 5% probability of being exceeded during the analysis 

period.  At un-signalized intersections, p0 is the probability of a queue free state.   
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ANALYSIS OF EXISTING CONDITIONS     
  
The analysis for existing conditions was based on methodology presented in NCDOT’s Congestion 

Management Capacity Analysis Guidelines.  In order to estimate the existing LOS, delay, v/c ratio, and queue 

at the study intersections, the existing traffic volumes from the AM & PM peak hours were analyzed using 

existing lane configurations and traffic control conditions. (Tables 3 – 10)  Since existing turning movement 

count data was collected, the existing peak hour factor (PHF) was utilized for analyzing existing conditions.  

Existing signal timing information was determined from the existing signal plan of record for the intersections 

of Brickyard Road @ US 64 and McKinney Road @ US 64. 

In accordance with NCDOT’s Congestion Management Capacity Analysis Guidelines, zero volume 

movements were increased to four (4) vehicles per hour to prevent Synchro from incorrectly calculating one 

or more movements as being prohibited.  The capacity analysis (Synchro) for the existing conditions are 

found in Appendix C and the signal plans of record are found in Appendix D.   The estimated delay was field 

verified and found to generally coincide with the Synchro calculations.  

N. GREENWOOD FOREST DRIVE @ BRICKYARD ROAD 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.0 0.08 100 A     0.0 0.06 

Westbound 97 A   4.7 0.03 93 A     5.0 0.07 

Northbound 87 A   9.8 0.17 90 B   10.9 0.14 
 

<Table 3> 
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HOLLY SPRINGS ROAD @ BRICKYARD ROAD 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 91 A     5.2 0.09 98 A     2.8 0.02 

Westbound 100 A     0.0 0.07 100 A     0.0 0.09 

Southbound 86 B   12.0 0.17 86 B   10.8 0.25 
 

<Table 4> 
 
 

MCKINNEY ROAD @ BRICKYARD ROAD 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 87 A     9.1 0.15 87 A     9.4 0.16 

Westbound 98 B   11.3    0.03 97 B   13.0 0.05 

Northbound 95 A     7.0 0.05 90 A     6.8 0.10 
 

<Table 5> 
 
 

PISGAH VIEW DRIVE (NORTH) @ MCKINNEY ROAD 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.0 0.01 100 A   0.0 0.01 

Westbound 100 A   1.8 0.01 100 A   2.4 0.01 

Northbound 99 A   8.6 0.01 98 A   8.7 0.02 
 

<Table 6> 
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PISGAH VIEW DRIVE (SOUTH) @ MCKINNEY ROAD 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   1.5 0.01 99 A   3.3 0.01 

Westbound 100 A   0.0 0.01 100 A   0.0 0.01 

Southbound 99 A   8.6 0.01 99 A   8.6 0.02 
 

<Table 7> 
 
 

MCKINNEY ROAD / OLD HIGHWAY 64 @ US 64 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 1 A     6.0 0.01 5 A     5.1 0.03 

EB Thru/Right 123 A     8.7 0.47 138 A     8.3 0.51 

Westbound Left 8 A     5.8 0.04 12 A     5.6 0.11 

WB Thru/Right 83 A     7.2 0.33 133 A     8.0 0.50 

Northbound 18 B   10.0 0.40 4 B   10.8 0.30 

Southbound 9 A     9.2 0.11 14 B   11.5 0.12 

 

<Table 8> 
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BRICKYARD ROAD @ US 64 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 7 A     5.1 0.05 7 A     3.6 0.08 

Eastbound Thru 99 A     7.8 0.38 108 A     5.2 0.34 

WB Thru/Right 188 B   14.1 0.54 288 B   13.0 0.58 

Southbound 81 B   19.1 0.48 100 C   33.0 0.61 

 

<Table 9> 
 
 

N. GREENWOOD FOREST DRIVE @ US 64 
ANALYSIS OF EXISTING AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 91 A     8.2 0.09 96 A     8.2 0.04 

Eastbound Thru 100 A     0.0 0.18 100 A     0.0 0.20 

Westbound Thru 100 A     0.0 0.17 100 A     0.0 0.19 

Westbound Right 100 A     0.0 0.02 100 A     0.0 0.04 

Southbound 89 B   12.4 0.19 83 B   11.9 0.23 
 

<Table 10> 
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ANALYSIS OF BACKGROUND TRAFFIC CONDITIONS     
 
The analysis for background conditions was based on methodology presented in NCDOT’s Congestion 

Management Capacity Analysis Guidelines. In order to estimate the background LOS, delay, v/c ratio, and 

queue at the study intersections, the background traffic volumes were analyzed using existing lane 

configurations. (Tables 11 – 18)  A PHF of 0.90 was utilized for all background conditions.  Signal timing 

information was determined from the existing signal plan of record for the intersections of Brickyard Road 

@ US 64 and McKinney Road @ US 64. 

