Technical Bulletin AM 13-09(B)

Evaluating Weaving Distance in the Vicinity of an Approach

Attachment A

Weaving Distance for Approach Permitting

Introduction

Weaving distance is one of the safety and operations concerns identified in OAR 734-051-4020(3).  This guidance provides information on why weaving distance is important and instruction on how to determine if an approach meets the recommended distance for weaving.  It also discusses what to do when an approach does not meet the criteria for weaving.  Not meeting the weaving criteria does not necessarily mean that a safety or operations concern exists. 

This guidance provides a quick initial assessment of whether or not weaving is a potential safety/operational concern. The examples provided do not necessarily address all potential weaving situations. Permit Specialists should coordinate with Access Management staff to confirm their assessment is consistent with this guidance.

Guidance 

This guidance addresses the situation where a connection exists or is proposed to be located upstream of a nearby intersection or ramp. The guidance only applies to approaches in the vicinity of intersections that are signalized, or intersections with arterials, collectors and ramps. Weaving distance refers to the distance needed for a vehicle exiting an approach to maneuver across travel lanes and into position to make a turn at a downstream intersection or ramp.  It is preferable that the vehicle not obstruct an adjacent lane while waiting to make the turn.  

Ideally, the available distance for weaving should allow a vehicle to make weaving movements as prescribed by the Oregon Driver Manual.  The Manual prescribes that the general rule for turning from an approach into the flow of traffic is to turn into the closest lane in the direction the driver wants to go.  This means that upon exiting an approach, vehicles should turn into the closest lane in the desired direction of travel, followed by signaling and changing lanes until positioned in the proper lane to make the desired turn at the downstream intersection.  The Manual also advises drivers to signal for a turn at least 100 feet before turning or making a lane change when the vehicle is moving in traffic.  When the distance to accomplish these weaving maneuvers is not adequate, vehicles may make abrupt lane changes, not signal or signal improperly, cross multiple lanes in one movement, slow excessively, stop or partially block a through lane. These operational problems reduce the capacity of the mainline and increase the potential for crashes.

Weaving distance is an element of the functional area of an intersection1. The upstream functional area of an intersection is comprised of the distance traveled by a driver during the perception-reaction time, plus the distance needed to change lanes and the queue length. Queue length in this guidance means the 95th percentile queue2. 

Collecting data can be very time consuming; therefore, once an application is received, the need for a weaving analysis should be discussed with the Region Access Management Engineer (RAME) or other qualified department staff. A preliminary review of the site should be done by viewing a current aerial of the area. The following data are typically needed:

· Posted speed

· Design vehicle

· Distance from centerline of connection to stop bar at downstream intersection or start of ramp taper

· Site Average Daily Traffic (ADT)

· Highway Annual Average Daily Traffic (AADT)

· Number of lane changes vehicle must make to get in position for downstream turn
· Urban or rural area

· 95 percentile queue length

· Identification of nearby collectors or arterials

Arterials or collectors are identified in Transportation System Plans (TSPs). County Geographic Information System (GIS) map sites and other internet mapping sites usually have aerials and measuring tools that are adequate to perform a preliminary review. Other resources include the ODOT Digital Video Log and Highway Inventory Summary. If weaving needs to be evaluated, a field visit and measurements to all apparent points of interest may be required to ensure accurate results.

The weaving criterion is applicable where vehicles exiting the connection must cross at least one through-travel lane in order to turn at a downstream intersection or ramp.  The exception is that no weaving analysis is needed on two-lane highways with less than 5,000 AADT (two-way AADT total), approach ADT less than or equal to 400, and crash rate below 120 percent of the statewide crash rate.

There are two weaving distance criteria used for evaluation:  1) minimum weaving distance and 2) desirable weaving distance. The minimum weaving distances in Table 2 apply when posted speed does not exceed 35 mph and volume levels are below the thresholds in Table 1. The desirable weaving distances in Tables 3 and 4 apply when the posted speed is above 35 mph or the volume thresholds in Table 2 are exceeded.  The two criteria are explained below.

