ROADWAY DESIGN MANUAL PART 1

CHAPTER NINE

AT GRADE INTERSECTIONS

"BULB" TYPE CHANNELIZATION 9-1

Intersection "Bulbs" shall be designed in accordance with the Policy and Procedure
Manual 23/1. When there is not adequate space to show intersection details on the plans,
intersection detail sheets shall be inserted. Information shown on the sheets shall be
restricted to design criteria only that is necessary for the construction of the intersection.

NOTES: 1) Bulb type intersections are to be used on all divided facilities on both paved
and unpaved -Y- lines.

2) For additional information, see Chapter 9-1, Figures land 2.

REV. DATE: 07/12/04
REVISION 3



ROADWAY DESIGN MANUAL PART 1

FIGURE 1 9-1
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NOTES:
SEE POLICY AND PROCEDURE MANUAL 231 FOR
POLICY ON BULB TYPE INTERSECTIONS.
THE DESIRABLE WIDTH OF THE ISLAND IS 8’ WITH
A MIN. WIDTH OF 4’
q_ THE ENDS OF THE ISLAND SHOULD HAVE A MIN.
SURVEY 2' RADIUS
CHANNELIZATION ON LOW VOLUME ROADS WILL
BE OF SPECIAL DESIGN AND NEED NOT NECESSARILY
CONFORM TO STANDARD DESIGN GUIDES.
*FOR HIGH VOLUME CONDITIONS, PARALLEL LANE IN
ADDITION TO TAPER SHOULD BE PROVIDED AS
REQUIRED FOR DECELERATION.
SEE A POLICY ON GEOMETRIC DESIGN OF HIGHWAYS
AND STREETS{2001) FOR ADDITIONAL DETAILED
DESIGN CRITERIA,
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DESIGN GUIDE |

INTERSECTION WITH TWO-LANE FACILITY
USING RIGHT-TURN TAPER
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FIGURE 2 9 -1
F -2
G
SURVEY, NOTES:

SEE POLICY AND PROCEDURE MANUAL 231 FOR
POLICY ON BULB TYPE INTERSECTIONS.
THE DESIRABLE WIDTH OF THE ISLAND IS 8’ WITH
A MIN. WIDTH OF 4’
THE ENDS OF THE ISLAND SHOULD HAVE A MIN.
2’ RADIUS
CHANNELIZATION ON LOW VOLUME ROADS WILL
BE OF SPECIAL DESIGN AND NEED NOT NECESSARILY
CONFORM TO STANDARD DESIGN GUIDES.
*FOR HIGH VOLUME CONDITIONS, PARALLEL LANE IN
+STA ADDITION TO TAPER SHOULD BE PROVIDED AS
REQUIRED FOR DECELERATION.
SEE A_POLICY ON GEOMETRIC DESIGN OF HIGHWAYS
AND_STREETS(2001) FOR ADDITIONAL DETAILED
DESIGN CRITERIA.
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INTERSECTION WITH FOUR-LANE DIVIDED FACILITY
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ROADWAY DESIGN MANUAL

FIGURE 3
DECELERATION LENGTHS FOR MEDIAN

CROSSOVERS AND LEFT TURNING MOVEMENTS

e

“L" (WHERE VEHICLE STORAGE DOES NOT GOVERN)
NO WAITING VEHICLES

DESIGN SPEED

40 MPH 330’

50 MPH 550’
680’

60 MPH
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FIGURE 3A 9-1
F3-A

Guidelines for Use of Positive Offset
Left Turn Lanes on Median Divided Facilities

Positive offset left turn lanes will be required on median divided facilities where the median
width is greater than 20 feet and the following criteria is met.

1. Use at all proposed signalized intersections which meet either of the following

criteria:

a. If left turns are designed with exclusive* movements due to inadequate
horizontal and/or vertical alignment and there is adequate cross section width
available;

b. TEE intersections with opposing left turn lanes for U-turn traffic

2. Use at all unsignalized intersections which meet either of the following criteria:
a. If 10 year traffic projections satisfy any signal warrants;
b. Major route left turns meet or exceed 60 vph during the peak hour

3. Use at locations where the engineer determines that its use will improve or provide
safer or more efficient traffic operations.

4. Positive offset left turn lanes on median divided facilities should be discussed at
the preliminary field inspection.

* Positive offset left turn lanes will help to enhance exclusive left turn signal operations by
reducing the time required for the left turn movements to clear the intersection.