In accordance with NCDOT’s Congestion Management Capacity Analysis Guidelines, zero volume 

movements were increased to four (4) vehicles per hour to prevent Synchro from incorrectly calculating one 

or more movements as being prohibited.  The capacity analysis (Synchro Reports) for the background 

conditions can be found in Appendix C.   

N. GREENWOOD FOREST DRIVE @ BRICKYARD ROAD 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.0 0.07 100 A     0.0 0.05 

Westbound 98 A   4.9 0.02 94 A     4.6 0.06 

Northbound 88 A   9.5 0.14 91 B   10.5 0.12 
 

<Table 11> 
 

HOLLY SPRINGS ROAD @ BRICKYARD ROAD 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 93 A     4.7 0.07 98 A     3.1 0.02 

Westbound 100 A     0.0 0.06 100 A     0.0 0.09 

Southbound 90 B   10.9 0.13 86 B   10.6 0.22 
 

<Table 12> 
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MCKINNEY ROAD @ BRICKYARD ROAD 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 86 A     9.0 0.15 86 A     9.2 0.16 

Westbound 99 B   11.0    0.02 98 B   12.8 0.04 

Northbound 95 A     7.0 0.05 91 A     7.2 0.09 
 

<Table 13> 
 
 

PISGAH VIEW DRIVE (NORTH) @ MCKINNEY ROAD 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.0 0.01 100 A   0.0 0.01 

Westbound 100 A   2.9 0.01 100 A   2.9 0.01 

Northbound 100 A   8.5 0.01 99 A   8.6 0.02 
 

<Table 14> 
 

PISGAH VIEW DRIVE (SOUTH) @ MCKINNEY ROAD 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.6 0.01 99 A   3.5 0.01 

Westbound 100 A   0.0 0.01 100 A   0.0 0.01 

Southbound 99 A   8.4 0.01 99 A   8.4 0.01 
 

<Table 15> 
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MCKINNEY ROAD / OLD HIGHWAY 64 @ US 64 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 2 A     6.0 0.01 5 A     4.7 0.02 

EB Thru/Right 142 A     9.0 0.49 146 A     6.6 0.46 

Westbound Left 9 A     5.7 0.04 13 A     4.8 0.07 

WB Thru/Right 89 A     7.1 0.34 136 A     6.2 0.44 

Northbound 48 B   10.3 0.39 35 B   11.8 0.25 

Southbound 15 A     9.9 0.07 19 B   12.6 0.10 

 

<Table 16> 
 

BRICKYARD ROAD @ US 64 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 7 A     4.4 0.03 9 A     4.0 0.05 

Eastbound Thru 91 A     7.3 0.39 122 A     7.0 0.43 

WB Thru/Right 178 B   10.6 0.50 299 B   11.7 0.63 

Southbound 93 B   17.2 0.42 116 C   22.7 0.46 

 

<Table 17> 
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N. GREENWOOD FOREST DRIVE @ US 64 
ANALYSIS OF BACKGROUND AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 92 A     8.1 0.08 96 A     8.3 0.04 

Eastbound Thru 100 A     0.0 0.19 100 A     0.0 0.22 

Westbound Thru 100 A     0.0 0.17 100 A     0.0 0.21 

Westbound Right 100 A     0.0 0.01 100 A     0.0 0.04 

Southbound 92 B   12.0 0.13 85 B   12.0 0.20 
 

<Table 18> 
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ANALYSIS OF BUILD-OUT TRAFFIC CONDITIONS     
 

The analysis for build-out conditions was based on methodology presented in NCDOT’s Congestion 

Management Capacity Analysis Guidelines.  In order to estimate the build-out LOS, delay, v/c ratio, and 

queue at the study intersections, the build-out traffic volumes from the AM & PM peak hours were analyzed 

using existing lane configurations and traffic control conditions.  (Tables 19 – 27) A PHF of 0.90 was utilized 

for all build-out conditions.  Signal timing information was determined from the existing signal plan of record 

for the intersections of Brickyard Road @ US 64 and McKinney Road @ US 64. 

In accordance with NCDOT’s Congestion Management Capacity Analysis Guidelines, zero volume 

movements were increased to four (4) vehicles per hour to prevent Synchro from incorrectly calculating one 

or more movements as being prohibited.  The capacity analysis (Synchro Reports) for the build-out conditions 

can be found in Appendix C. 