Minimum Weaving Distance

Thresholds are used to determine if the minimum weaving distance criterion may be used. The minimum weaving distance applies where both the posted speed is equal to or less than 35 mph, and both the site ADT and highway AADT are below the thresholds shown in Table 1. 
Table 1.  Volume Thresholds for Minimum Weaving Distance

	Posted Speed <= 35 mph

	
	Maximum Highway AADT*

	Site ADT
	Right Turn From Approach
	Left Turn

From Approach

	< = 400
	24,000
	10,000

	401-1,000
	22,000
	9,000

	1,001-2,000
	19,000
	7,000

	2,001-3,000
	17,000
	6,000

	3,001-4,000
	15,000
	5,000

	4,001-5,000
	14,000
	3,000

	> 5,000
	**
	**


* Highway AADT is the total two-way AADT.

**Desirable weaving distance applies.

For a couplet (one-way streets), highway AADT is the two-way AADT (includes the opposite direction).

For left turns from a couplet, use the right turn threshold.

The posted speed threshold of less than or equal to 35 mph was selected to minimize the risk of severe crashes. There is a direct link between speed and crash severity. As speeds increase, crash severity increases.

The minimum weaving distance volume thresholds were developed based on the availability of gaps and amount of delay for the vehicle exiting the connection that desires to turn directly into the far lane. The values assume a three-leg connection. If there is a connection aligned directly opposite the proposed approach, the desirable weaving distance should be used. The assumption is that if the Level of Service (LOS) is D or better and the volume to capacity (v/c) ratio is 0.70 or lower, sufficient gaps should be available to allow the driver to turn directly into the far lane without conflict with other vehicles. If the LOS is worse or the v/c ratio is higher, the driver will not be able to make this movement easily and therefore there needs to be greater weaving distance (desirable weaving distance) in order to merge with traffic one lane at a time.

If the threshold conditions are present, then it is necessary to accommodate the vehicle radius and length so that the vehicle can enter the desired lane to make the turn without partially blocking the adjacent through lane. Although ORS 811.355 requires a right turning driver to enter the right-hand lane closest to the curb or edge of the roadway, and ORS 811.340 requires a left turning driver to enter the left-hand lane, there should generally not be a safety problem below the identified speed and volume thresholds.

If either the posted speed or volume thresholds are exceeded, the minimum distance is not applicable. Instead, the desirable weaving distance is used (see Desirable Weaving Distance section). 

If the posted speed and the volume thresholds in Table 1 are not exceeded, the minimum weaving distances in Table 2 are applicable. This distance is measured from the center of the proposed approach to the back of queue or start of ramp taper (see Figure 1 below). The minimum weaving distance is based on accommodating the design vehicle’s outside turning radius and length. This distance will enable the design vehicle to maneuver into the back of a queue and come to a stop without obstructing an adjacent lane. The queue length is determined from Technical Services Bulletin AM 13-08(B) on queuing. 

Table 2 provides the recommended minimum distances based on typical design vehicle types. For other vehicle types or combinations such as other trucks, buses or RVs, the current edition AASHTO Green Book
 is used to establish appropriate vehicle turn radius and length. For the purpose of this guidance, the design vehicle is the largest vehicle classification anticipated to exceed 5 percent of the total volume on the approach during the peak hour. The design vehicle does not include large vehicles that do not normally make their trips during the peak hour, such as at grocery stores, shopping centers or gas stations. Some examples of land uses with large design vehicles include manufacturing facilities, distribution centers and recreational sites (RVs, vehicles towing boats, etc.).
Table 2.  Minimum Weaving Distance

	Design Vehicle
	Passenger Car
	Single Unit Truck
	WB-67 Truck

	Distance from Proposed Approach to Back of Queue*
	45 feet
	75 feet
	120 feet


* Where the queue in question is a left-turn lane, the distance is measured to either the back of queue or to the beginning of the 8-inch white stripe, whichever is greater

If the minimum weaving distance is applicable but the actual distance is less than the minimum distance, further evaluation is needed (see Further Evaluation section below).

The following example illustrates application of this method.

Example 1

Evaluation of weaving distance is being made for a passenger car turning right from a proposed approach and crossing two through lanes in order to turn left at a downstream signalized intersection. See Figure 1 below. The highway AADT is 20,000, the site ADT is 350, and the posted speed is 35 mph. From the queue length evaluation, the distance from the proposed approach centerline to the back of queue is 75 feet.

