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Chapter 9-lntersections I(~) 

Although desirable at higher volume intersections, approach sight triangles like those shown in 

Figure 9-15A are not needed for intersection approaches controlled by stop signs or traffic signals. In 

that case, the need for approaching vehicles to stop at the intersection is determined by the traffic control 

devices and not by the presence or absence of vehicles on the intersecting approaches. 

Departure Sight Triangles 

A second type of clear sight triangle provides sight distance sufficient for a stopped driver on a minor-road 

approach to depart from the intersection and enter or cross the major road. Figure 9-15B shows typical 

departure sight triangles to the left and to the right of the location of a stopped vehicle on the minor road. 

Departure sight triangles should be provided in each quadrant of each intersection approach controlled 

by stop or yield signs. Departure sight triangles should also be provided for some signalized intersection 

approaches (see CaseD in Section 9.5.3 on "Intersection Control"). Distance a2 in Figure 9-15B is equal 

to distance a 1 plus the width of the lane(s) departing from the intersection on the major road to the right. 

Distance a2 should also include the width of any median present on the major road unless the median is 

wide enough to permit a vehicle to stop before entering or crossing the roadway beyond the median. The 

appropriate measurement of distances a 1 and a2 for departure sight triangles depends on the placement of 

any marked stop line that may be present and, thus, may vary with site-specific conditions. 

The recommended dimensions of the clear sight triangle for desirable traffic operations where stopped 

vehicles enter or cross a major road are based on assumptions derived from field observations of driver 
gap-acceptance behavior (12). The provision of clear sight triangles like those shown in Figure 9-15B also 

allows the drivers of vehicles on the major road to see any vehicles stopped on the minor-road approach 

and to be prepared to slow or stop, if needed. 

Identification of Sight Obstructions within Sight Triangles 

The profiles of the intersecting roadways should be designed to provide the recommended sight distances 

for drivers on the intersection approaches. Within a sight triangle, any object at a height above the eleva

tion of the adjacent roadways that would obstruct the driver's view should be removed or lowered, if 

practical. Such objects may include buildings, parked vehicles, highway structures, roadside hardware, 

hedges, trees, bushes, unmowed grass, tall crops, walls, fences, and the terrain itself. Particular atten

tion should be given to the evaluation of clear sight triangles at interchange ramp/crossroad intersections 

where features such as bridge railings, piers, and abutments are potential sight obstructions. 

The determination of whether an object constitutes a sight obstruction should consider both the horizontal 

and vertical alignment of both intersecting roadways, as well as the height and position of the object. In 

making this determination, it should be assumed that the driver's eye is 1.08 m [3.50 ft] above the roadway 

surface and that the object to be seen is 1.08 m [3.50 ft] above the surface of the intersecting road. 

This object height is based on a vehicle height of 1.33 m [4.35 ft], which represents the 15th percentile of 

vehicle heights in the current passenger car population less an allowance of250 mm [10 in.]. This allow

ance represents a near-maximum value for the portion of a passenger car height that needs to be visible 

for another driver to recognize it as the object. The use of an object height equal to the driver eye height 

makes intersection sight distances reciprocal (i.e., if one driver can see another vehicle, then the driver of 
that vehicle can also see the first vehicle). 

/ 
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Where the sight-distance value used in design is based on a single-unit or combination truck as the design 

vehicle, it is also appropriate to use the eye height of a truck driver in checking sight obstructions. The 

recommended value of a truck driver's eye height is 2.33 m [7.6 ft] above the roadway surface. 

9.5.3 Intersection Control 

The recommended dimensions of the sight triangles vary with the type of traffic control used at an in

tersection because different types of control impose different legal constraints on drivers and, therefore, 

result in different driver behavior. Procedures to determine sight distances at intersections are presented 

below according to different types of traffic control, as follows: 

• Case A-Intersections with no control 

• Case B-Intersections with stop control on the minor road 

Case Bl-Left turn from the minor road 

Case B2-Right turn from the minor road 

Case B3-Crossing maneuver from the minor road 

• Case C-Intersections with yield control on the minor road 

Case Cl-Crossing maneuver from the minor road 

Case C2-Left or right turn from the minor road 

Case D-lntersections with traffic signal contTol 

Case E-lntersections with all-way stop control 

Case F-Left turns from the major road 

Case A-Intersections with No Control 

For intersections not controlled by yield signs, stop signs, or traffic signals, the driver of a vehicle ap

proaching an intersection should be able to SFe potentially conflicting vehicles in sufficient time to stop 

before reaching the intersection. The location of the decision point (driver's eye) of the sight triangles on 

each approach is determined from a model that is analogous to the slopping sight distance model, with 

slightly different assumptions. 