N. GREENWOOD FOREST DRIVE @ BRICKYARD ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.0 0.07 100 A     0.0 0.07 

Westbound 98 A   3.4 0.02 94 A     4.3 0.06 

Northbound 88 A   9.6 0.15 91 B   10.8 0.13 
 

<Table 19> 
 

HOLLY SPRINGS ROAD @ BRICKYARD ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 93 A     4.6 0.07 98 A     2.5 0.02 

Westbound 100 A     0.0 0.10 100 A     0.0 0.12 

Southbound 84 B   12.1 0.19 75 B   12.2 0.34 
 

<Table 20> 
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MCKINNEY ROAD @ BRICKYARD ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 86 A     9.8 0.21 80 B   12.3 0.34 

Westbound 87 B   13.4    0.26 84 C   17.6 0.30 

Northbound 95 A     5.8 0.05 91 A     5.5 0.09 
 

<Table 21> 
 
 

PISGAH VIEW DRIVE (NORTH) @ MCKINNEY ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 100 A   0.0 0.04 100 A   0.0 0.03 

Westbound 100 A   3.0 0.01 100 A   2.9 0.01 

Northbound 96 A   8.9 0.04 91 A   9.1 0.10 
 

<Table 22> 
 

PISGAH VIEW DRIVE (SOUTH) @ MCKINNEY ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound 98 A   5.6 0.02 94 A   6.6 0.06 

Westbound 100 A   0.0 0.01 100 A   0.0 0.01 

Southbound 94 A   8.6 0.06 95 A   8.6 0.05 
 

<Table 23> 
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MCKINNEY ROAD / OLD HIGHWAY 64 @ US 64 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 2 A     5.4 0.01 8 A     4.8 0.04 

EB Thru/Right 146 A     8.9 0.51 150 A     6.6 0.46 

Westbound Left 8 A     5.4 0.04 13 A     4.7 0.08 

WB Thru/Right 95 A     7.0 0.37 162 A     6.6 0.49 

Northbound 62 B   13.4 0.44 44 B   13.5 0.28 

Southbound 40 B   12.4 0.24 41 B   14.8 0.24 

 

<Table 24> 
 

BRICKYARD ROAD @ US 64 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

95th Queue 
Length (ft) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 14 A    5.1 0.07 23 A     4.8 0.16 

Eastbound Thru 109 A     7.8 0.40 144 A     7.0 0.42 

WB Thru/Right 204 B   14.0 0.56 344 B   17.3 0.71 

Southbound 125 C   20.3 0.53 151 C  28.7 0.57 

 

<Table 25> 
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N. GREENWOOD FOREST DRIVE @ US 64 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound Left 92 A     8.3 0.08 96 A     8.4 0.04 

Eastbound Thru 100 A     0.0 0.21 100 A     0.0 0.25 

Westbound Thru 100 A     0.0 0.20 100 A     0.0 0.23 

Westbound Right 100 A     0.0 0.01 100 A     0.0 0.04 

Southbound 91 B   12.4 0.14 85 B   12.5 0.21 
 

<Table 26> 
 

SITE ACCESS “A” @ MCKINNEY ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound  96 A   6.4 0.04 90 A     7.2 0.10 

Westbound 100 A   0.0 0.02 100 A     0.0 0.06 

Southbound 87 A   9.7 0.20 90 B   10.3 0.18 
 

<Table 27> 
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CONCLUSIONS AND RECOMMENDATIONS  

The mitigation recommendations at each of the studied intersections were based on NCDOT’s Policy on 

Street and Driveway Access to North Carolina Highways (Driveway Manual) methodology and mitigation 

threshold requirements, and engineering judgement.   

According to NCDOT, mitigation improvements are required to the studied roadway network if at least one 

of the following conditions exists when comparing base network conditions to project build-out conditions: 

• Average intersection or approach delay increases by 25% or greater while maintaining same LOS, 

• LOS degrades by at least one level 

• LOS is F 

NCDOT has requested that turn lane warrant analyses be conducted at each of the appropriate un-signalized 

studied intersections. The NCDOT “Warrant for Left and Right-Turn Lanes” chart was utilized to determine 

potential turn lane storage length requirements.  For the purposes of this report and to assist with overall 

mitigation, turn lane installation will be recommended when turn lane warrants are met for 75-feet of storage 

or greater.   

Additionally, the Driveway Manual states that all site access points to a development should have a minimum 

internal protected stem length of 100 feet before any crossing / left-turning conflicts are allowed.   
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N. Greenwood Forest Drive @ Brickyard Road: 
Based on HCM and NCDOT guidance, “LOS for un-signalized intersections is not defined as a whole and 

should only be reported for individual stop-controlled or yield movements.”  As a result, the free-flow 

movements / approaches were not utilized when comparing background conditions to build-out conditions.  

As can be seen in Table 28, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased for the northbound approach during 

the AM and PM peak hours. 

N. GREENWOOD FOREST DRIVE @ BRICKYARD ROAD 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound  
(Brickyard) 

AM A 0.0 0.07 A 0.0 0.07 0% 
PM A 0.0 0.05 A 0.0 0.07 0% 

Westbound 
(Brickyard) 

AM A 4.9 0.02 A 3.4 0.02 -31% 
PM A 4.6 0.06 A 4.3 0.06 -7% 

Northbound 
(Greenwood Forest) 

AM A 9.5 0.14 A 9.6 0.15 1% 
PM B 10.5 0.12 B 10.8 0.13 3% 

 
<Table 28> 

It should be noted that the westbound approach experiences a decrease in delay when comparing background 

conditions to build-out conditions.  This is a result of the Synchro calculations taking a weighted average of 

the westbound approach volumes.  Since only through movements are being added to the free flow westbound 

approach, the Synchro calculations result in a lower average approach delay. 