REV. DATE: 01/02/02
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FIGURE 3A 9 -1
F-3A -1

GUIDELINES FOR OFFSETTING OPPOSING
LEFT-TURN LANES ON DIVIDED ROADWAYS
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FIGURE 3A 9-1

F-3A -2
GUIDELINES FOR OFFSETTING OPPOSING
LEFT-TURN LANES ON DIVIDED ROADWAYS

30’ Median (+ 6’ Offset)
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Jp—
R SEE DETAIL B 3 _ e
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DETAIL B
*Note:

A 4 degree skew angle will provide approximately 340’ of deceleration lengths for deslgLn speeds up
to 40 mph. A purullﬂdecelom'hon lane can be mcorporaled for design speeds 50 mph and hlgher
or where additional storage length is required. See Detail B

Design U-turns for passenger vehicles unless project information dictates otherwise.
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FIGURE 3-A 9-1

F-3A -3
GUIDELINES FOR OFFSETTING OPPOSING
LEFT-TURN LANES ON DIVIDED ROADWAYS
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nLv'
radius widening
for U-turn

§ / -—
J 'ia!-MI_N— - = \ — . _l_t__:____-:-—:‘_—
zoJ__i@ 10" MIN,
Ve

by
]
A =
Painted Mediun—-/ \ TS 7
Monolithic Island ~ ‘{> / radius widening
for U-turn

Llegged intersection

NLH" , _
U-Turn Bulb SEE DETAIL B _> P \\
. \
=\
/- T )
o /
k I‘/ radivs widenin N //
for U-turn ¢ S ——
T-type_intersection
— , /N = - =
T \ == —— -
b 3]2’ N Y -
o Al Py |
- 1 \ - —_— —
oy \/ —
1‘ P o 100’
INSET A DETAIL B
*Note:

A 4 degree skew angle will provide approximately 230 of deceleration lengths for design speeds up
to 30 mph. A parallel deceleration lane can be incorporated for design speeds 40 mph and higher
or where additional storage length is required. See Detail B

Design U-turns for passenger vehicles unless projact information dictates ctherwise.
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FIGURE 3-A 9-1
F-3A -4

GUIDELINES FOR OFFSETTING OPPOSING
LEFT-TURN LANES ON DIVIDED ROADWAYS
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*Note:

A 4 degree skew angle will provide approximately 385’ of deceleration lengths for dm%n speads up
to 40 mph. A parallel deceleration lane can be incorporated for design speeds 50 mph and higher
or where additional storage length is required. See Detail B

Design U-turns for passenger vehicles unless project information dictales otherwise.
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FIGURE 3-A 91
F-3A -8

GUIDELINES FOR OFFSETTING OPPOSING
LEFT-TURN LANES ON DIVIDED ROADWAYS
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to 50 mph. A parallel deceleration lane can be incorporated for design speeds 60 mph and higher
or where additional storage length is required. See Detail B
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Design U-turns for passenger vehicles unless project information dictates otherwise.
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AT GRADE INTERSECTIONS 9-1
F-4

GUIDELINES FOR RIGHT TURN LANE WARRANTS, LEFT AND RIGHT TURN
LANE STORAGE LENGTHS AND TAPER LENGTH

RIGHT TURN WARRANTS

Figure 4 charts determine the warrants for either a full right turn lane, taper only, or
radius only. These charts were taken from NCHRP 279, “Intersection Channelization
Design Guide,” figure 4-23. They were developed from a 1981 Virginia Highway and
Transportation Research Council Report.

LEFT AND RIGHT TURN LANE LENGTHS

Once the right turn warrant has been determined and also figures F-4 A, B, and C determine
the minimum turn lane or taper length. The left turn lane lengths were revised to reflect the
2001 AASHTO Design Book. This revision basically excluded the taper from the required
deceleration length. These lengths are found in A POLICY ON GEOMETRIC DEIGN OF
HIGHWAYS AND STREETS (2001) edition, page 718. There were some concerns raised
that these revised lengths (deceleration length plus taper length) were excessive. After
reviewing in the field, we agreed. Therefore, we recommended revising the turn lane
lengths to the distances shown below which include the taper. The justification for
including the taper as part of the deceleration length is found in A POLICY ON
GEOMETRIC DEIGN OF HIGHWAYS AND STREETS (2001) edition, page 718. It
states:

Design Speed Minimum Right and Left Taper Only
Turn Lane Lengths* For Right Turns

40 mph 330" 230’

50 mph 550 265’

60 mph 680’ 300’

*This length includes the taper. The taper length can range from a minimum of 100’ to a
maximum of 150'.

REV DATE 07/12/06
Revision No. 4
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AT GRADE INTERSECTIONS (Continued) 9-1
F-4

GUIDELINES FOR RIGHT TURN LANE WARRANTS, LEFT AND
RIGHT TURN LANE STORAGE LENGTHS AND TAPER LENGTH (Continued)

The turn lane lengths have been discussed with the FHWA and no design exceptions are
required for the above lengths. As with any guidelines, there will be exceptions based on

site conditions and engineering judgement. However, these guidelines should provide some
overall consistency.