While some perceptual tasks at intersections may need substantially less time, the detection and recogni

tion of a vehicle that is a substantial distance away on an intersecting approach, and is near the limits of 

the driver's peripheral vision, may take up to 2.5 s. The distance to brake to a slop can be determined from 

the same braking coefficients used to determine stopping sight distance in Table 3-l. 

Field observations indicate that vehicles approaching uncontrolled intersections typically slow to ap

proximately 50 percent of their midblock running speed. This occurs even when no potentially conflicting 

vehicles are present (12). This initial slowing typically occurs at deceleration rates up to 1.5 m/s2 [5 ft/s2]. 

Deceleration at this gradual rate has been observed to begin even before a polentially conflicting vehicle 

comes into view. Braking at greater deceleration rates, which can approach those assumed in stopping 
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sight distance, can begin up to 2.5 s after a vehicle on the intersecting approach comes into view. Thus! 
approaching vehicles may be traveling at Jess than their midblock running speed during all or part of the 
perception-reaction time and can, therefore, where needed, brake to a stop from a speed less than the 
midblock running speed. 

Table 9-3 shows the di0tance traveled by an approaching vehicle during perception-reaction and braking 
time as a function ofthe design speed of the roadway on which the intersection approach is located. These 
distances should be used as the legs ofthe sight triangles shown in Figure 9-15A as dimensions a 1 and b. 
Distance a2 is longer than distance a1, as defined in discussion of .. Approach Sight Triangles" in Section 
9.5.2. Referring to Figure 9-15A, highway A with an assumed design speed of SO km/h [50 mph] and high
way B with an assumed design speed of 50 km/h [30 mph] ~eed a clear sight triangle with legs extending 
at least 75 m and 45 m [245 and 140ft] along highways A and B, respectively. Figure 9-16 shows the length 
of the legs of the sight triangle from Table 9-3. 

Table 9-3. length of Sight Triangle leg-Case A, No Traffic Control 

Design Speed 
(l<m/h) 

length of leg 
(m) 

Note: For approach grades greater than 3%, multiply the sight distance values In this table by 
the i!Pproprlate adjustment factor from Table 9A. 

This clear triangular area will permit the vehicles on either road to stop, if needed, before reaching the 
intersection. Ifthe design speed of any approach is not ]mown, it can be estimated by using the 85th per
centile ofthe midblock running speeds for that approach. 

•• 
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The distances shown in Table 9-3 are generally less than the corresponding values of stopping sight dis

tance for the same design speed. This relationship is illustrated in Figure 9-16. Where a clear sight triangle 

has legs that correspond to the stopping sight distances on their respective approaches, an even greater 

margin of efficient operation is provided. However, since field observations show that motorists slow 

down to some extent on approaches to uncontrolled intersections, the provision of a clear sight triangle 

with legs equal to the full stopping sight distance is not essential. 

Where the grade along an inters~ction approach exceeds 3 percent, the leg of the clear sight triangle along 

that approach should be adjusted by multiplying the appropriate sight distance from Table 9-3 by the ap-

propriate adjustment factor from Table 9-4. • 
Table 9-4. Adjustment Factors for Sight Distance Based on Approach Grade 

Note: Based on ratio of stopping sight distance on specified approach grade to stopping sight distance on 

level terrain. 

If the sight distances given in Table 9-3, as adjusted for grades, cannot be provided, consideration should 

be given to installing regulatory speed signing to reduce speeds or installing stop signs on one or more 

approaches. 

No departure sight triangle like that show~ in Figure 9-15B is needed at an uncontrolled intersection 

because such intersections typically have very low traffic volumes. If a motorist needs to stop at an un

controlled intersection because of the presence of a conflicting vehicle on an intersecting approach, it is 
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very unlikely another potentially conflicting vehicle will be encountered as the first vehicle departs the intersection. 

Case B-lntersections with Stop Control on the Minor Road 
Departure sight triangles for intersections with stop control on the minor road should be considered for three situations: 

Case 81-Left turns from the minor road; 

• Case 82-Right turns from the minor road; and 

Case 83-Crossing the major road from a minor-road approach. 

Intersection sight distance criteria for stop-controlled intersections are longer than stopping sight distance to allow the intersection to operate smoothly. Minor-road vehicle operators can wait until they can proceed safely without forcing a major-road vehicle to stop. 

