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State Traffic Engineer 2-3-35

CHAPTER 2 Signing

SECTION 3 Warning Signs

SUBJECT 35 | Advisory Speed on Curves

A. PURPOSE
To establish uniformity and consistency when determining the proper advisory speed for
turns and curves and subsequent installation of advisory speed plaques.

B. BACKGROUND

The MUTCD and Wisconsin Supplement to the MUTCD provides requirements for the
proper use of horizontal alignment signing, Advisory Speed plaques, Truck Rollover
Warning signs, Advisory Exit and Ramp Speed signs. They are contained in the
following sections:

Horizontal Alignment signs - Section 2C.06 and 2C.07 (2009 MUTCD)

Truck Rollover Warning signs —Section 2C.13 (2009 MUTCD).

Advisory Speed Plaques —Section 2C.08 (2009 MUTCD)

Supplemental warning plaques — Section 2C.53 and 2C.54 (2009 MUTCD).
Advisory Exit, Ramp and Curve speed signs — Section 2C.14 (2009 MUTCD).
Horizontal Alignment Sign Usage —Table 2C-5 (2009 MUTCD)

On state trunk highways it is required that all curves and turns less than posted or
statutory speed, be signed in advance with curve warning signs for curves 35 MPH or
above, or turn warning signs for turns, 30 MPH or less. The WMUTCD (Sections 2C.06
and 2C.07 has instructions related to signing curves, turns, winding roads, etc. The
WMUTCD states in Section 2C.06 that if the roadway is less than 1000 ADT, an
advisory speed plaque should be used to supplement the curve or turn warning sign
where the posted speed varies from the curve speed by 10 MPH or more.

The 2009 MUTCD Table 2C-5 (Figure 1 of this policy) states that advisory speed
plaques are:

¢ Recommended where the difference between speed limit and advisory speed is
5 mph.

¢ Required where the difference between speed limit and advisory speed is 10
mph or more.
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Figure 1

2009 MUTCD Table 2C-5. Horizontal Alignment Sign Selection

Difference Between Speed Limit and Advisory Speed

25 mph
or more

Type of
Horizontal
Alighnment Sign

Turn (W1-1), Curve (W1-
2), Reverse Turn (W1-3),
Reverse Curve (W1-4),
Winding Road (W1-5),
and Combination
Horizontal
Alignment/Intersection
(W1-10) (see Section
2C.07 to determine which
sign to use)

5 mph 10 mph 15 mph 20 mph

Recommended Required Required Required|Required

Advisory Speed Plaque
(W13-1P)
Chevrons (W1-8) and/or
One Direction Large
Arrow (W1-6)

Exit Speed (W13-2) and
Ramp Speed (W13-3) on
exit ramp

Note: Required means that the sign and/or plague shall be used, recommended means that the sign and/or plaque
should be used, and optional means that the sign and/or plaque may be used.

Recommended Required Required Required|Required

Optional Recommended Required Required|Required

Optional Optional Recommended|Required|Required

INTRODUCTION

The determination and posting of advisory speeds for changes in horizontal alignment is
a universal practice throughout the nation. It was initially tried by the State of Missouri in
1937 followed shortly thereafter by a number of other state highway departments. The
pre-eminent research was done by R. A. Moyer and D. S. Berry (1) published by the
Highway Research Board in 1940 as a recommendation for signing changes in roadway
alignment. Curve advisory speed posting was adopted as a suggested option in the 1948
Manual on Uniform Traffic Control Devices (2).

The initial research by Moyer and Berry established the basic need, procedures and
criteria for determining advisory speeds. The use of a ball-bank Indicator was
recommended as an acceptable instrument for establishing a “safe speed” on a horizontal
curve. Their recommendations were the following ranges of values:

Table 1. Recommended Criteria for Curve Advisory Speed Determination
(Source: Moyer and Berry, 1940, Ref. 1)

Speeds (mph) | Ball Bank Reading | Side Friction Factor
<20 14 0.21
25-30 120 0.18
=235 10° 0.15

The Moyer/Berry research also indicated that the curve “safe speed” could be computed
using the standard curve formula if the curve radii and super elevation were known using
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the above noted equivalent side friction factors. While they noted the advisory speed as
being the “safe speed” for the curve, the advisory speed actually represented the
comfortable speed that the curve could be driven without experiencing lateral acceleration
discomfort.