REV. NO. 3
01/02/04
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FIGURE 4
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FIGURE 4

F-4B
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FIGURE 4 9-1
F-4C

REV. NO. 3
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RIGHT TURNS IN PEAK HOUR (VPH)

RIGHT TURNS IN PEAK HOUR (VPH)
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RIGHT TURN LANE WARRANTS

2-LANE HIGWAYS -

NOTE: For posted speeds at or under 45 mph,
- peak hour right turns greater than 40 wvph, and

total peak hour approach less than 300 vph,
adjust right turn volumes.

Adjust peak hour right turns *

peak hour right turns - 20
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THREE CENTERED CURVES 9-2

Three centered curves shall be constructed at locations in accordance with the Policy and
Procedure Manual 23/1. The critical dimensions of three centered curves have been worked
out for each combination of radii in increments of one degree of angle of turn. These
intervals permit a straight line interpolation between the listed values with a maximum error
of 0.02° which is within the practical limits of field layout or construction.

Normally, the range in angles of turn permitted for an at-grade intersection is between 60
degrees and 120 degrees. The computations in these tables have been extended to the range
of 53 degrees to 128 degrees to provide for those few cases which exceed these normal
limits.

When three-centered compound curves are recommended on a project and the design
computations are not in the Design Manual, they shall be shown on the plans for the benefit
of the Resident Engineer in laying out the curves in the field.

REV. DATE: 01/02/02
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FIGURE 1 9 -2
F-1

A FIELD LAYOUT METHOD

THE FOLLOWNG METHOD IS SUGGESTED FOR
STAKING OUT 3-CENTERED CURVES (WHEN
CURVE CENTERS ARE INACCESSIBLE) BY
TANGENT OFFSETS FOR THE LONG RADIUS
CURVE AND CHORD OFFSETS FOR THE SHORT
RADIUS CURVE. THE CURVES ARE PARABOLIC
BUT ANY DEVIATON FROM_ A CIRCULAR CURVE
IS WITHIN TOLORABLE LIMITS.

"

/
/
/

1/
¥

THE CHORD IS DETERMINED BY STAKING OUT
THE TWO POINTS OF COMPOUND CURVATUE
AND THEN MEASURNG THE DISTANCE BE-
TWEEN THESE TWO POINTS. THE MID ORDI-
NATE M_ IS DETERMINED BY SUBTRACTING

THE EXTERNAL FROM THE MEASURED DISTANCE
FROM THE MID POINT ON THE CHORD TO THE
POINT OF INTERSECTION OF THE TWO EDGES
OF PAVEMENT. THE VALUE OF M _ MAY ALSO
BE SELECTED DIRECTLY (OR BY INTERPOLA-
TION) FROM THE APPROPRIATE TABLE.

U <

RREREN

H-T1-1

FORMULAS USED

GIVEN A0, Ry AND R, T = Ry+ o]tane_
TO FIND T,'tl,Tz,E,M,G,yAND
AREA EXTERNAL TO COMPOUND CURYE T= LI (R'-Rz}:in-G
Tz- T.I + llz:in-a-
E= Rgt+ o _
s D 2

2
M= "z'l"z“‘(—%— -]

6= cos-! _Ry-Rg-o
Ry-Ry

y = [33"' o}-llzma-
AREA = A, + A
1= Ry tan 180

Apg= Ry+ offf, -Ry+ oltan O]

R (4 -0)

180

- T ! ‘ 1 EDGE OF PAV'T.
‘-_{

REV. DATE: 01/02/02
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TABLE 2 9 .2
T -2
TYPICAL DESIGNS FOR TURNING ROADWAYS

ANGLE THREE — CENTERED WIDTH APPROX.

OF COMPOUND CURVE OF ISLAND
TURN DESIEEN LANE SIZE
(DEGREES)  CLASSIFICATION RADII (ft) OFFSET (ft) (ft) (ft)
75 A 150-75-150 3.5 14 60
B 150-75-150 5.0 18 50
c 220-135-220 5.0 22 360
90° A 150-50-150 3.0 14 50
B 150-50-150 1.0 21 150
c 200-70-200 1.0 25 270
105 A 120-40-120 2.0 15 70
B 150-35-150 ns 29 65
c 180-60-180 9.5 32 260
120 A 100-30-100 2.5 16 120
B 150-30-150 10.5 33 130
C 140-55-140 7.0 45 215
135 A 100-30-100 2.5 16 460
B 150-30-150 10.0 38 395
c 140-45-140 7.0 52 485
150 A 100-30-100 2.5 16 1400
B 150-30-150 9.0 42 1350
C 160-40-160 6.0 53 1590

@ ILLUSTRATED IN EXHIBIT 9-43 IN “ A POLICY ON GEOMENTRIC DESIGN OF HIGHWAYS AND STREETS” (2011)

NOTE: ASYMMETRIC THREE — CENTERED COMPOUND CURVES AND STRAIGHT TAPERS WITH A SIMPLE CURVE CAN
ALSO BE USED WITHOUT SIGNIFICANTLY ALTERING THE WIDTH OF ROADWAY OR CORNER ISLAND SIZE.
PAINTED ISLAND DELINEATION IS RECOMMENDED FOR ISLANDS LESS THAN 75 fi’IN SIZE.