Case Bl-left Turn from the Minor Road 

Departure sight triangles for traffic approaching from either the right or the left, like those shown in Figure 9-!58, should be provided for left turns from the minor road onto the major road for all stop-controlled approaches. The length of the leg of the departure sight triangle along the major road in both directions, shown as distance bin Figure 9-158, is the recommended intersection sight distance for Case 81. 
The vertex (decision point) ofthe departure sight triangle on the minor road should be 4.4 m [14.5 ft] from the edge of the major-road traveled way. This represents the typical position of the minor-road driver's eye when a vehicle is stopped relatively close to the major road. Field observations of vehicle stopping positions found that, where needed, drivers will stop with the front of their vehicle 2.0 m [6.5 ft] or less from the edge ofthe major-road traveled way. Measurements of passenger cars indicate that the distance from the front of the vehicle to the driver's eye for the current U.S. passenger car population is nearly always 2.4 m [8 ft] or Jess (12). Where practical, it is desirable to increase the distance from the edge of the major-road traveled way to the vertex of the clear sight triangle from 4.4 m to 5.4 m (14.5 to 18 ft]. This increase allows 3.0 m [10ft] from the edge of the major-road traveled way to the front of the stopped vehicle, providing a larger sight triangle. The length of the sight triangle along the minor road (distance a in Figure 9-158) is the sum of the distance from the major road plus lf2 lane width for vehicles approaching from the left, or 11/2 Jane widths for vehicles approaching from the right. 

Field observations of the gaps in major-road jraffic actually accepted by drivers turning onto the major road have shown that the values in Table 9-5 provide sufficient time for the minor-road vehicle to acceler-
' 

ate from a stop and complete a left turn without unduly interfering with major-road traffic operations. The time gap acceptance time does not vary with approach speed on the major road. Studies have indicated that a constant value of time gap, independent of approach speed, can be used as a basis for intersection sight distance determinations. Observations have also shown that major-road drivers will reduce their speed to some extent when minor-road vehicles turn onto the major road. Where the time gap acceptance values in Table 9-5 are used to determine the length of the leg of the departure sight triangle, most majorroad drivers should not need to reduce speed to Jess than 70 percent oftheir initial speed (12). 
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The intersection sight distance in both directions should be equal to the distance traveled at the design 

speed of the major road during a period oftime equal to the time gap. In applying Table 9-5, it can usually 

be assumed that the minor-road vehicle is a passenger car. However, where substantial volumes of heavy 

vehicles enter the major road, such as from a ramp terminal, the use oftabulated values for single-unit or 

combination trucks should be considered. 

Table 9-5 includes appropriate adjustments to the gap times for the number of lanes on the major road 

and for the approach grade of the minor road. The adjustment for the grade of the minor-road approach is 

needed only if the rear wheels of the design vehicle would be on an upgrade that exceeds 3 percent when 

the vehicle is at the stop line of the minor-road approach. • 

Table 9-5. Time Gap for Case Bl, Left Turn from Stop 

Nate: Time gaps are for a stopped vehicle to turn left onto a two-lane highway with no 

median and with grades of 3 percent or less. The table values should be adjusted as 

follows: 

For multilane highways-For left turns onto two-way highways with more than two 

lanes, add 0.5 s for passenger cars or 0.7 s for trucks for each additional lane, from 

the left, in excess of one, to be crossed by the turning vehicle. 

For minor road approach grades-If the approach grade Is an upgrade that exceeds 

3 percent, add 0.2 s for each percent grade fdr left turns. 

The intersection sight distance along the major road (distance bin Figure 9-15B) is determined by: 

Metric U.S. Customary 

ISD = 0.278 Vmnjor tg ISD = 1.47 Vmnjor tg 

where: where: 

ISD intersection sight distance (length of ISD = intersection sight distance (length of 

the leg of sight triangle along the 

major road) (ft) 
the leg of sight triangle along the 

major road) (m) 

vmnjor = design speed of major road (km/h) 

time gap for minor road vehicle to 

enter the major road (s) 

vmnjor = design speed of major road (mph) 

time gap for minor road vehicle to 

enter the major road (s) 

{9-1) 

For example, a passenger car turning left onto a two-lane major road should be provided sight distance 

equivalent to a time gap of7.5 sin major-road traffic. If the design speed of the major road is 100 km/h 

[60 mph], this corresponds to a sight distance of0.278(100)(7.5) = 208.5 or 210m [1.47(60)(7.5) = 661.5 or 

665 ft], rounded for design. 