None of the approaches are beyond the NCDOT thresholds for delay increase percentage or LOS degradation.  

Since each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, 

no changes are recommended at this intersection to accommodate traffic generated by the site under build-

out conditions based solely on capacity analysis.   

From a capacity analysis standpoint, LOS A & LOS B are acceptable operation for an un-signalized 

intersection during a peak hour.  However, as a secondary analysis, left and right turn lane warrants were 

studied for the eastbound and westbound approaches at this intersection.  Table 29 below shows the results 

of the turn lane warrant analysis for this intersection. 
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N. GREENWOOD FOREST DRIVE @ BRICKYARD ROAD 
TURN LANE WARRANT ANALYSIS 

Approach Peak 
Hour 

Left 
Turns 

(Vehicles) 

Opposing 
Lefts 

(Vehicles) 

Right 
Turns 

(Vehicles) 

Opposing 
Rights 

(Vehicles) 

Required Storage 
Length per 

NCDOT Chart 

Eastbound AM - - 39 100 50’ 
PM - - 36 100 50’ 

Westbound AM 26 111 - - 50’ 
PM 79 104 - - 75’ 

 
<Table 29> 

The results of the turn lane warrant analysis indicate that build-out volumes warrant a 50-foot eastbound right 

turn lane and a 75-foot westbound left turn lane.  It is recommended to install a 75-foot westbound left turn 

lane at this intersection to accommodate traffic generated by the proposed site.  The NCDOT “Warrant for 

Left and Right-Turn Lanes” chart can be found in Appendix E. 
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Holly Springs Road @ Brickyard Road: 
Based on HCM and NCDOT guidance, “LOS for un-signalized intersections is not defined as a whole and 

should only be reported for individual stop-controlled or yield movements.”  As a result, the free-flow 

movements / approaches were not utilized when comparing background conditions to build-out conditions.  

As can be seen in Table 30, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased for the southbound approach during 

the AM and PM peak hours. 

HOLLY SPRINGS ROAD @ BRICKYARD ROAD 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound  
(Brickyard) 

AM A 4.7 0.07 A 4.6 0.07 -2% 
PM A 3.1 0.02 A 2.5 0.02 -20% 

Westbound 
(Brickyard) 

AM A 0.0 0.06 A 0.0 0.10 0% 
PM A 0.0 0.09 A 0.0 0.12 0% 

Southbound 
(Holly Springs) 

AM B 10.9 0.13 B 12.1 0.19 11% 
PM B 10.6 0.22 B 12.2 0.34 15% 

 
<Table 30> 

It should be noted that the eastbound approach experiences a decrease in delay when comparing background 

conditions to build-out conditions.  This is a result of the Synchro calculations taking a weighted average of 

the eastbound approach volumes.  Since through movements are being added to the free flow eastbound 

approach, the Synchro calculations result in a lower average approach delay. 

None of the approaches are beyond the NCDOT thresholds for delay increase percentage or LOS degradation.  

Since each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, 

no changes are recommended at this intersection to accommodate traffic generated by the site under build-

out conditions based solely on capacity analysis.   

From a capacity analysis standpoint, LOS A & LOS B are acceptable operation for an un-signalized 

intersection during a peak hour.  However, as a secondary analysis, left and right turn lane warrants were 

studied for the eastbound and westbound approaches at this intersection.  Table 31 below shows the results 

of the turn lane warrant analysis for this intersection. 
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HOLLY SPRINGS ROAD @ BRICKYARD ROAD 
TURN LANE WARRANT ANALYSIS 

Approach Peak 
Hour 

Left 
Turns 

(Vehicles) 

Opposing 
Lefts 

(Vehicles) 

Right 
Turns 

(Vehicles) 

Opposing 
Rights 

(Vehicles) 

Required Storage 
Length per 

NCDOT Chart 

Eastbound AM 90 157 - - 75’ 
PM 28 184 - - 50’ 

Westbound AM - - 114 100 75’ 
PM - - 112 100 75’ 

 
<Table 31> 

The results of the turn lane warrant analysis indicate that build-out volumes warrant a 75-foot eastbound left 

turn lane and a 75-foot westbound right turn lane.  It is recommended to install a 75-foot eastbound left turn 

lane and a 75-foot westbound right turn lane at this intersection to accommodate traffic generated by the 

proposed site.  The NCDOT “Warrant for Left and Right-Turn Lanes” chart can be found in Appendix E. 
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McKinney Road @ Brickyard Road: 
Based on HCM and NCDOT guidance, “LOS for un-signalized intersections is not defined as a whole and 

should only be reported for individual stop-controlled or yield movements.”  As a result, the free-flow 

movements / approaches were not utilized when comparing background conditions to build-out conditions.  