This procedure and criteria for advisory speed determination has become nearly
universally accepted in the highway engineering profession and typically is used by most
transportation agencies. However, there has been concern that the ball-bank method of
determining advisory speeds may be outdated and not the best procedure. The need to
update the procedures and criteria has been noted by the highway community for a
number of years. Recognizing the age of the research, minor variations have been made
in the criteria and its application in some roadway jurisdictions (3).

Many motorists also have observed that advisory speed signing is overly conservative
and many exceed the posted advisory speeds. Another factor is that current vehicles
have suspension and steering systems that are significantly improved providing better
stability, cornering capabilities and driving comfort compared with typical vehicles at the
time of the initial research.

The following guidelines establish new values that satisfy the motorists’ needs. The
current research has been reviewed with three methods addressed to determine an
acceptable advisory speed. The recommended criteria have been adjusted to represent
the current driving practices. While it is recognized that most roadways are posted with
advisory speeds based on the older criteria, it appears logical to raise the values to
provide realistic postings that are compatible with driving practices.

The provisions of the 2009 MUTCD encourage a restudy of the horizontal alignment
signing. The MUTCD has a liberal compliance period of at least 10 years to implement
the new horizontal alignment signing, so the engineering studies for curve advisory
speeds can be done over a period of several years on a systematic basis with appropriate
publicity so the public understands the revisions. Drivers will have to modify their driving
habits so they do not incorrectly assume that posted advisory speeds can be driven at a
higher speed. However, an adequate factor of safety is addressed in the new criteria so
drivers even assuming a higher speed is acceptable should not be subjected to undue
hazards. The older postings, while usually a lower speed, can remain in place until the
new engineering study is completed and signs installed. It will be desirable to change all
advisory speed plaques along a roadway at the same time to minimize motorist confusion.

DISCUSSION
There are several areas of concern/discussion:

e The ball-bank indicator method may not be current nor the best method for
determining advisory speeds (5).

e The current practice results in advisory speeds that are too conservative and are
far below the 85" percentile speed of drivers traversing the curves (5)(6)(7).

e Current vehicle suspension and cornering capabilities are substantially better than
those of vehicles that were used to determine the older criteria (8). As a result,
drivers today can comfortably drive curves at speeds higher than those that would
have been comfortable with older vehicles.

e The criteria for curve advisory speeds should be comparable to the design criteria
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in the AASHTO Policy on Geometric Design for Highways and Streets (9).

e The curve advisory speed practices in some jurisdictions have deviated from an
adequate and universally accepted criteria resulting in posted advisory speeds well
below prevailing curve speeds (3)(6). This results in inconsistent curve advisory
speed postings from one jurisdiction to another.

e The current criteria do not consider truck advisory speeds and truck roll-over
considerations (10)(11).

e Some inconsistencies have been noted in comparing current ball bank criteria with
side friction factors used for curve design (8).

The research generally documented that drivers are often exceeding the existing posted
advisory speeds by 7 to 10 miles per hour. An increase of 2 degrees for ball-bank indicator
readings and comparable side friction factors is equivalent to 8 to 10 miles per hour
increase in advisory speeds. The application of an accelerometer that measures lateral
acceleration provides a direct determination of side friction factors and accommodates
new instrumentation for advisory speed determinations. Minor adjustments in the
relationship between ball-bank readings and side friction factors makes the ball-bank
procedure and accelerometer determinations comparable. The use of the horizontal curve
design speed equation remains an acceptable procedure using the newly recommended
side friction factors.

There appears to be no reason to limit the advisory speed determination methods but
instead recognize that any of the three methods are acceptable:

e the traditional ball-bank indicator

e design speed equation or

e accelerometer.