A passenger car turning left onto a four-lane undivided roadway will need to cross two near lanes, rather 

than one. This increases the recommended gap in major-road traffic from 7.5 to 8.0 s. The corresponding 

value of sight distance for this example would be 223 m [706 ft]. If the minor-road approach to such an 

. .• 
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intersection is located on a 4 percent upgrade, then the time gap selected for intersection sight distance 

design for left turns should be increased from 8.0 to 8.8 s, equivalent to an increase of 0.2 s for each per

cent grade. 

The design values for intersection sight distance for passenger cars are shown in Table 9-6. Figure 9-17 

includes design values, based on the time gaps for the design vehicles included in Table 9-5. 

No adjustment of the recommended sight distance values for the major-road grade is generally needed be

cause both the major- and minor-road vehicle will be on the same grade when departing from the intersec

tion. However, if the minor-road design vehicle is a heavy truck and the intersection is located near a sag 
vertical curve with grades over 3 percent, then an adjustment to extend the recommended sight distance 

based on the major-road grade should be considered. 

Table 9-6. Design Intersection Sight Distance-Case Bl, Left Turn from Stop 

Design 

Speed 

Intersection Sight 

Distance for 

Passenger Cars 

Stopping Sight Calculated Design 

Design 

Speed 

Stopping 
Sight 

Intersection Sight 

Distance for 
Passenger Cars 

Calculated Design 

Note: Intersection sight distance shown is for a stopped passenger car to turn left onto a two~lane highway with 
no median and grades 3 percent or less~ For other conditions, the time gap should be adjusted and the 
sight distance recalculated. 

Sight distance design for left turns at divided-highway intersections should consider multiple design ve

hicles and median width. If the design vehicle used to determine sight distance for a divided-highway 

intersection is larger than a passenger car, then sight distance for left turns will need to be checked for 

that selected design vehicle and for smaller design vehicles as well. If the divided-highway median is wide 

enough lo store the design vehicle with a clearance to the through lanes of approximately 1 m [3 ft] at 

both ends of the vehicle, no separate analysis for the departure sight triangle for left turns is needed on the 

minor-road approach for the near roadway to the left. In most cases, the departure sight triangle for right 
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turns (Case B2) will provide sufficient sight distance for a passenger car to cross the near roadway to reach 

the median. Possible exceptions are addressed in the discussion of Case B3. 
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If the design vehicle can be stared in the median with adequate clearance to the through Janes, a departure 
sight triangle to the right for left turns should be provided for that design vehicle turning left from the me
dian roadway. Where the median is not wide enough to store the design vehicle, a departure sight triangle 
should be provided for that design vehicle to turn left from the mioor-road approach. 

The median width should be considered in determining the number of lanes to be crossed. Tbe median 
width should be converted to equivalent Janes. For example, a 7.2-m [24-ft] median should be consid
ered as two additional Janes to be crossed in applying the multilane highway adjustment for time gaps 
in Table 9-5. Furthermore, a departure sight triangle for left turns from the median roadway should be 
provided for the largest design vehicle that can be stored on the median roadway with adequate clearance 
to the through lanes. If a divided highway intersection has a 12-m [40-ft] median width and the design 
vehicle for sight distance is a 22-m [74-ft] combination truck, departure sight triangles should be provided 
for the combination truck turning left from the minor-road approach and through the median. In addition, 
a departure sight triangle should also be provided to the right for a 9-m [30-ft] single unit truck turning 
left from a stopped position in the median. 

If the sight distance along the major road shown in Figure 9-38, including any appropriate adjustments, 
cannot be provided, then consideration should be given to installing regulatory speed signing an the 
major-road approaches. 

Case B2-Right Turn from the Minor Road 

A departure sight triangle for traffic approaching from the left like that shown in Figure 9-15B should be 
provided for right turns from the minor road onto the major road. The intersection sight distance for right 
turns is determined in the same manner as for Case Bl, except that the time gaps (lgl in Table 9-5 should 
be adjusted. Field observations indicate that, in malcing right turns, drivers generally accept gaps that are 
slightly shorter than those accepted in making left turns (12). The time gaps in Table 9-5 can be decreased 
by 1.0 s for right-turn maneuvers without undue interference with major-road traffic. These adjusted time 
gaps for the right turn from the minor road are shown in Table 9-7. Design values based an these adjusted 
time gaps are shown in Table 9-8 for passenger cars. Figure 9-18 includes the design values for the design 
vehicles far each of the time gaps in Table 9-7. When the minimum recommended sight distance for a 
right-tum maneuver cannot be provided, even with the reduction of 1.0 s from the values in Table 9-5, 
consideration should be given to installing regulatory speed signing or other traffic control devices on the 
major-road approaches. 

