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ABSTRACT

The Run-off-the-Road(ROTR)typeof accidenthas beena predominantfactor in highway

fatalities nationwide. This situation has created a major concern and challenge for traffic

management within transportationdepartments. Shoulder rumble strips are new traffic control

devices for interstate and limited access roadway systems, which hold great potential for

reducing ROTR accidents. Consequently,they have becomea critical and attractive subject for.

highway safety improvements.

Although shoulder rumble trips have been recognizedas an effective measure and have

been widely tested by 35 state agencies and several countries, the rolled type rumble strip is

found most often in the literature. The optimal design patterns among the available types and

their effectiveness have not been quantitativelytested and confirmed. This paper reexamines

different typical patterns using field tests, implementation surveys from agencies, and

mathematical analysis. A model has been developed to determine the optimal patterns. The

results reveal that a milledpattern is superior to a rolled pattern for asphalt shoulders in terms

of audibilityand tactilityeffectiveness,qualitycontroland ease of construction. The corrugated

pattern is practical for concrete shoulders. E\:'idenceis presented that existing implementation

of policy and design criteria for rolled rumble strips shouldbe modifiedand that more research

is needed to determine the degree of effectiveness.

This study was sponsoredby the Traffic EngineeringDivisionat the VirginiaDepartment

of Transportation (VDOT).
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INTRODUCTION

The Run-off-the-Road (ROTR) type of accident has become a predominant factor in

highway fatalities nationwide since the last decade. According to a recent report from the

Department of Motor Vehicles of Virginia,1ROTR accidents accounted for 29 percent of all

highway fatalities in Virginia from 1986 through 1991. Moreover, statistical data show a

significant increase in the last two years of this six year study period. In 1990 and 1991,

approximately 50 percent of fatal crashes involved vehicles.running off the roadway due to

driver fatigue, inattention, excessive speed, use of alcoholor as a result of driver attempting to

evade objects and/or nearby vehicles. One study by the PennsylvaniaTurnpike Commission2

found that ROTR accidents had risen from 48 percent in 1984to 57 percent in 1986. Another

study from Wyoming3also indicate~that more than 60 percent of the fatal accidents involved

vehicles that go off the travelways in their state system. These observations have brought a

major concern and challenge to the Virginia Departmentof Transportation (VDOT) and other

state agencies. The trend of increase in ROTR accidents demonstratesa need to develop and

implement an effective and practical measure to mitigate this type of collision and to improve

highway safety.

Rumble strips are warning devices placed on the shoulders or roadways. They are

intended to alert the driver with an audible and tactile warning that the vehicle has completely

or partially left the traveled way or is approachinga decision point of critical importance to

safety. Althoughrumble strips havebeen used for manyyears, they were not widely tested until

the last decade. According to a VDOT recent survey,4 34 agencies in the United States have

implemented testing sites on highwayshoulders, and similar testing programs have occurred in
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countries such as the United Kingdom, Japan and Denmark.

Althoughrumble strips hold great potential for reducingROTR accidents and have been

widely tested in the United States (for example, one reporf claims that on a highway with

extremely monotonousconditions,accident reductionas high as 50 percent may be expected by

using rumble strips and that about 19stateagencieshavebeeninvolvedin the research of rumble

strips since 1985t, the audible and tactile effectiveness of rumble strips have not been

quantitatively confirmed because the conclusionsin most of the agency reports resulted from

small samplesand have not gone through statistictests and/or qualitycontrol procedures. There

has been particularly a lack of tests on some of the new rumble strip patterns.

Basically, three types of rumble strips are used on the highwayshoulders. These include

two on asphalt shoulders (rolled type, Figs. 1 and 2 and milledtype, Figs. 3, 4 and 5) and one

corrugated type (Fig. 6) on concrete shoulders. The rolled type was developed in the 1970's

while the milled type is a relativelynew pattern that was created in recent years. Most studies

and reports are related to rolled rumble strips.S The PennsylvaniaTurnpike Commissionstudy2

concluded that the milled type is much more practical than the rolled type based on noise level

test, but the study does not indicate what the difference is and the tests were limited to the

audible effects only. The objectivesof this paper are to identify which type of rumble strip is

optimal; and to examine quantitatively both the audible and the tactile effectiveness of the

different rumble strips.
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Fig. 2 AsphaltRolled rumble strips
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Fig. 3 Milled rumble strips and its constructionmachine
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Fig. 4 ContinuousMilled rumble strips
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RESEARCH PROCEDURE

A combinationprocedure includingfieldtests, implementationsurvey from state agencies

and mathematicalanalysis is performedin the study. The optimaldesign patterns are examined

and determined comprehensivelyby the above approaches.

The overall performance of rumble strips can be found in the following relations:

P = f (~, afl ~, !r)__ _ _ _ _ _ _ _ _ _ _ _ (1)

Where P is the effectivenessof rumble strips; a.s is the audible index of traveled ways,

3.ris the audible index of rumble strips; tdis the tactileindex of traveled ways and t,.is the tactile

index of rumble strips.