DESIGN CLASSIFICATION:

A — PRIMARILY PASSENGER VEHICLES; PERMITS OCCASIONAL DESIGN SINGLE-UNIT TRUCKS TO TURN WITH
RESTRICTED CLEARANCES.

B — PROVIDES ADEQUATELY FOR THE SU-30 AND SU-40 DESIGN VEHICLES; PERMITS OCCASIONAL WB-62
DESIGN VEHICLES TO TURN WITH SLIGHT ENCROACHMENT ON ADJACENT TRAFFIC LAMES.

C - PROVIDES FULLY FOR WB-62.

REV. DATE: 01/02/02
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TABLE 3 9-2
T-3

See Edge of Traveled Way For Turns at Intersections
(Simple Curve), Table 9-15

Angle of Simple Simple Curve Radius with Taper
Turn Design Curve Radius Offset Taper
(Degrees) Vehicle Radius (ft.) (ft.) (ft..ft.)
30 P 60 - - -
SU-30 100 - - -
SU-40 140 - - -
WB-40 150 - - -
WB-62 360 220 3.0 15:1
WB-67 380 220 3.0 15.1
WB-92D 365 190 3.0 15.1
WB-100T 260 125 3.0 15.1
WB-109D 475 260 3.5 20.1
45 P 50 - - -
SU-30 75 - - -
SU-40 115 - - -
WB-40 120 - - -
WB-62 230 145 4.0 15:1
WB-67 250 145 4.5 15:1
WB-92D 270 145 4.0 15:1
WB-100T 200 115 2.5 15:1
WB-109D - 200 4.5 20:1
60 P 40 - - -
SU-30 60 - - -
SU-40 100
WB-40 90 - - -
WB-62 170 140 4.0 15:1
WB-67 200 140 4.5 15:1
WB-92D 230 120 5.0 15:1
WB-100T 150 95 2.5 15:1
WB-109D - 180 4.5 20:1

REV. DATE: 01/02/02
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TABLE 3 (continued) 9-2

See Edge of Traveled Way For Turns at Intersections
(Simple Curve)

Angle of Simple Simple Curve Radius with Taper
Turn Design Curve Radius Offset Taper
(Degrees) Vehicle Radius (ft.) (ft.) (ft..ft.)

75 P 35 25 2.0 10:1
SU-30 55 45 2.0 10:1

SU-40 90 60 2.0 10:1

WB-40 60 2.0 15:1

WB-62 145 4.0 20:1

WB-67 - 145 4.5 20:1

WB-92D - 110 5.0 15:1

WB-100T 85 3.0 15:1
WB-109D - 140 55 20:1

90 P 30 20 2.5 10:1
SU-30 50 40 2.0 10:1

SU-40 80 45 4.0 10:1

WB-40 45 4.0 10:1

WB-62 120 4.5 30:1

WB-67 125 4.5 30:1

WB-92D - 95 6.0 10:1

WB-100T - 85 2.5 15:1
WB-109D - 115 2.9 15:1

105 P - 20 2.5 8:1
SU-30 35 3.0 10:1

SU-40 45 4.0 10:1

WB-40 40 4.0 10:1

WB-62 115 3.0 15:1

WB-67 - 115 3.0 15:1

WB-92D - 80 8.0 10:1

WB-100T - 75 3.0 15:1
WB-109D - 90 9.2 20:1

REV. DATE: 01/02/02
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TABLE 3 (continued) 9-2

See Edge of Traveled Way For Turns at Intersections
(Simple Curve)

Angle of Simple Simple Curve Radius with Taper

Turn Design Curve Radius Offset Taper
(Degrees) Vehicle Radius (ft.) (ft.) (ft..ft.)
120 P - 20 2.0 10:1
SU-30 - 30 3.0 10:1

SU-40 - 35 6.0 8:1

WB-40 - 35 5.0 8:1

WB-62 - 100 5.0 15:1

WB-67 - 105 5.2 15:1

WB-92D - 80 7.0 10:1

WB-100T - 65 35 15:1
WB-109D - 85 9.2 20:1

135 P - 20 1.5 10:1
SU-30 - 30 4.0 10:1

SU-40 - 40 4.0 8:1

WB-40 - 30 8.0 15:1

WB-62 - 80 5.0 20:1

WB-67 - 85 5.2 20:1

WB-92D - 75 7.3 10:1

WB-100T - 65 55 15:1
WB-109D - 85 8.5 20:1

150 P - 18 2.0 10:1

SU-30 - 30 4.0 8:1

SU-40 35 7.0 8:1

WB-40 30 6.0 8:1

WB-62 60 10.0 10:.