Table 9-7. Time Gap for Case B2-Right Turn from Stop and Case B3-Crossing Maneuver 

Note: nme gaps are for a stopped vehicle to turn right onto or to cross a two-lane highway 
with no median and with grades of 3 percent or Jess. The table values should be ad
justed as follows: 

For multilane highways-Far crossing a major road with more than two lanes, add 0.5 s 
for passenger cars and 0.7 s for trucks for each additional lane to be crossed and for 
narrow medians that cannot store the design vehicle. 
For minor rood approach grades-If the approach grade is an upgrade that exceeds 
3 percent, add 0.1 s for each percent grade. 
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Table 9-8. Design Intersection Sight Distance-Case 82, Right Turn from Stop, and Case B3, Crossing 
Maneuver 

Design 
Speed 
(l<m/h) 

Stopping 
Sight 

Distance 

Intersection Sight 
Distance for 

Cars 

Calculated 

Stopping 
Sight 

Distance 

Intersection Sight 
Distance for 

Passenger Cars 

Design 
(ft) 

Note: Intersection sight distance shown is for a stopped passenger car to turn right onto or to cross a two
lane highway with no median and with grades of 3 percent or less. For other conditions, the time gap 
should be adjusted and the sight distance recalculated. 
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Case 83-Crossing Maneuver from the Minor Road 

In most cases, the departure sight triangles for left and right turns onto the major road, as described for 

Cases Bl and B2, will also provide more than adequate sight distance for minor-road vehicles to cross the 

major road. However, in the following situations, it is advisable to check the availability of sight distance 

for crossing maneuvers: 

• where left or right turns or both are not permitted from a particular approach and the crossing maneu

ver is the only legal maneuver; 

• where the crossing vehicle would cross the equivalent width of more than six lanes; or 
• 

• where substantial volumes of heavy vehicles cross the highway and steep grades that might slow the 

vehicle while its back portion is still in the intersection are present on the departure roadway on the 

far side of the intersection. 

The equation for intersection sight distance in Case Bl (see Equation 9-1) is used again for the crossing 

maneuver except that time gaps (tg) are obtained from Table 9-7, which presents time gaps and appropri

ate adjustment factors to determine the intersection sight distance along the major road to accommodate 

crossing maneuvers. At divided highway intersections, depending on the relative magnitudes of the me

dian width and the length of the design vehicle, intersection sight distance may need to be considered for 

crossing both roadways of the divided highway or for crossing the near roadway only and stopping in the 

median before proceeding. The application of adjustment factors for median width and grade is discussed 

under Case B I. 

Table 9-8 shows the design values for passenger cars for the crossing maneuver based on the unadjusted 

time gaps in Table 9-7. Figure 9-18 includes the design values based on the time gaps for the design 

vehicles in Table 9-7. 

Case C-lntersections with Yield Control on the Minor Road 

Drivers approaching yield signs are permitted to enter or cross the major road without stopping, if there 

are no potentially conflicting vehicles on the major road. The sight distances needed by drivers on yield

controlled approaches exceed those for stop-controlled approaches. 

For four-leg intersections with yield control on the minor road, two separate pairs of approach sight tri

angles like those shown in Figure 9-15A should be provided. One set of approach sight triangles is needed 

to accommodate crossing the major road and a separate set of sight triangles is needed to accommodate 

left and right turns onto the major road. Both sets of sight triangles should be checked for potential sight 

obstructions. 

For three-leg intersections with yield control on the minor road, only the approach sight triangles to 

accommodate left- and right-tum maneuvers need be considered, because the crossing maneuver does 

not exist 

Case Cl-Crossing Maneuver from the Minor Road 

The length of the leg of the approach sight triangle along the minor road to accommodate the crossing 

maneuver from a yield-controlled approach (distance a 1 in Figure 9-15A) is given in Table 9-9. Distance a2 

is longer than distance a 1 as defined in the discussion of"Approach Sight Triangles" in Section 9.5.2. The 

.... 
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distances in Table 9-9 are based on the same assumptions as those for Case A except that, based on field 

observations, minor-road vehicles that do not stop are assumed to decelerate to 60 percent of the minor

road design speed rather than 50 percent. 