As can be seen in Table 32, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is increased for the eastbound and westbound approaches 

during the PM peak hours. 

MCKINNEY ROAD @ BRICKYARD ROAD 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound  
(Brickyard) 

AM A 9.0 0.15 A 9.8 0.21 9% 
PM A 9.2 0.16 B 12.3 0.34 34% 

Westbound 
(McKinney) 

AM B 11.0 0.02 B 13.4 0.26 22% 
PM B 12.8 0.04 C 17.6 0.30 45% 

Northbound 
(Brickyard) 

AM A 7.0 0.05 A 5.8 0.05 -17% 
PM A 7.2 0.09 A 5.5 0.09 -24% 

 
<Table 32> 

The eastbound approach experiences LOS degradation under PM peak hour conditions when comparing 

background traffic to build-out traffic. During the PM peak hour, the westbound approach goes from a LOS 

A (9.2 seconds under background conditions) to LOS B (12.3 seconds under build-out conditions) – 

representing a 3.1 second increase in delay.  Additionally, the delay increase percentage is beyond NCDOT 

thresholds – 34%. 

The westbound approach experiences LOS degradation under PM peak hour conditions when comparing 

background traffic to build-out traffic. During the PM peak hour, the westbound approach goes from a LOS 

B (12.8 seconds under background conditions) to LOS C (17.6 seconds under build-out conditions) – 

representing a 4.8 second increase in delay.  Additionally, the delay increase percentage is beyond NCDOT 

thresholds – 45%. 

It should be noted that the northbound approach experiences a decrease in delay when comparing background 

conditions to build-out conditions.  This is a result of the Synchro calculations taking a weighted average of 

the northbound approach volumes.  Since through movements are being added to the free flow northbound 
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approach, the Synchro calculations result in a lower average approach delay. 

Even though the eastbound and westbound approaches are beyond the NCDOT thresholds for delay increase 

percentage and LOS degradation, LOS A, LOS B, & LOS C are acceptable operation for an un-signalized 

intersection during a peak hour and typically do not warrant mitigation to accommodate site traffic.  Since 

each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, no 

changes are recommended at this intersection to accommodate traffic generated by the site under build-out 

conditions based solely on capacity analysis.   

However, as a secondary analysis, left and right turn lane warrants were studied for the eastbound and 

westbound approaches at this intersection.  Table 33 below shows the results of the turn lane warrant analysis 

for this intersection. 

BRICKYARD ROAD @ MCKINNEY ROAD 
TURN LANE WARRANT ANALYSIS 

Approach Peak 
Hour 

Left 
Turns 

(Vehicles) 

Opposing 
Lefts 

(Vehicles) 

Right 
Turns 

(Vehicles) 

Opposing 
Rights 

(Vehicles) 

Required Storage 
Length per 

NCDOT Chart 

Eastbound AM - - 134 100 100’ 
PM - - 137 100 100’ 

Westbound AM 57 175 - - 50’ 
PM 45 229 - - 50’ 

 
<Table 33> 

The results of the turn lane warrant analysis indicate that build-out volumes warrant a 100-foot eastbound 

right turn lane.  It is recommended to install a 100-foot eastbound right turn lane at this intersection to 

accommodate traffic generated by the proposed site.  The NCDOT “Warrant for Left and Right-Turn Lanes” 

chart can be found in Appendix E. 

NCDOT has requested a historical crash analysis at this intersection.  The crash analysis will be forthcoming 

as a separate TIA Addendum. 
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Pisgah View Drive (North) @ McKinney Road: 
Based on HCM and NCDOT guidance, “LOS for un-signalized intersections is not defined as a whole and 

should only be reported for individual stop-controlled or yield movements.”  As a result, the free-flow 

movements / approaches were not utilized when comparing background conditions to build-out conditions.  

As can be seen in Table 34, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased during the AM and PM peak hours. 

PISGAH VIEW DRIVE (NORTH) @ MCKINNEY ROAD 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound  
(McKinney) 

AM A 0.0 0.01 A 0.0 0.04 0% 
PM A 0.0 0.01 A 0.0 0.03 0% 

Westbound 
(McKinney) 

AM A 2.9 0.01 A 3.0 0.01 3% 
PM A 2.9 0.01 A 2.9 0.01 0% 

Northbound 
(Pisgah View) 

AM A 8.5 0.01 A 8.9 0.04 5% 
PM A 8.6 0.02 A 9.1 0.10 6% 

 
<Table 34> 

None of the approaches are beyond the NCDOT thresholds for delay increase percentage or LOS degradation.  

Since each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, 

no changes are recommended at this intersection to accommodate traffic generated by the site under build-

out conditions based solely on capacity analysis. 