To determine the optimal design pattern Po, it is necessary to find out the difference

between adand 3.r,and between tdand!r. That is, the optimal pattern is a function of excesses

of both audible and tactile indexes, not the absolute values of each. This concept can be

expressed as below:

Po = cp[(~ -a.s, ~ - tJL _ _ _ _ _ _,_ _ _ _ _ _ _ (2)

Where ~ is the sample mean of 3.r

a.sis the sample mean of ~

~is the sample mean of t,.

td is the sampel mean of td

In order to get the index of a and t and make the data comparable, the following

procedures and assumptionsare followed:

1. Both audible and tactile tests are performed using a testing van equipped with

computerized instruments.
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2. The audible index is measured by a sound level meter and the tactile index is

measured by pavement roughness testing instruments. Bothare performed and measured at the

same locations during the same time periods.

3. It is assumed that the pavement roughness index is the basic indication of vehicle

vibration during driving, thus, for the purpose of comparison the tactile index can be deemed

to be in proportion to the roughness index.

4. The small differencesof testing results between the cars and the testing van can be

neglected.

5. The following testing conditionare consideredas the typical cases for the study.

Testing rumble strip patterns: continuous asphalt rolled type (Fig. 1);

continuousasphalt milledtype (Fig. 5) and intermittentconcrete corrugated type

(Fig. 6)

Testing speeds: 55 mph and 65 mph

Angle of ROTR: 5 degrees

Roadway conditions: Dry and clean

Testing weather: Sunny

Testing Time: Septemberand October, 1994,off peak hours of weekdays.

ROUGHNESS TEST

The pavement roughness tests for traveled ways and rumble strips were performed and

completed by a computerized roughness testing instrument, and the test results were printed

automatically during the tests. Figs. 7 and 8 show typicalprintout sheets for rolled and milled
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rumble strips. Roughness levels are denoted by IRI (International Roughness Index) in the

testing systems. In order to obtain an accurate testing result, the total tests were performed at

112 different locations on 1-85and 1-295in Virginia.
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Fig. 8 Typical computerprinterout sheet for

milled rumble strip roughness tests on 1-85
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The testing locations include:

32 locations for asphalt traveled way tests.

48 locations for asphalt rolled rumble strip tests

20 locations for asphalt milled rumble strip tests

5 locations for concrete traveled way tests

7 locations for concrete corrugated rumble strip tests

In figures 7 and 8, the IRI 1is the rumble stripindex under the case that driver side tires

were on the rumble strips. The IRI 2 is the index under the case that passenger side tires were

on the rumble strips. The average IRI represents the average of IRI 1 and IRI 2. The top line

numbers are for the traveled way pavement and the remaining numbers represent the true IRI

records of various testing paths during the tests.

The results of roughness tests at 112locationson 1-85and 1-295are presented on Table

1.
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Table 1 Testing Results of PavementRoughness

17

No. Testing Items Testing Van IRI Notes
Speeds (mph)

1. Asphalt Traveled Way 55 73.99 1-85

2. Asphalt Traveled Way 65 81.11 1-85.

3. Asphalt Traveled Way 65 108.50 1-85

4. Asphalt Traveled Way 65 123.79 1-85

5. Asphalt Traveled Way 55 71.17 1-85

6. Asphalt Traveled Way 65 72.88 1-85

7. Asphalt Traveled Way 55 74.96 1-85

8. Asphalt Traveled Way 65 75.35 1-85

9. Asphalt Traveled Way 65 64.07 1-85
10. Asphalt Traveled Way 65 62.15 1-85
11. Asphalt Traveled Way 65 62.15 1-85
12. Asphalt Traveled Way 65 63.56 1-85
13. Asphalt Traveled Way 65 63.17 1-85
14. Asphalt Traveled Way 65 65.23 1-85
15. Asphalt Traveled Way 65 94.79 1-85
16. Asphalt Traveled Way 65 101.04 1-85
17. Asphalt Traveled Way 65 100.67 1-85
18. Asphalt Traveled Way 65 95.36 1-85
19. Asphalt Traveled Way 65 104.90 1-85
20. Asphalt Traveled Way 65 102.52 1-85
21. Asphalt Traveled Way 65 125.68 1-85
22. Asphalt Traveled Way 65 127.79 1-85
23. Asphalt Traveled Way 65 121.60 1-85
24. Asphalt Traveled Way 65 119.27 1-85
25. Asphalt Traveled Way 65 124.99 1-85
26. Asphalt Traveled Way 65 116.66 1-85
27. Asphalt Traveled Way 65 71.42 1-85
28. Asphalt Traveled Way 65 69.65 1-85
29. Asphalt Traveled Way 65 81.66 1-85
30. Asphalt Traveled Way 65 76.65 1-85
31. Asphalt Traveled Way 65 72.17 1-85
32. Asphalt Traveled Way 65 70.31 1-85





Table 1 (Con't) Testing Results of Pavement Roughness

No. Testing Items Testing Van

Speeds (mph)

IRI Notes
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1. Asphalt, Rolled 55 90.05 1-85