There is a fourth method called the Compass Method by Texas Transportation Institute
(TTI), but requires extensive field work (measuring points throughout the curve), so is not
being considered for WISDOT. The expansion of acceptable determination methods and
change in criteria should offset current procedural deviations with the new Manual on
Uniform Traffic Control Devices requirements encouraging wider and universal
application of acceptable advisory speeds. The recommended criteria for advisory speed
determinations are as follows:

Table 2. Recommended Criteria for Curve Advisory Speed Determination
(Source: Adapted from Carlson and Mason 1999, Ref. 8)
Revised by WISDOT to include Truck Advisory data

Speeds (mph) Ball Bank Reading | Lateral Acceleration (g)
<20 16° 0.28
25-30 14° 0.24
=35 12° 0.21
Truck (All Speeds) 10 0.17

The new criteria are comparable to the current AASHTO design criteria. Some research
has proposed higher values, but those values result in advisory speeds that exceed the
observed speeds of drivers in curves, are above comfortable lateral acceleration levels,
and reduce the margin of safety. Studies show that maximum side friction factors

Date March 2016 Page 4



Traffic Guidelines Manual 2-3-35

developed between passenger car tires and wet pavement in poor condition can be as
low as approximately 0.35 at high speeds (9)(14).

For large trucks, there is a potential danger of overturning if the truck enters a curve at
too high of a speed. For sharp curves, such as loop exit ramps, it may be necessary to
post truck advisory speeds. Current research indicates that truck-overturning situations
are limited and inconsistent when side friction factors are less than 0.35 (12).
Theoretically, truck advisory speeds could be determined based on a side friction factor
of 0.21, or a ball-bank reading of 12 degrees, and still provide a reasonable overturning
safety factor below the 0.35 overturning threshold. But this assumes that the truck follows
the exact radius of the curve, which is unlikely in actual practice. Most drivers make
steering corrections as they traverse a curve, sometimes steering a radius larger than the
actual curve radius, sometimes steering a radius sharper that the actual curve radius. It
must be recognized that if the truck is steered on a radius of % to % of the actual curve
radius, then the safety factor below the overturning threshold nearly disappears. As a
result, it is recommended that the criteria for posting truck advisory speeds be based on
a side friction factor of 0.17, or a ball-bank reading of 10 degrees, for all speed ranges to
ensure a reasonable overturning safety factor. This would result in truck advisory speeds
below the advisory speeds determined for passenger cars.

For New Construction Projects the following option may be used in lieu of the ball
bank indicator method:

Method # 1 Determining Advisory Speeds Using the Design Speed Equation

The design of highway curves is based on the relationship between design speed, radius
of curvature, super elevation, and side friction (centripetal acceleration). The
mathematical relationship between these variables is given by the equation (9):

V = /15R(0.01e+ f)

Where: V = Design speed (mph)
R = Curve radius (feet)
e = Super elevation (%)
f = Side friction factor

The same equation can be used to calculate the advisory speed for a curve, if the curve
radius and super elevation are known. The side friction factor is the same as lateral
acceleration (measured in “g’s”), and is based on driver comfort. For highway design, side
friction factors are set by AASHTO geometric design policies, and are generally in the
range of 0.08 to 0.30 depending on design speed. As previously discussed, recent studies
have suggested that the values in the current design manual are overly conservative, and
when this equation is used to determine the advisory speed for a curve, the lateral
acceleration rates contained in Table 2 can be used. This equation may have to be solved
iteratively because the value for the side friction factor, f, is different for different ranges
of advisory speed, V. For example, suppose that a curve has a 200-foot radius and a
super elevation of 4%. If it is initially assumed that the value of the lateral acceleration is
0.21 (applicable for passenger car advisory speeds of 35 mph or more), the calculated
advisory speed is 27 mph. This means that the lateral acceleration value should have
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been 0.24 (applicable for advisory speeds of 25 to 30 mph), and the advisory speed is
recalculated as 29 mph. Calculated advisory speeds should be rounded to the nearest 5
mph increment, so a 30 mph advisory speed would be used for this curve. The rounded
passenger car advisory speeds calculated for various combinations of super elevation
and curve radius are shown in Table 3.