However, as a secondary analysis, right turn lane warrants were studied for the eastbound approach at this 

intersection.  A left turn lane warrant was not evaluated since there are no westbound left turning vehicles 

under build-out conditions. Table 35 below shows the results of the turn lane warrant analysis.  
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PISGAH VIEW DRIVE (NORTH) @ MCKINNEY ROAD 
TURN LANE WARRANT ANALYSIS 

Approach Peak 
Hour 

Left 
Turns 

(Vehicles) 

Opposing 
Lefts 

(Vehicles) 

Right 
Turns 

(Vehicles) 

Opposing 
Rights 

(Vehicles) 

Required Storage 
Length per 

NCDOT Chart 

Eastbound AM - - 60 100 50’ 
PM - - 44 100 50’ 

Westbound AM - - - - - 
PM - - - - - 

 
<Table 35> 

The results of the turn lane warrant analysis indicate that build-out volumes warrant a 50-foot eastbound right 

turn lane.  Therefore, it is not recommended to install an eastbound right turn lane at this intersection to 

accommodate traffic generated by the proposed site.  The NCDOT “Warrant for Left and Right-Turn Lanes” 

chart can be found in Appendix E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



J.M. Teague Engineering & Planning (JMTE# 0699)   09/29/2017 

41 
 

Pisgah View Drive (South) @ McKinney Road: 
Based on HCM and NCDOT guidance, “LOS for un-signalized intersections is not defined as a whole and 

should only be reported for individual stop-controlled or yield movements.”  As a result, the free-flow 

movements / approaches were not utilized when comparing background conditions to build-out conditions.  

As can be seen in Table 36, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased during the AM and PM peak hours. 

PISGAH VIEW DRIVE (SOUTH) @ MCKINNEY ROAD 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound  
(McKinney) 

AM A 0.6 0.01 A 5.6 0.02 833% 
PM A 3.5 0.01 A 6.6 0.06 89% 

Westbound 
(McKinney) 

AM A 0.0 0.01 A 0.0 0.01 0% 
PM A 0.0 0.01 A 0.0 0.01 0% 

Southbound 
(Pisgah View) 

AM A 8.4 0.01 A 8.6 0.06 2% 
PM A 8.4 0.01 A 8.6 0.05 2% 

 
<Table 36> 

Please note, the westbound approach experiences significant delay increase percentage but maintains a LOS 

A under build-out conditions.  The significant percent increase is a result of the calculation when comparing 

background conditions to build-out conditions and should not be of concern when determining appropriate 

mitigation. 

Since each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, 

no changes are recommended at this intersection to accommodate traffic generated by the site under build-

out conditions based solely on capacity analysis. 

However, as a secondary analysis, left turn lane warrants were studied for the eastbound approach at this 

intersection.  A right turn lane warrant was not evaluated since there are no westbound right turning vehicles 

under build-out conditions. Table 37 below shows the results of the turn lane warrant analysis.  
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PISGAH VIEW DRIVE (SOUTH) @ MCKINNEY ROAD 
TURN LANE WARRANT ANALYSIS 

Approach Peak 
Hour 

Left 
Turns 

(Vehicles) 

Opposing 
Lefts 

(Vehicles) 

Right 
Turns 

(Vehicles) 

Opposing 
Rights 

(Vehicles) 

Required Storage 
Length per 

NCDOT Chart 

Eastbound AM 32 12 - - 0’ 
PM 81 12 - - 0’ 

Westbound AM - - - - - 
PM - - - - - 

 
<Table 37> 

The results of the turn lane warrant analysis indicate that build-out volumes do not warrant a eastbound left 

turn lane.  Therefore, no mitigation is recommended at this intersection to accommodate traffic generated by 

the proposed site.  The NCDOT “Warrant for Left and Right-Turn Lanes” chart can be found in Appendix E. 
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McKinney Road @ US 64 (Brevard Road): 
As can be seen in Table 38, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased for all approaches during the AM 

and PM peak hours except for the eastbound approach during the AM and PM peak hour. 

MCKINNEY ROAD @ US 64 (BREVARD ROAD) 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound 
(US 64) 

AM A 9.0 0.49 A 8.9 0.51 -1% 
PM A 6.6 0.46 A 6.5 0.46 -2% 

Westbound 
(US 64) 

AM A 7.1 0.34 A 7.0 0.37 -1% 
PM A 6.1 0.44 A 6.5 0.49 7% 

Northbound 
(Old Hwy 64) 

AM B 10.3 0.39 B 13.4 0.44 30% 
PM B 11.8 0.25 B 13.5 0.28 14% 

Southbound 
(McKinney) 

AM A 9.9 0.07 B 12.4 0.24 25% 
PM B 12.6 0.10 B 14.8 0.24 17% 

 
<Table 38> 

The eastbound approach experiences a slightly improved delay under build-out conditions due to this 

intersection operating as an actuated signal and more green-time being allocated to the eastbound approach 

to accommodate proposed site traffic. 