Sufficient travel time for the major road vehicle should be provided to allow the minor-road vehicle: (1) to 

travel from the decision point to the intersection, while decelerating at the rate of 1.5 mfs2 [5 ftfs2] to 

60 percent of the minor-road design speed; and then (2) to cross and clear the intersection at that same 

speed. The intersection sight distance along the major road to accommodate the crossing maneuver (dis

tance b in Figure 9-l5A) should be computed with the following equations: 

Metric 

w+La 
t g = t a + ---"----

0.167Vminor 

b = 0.278Vmojo/g 

where: 

I = travel time to reach and clear the g 
major road (s) 

b = length ofleg of sight triangle along 
. tl1e major road (m) 

Ia = travel time to reach the major road 
from the decision point for a vehicle 
that does not stop (s) (use appropri
ate value for the minor-road design 
speed from Figure 9-43 adjusted for 
approach grade, where appropriate) 

U.S. Customary 

w+L0 t g = t 0 + ----,-,---"--
0.88Vminor 

b = 1.47Vmojoclg 

where: 

t = travel time to reach and clear the mag 
jar road (s) 

b = lengtl1 ofleg of sight triangle along 
the major road (ft) 

Ia = travel time to reach the major road 
from the decision point for a vehicle 
that does not stop (s) (use appropriate 
value for tl1e minor-road design speed 
from Figure 9-43 adjusted for ap
proach grade, where appropriate) 

w = width of intersection to be crossed (m) w = width of intersection to be crossed (ft) 

La= length of design vehicle (m) La= length of design vehicle (ft) 

vminor =design speed of minor road (km/h) vminor =design speed of minor road (mph) 

vmnjor =design speed of major road (lan/h) vmnjor =design speed of major road (mph) 

• 

(9-2) 
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Table 9-9. Case Cl-Crossing Maneuvers from Yield-Controlled Approaches, length of Minor Road leg 

and Travel Times 

Q 

b 

d 

Minor-Road Minor-Road 

Approach Travel Time (s) Approach Travel Time 

length Travel c;:alcu- length Travel Calcu-

lated Ia ted 

For minor-road approach grades that exceed 3 percent, multiply the distance or the time In this table by 
the appropriate adjustment factor from Table 9-4. 

Travel time applies to a vehicle that slows before crossing the intersection but does not stop. 

(s) 

The value of tg should equal or exceed the appropriate time gap for crossing the major road from a stop
controlled approach. 

Values shown are for a passenger car crossing a two-lane highway with no median and with grades of 
3 percent or less. 

The value of tg should equal or exceed the appropriate travel time for crossing the major road from a stop

controlled approach, as shown in Table 9-7. The design values for the time gap (tg) shown in Table 9-9 

incorporate these crossing times for two-lane highways and are used to develop the length of the leg of 

the sight triangle along the major road in Table 9-10. These basic unadjusted lengths are illustrated in 

Figure 9-19 for passenger cars and should be calculated separately for other design vehicle types. 

The distances and times in Table 9-9 should be adjusted for the grade of the minor-road approach using 

the factors in Table 9-4. If the major road is a divided highway with a median wide enough to store the 

design vehicle for the crossing maneuver, then only crossing of the near lanes needs to be considered and 

a departure sight triangle for accelerating from a stopped position in the median should be provided based 

on Case B3. For median widths not wide enough to store the design vehicle, the crossing width should be 

adjusted as discussed in Case BJ. 
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Case C2-Left- and Right-Turn Maneuvers 

The length of the leg of the approach sight triangle along the minor road to accommodate right turns 
without stopping (distance a1 in Figure 9-15A) should be 25m [82ft]. This distance is based on the as
sumption that drivers maldng left and right turns without stopping will slow to a turning speed of 16 km/h 
[10 mph]. Distance a2 for left turns is longer than distance a1 for right turns as defined in the discussion 
of'~pproach Sight Triangles" in Section 9.5.2. 

The leg of the approach sight triangle along the major road (distance bin Figure 9-15A) is similar to 
the major-road leg of the departure sight triangle for a stop-controlled intersection in Cases B1 and B2. 
However, the time gaps in Table 9-5 should be increased by 0.5 s to the values shown in Table 9-11. The 
appropriate lengths of the sight triangle leg are shown in Table 9-12 for passenger cars and in Figure 9-20 
for the general design vehicle categories. The minor-road vehicle needs 3.5 s to travel from the decision 
point to the intersection. This represents additional travel time that is needed at a yield-controlled inter
section, but is not needed at a stop-controlled intersection (Case B). However, the acceleration time after 
entering the major road is 3.0 s Jess for a yield sign than for a stop sign because the turning vehicle accel
erates from 16 km/h [10 mph] rather than from a stop condition. The net 0.5-s increase in travel time for 
a vehicle turning from a yield-controlled approach is the difference between the 3.5-s increase in travel 
time and the 3.0-s reduction in travel time. 