Table 3. Rounded Passenger Car Advisory Speeds (mph)
Based on Design Speed Equation

Radius (ft) Super elevation (%)
-2 2 4 6 8
100 20 20 20 20 20
200 25 30 30 30 30
400 35 35 40 40 40
600 40 45 45 50 50
800 50 55 55 55 60
1000 55 60 60 65 65

In some cases, the curve radius and super elevation can be taken from as-built plans for
a roadway that has been constructed fairly recently. However, it must be considered that
a roadway that has been in service for many years may have been resurfaced one or
more times since original construction. As a result of resurfacing, the super elevation of
the curve may have changed, and the original plans may no longer be representative of
field conditions. In other cases, the original plans may no longer be available.

If aerial photography is available, the curve radius can be determined by comparing
circular curve templates with the aerial photograph. In the field, the approximate curve
radius can be determined by the chord and middle ordinate method of measurement. This
is illustrated in Figure 2. To determine the curve radius, measure a chord of any
convenient length (usually 100 feet), straight across from one point on the edge of the
road to another point on the edge of the road within the curve (line AB in Figure 2) where
the curvature is uniform. Also measure the middle ordinate from the center of the chord
to the edge of the road (line CD in Figure 2). The radius of the curve can be calculated
as:

|2

R=—+E
8h 2

Where: R = Curve radius (feet)
| = Chord length (feet)
h = Middle ordinate (feet)

The precision of this calculation is obviously limited by the ability to accurately measure
the middle ordinate which would be as small as 1.25 feet (assuming a chord of 100 feet)
for a curve with a radius of 1000 feet.
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Figure 2. Measurement of Curve Chord and Middle Ordinate
(Source: Northwestern University Center for Public Safety)

The super elevation can be measured in the field using a 4-foot carpenter’s level. As
illustrated in Figure 3, position the level across the lane. With one end of the level on the
road surface, measure the vertical distance from the road surface to the other end of the
level. The cross slope of the roadway can then be calculated as the vertical distance
divided by the length of the level. The super elevation should be measured in several
locations along the curve, since it may vary. Also, the super elevation should be
measured separately for each lane of the roadway.

Figure 3. Meésuring éuper elevation with a Carpenter’s Level
(Source: Northwestern University Center for Public Safety)

Another method for determining the super elevation in the field is to stop a vehicle
equipped with a ball-bank indicator (discussed in the next section) on the curve and read
the degrees of deflection on the ball-bank. The super elevation is calculated as:

e = (tan D) x100%

Where: e = Super elevation (%)
D = Degrees of deflection on ball-bank indicator

Again, this measurement should be made at several locations within the curve, and
should be measured separately for each lane.

Method # 2 Ball-Bank Indicator Method

Advisory speeds may be determined in the field using a vehicle equipped with a ball-bank
indicator and an accurate speedometer. The simplicity of this technique has led to its
widespread acceptance as a guide to determining advisory speeds for changes in
horizontal alignment. Figure 4 shows a typical ball-bank indicator.

The ball-bank indicator consists of a curved glass tube, which is filled with a liquid. A
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weighted ball floats in the glass tube. The ball-bank indicator is mounted in a vehicle,
and as the vehicle travels around a curve the ball floats outward in the curved glass tube.
The movement of the ball is measured in degrees of deflection, and this reading is
indicative of the combined effect of super elevation, lateral (centripetal) acceleration, and
vehicle body roll. The amount of body roll varies somewhat for different types of vehicles,
and may affect the ball-bank reading by up to 1°, but generally is insignificant if a standard
passenger car is used for the test. Therefore, when using this technique, it is best to use
a typical passenger car rather than a pickup truck, van, or sports utility vehicle.