The northbound approach experiences a delay increase percentage beyond NCDOT thresholds during the 

AM peak hour when comparing background traffic to build-out traffic.  The 30% increase in delay 

corresponds to a 3.1 second increase.  This increase in delay is not anticipated to negatively affect intersection 

operation for the northbound approach during the AM peak hour – especially at a signalized intersection. 

The southbound approach experiences LOS degradation under AM peak hour conditions when comparing 

background traffic to build-out traffic. During the AM peak hour, the westbound approach goes from a LOS 

A (9.9 seconds under background conditions) to LOS B (12.4 seconds under build-out conditions) – 

representing a 2.5 second increase in delay.  Additionally, the delay increase percentage is beyond NCDOT 

thresholds – 25%. 

Even though the northbound and southbound approaches are beyond the NCDOT thresholds for delay 

increase percentage and LOS degradation, LOS A & LOS B are acceptable operation for a signalized 
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intersection during a peak hour and typically do not warrant mitigation to accommodate site traffic.  Since 

each approach maintains adequate LOS operation for a signalized intersection during a peak hour, no changes 

are recommended at this intersection to accommodate traffic generated by the site under build-out conditions. 

Brickyard Road @ US 64 (Brevard Road): 
As can be seen in Table 39, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased for all approaches during the AM 

and PM peak hours except for the eastbound approach during the PM peak hour. 

BRICKYARD ROAD @ US 64 (BREVARD ROAD) 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound 
(US 64) 

AM A 7.2 0.39 A 7.5 0.40 4% 
PM A 6.8 0.43 A 6.7 0.42 -1% 

Westbound 
(US 64) 

AM B 10.6 0.50 B 14.0 0.56 32% 
PM B 11.7 0.63 B 17.3 0.71 48% 

Southbound 
(Brickyard) 

AM B 17.2 0.42 C 20.3 0.53 18% 
PM C 22.7 0.46 C 28.7 0.57 26% 

 
<Table 39> 

The eastbound approach experiences a slightly improved delay during the PM peak hour under build-out 

conditions due to this intersection operating as an actuated signal and more green-time being allocated to the 

eastbound approach to accommodate proposed site traffic. 

The westbound approach experiences a delay increase percentage beyond NCDOT thresholds during the AM 

and PM peak hours when comparing background traffic to build-out traffic.  The 32% increase in delay in 

the AM peak hour corresponds to a 3.4 second increase in delay and the 48% increase in delay during the 

PM peak hour corresponds to a 5.6 second increase in delay.  This increase in delay is not anticipated to 

negatively affect intersection operation for the northbound approach during the AM and PM peak hours – 

especially at a signalized intersection. 

The southbound approach experiences LOS degradation under AM peak hour conditions when comparing 

background traffic to build-out traffic. During the AM peak hour, the westbound approach goes from a LOS 

B (17.2 seconds under background conditions) to LOS C (20.3 seconds under build-out conditions) – 
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representing a 3.1 second increase in delay.  Additionally, the delay increase percentage for the PM peak 

hour is beyond NCDOT thresholds – 26%. 

Even though the westbound and southbound approaches are beyond the NCDOT thresholds for delay increase 

percentage and LOS degradation, LOS A, LOS B, & LOS C are acceptable operation for a signalized 

intersection during a peak hour and typically do not warrant mitigation to accommodate site traffic.  Since 

each approach maintains adequate LOS operation for a signalized intersection during a peak hour, no changes 

are recommended at this intersection to accommodate traffic generated by the site under build-out conditions.   

N. Greenwood Forest Drive @ US 64 (Brevard Road): 
Based on HCM and NCDOT guidance, “LOS for un-signalized intersections is not defined as a whole and 

should only be reported for individual stop-controlled or yield movements.”  As a result, the free-flow 

movements / approaches were not utilized when comparing background conditions to build-out conditions.  

As can be seen in Table 40, the difference in LOS, delay, v/c ratio, and queue between background traffic 

and the anticipated trips generated by the project is minimally increased for all approaches during the AM 

and PM peak hours except for the eastbound approach during the AM and PM peak hour. 

N. GREENWOOD FOREST DRIVE @ US 64 (BREVARD ROAD) 
COMPARISON OF BACKGROUND VS BUILD-OUT PEAK HOUR TRAFFIC CONDITIONS 

 

Approach Peak 
Hour 

Background Build-out Delay 
Increase % LOS Delay V/C LOS Delay V/C 

Eastbound  
(US 64) 

AM A 1.9 0.19 A 1.8 0.21 -5% 
PM A 0.9 0.22 A 0.8 0.25 -11% 

Westbound 
(US 64) 

AM A 0.0 0.17 A 0.0 0.20 0% 
PM A 0.0 0.21 A 0.0 0.23 0% 

Southbound 
(Greenwood Forest) 

AM B 12.0 0.13 B 12.4 0.14 3% 
PM B 12.0 0.20 B 12.5 0.21 4% 

 
<Table 40> 

It should be noted that the eastbound approach experiences a decrease in delay when comparing background 

conditions to build-out conditions.  This is a result of the Synchro calculations taking a weighted average of 

the eastbound approach volumes.  Since through movements are being added to the free flow eastbound 

approach, the Synchro calculations result in a lower average approach delay. 
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None of the approaches are beyond the NCDOT thresholds for delay increase percentage or LOS degradation.  