Departure sight triangles like those provided for stop-controlled approaches (see Cases Bl, B2, and. B3) 
should also be provided for yield-controlled approaches to accommodate minor-road vehicles that stop 
at the yield sign to avoid conflicts with major-road vehicles. However, since approach sight triangles for 
turning maneuvers at yield-controlled approaches are larger than the departure sight triangles used at 
stop-controlled intersections, no specific check of departure sight triangles at yield-controlled intersec
tions should be needed. 

Yield-controlled approaches generally need greater sight distance than stop-controlled approaches, espe
cially at four-leg yield-controlled intersections where the sight distance needs of the crossing maneuver 
should be considered. If sight distance sufficient for yield control is not available, use of a stop sign in
stead of a yield sign should be considered. In addition, at locations where the recommended sight distance 
cannot be provided, consideration should be given to installing regulatory speed signing or other traffic 
control devices at the intersection on the major road to reduce the speeds of approaching vehicles. 
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Table 9-10. length of Sight Triangle leg along Major Road-Case Cl, Crossing Maneuver 
at Yield-Controlled Intersections 

Stopping Design Values (m) 
Major Road Sight 

Note: Values In the table are for passenger cars and are based on the unadjusted distances and 
times in Table 9~9. The distances and times in Table 9-9 need to be adjusted using the 
factors in Table 9-4. 

.~ 
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Figure 9-19. Length of Sight Triangle Leg along Major Road for Passenger Cars-Case Cl, 
Crossing Maneuver 
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Table 9-11. Time Gap for Case CZ, Left or Right Turn 

Note: Time gaps are for a vehicle to turn. right or left onto a twolane highway with no median. The table values should be adjusted for multilane highways as follows: 
Far left turns onto two-way highways with more than two Janes, add 0.5 s for passenger cars or 0.7 s for trucks for each additional lane, from the left, in excess of one, to be crossed by the turning vehicle. 
For right turns, no adjustment is needed. 
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• 

Table 9-12. Design Intersection Sight Distance-Case CZ, Left or Right Turn at Yield-Controlled Intersections 

Note: Intersection sight distance shown Is for a passenger car making a right or left turn without stopping onto a two-lane road. 

I 

)',, 

, I 
'' 'I 
I' ''1. 
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Figure 9-20. Intersection Sight Distance-Case C2, Yield-Controlled left or Right Turn 
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Case 0-lntersections with Traffic Signal Control 

At signalized intersections, the first vehicle stopped on one approach should be visible to the driver ofthe 
first vehicle stopped on each of the other approaches. Left-turning vehicles should have sufficient sight 
distance to select gaps in oncoming traffic and complete left turns. Apart from these sight conditions, 
there are generally no other approach or departure sight triangles needed for signalized intersections. 
Signalization may be an appropriate crash countermeasure for higher volume intersections with restricted 
sight distance that have experienced a pattern of sight-distance related crashes. 

However, if the traffic signal is to be placed on two-way flashing operation (i.e., flashing yellow on the 
major-road approaches and flashing red on the minor-road approaches) under off-peak or nighttime condi
tions, then the appropriate departure sight triangles for Case B, both to the left and to the right, should be 
provided for the minor-road approaches. In addition, if right turns on a red signal are to be permitted from 
any approach, then the appropriate departure sight triangle to the left for Case B2 should be provided to 
accommodate right turns from that approach. 

Case E-lntersections with All-Way Stop Control 

At intersections with all-way stop control, the first stopped vehicle on one approach should be visible to 
the drivers ofthe first stopped vehicles on each ofthe other approaches. There are no other sight distance 
criteria applicable to intersections with all-way stop control and, indeed, all-way stop control may be the 
best option at a limited number of intersections where sight distance for other control types cannot be 
attained. 

Case F-left Turns from the Major Road 

All locations along a major highway from which vehicles are permitted to turn left across opposing traffic, 
including intersections and driveways, should have sufficient sight distance to accommodate the left-turn 
maneuver. Left-turning drivers need sufficient sight distance to decide when to turn left across the lane(s) 
used by opposing traffic. Sight distance design should be based on a left turn by a stopped vehicle, since a 
vehicle that turns left without stopping would need less sight distance. The sight distance along the major 
road to accommodate left turns is the distance traversed at the design speed of the major road in the travel 
time for the design vehicle given in Table 9-13. 

Table 9-13. Time Gap for Case F, left Turns from the Major Road 

Note: Adjustment for multilane highways-For left-turning ve
hicles that cross more than one opposing lane, add 0.5 s 
for pass~nger cars and 0.7 s for trucks for each additional 
lane to be crossed. 