Rieker Electronics, Inc.
Digital Inclinometer
www.riekerinc.com

Figure 4. Ball-bank Indicators

To ensure proper results, it is critical that the following steps be taken before starting test
runs with the ball-bank indicator:
e Inflate all tires to uniform pressure as recommended by the vehicle manufacturer
e Calibrate the test vehicle’s speedometer
e Zero the ball-bank indicator

The vehicle speedometer should be calibrated to ensure proper and consistent test
results. This can be done by checking the vehicle speed with a radar or laser speed meter,
or by timing the vehicle over a measured distance (such as milepost spacing).
Alternatively, a moving radar unit can be used to measure speed while conducting the
ball-bank test runs rather than relying on the vehicle’s speedometer.

The ball-bank indicator must be mounted in the vehicle so that it displays a 0° reading
when the vehicle is stopped on a level surface. The positioning of the ball-bank indicator
should be checked before starting any test. This can be done by stopping the car so that
its wheels straddle the centerline of a two-lane highway on a tangent alignment. In this
position, the vehicle should be essentially level, and the ball-bank indicator should give a
reading of 0°. It is essential that the driver and recorder be in the same position in the
vehicle when the ball-bank indicator is set to a 0° reading as they will be when the test
runs are made because a shift in the load in the vehicle can affect the ball-bank indicator
reading.

Starting with a relatively low speed, the vehicle is driven through the curve at a constant
speed following the curve alignment as closely as possible, and the reading on the ball-
bank indicator is noted. On each test run, the driver should reach the test speed at a
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distance of at least % mile in advance of the beginning of the curve, and maintain the
same speed throughout the length of the curve. The path of the car should be maintained
as nearly as possible in the center of the innermost lane (the lane closest to the inside
edge of the curve) in the direction of travel. If there is more than one lane in the direction
of travel, and these lanes have differing super elevation rates, drive in the lane with the
lowest amount of super elevation. Because it is often difficult to drive the exact radius of
the curve and keep the vehicle at a constant speed (cruise-control helps to maintain a
constant speed), it may take several test runs in each direction be made to more
accurately determine the ball-bank reading for any given speed. On each test run, the
recorder must carefully observe the position of the ball throughout the length of the curve
and record the deflection reading that occurs when the vehicle is as nearly as possible
driving the exact radius of the curve.

If the reading on the ball-bank indicator for a test run does not exceed an acceptable level
(as indicated by the recommended criteria in Table 2), then the speed of the vehicle is
increased by 5 mph and the test is repeated. The vehicle speed is repeatedly increased
in 5 mph increments until the ball-bank indicator reading exceeds an acceptable level.
The curve advisory speed is set at the highest test speed that does not result in a ball-
bank indicator reading greater than an acceptable level.

Figure 5 is an example of a data collection form that can be used to record the results of
ball-bank indicator test runs. In the example in Figure 5, test runs were started at 25 mph,
with ball-bank indicator reading of about 6°. This is well below the suggested criteria of
14° for a speed of 25 mph. The speeds of the test runs were gradually increased until the
speed of 35 mph gave readings of 10° to 12°. These are the highest readings attained
without exceeding and the suggested criteria of 12° for a speed of 35 mph or more. This
study would result in posting an advisory speed of 35 mph for both directions of travel for
this curve. Several alternative field data collection and supervisor approval forms are
shown in the Appendix.
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BALL-BANK INDICATOR STUDY
LOCATION: STATE ROUTE 43

COUNTY: DAVIS SECTION:
POSTED SPEED (MPH): 55 PAVEMENT CONDITION: DRY
DATE: VEHICLE: 2008 CHEVROLET IMPALA
DRIVER: SEYFRIED RECORDER: PLINE
REMARKS:
DIRECTION PHOTO LOG MILE SPEED BALL-BANK READING (DEGREES)
OF START END (MPH) RUN RUN 2 RUN 3
TRAVEL CURVE CURVE 1 IF NEEDED | IF NEEDED
NORTH 8.32 8.65 25 6 7 6
30 9 10 10
35 12 12 11
40 15 13 14
SOUTH 8.65 8.32 25 6 6 5
30 9 8 9
35 11 10 11
40 13 14 14

Figure 5. Sample Ball-Bank Indicator Data Collection Form

Method # 3 Accelerometer

An accelerometer is an electronic device which can measure the lateral (centripetal)
acceleration experienced by a vehicle as it travels around a curve. Typically, method 1
and 2 are used. However, if the Region has an accelerometer, this method is acceptable
to use as an alternative to the ball-bank indicator method.