Since each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, 

no changes are recommended at this intersection to accommodate traffic generated by the site under build-

out conditions. 

Turn lane warrants were not evaluated at this intersection since the eastbound and westbound approaches 

already contain left and right turn lanes.  No additional mitigation is recommended at this intersection to 

accommodate traffic generated by the site. 

Site Access “A” @ McKinney Road: 
As can be seen in Table 41, the resulting LOS, delay, v/c ratio, and queue are within acceptable levels for 

Site Access “A” @ McKinney Road. The southbound approach (proposed site access) is anticipated to 

operate at a LOS A during the AM and a LOS B during the PM peak hour. 

SITE ACCESS “A” @ MCKINNEY ROAD 
ANALYSIS OF BUILD-OUT AM/PM PEAK HOUR TRAFFIC CONDITIONS 

 

APPROACH 
AM PEAK HOUR PM PEAK HOUR 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Queue Free 
Percent (%) 

LOS and 
Delay (sec) 

V/C 
Ratio 

Eastbound  96 A   6.4 0.04 90 A     7.2 0.10 

Westbound 100 A   0.0 0.02 100 A     0.0 0.06 

Southbound 87 A   9.7 0.20 90 B   10.3 0.18 
 

<Table 41> 

Since each approach maintains adequate LOS operation for an un-signalized intersection during a peak hour, 

no changes are recommended at this intersection to accommodate traffic generated by the site under build-

out conditions based solely on capacity analysis. 

However, as a secondary analysis, left and right turn lane warrants were studied for the eastbound and 

westbound approaches at this intersection.  Table 42 below shows the results of the turn lane warrant analysis 

for this intersection. 
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SITE ACCESS “A” @ MCKINNEY ROAD 
TURN LANE WARRANT ANALYSIS 

Approach Peak 
Hour 

Left 
Turns 

(Vehicles) 

Opposing 
Lefts 

(Vehicles) 

Right 
Turns 

(Vehicles) 

Opposing 
Rights 

(Vehicles) 

Required Storage 
Length per 

NCDOT Chart 

Eastbound AM 57 38 - - 50’ 
PM 132 87 - - 100’ 

Westbound AM - - 31 100 50’ 
PM - - 71 100 75’ 

 
<Table 42> 

The results of the turn lane warrant analysis indicate that build-out volumes warrant a 100-foot eastbound 

left turn lane and a 75-foot westbound right turn lane.  It is recommended to install a 100-foot eastbound left 

turn lane and a 75-foot westbound right turn lane at this intersection to accommodate traffic generated by the 

proposed site.  The NCDOT “Warrant for Left and Right-Turn Lanes” chart can be found in Appendix E. 

Based on a review of the proposed site plan, the main Site Access “A” @ McKinney Road exceeds NCDOT’s 

internal protected stem length requirement of 100 feet. 
 

Service Site Access @ McKinney Road / Emergency Access @ Ewbank Road: 
Capacity analysis was not performed at either of these site access locations due to the intended functionality 

of each access under build-out conditions.  The emergency site access will be gated accesses and service 

access will be designated as employees only so no residential traffic will utilize either access under normal 

daily traffic operations.  Each of these access points exceed NCDOT’s internal protected stem length 

requirement of 100 feet.  No mitigation is recommended at either the emergency access or service access to 

accommodate traffic generated by the site. The addition of site generated traffic is not anticipated to degrade 

general roadway or driver safety at either intersection. 
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Overall: 
The proposed Farm at Eagles Nest residential development will adequately accommodate anticipated site 

generated traffic during the weekday AM and PM peak hours when the following mitigation measures take 

place: 

• N. Greenwood Forest Drive @ Brickyard Road 

o Install 75’ westbound left turn lane 

• Holly Springs Road @ Brickyard Road 

o Install 75’ eastbound left turn lane 

o Install 75’ westbound right turn lane 

• Brickyard Road @ McKinney 

o Install 100’ eastbound right turn lane 

o Maintain existing Stop control configuration 

• Main Site Access “A” @ McKinney Road 

o Install 100’ eastbound left turn lane 

o Install 75’ westbound right turn lane 

When the above mitigation takes place, the anticipated site traffic from the proposed development will be 

adequately accommodated under build-out conditions.  Figure 10 below shows the proposed lane 

configurations for build-out conditions. 

 

 



J.M. Teague Engineering & Planning (JMTE# 0699)   09/29/2017 

49 
 

 
FIGURE 10 – PROPOSED LANE CONFIGURATIONS 
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