WB-67 65 10.2 10:1

WB-92D - 65 11.0 10:1

WB-100T - 65 7.3 10:1
WB-109D - 65 15.1 10:1

REV. DATE: 01/02/02
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TABLE 3 (continued) 9-2
T-3

See Edge of Traveled Way For Turns at Intersections
(Simple Curve)

Angle of Simple Simple Curve Radius with Taper

Turn Design Curve Radius Offset Taper
(Degrees) Vehicle Radius (ft.) (ft.) (ft..ft.)

180 P - 15 0.5 20:1

SU-30 - 30 1.5 10:1

SU-40 - 35 6.4 10:1

WB-40 - 20 9.5 51

WB-62 - 55 10.0 15:1

WB-67 - 55 13.8 10:1

WB-92D - 55 16.8 10:1

WB-100T - 55 10.2 10:1

WB-109D - 55 20.0 10:1

For Additional Information, See A POLICY ON GEOMETRIC DESIGN OF
HIGHWAYS AND STREETS (2011) edition.

REV. DATE: 01/02/02
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TABLE 3A 9-2
T-3A
See Edge of Traveled Way For Turns at Intersections
(Compound Curve), Exhibit 9-20
3-Centered Compound 3-Centered Compound
Design Angle of Curve Symmetric Curve Asymmetric
Vehicle Turn Radii Offset Radii Offset
Degrees Feet Feet Feet Feet
P 30 - - - -
SU-30 - - - -
SU-40 - - - -
WB-40 - - - -
WB-62 - - - -
WB-67 460-175-460 4.0 300-175-550 2.0-4.5
WB-92D 550-155-500 4.0 200-150-500 2.0-6.0
WB-100T 220-80-220 4.5 200-80-300 2.5-5.0
WB-109D 550-250-550 5.0 250-200-650 1.5-7.0
P 45 - - - -
SU-30 - - - -
SU-40 - - - -
WB-40 - - - -
WB-62 460-240-460 2.0 120-140-500 3.0-8.5
WB-67 460-175-460 4.0 250-125-600 1.0-6.0
WB-92D 525-155-525 5.0 200-140-500 1.5-6.0
WB-100T 250-80-250 4.5 200-80-300 2.5-5.5
WB-109D 550-200-550 5.0 200-170-650 1.5-7.0
P 60 - - - -
SU-30 - - - -
SU-40 - - - -
WB-40 - - - -
WB-62 400-100-400 15.0 110-100-220 10.0-12.5
WB-67 400-100-400 8.0 250-125-600 1.0-6.0
WB-92D 480-110-480 6.0 150-110-300 3.0-9.0
WB-100T 250-80-250 4.5 200-80-300 2.0-5.5
WB-109D 650-150-650 5.5 200-140-600 1.5-8.0

REV. DATE: 01/02/02



ROADWAY DESIGN MANUAL PART 1
TABLE 3A (continued) 9-2
T-3A

See Edge of Traveled Way For Turns at Intersections
(Compound Curve)
3-Centered Compound

3-Centered Compound

Design Angle of Curve Symmetric Curve Asymmetric
Vehicle Turn Radii Offset Radii Offset
Degrees Feet Feet Feet Feet
P 75 30-8-30 0.6 - -
SU-30 36-14-36 0.6 - -
SU-40 61-11-61 1.5 18-14-61 0.3-14
WB-40 36-14-36 1.5 36-14-60 0.6-2.0
WB-62 134-23-134 4.5 43-30-165 1.5-3.6
WB-67 128-23-128 3.0 61-24-183 0.3-3.0
WB-92D 152-29-152 2.1 46-30-152 0.3-2.4
WB-100T 76-24-76 1.4 30-24-91 0.5-1.5
WB-109D 213-38-213 2.0 46-34-168 0.5-3.5
P 90 100-20-100 2.5 - -
SU-30 120-40-120 2.0 - -
SU-40 200-30-200 7.0 60-45-200 1.0-4.5
WB-40 120-40-120 5.0 120-40-200 2.0-6.5
WB-62 400-70-400 10.0 160-70-360 6.0-10.0
WB-67 440-65-440 10.0 200-70-600 1.0-11.0
WB-92D 470-75-470 10.0 150-90-500 1.5-8.5
WB-100T 250-70-250 4.5 200-70-300 1.0-5.0
WB-109D 700-110-700 6.5 100-95-550 2.0-11.5
P 105 100-20-100 2.5 - -
SU-30 100-35-100 3.0 - -
SU-40 200-35-200 6.0 60-40-190 1.5-6.0
WB-40 100-35-100 5.0 100-55-200 2.0-8.0
WB-62 520-50-520 15.0 360-75-600 4.0-10.5
WB-67 500-50-500 13.0 200-65-600 1.0-11.0
WB-92D 500-80-500 8.0 150-80-500 2.0-10.0
WB-100T 250-60-250 5.0 100-60-300 1.5-6.0
WB-109D 700-95-700 8.0 150-80-500 3.0-15.0
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TABLE 3A (continued) 9-2
T-3A