Establishing Advisory Speeds

Using any of the three methods noted above should result in the same advisory speed
for a curve. It is important to reiterate that the advisory speed criteria are based on driver
comfort, not safety. A sufficiently skillful driver may be able to traverse a curve on dry
pavement at a speed considerably higher than the advisory speed without exceeding the
friction capabilities of the pavement. However, most drivers would choose not to drive at
a higher speed because they would experience uncomfortable levels of lateral
acceleration.

The MUTCD indicates that the “advisory speed shall be determined by an engineering
study that follows established engineering practices” (Section 2C.08). The Manual further
defines an engineering study as “the comprehensive analysis and evaluation of available
pertinent information, and the application of appropriate principles, Standards, Guidance,
and practices as contained in this Manual and other sources, for the purpose of deciding
upon the applicability, design, operation, or installation of a traffic control device. An
engineering study shall be performed by an engineer, or by an individual working under
the supervision of an engineer or sign shop supervisor, through the application of
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procedures and criteria established in this policy. An engineering study shall be
documented” (MUTCD Section 1A.13).

Therefore, the establishment of advisory speeds must follow standard procedures
developed and adopted by the engineering personnel of an agency. All field work used
for determining the advisory speeds must be performed under the supervision of an
engineer or sign shop supervisor. Finally, the data collected and analysis performed must
be preserved in written documentation. The Appendix contains a sample curve advisory
speed study supervisor approval form that can be used to document the field data
collection.

The maximum comfortable operating speed on a curve can be determined using any of
the three methods discussed above (design speed equation, ball-bank indicator, or
accelerometer). The advisory speed for the curve should be set at the 5-mph increment
nearest to this maximum comfortable speed. The advisory speed to be posted should not
be arbitrarily reduced below the comfortable speed determined using these methods,
because an unrealistically low advisory speed will lose credibility among drivers, and
create inconsistencies that may lead drivers into traveling at too high a speed through
other curves.

Advisory speed plagues are only used in conjunction with appropriate warning signs, and
never alone. Turn, Curve, Reverse Turn, Reverse Curve, and Winding Road signs are
used in locations where it is desirable to warn drivers of changes in the horizontal
alignment of the roadway. The MUTCD indicates that the use of Turn or Reverse Turn
signs should be limited to changes in alignment where the advisory speed is 30 mph or
less. The Curve or Reverse Curve signs are intended for use where the advisory speed
is greater than 30 mph.

Where a Reverse Curve warning sign or a Winding Road warning sign is used, the
advisory speed should be based on the curve with the lowest comfortable operating
speed. However, if one curve in the series has a dramatically lower comfortable speed,
it would be desirable to place a separate warning sign with the appropriate advisory speed
for that individual curve.

In some cases, there may be other factors that influence the selection of the advisory
speed in addition to the comfortable operating speed on the curve. Available sight
distance or deceleration distance (on an exit ramp) may, in some cases, require an
advisory speed lower than the comfortable operating speed for the curve.

Truck Advisory Speeds

The appropriate warning signs for truck rollover concerns require more than just
determination of truck advisory speeds. Large trucks, tank trailers and truck freight trailers
have a high center of gravity and are susceptible to rollover crashes on a sharp curve.
The loop ramps on freeway interchanges and direct freeway-to-freeway connections are
sometimes subject to truck rollover problems. The potential for such crashes may
increase because of radius of horizontal curvature, inadequate deceleration length or
deficient specific signing. Truck rollover theoretically can occur when the lateral
acceleration exceeds 0.30, but no calculated lateral acceleration less than 0.35 has been
determined in any truck rollover collisions. A Ball Bank reading of 10 degrees (side friction
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=0.17) be used to provide a reasonable factor of safety. This value is about half the critical
side friction factor accommodating those occasions where the truck may exceed the
posted truck advisory speed or the truck travels a curve radius that is less than the actual
roadway curvature. These criteria will generally produce a truck advisory speed that is
approximately 5 mph less than the advisory speeds determined for passenger cars,
except for the lower speed ranges.