The table also contains appropriate adjustment factors for the number of major-road lanes to be crossed 
by the turning vehicle. The unadjusted time gap in Table 9-13 for passenger cars was used to develop the 
sight distances in Table 9-14 and illustrated in Figure 9-21. 



9-52 ·1 A Policy on Geometric Design of Highways and Streets 

Table 9-14. Intersection Sight Distance-Case F, Left Turn from the Major Road 

Stopping 
Sight 

Intersection Sight 
Distance 

Intersection Sight 
Distance 

Note: Intersection sight distance shown is for a passenger car making a left turn from an undivided highway. For other conditions and design vehicles, the time gap should be adjusted and the sight distance recalculated . 
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9-21. Intersection Sight Distance-Case F, left Turn from the Major Road 
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If stopping sight distance has been provided continuously along the major road and if sight distance for Case B (stop control) or Case C (yield control) bas been provided for each minor-road approach, sight distance will generally be adequate for left turns from the major road. Therefore, no separate check of sight distance for Case F may be needed. 

However, at three-leg intersections or driveways located on or near a horizontal curve or crest vertical curve on the major road, the availability of adequate sight distance for left turns from the major road should be checked. In addition, the availability of sight distance for left turns from divided highways should be checked because of the possibility of sight obstructions in the median. 

At four-leg intersections on divided highways, opposing vehicles turning left can block a driver's view of oncoming traffic. Figure 9-52, presented in Section 9.7.3, illustrates intersection designs that can be used to offset 1he opposing left-turn lanes and provide left-turning drivers with a better view of oncoming traffic. 

9.5.4 Effect of Skew 

When two highways intersect at an angle less than 60 degrees, and when realignment to increase the angle of intersection is not justified, some of the factors for determination of intersection sight distance may need adjustment. 

Each of the clear sight triangles described above are applicable to oblique-angle intersections. As shown in Figure 9-22, the legs of the sight triangle will lie along the intersection approaches and each sight triangle will be larger or smaller than the corresponding sight triangle would be at a right-angle intersection. The area within each sight triangle should be clear of potential sight obstructions as described previously. 

At an oblique-angle intersection, the length ofthe travel paths for some turning and crossing maneuvers will be increased. The actual path length for a turning or crossing maneuver can be computed by dividing the total widths of the lanes (plus the median width, where appropriate) to be crossed by the sine of the intersection angle. If the actual path length exceeds the total widths of the lanes to be crossed by 3.6 m [12 ft] or more, then an appropriate number of additional lanes should be considered in applying the adjustment for the number oflanes to be crossed shown in Table 9-5 for Case Bl and in Table 9-7 for Cases B2 and B3. For Case C!, the w term in the equation for the major-road leg of the sight triangle to accommodate the crossing maneuver should also be divided by the sine of the intersection angle to obtain the actual path length. In the obtuse-angle quadrant of an oblique-angle intersection, the angle between the approach leg and the sight line is oftea so small that drivers can look across the full sight triangle with only a small head movement. However, in the acute-angle quadrant, drivers often need to turn their heads considerably to see across the entire clear sight triangle. For this reason, it is recommended that the sight distance criteria for Case A not be applied to oblique-angle intersections and that sight distances at least equal to those for Case B should be provided, whenever practical. 
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9.6 TURNING ROADWAYS AND CHANNELIZATION 
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c W, Major Road 

Turning roadways and channelization are a key aspect of intersection design. This section reviews the types of turning roadways, the basic principles of channelization and island design, the detailed design approaches to free-flow turning roadways at intersections, turning roadways with corner islands, superevelation for turning roadways at intersections, and stopping sight distance for turning roadways. 

9.6.1 Types of Turning Roadways 

General 

The widths of turning roadways for intersections are governed by the volumes of turning traffic and the types of vehicles to be accommodated. In almost all cases, turning roadways are designed for use by right-turning traffic. The widths for right-turning roadways may also be applied to other roadways within an intersection. There are three typical tyJ'es of right-turning roadways at intersections: (l) a minimum edge-of-traveled-way design, (2) a design with a corner triangular island, and (3) a free-flow design using a simple radius or compound radii. The turning radii and the pavement cross slopes for free-flow right turns are functions of design speed and type of vehicles. For an icy-depth discussion of the appropriate design criteria, see Chapter 3. 

Minimum Edge-of-Traveled-Way Designs 

Where it is appropriate to provide for turning vehicles within minimum space, as at unchannelized intersections, the corner radii should be based on minimum turning path of the selected design vehicles. The sharpest turn that can be made by each design vehicle is shown in Sections 2.1.1 and 2.1.2, and the paths of the inner rear wheel and the front overhang are illustrated. The swept path widths indicated in 