See Edge of Traveled Way For Turns at Intersections
(Compound Curve)
3-Centered Compound

3-Centered Compound

Design Angle of Curve Symmetric Curve Asymmetric
Vehicle Turn Radii Offset Radii Offset
Degrees Feet Feet Feet Feet
P 120 100-20-100 2.0 - -
SU-30 100-30-100 3.0 - -
SU-40 200-35-200 6.0 60-40-190 1.5-5.0
WB-40 120-30-120 6.0 100-30-180 2.0-9.0
WB-62 520-70-520 10.0 80-55-520 24.0-17.0
WB-67 550-45-550 15.0 200-60-600 2.0-12.5
WB-92D 500-70-500 10.0 150-70450 3.0-10.5
WB-100T 250-60-250 5.0 100-60-300 1.5-6.0
WB-109D 700-85-700 9.0 150-70-500 7.0-17.4
P 135 100-20-100 1.5 - -
SU-30 100-30-100 4.0 - -
SU-40 200-40-200 4.0 60-40-180 1.5-5.0
WB-40 120-30-120 6.5 100-25-180 3.0-13.0
WB-62 600-60-600 12.0 100-60-640 14.0-7.0
WB-67 550-45-550 16.0 200-60-600 2.0-12.5
WB-92D 450-70-450 9.0 150-65-450 7.0-13.5
WB-100T 250-60-250 55 100-60-300 2.5-7.0
WB-109D 700-70-700 12.0 150-65-500 14.0-18.4
P 150 75-20-75 2.0 - -
SU-30 100-30-100 4.0 - -
SU-40 200-35-200 6.5 60-40-200 1.0-4.5
WB-40 100-30-100 6.0 90-25-160 1.0-12.0
WB-62 480-55-480 15.0 140-60-560 8.0-10.0
WB-67 550-45-550 19.0 200-55-600 7.0-16.4
WB-92D 350-60-350 15.0 120-65-450 6.0-13.0
WB-100T 250-60-250 7.0 100-60-300 5.0-8.0
WB-109D 700-65-700 15.0 200-65-500 9.0-18.4
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ROADWAY DESIGN MANUAL PART 1
TABLE 3A (continued) 9-2
T-3A

See Edge of Traveled Way For Turns at Intersections
(Compound Curve)
3-Centered Compound

3-Centered Compound

Design Angle of Curve Symmetric Curve Asymmetric
Vehicle Turn Radii Offset Radii Offset
Degrees Feet Feet Feet Feet
P 180 50-15-50 0.5 - -
SU-30 100-30-100 1.5 - -
SU-40 150-35-150 6.2 50-35-130 5.5-7.0
WB-40 100-20-100 9.5 85-20-150 6.0-13.0
WB-62 800-45-800 20.0 100-55-900 15.0-15.0
WB-67 600-45-600 20.5 100-55-400 6.0-15.0
WB-92D 400-55-400 16.8 120-60-400 9.0-14.5
WB-100T 250-55-250 9.5 100-55-300 8.5-10.5
WB-109D 700-55-700 20.0 200-60-500 10.0-21.0

For Additional Information, See A POLICY ON GEOMETRIC DESIGN OF
HIGHWAYS AND STREETS (2011) edition.
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SIGHT DISTANCE AT INTERSECTIONS 9-3

In determining the required sight distance at intersections, there are cases listed in A
POLICY ON GEOMETRIC DESIGN OF HIGHWAYS AND STREETS (2001) edition.
The treatment of these cases are as follows:

Cases | and Il are for no stop control or yield control for vehicles on the minor road.
Since all intersections are stop signed or signal controlled, these cases do not apply to
standard intersection design.

Case 111 (see Figure 1) is sight distance for stop control on minor roads. This case is
further broken down into three basic maneuvers.

Case 1lIA is for vehicles on the minor road that cross the intersection. This is the
minimum required sight distance at unsignalized intersections. Figure 2 shows the equation
for determining this distance. Figure 3 is a graph showing sight distances for various
highway types.