Figure 1.  Minimum Weaving Distance — Right Turn from Proposed Approach to Downstream Left-Turn Lane


[image: image1]
Since the posted speed is 35 mph, the speed criterion is met for minimum weaving distance. Using Table 1, the maximum highway AADT is found to be 24,000 for a right turn from an approach with less than 400 ADT. Since the actual AADT is 20,000, which is less than 24,000, the volume threshold is met. Therefore, the minimum weaving distance can be applied in this case.

Using Table 2, the minimum weaving distance from the center of the proposed approach to the back of queue is 45 feet. Since the actual distance of 75 feet exceeds 45 feet, the minimum distance is available so the weaving distance is sufficient. If the actual distance was 30 feet, then further evaluation would be needed.

Desirable Weaving Distance
Where the minimum volume thresholds in Table 2 are exceeded or the posted speed is above 35 mph, the desirable weaving distance applies.  The desirable weaving distance is measured from the center of the proposed approach to the back of queue or start of ramp taper if the vehicle is destined to a ramp.  The desirable weaving distance is determined from the number of lane changes (including turn lanes) and the design vehicle type.  The desirable weaving distance is based on the following driving tasks:

1. Turning Movement. This is the distance needed to complete a turn and position the vehicle in the closest lane in the direction of travel, as described previously for minimum weaving distance. One second of perception reaction time is also included in this distance prior to beginning the first lane change, with an assumed speed of 10 mph.
2. Lane Change. Lane changes may be required for a driver to maneuver into the proper lane to make the downstream turn. The lane change distance is the length required for a driver to make one or more lane changes. Unless traffic control signs or pavement markings indicate otherwise, ORS 811.355 and 811.340 require a right turning driver to enter the right-hand lane closest to the curb or edge of the roadway, and a left turning driver to enter the closest left-hand lane. The lane change distance is based on the speed of the vehicle changing lanes, which is assumed to be 15 mph for vehicles exiting an approach and desiring to turn or exit the highway at a location closely spaced downstream. Three seconds is assumed for a lane change in urban areas, four seconds in rural areas. For left turns exiting a proposed approach, the assumption is for a single-stage turn into the nearest through lane. A two-stage turn that first enters into a two-way left-turn lane, then into the nearest lane in the direction of travel would require an additional lane change.
The desirable weaving distance to the back of queue or start of ramp taper is the sum of the distances described above, with the lane change distance repeated for each required lane change. 

The queue length is determined from the Technical Services Bulletin AM 13-08(B) on queuing. The desirable weaving distances are provided in Table 3 for an urban area and Table 4 for a rural area.

Table 3.  Desirable Weaving Distance — Urban

	
	Weaving Distance from Proposed Approach to Back of Queue or Start of Ramp Taper

	Number of Lane Changes
	Passenger Car
	Single Unit  Truck
	WB-67 Truck

	1
	130 feet
	160 feet
	205 feet

	2
	195 feet
	225 feet
	270 feet

	3
	260 feet
	290 feet
	335 feet


Table 4.  Desirable Weaving Distance — Rural

	
	Weaving Distance from Proposed Approach to Back of Queue or Start of Ramp Taper

	Number of Lane Changes
	Passenger Car
	Single Unit  Truck
	WB-67 Truck

	1
	150 feet
	180 feet
	225 feet

	2
	240 feet
	270 feet
	315 feet

	3
	325 feet
	355 feet
	400 feet


For other vehicle types or combinations such as other trucks, buses or RVs, further evaluation is needed.

Tables 3 and 4 require identifying whether the site is urban or rural, the design vehicle, and the number of lane changes the vehicle needs to make for a given weaving path. The following examples illustrate the application of this method.

Example 2

Evaluation of weaving distance is being made for a passenger car turning right and entering a left-turn lane at a downstream intersection. See Figure 2 below. The area is urban and the posted speed is 45 mph. The minimum weaving distance is not applicable because the posted speed exceeds 35 mph. The distance from the proposed approach centerline to the back of queue is measured (or estimated) at 100 feet.

Figure 2.  Desirable Weaving Distance — Right Turn from Proposed Approach to Downstream Left Turn Lane
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As shown in Figure 2, the weaving path requires one lane change. Applying Table 3 for an urban area with one lane change for a passenger car, the desirable weaving distance is 130 feet, measured from the proposed approach centerline to the back of queue in the left turn lane. Since the actual distance of 100 is less than 130 feet, the available weaving distance is not sufficient, and further evaluation is needed. If the actual distance was equal to or greater than 130 feet, the available weaving distance would be sufficient.