The MUTCD, Section 2C.13, Section 2C.14 and Table 2C-5 (Figure 1 of this policy),
covers the use of the Truck Rollover Warning sign (W1-13), Advisory Exit Speed sign
(W13-2), and the Advisory Ramp Speed sign (W13-3). The application of these signs
shall be based on an engineering study that considers the roadway and operational
characteristics that may contribute to a loss of vehicle control and potential truck rollovers.
It is suggested that the engineering study for Truck Rollover Warning signs address the
following considerations;

1. Speed data and advisory speed determinations.

2. Traffic characteristics.

3. Roadway geometrics.

4. Recommended traffic control devices.

It should be noted that any posted Advisory Speed for the Truck Rollover signing should
reflect the truck advisory speed determination. The MUTCD provides a number of other
devices that can be used in conjunction with the above signs to address truck rollover
consideration such as:

e Chevron Alignment signs (W1-8)

e Combination Horizontal Alignment/Advisory Speed sign (W1-1a and W1-2a)

¢ One Direction Large Arrow sign (W1-6)

e Combination Horizontal Alignment/Advisory Exit and/or Advisory Ramp Speed

Signs (W13-6 and W13-7)

See TGM 2-3-36 for policies related to exit advisory speed signage.

Additionally, the warning can be enhanced with enlarged signing, a TRUCK header panel,
or flashing beacons. The traffic engineering study should address the recommended
signing for the specific field conditions.

D. POLICY

FIELD REVIEW OF CURVES AND TURNS

1. The setting of advisory speeds on existing curves and turns should be performed
by the ball-bank indicator method for existing roadways utilizing Table 2 above.
2. The Accelerometer (Method 3) may be used as an alternative to the ball-bank
indicator for Regions that have this device.
3. For ramps that have problems with truck rollovers and/or have the tippy truck
signs installed, the truck ball bank reading of 10 degrees should be used.
4. For new construction, the design speed chart (Table 3) noted above may be
used where the super elevation and radius are known.
Curve signing determined on the basis of calculated values should always be verified in
the field by the ball bank method.
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SIGNING IMPLEMENTATION

1.

For consistency of motorist expectation, signing field changes should be
organized where entire routes are done at approximately the same time.
Breakpoints should occur in the route at locations where the highway travels
through a community that has a speed zone reduction.

Signing field changes should be incorporated into improvement projects as much
as possible. Roadway segments on each side of the improvement project should
terminate at a STH/STH or municipal limit breakpoint.

Table 2C-5 in the 2009 MUTCD (see Figure 1 of this policy) shall be utilized in
the determining the proper treatment of horizontal alignment sign(s).

For advisory speed reductions of 25 mph or greater, chevrons (W1-8 signs)
should be used. For these advisory speed reductions, a night arrow (W1-6 sign)
may be used to supplement the chevrons for advisory speed reductions of 25
mph or greater.

For advisory speed reductions that are greater than 5 mph and less than 25 mph,
the usage of the night arrow (W1-6 sign) is the first choice of sign that should be
used. For these advisory speed reductions, chevrons (W1-8 signs) are typically
used in locations where there are demonstrated problems.

For a Winding Road (W1-5 sign)/Advisory speed (W13-1sign) application, where
night arrows (W1-6 signs) and/or chevrons (W1-8 signs) are required on specific
curves, the first curve in the series shall be signed with the night arrow and/or
chevrons. Subsequent curves in the winding road series shall be signed with
night arrows and /or chevrons if recommended/required by Table 2C-5 in the
2009 MUTCD (see Figure 1 of this policy).