Case 1IB and 1IIC is for vehicles that turn left and right respectively onto the main
roadway. This is a desirable sight distance for intersection design. Figure 4 shows these
sight distances.

Case IV is sight distance for signalized intersections. It is desirable to determine the sight
distance line by using Case |1l procedures. However, this distance may not be obtainable in
heavily urbanized areas.

NOTE: For additional information on sight distance, refer to A POLICY ON
GEOMETRIC DESIGN OF HIGHWAYS AND STREETS (2001) edition.
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FIGURE 1 9-3
F -1
INTERSECTION SIGHT DISTANCE AT AT-GRADE INTERSECTIONS.

CASE 11l STOP CONTROL

MAJOR —-—

_Y

MINOR HIGHWAY
CASE lIIA - STOPPED VEHICLE CROSSING
A MAJOR HIGHWAY

MAJOR
HIGHWAY

|
MINOR HIGHWAY
CASE 1B - STOPPED VEHICLE TURNING LEFT
INTO TWO-LANE MAJOR HIGHWAY

|
CASE IlIC - STOPPED VEHICLE TURNING RIGHT INTO
TWO- LANE MAJOR HIGHWAY OR RIGHT
TURN ON RED SIGNAL
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FIGURE 2 9 -3
DETERMINING SIGHT DISTANCE FOR CASE lll A F-2
I
|
|
|
|
[
I
i
|
|
|
/ i
""""""""""""""""""" ""-"'-Q:‘"‘”"JI'""'"""'?: ""'"‘”“""""""“‘"'l""'"' 1=
—— ey ERRRSRPRRSRPRNSPU SIS RNUSN. WP VUS| NSRS NN SN REN S S—
\\ : //
N/
\ I
1 (] 7
I
A ¢
d 1 I d 2
— )'t'( r
CASE il

STOP CONTROL ON MINOR ROAD

IN THE ABOVE FIGURE, THE DISTANCE S THAT THE CROSSING VEHICLE MUST TRAVEL TO CLEAR
THE MAJOR HIGHWAY IS THE SUM OF THE FOLLOWING THREE DISTANCES (IN FEET):

S = D4+W+L

WHERE: D=DISTANCE FROM NEAR EDGE OF PAVEMENT TO FRONT OF A STOPPED VEHICLE, FT.
W=PAVEMENT WIDTH ALONG PATH OF CROSSING VEHICLE, FT.
L=OVERALL LENGTH OF VEHICLE, FT.

THE SIGHT DISTANCE FOR A CROSSING MANEUVER IS BASED ON THE TIME IT TAKES FOR THE

STOPPED VEHICLE TO CLEAR THE INTERSECTION AND THE DISTANCE THAT A VEHICLE WILL
TRAVEL ALONG THE MAJOR ROAD AT IT'S DESIGN SPEED IN THAT AMOUNT OF TIME. THIS

DISTANCE MAY BE CALCULATED FROM THE EQUATION:
d = 147V (J +1y)

WHERE: d=SIGHT DISTANCE ALONG THE MAJOR HIGHWAY FROM THE INTERSECTION, FT.
V=DESIGN SPEED ON THE MAJOR HIGHWAY, MPH. '
J=SUM OF THE PERCEPTION TIME AND THE TIME REQUIRED TO ACTUATE THE
CLUTCH OR ACTUATE AUTOMATIC SHIFT, SECONDS.
t=TIME REQUIRED TO ACCELERATE AND TRAVERSE THE DISTANCE S TO CLEAR

® THE MAJOR HIGHWAY PAVEMENT, SECONDS.
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FIGURE 3

PART 1

70

o
W

o
o

o
n

STOPPING SIGHT
DISTANCE (5.5.0.)

n
o

b
o

L]
(3]

d = 147V (J+tq)

o P DESIGN VEHICLE
= === §.U, DESIGN VEHICLE

w
o

DESIGN SPEED - MAJOR HIGHWAY (M.P.H.)
[ b
wn o

RIGHT ANGLE INTERSECTIONS ONLY

|

~
o

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800

d = DISTANCE ALONG MAJOR HIGHWAY FROM INTERSECTION (FT.)

SIGHT DISTANCE AT INTERSECTION
(CASE IlIA, REQUIRED SIGHT DISTANCE ALONG A MAJOR HIGHWAY).

-~-THESE DISTANCES ARE BASED ON 90 DEGREE CROSSINGS AND 0% GRADES.
THE SIGHT DISTANCE MUST BE ADJUSTED FOR GRADE AND SKEW.