Example 3

Evaluation of weaving distance is being made for a single unit (SU) truck turning left from a proposed approach, then maneuvering into the right turn lane at a downstream intersection. See Figure 3 below. The posted speed is 35 mph in an urban area. The site ADT is 1,000 and the highway AADT is 30,000.  Since the posted speed does not exceed 35 mph, Table 1 can be used if the volume thresholds are not exceeded.  However, Table 1 shows that the maximum highway AADT for to apply the minimum weaving distance is 9,000. Since the actual AADT is 30,000, the minimum weaving distance is not applicable.  Therefore the desirable weaving distance is used. 

Figure 3.  Desirable Weaving Distance — Left Turn from Proposed Approach to Downstream Right Turn Curb Lane


[image: image3]
As shown in Figure 3, the weaving path includes two lane changes. Using Table 3 for an urban area with two lane changes and a SU truck, the desirable weaving distance is 225 feet, measured from the proposed approach centerline to the back of queue in the through lane.
Example 4

Evaluation of weaving distance is being made for a single a WB-67 truck turning left from a proposed approach, then maneuvering to exit the highway at a ramp downstream. See Figure 4 below. The highway AADT exceeds the minimum weaving distance threshold. The area is rural. 

Figure 4.  Desirable Weaving Distance — Left Turn from Proposed Approach to Downstream Ramp


[image: image4]
Two lane changes are required. Using Table 4 for a rural area, making two lane changes in a WB-67 truck, the desirable weaving distance is 315 feet, measured from the proposed approach centerline to the start of the ramp taper.

Further Evaluation When Actual Weaving Distance is Less Than Recommended
Further evaluation is necessary where:
· The actual weaving distance is less than the applicable minimum or desirable weaving distance.

· Assumptions differ from those listed above, such as:

· Four-leg connections (the minimum weaving distance thresholds assume there is no connection directly across on the other side of the highway)
· Design vehicles other than passenger car, SU truck or WB-67 truck

· Six-lane highways (the minimum weaving distance thresholds are based on two- and four-lane highways)
· A ramp enters the highway upstream of a proposed approach

The thresholds and weaving distances in this document are based on planning level assumptions. If the distances cannot be met, it may be necessary to collect site-specific data and perform a more accurate operational analysis following procedures in the Analysis Procedures Manual (Chapters 3, 5, 7 and Addendum A). 

Weaving distances less than those recommended in this Bulletin may be acceptable upon further evaluation by the RAME or other qualified staff. OAR 734-051 does not require processing a deviation to approve weaving distances less than those specified in this Bulletin. 
Various factors should be considered when further evaluation is required by the RAME or other qualified staff, including:

· Signal queues that build and dissipate each cycle, allowing for vehicles to maneuver when queues are discharged. It may be appropriate to use less than the 95th percentile queue.

· Sufficient gaps are created by traffic signals, such as platooning of traffic on one-way streets.

· When an existing connection has no safety or operations concerns set forth in OAR 734-051-4020(3) and none are anticipated with the proposed increase in site ADT.  For example, an existing connection with an absence of crash history may be acceptable where volumes are not anticipated to increase substantially and the location is not in a top 10 percent Safety Priority Index System (SPIS) segment 

· If the evaluation is for an existing connection, observation may indicate vehicles are able to turn directly into the far lane without problems.

· If few vehicles are expected to weave, there is less risk and the use of minimum weaving distance may be acceptable.

· Alternate routes are available that reduce the frequency and need for weaving, for example within a downtown grid. 

· The weaving distances in this Bulletin are based on the assumption that all of the site ADT uses the proposed approach.  Multiple site connections or alternative access may reduce the demand for the weaving movement for a given site ADT.
· The department and the applicant agree on changes or a proposal that adequately address the safety or operation concerns associated with the weaving distance.  
· Restriction of turning movements (signs, pork-chops, striping, medians).  Such restrictions need to be analyzed to determine the effect caused by the redistribution of the trips.

· A lower posted speed may be warranted, lowering the potential crash severity. 
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