For a Reverse Curve (W1-4 sign)/Advisory speed (W13-1 sign) application, the
curves in the series shall be signed with night arrows and /or chevrons if
recommended/required by Table 2C-5 in the 2009 MUTCD (see Figure 1 of this
policy).

Turn warning signs shall be used where advisory speeds have been determined
to be 30 mph or less.

Regulatory speed limit signs are normally not posted on ramps. For application
of warning signs on service interchange ramps (non-freeway to freeway), relative
to 2009 MUTCD Table 2C-5, a 10-mph reduction from the mainline posted speed
should be used.

10.Each direction on the roadway should be evaluated independently of the other

direction in the determination of the proper horizontal alignment signing.

PHASE IN COMPLIANCE

In order to allow for resources to make the changes to the advisory speeds, the
following shall apply:

When signing is replaced with an improvement project, the advisory speeds shall
be established based on the new policy. This can either be accomplished by one
of the methods noted in this policy.

For other sections of roadway, the changes shall be made for an entire segment
of highway between two cities, towns or villages. Curve and turn advisories
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should not be changed for one isolated location; rather for an entire segment
between communities or within a county.
e Phase in period — December 31, 2019 (2009 MUTCD Compliance Date).
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APPENDIX

SAMPLE FIELD DATA COLLECTION FORMS

Curve Advisory Speed Calculations

Ball-Bank Indicator Test Supervisor Approval
Ball-Bank Indicator Study Form

Ball-Bank Indicator Test Summation

Curve Advisory Speed Determination Field Data Sheet

arwnE
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Advisory Speed Approval

Jurisdiction:

Location:

From: To:

Project No./Title:

Advisory Speed Study Attached:

Ball Bank Indicatory Study Date:

Speed Formula Calculations Date:

Acceleromter Readings Date:
Completed By: Date:

Study Approval:

Name: Title:

Date:
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Curve Advisory Speed Calculations
Method # 1
Sheet _ of
Completed By: Date:
Jurisdiction:
Location:
From: To:
Project No./Title:
V = ,/15R(0.01le+ f)
DIRECTI | CURV | CURV | CURV | SUPER- SIDE ADVISO | WARNIN
ON E E E ELEVATI | FRICTIO RY G
OF BEGI | END | RADIU ON N SPEED SIGN
TRAVEL N STA. S (%) (mph)
STA. (ft)
Remarks:
Study Approval:
Name: Title:
Date:

Date March 2016
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BALL-BANK INDICATOR STUDY

LOCATION:

COUNTY: SECTION:

POSTED SPEED (MPH): PAVEMENT CONDITION:

DATE: VEHICLE:

DRIVER: RECORDER:

REMARKS:
SHOTO LOG MILE BALL-BANK READING

DIRECTION (DEGREES)

oF SPEED RUN RUN
TRAVEL | START END (MPH) RUN 2 3
CURVE | CURVE 1 IF IF
NEEDED | NEEDED

Date March 2016
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BALL BANK INDICATOR TEST SUMMATION

(OPTIONAL)
Jurisdiction: Date:
Location:
Weather: Road Surface:
Driver: Recorder:
Vehicle: Posted Speed Limit:
Direction: Begin Curve: End Curve:
Show each vehicle test run as a dot on the graph
20 |
|
15
10
S
|
10 20 30 © 40 50

MILES PER HOUR
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SUMMARY FOR A SECTION OF ROADWAY

CURVE ADVISORY SPEED DETERMINATION FIELD DATA SHEET

Highway:

County:

Section:

Date:

Posted Speed (mph):

Pavement Condition:

Vehicle:

Driver/Recorder:

Remarks:

BALL BANK READINGS: 12 degrees for speeds of 35 mph or more
14 degrees for speeds of 25 to 30 mph
16 degrees for speeds of 20 mph or less

Direction
of Travel

Curve Beg. End Tangent Ball Bank Advisory Speed Curve Warning Sian
Direction | Curve | Curve Length Reading (mph) 919
LT | RT MP MP Miles Degrees Curre Recom- Sign No. Size

nt mended

Date March 2016
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