=-|F THE STOPPING SIGHT DISTANCE EXCEEDS THE INTERSECTION SIGHT
DISTANCE, THE STOPPING SIGHT DISTANCE WILL GOVERN.
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FIGURE 4

PART 1

DESIGN SPEED (MHP)

70
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|

65
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20 5 200 400 600

7000 1200 1400 1600
SIGHT DISTANCE (FEET)

INTERSECTION SIGHT DISTANCE AT AT-GRADE INTERSECTION

(CASE llIB AND CASE llIC).

A - SIGHT DISTANCE FOR P VEHICLE CROSSING

2-LANE HIGHWAY FROM STOP. (SEE DIAGRAM)

B - 1 - SIGHT DISTANCE FOR P VEHICLE TURNING LEFT

INTO 2-lANE HIGHWAY ACCROSS P VEHICLE
APPROACHING FROM LEFT.(SEE DIAGRAM)

B - 1 4LANE +MEDIAN SIGHT DISTANCE FOR P

VEHICLE TURNING LEEFT INTO 4- LANE HIGHWAY

ACCROSS P VEHICLE APPROACHING FROM LEFT.
(SEE DIAGRAM)

REV. DATE: 01/02/02

B - 2b - SIGHT DISTANCE FOR P VEHICLE TO TURN

LEFT INTO 2 - LANE HIGHWAY AND
ATTAIN 85% OF DESIGN SFEED WITHOUT
BEING OVERTAKEN BY A VEHICLE
APPROACHING FROM THE RIGHT REDUCING
SPEED FROM DESIGN SPEED TO 85% OF
DESIGN SPEED.(SEE DIAGRAM)

cb — SIGHT DISTANCE FOR P VEHICLE TO TURN

RIGHT INTO 2 - LANE HIGHWAY AND
ATTAIN 85% OF DESIGN SPEED WITHOUT
BEING OVERTAKEN BY A VEHICLE
APPROACHING FROM THE LEFT REDUCING
SPEED FROM DESIGN SPEED TO 85% OF
DESIGN SPEED.
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DIRECTIONAL CROSSOVERS WITH MEDIAN U-TURNS 9-4

Directional Crossovers with Median U-Turns should be considered in the following
locations:

High speed rural median divided facilities

Strategic Highway Corridors with partial or limited control of access
Intersections with a documented crash history

In congested areas where it is desirable to minimize the use of traffic signals.

The directional crossover eliminates full-movement median openings. Traffic on the
primary highway is not affected, as all movements (thru, left, right) are still
permitted. Traffic on the secondary highway must turn right onto the primary
highway. Through and left movements from the secondary highway are directed to a
median U-turn crossover located downstream (approximately 800-1000 ft.)

This type of crossover design will be used in various situations. For rural, high speed
median divided facilities, full-movement median crossovers have a high crash
potential, with the predominate crash-type being the secondary highway far-side
angle crash, which has the potential to have the most severe injuries. The directional
crossover with median U-turns converts the secondary highway left-turn and through
movements to two-stage movements, (right-turn and U-turn) each of which is
significantly safer than the full-movement crossover. Because turning movements
are separated the need for signalization at intersections is reduced.

For high-mobility corridors, including strategic highway corridors, the use of
directional crossovers with median U-turns converts four-leg, multi-phase signalized
intersections into four independent two-phase signalized intersections. The reduced
number of signalized phases provides for more green time to be allocated to the
primary movements, and allows for shorter cycle lengths, which reduce queuing.
Each two-phase signal only impacts one direction of traffic on the primary highway.
Because the primary highway’s through movements operate independently, signal
coordination is simpler and more effective, as the primary highway has effectively
been converted to two parallel one-way streets.

Variations include not permitting the primary highway left-turn to turn directly to the
secondary highway, diverting that movement to the median U-turn. This may occur
where shorts weaving and merging distances at the directional crossover may create a
safety or capacity problem. For higher volume secondary highways, or for
intersections of two primary highways, another variation would permit the through
and right movements from each highway to occur at a two-phase signal, but direct all
left-turn movements to median U-turns. This is commonly known as a “Michigan
Left” intersection.

REV. 4
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DIRECTIONAL CROSSOVERS WITH MEDIAN U-TURNS(continued) 9-4

Each intersection on a corridor must be evaluated individually, to determine the
optimum type of median opening. On current TIP projects, the locations where
Directional Crossovers with Median U-turns are proposed should be thoroughly
discussed during the public hearing map review, presented at the public hearing, and
the details of the design features should be discussed during the Final Design Field
Inspection. Potential retrofit locations should be reviewed by the Division Traffic
Engineer and by Transportation Mobility and Safety.
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INSET "A”
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NOTE:

-DIMENSIONS BASED ON TURNING RADII FOR
WB-50, SCHOOL BUS AND SU
-REVERSE FOR OPPOSITE END
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