Rumble Strips

2. Asphalt, Rolled
Rumble Strips 55 123.51 1-85

3. Asphalt, Rolled

Rumble Strips 65 87.99 1-85

4. Asphalt, Rolled

Rumble Strips 65 123.47 1-85

5. Asphalt, Rolled

Rumble Strips 55 102.27 1-85

6. Asphalt, Rolled

Rumble Strips 55 134.34 1-85

7. Asphalt, Rolled

Rumble Strips 65 116.61 1-85

8. Asphalt, Rolled

Rumble Strips 65 128.13 1-85

9. Asphalt, Rolled

Rumble Strips 55 103.06 1-85

10. Asphalt, Rolled

Rumble Strips 55 134.70 1-85





Table 1 (Con't) Testing Results of Pavement Roughness

No. Testing Items Testing Van

Speeds (mph)

lRI Notes

11. Asphalt, Rolled

Rumble Strips 65 102.26 1-85

12. . Asphalt, Rolled

Rumble Strips 65 119.50 1-85

13. Asphalt, Rolled

Rumble Strips 65 111.77 1-85

14. Asphalt, Rolled

Rumble Strips 65 133.43 1-85

15. Asphalt, Rolled

Rumble Strips 65 109.43 1-85

16. Asphalt, Rolled
Rumble Strips 65 145.49 1-85

17. Asphalt, Rolled

Rumble Strips 65 109.43 1-85

18. Asphalt, Rolled

Rumble Strips 65 145.49 1-85

19. Asphalt, Rolled

Rumble Strips 65 106.78 1-85

20. Asphalt, Rolled

Rumble Strips 65 142.65 1-85

21. Asphalt, Rolled 65 100.62 1-85
Rumble Strips

19





Table 1 (Con't) Testing Results of Pavement Roughness

No. Testing Items Testing Van

Speeds (mph)

IRI Notes
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30. Asphalt, Rolled
Rumble Strips 65 143.26 1-85

31. Asphalt, Rolled
Rumble Strips 65 108.29 1-85

32. Asphalt, Rolled

Rumble Strips 65 155.62 1-85

33. Asphalt, Rolled
Rumble Strips 65 123.24 1-85

34. Asphalt, Rolled
Rumble Strips 65 146.86 1-85

35. Asphalt, Rolled
Rumble Strips 65 124.36 1-85

36. Asphalt, Rolled

Rumble Strips 65 142.20 1-85

37. Asphalt, Rolled

Rumble Strips 65 97.97 1-85

38. Asphalt, Rolled

Rumble Strips 65 130.84 1-85

39. Asphalt, Rolled

Rumble Strips 65 96.95 1-85





Table 1 (Con't) Testing Results of PavementRoughness
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No. Testing Items Testing Van IRI Notes
Speeds (mph)

1. Asphalt, Milled
Rumble Strip 65 514.28 1-85

2. Asphalt, Milled
Rumble Strip 65 577.11 1-85

3. Asphalt, Milled
RumbleStrip . 65 449.52 1-85

4. Asphalt, Milled
Rumble Strip 65 530.89 1-85

5. Asphalt, Milled
Rumble Strip 65 455.63 1-85

6. Asphalt, Milled
Rumble Strip 65 425.46 1-85

7. Asphalt, Milled
Rumble Strip 65 652.34 1-85

8. Asphalt, Milled
Rumble Strip 65 539.10 1-85

9. Asphalt, Milled
Rumble Strip 65 594.37 1-85

10. Asphalt, Milled
Rumble Strip 65 507.52 1-85

11. Asphalt, Milled
Rumble Strip 65 558.19 1-85

12. Asphalt, Milled
Rumble Strip 65 491.73 1-85

13. Asphalt, Milled
Rumble Strip 65 579.93 1-85





Table 1 (Con't) Testing Results of Pavement Roughness
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No. Testing Items Testing Van IRI Notes
Speeds (mph)

14. Asphalt, Milled
Rumble Strip 65 552.70 1-85

15. Asphalt, Milled
Rumble Strip 65 547.14 1-85

16. Asphalt, Milled
Rumble Strip 65 537.05 1-85

17. Asphalt, Milled
Rumble Strip 65 486.89 1-85

18. Asphalt, Milled
Rumble Strip 65 576.22 1-85

19. Asphalt, Milled
Rumble Strip 65 522.23 1-85

20. Asphalt, Milled
Rumble Strip 65 567.37 1-85





Table 1 (Con't) Testing Results of Pavement Roughness

No. Testing Items Testing Van
Speeds (mph)

IRI Notes
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1. Concrete Traveled Way 65 134.20 1-295

2. Concrete Traveled Way 55 134.58 1-295

3. Concrete Traveled Way 65 145.32 1-295

4. Concrete Traveled Way 55 139.52 1-295

5. Concrete Traveled Way 55 119.84 1-295





Table 1 (Con't) Testing Results of Pavement Roughness
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No. Testing Items Testing Van IRI Notes

Speeds (mph)

1. Concrete Corrugate
Rumble Strip 65 205.43 1-295

2. Concrete Corrugate
Rumble Strip 65 205.28 1-295

3. Concrete Corrugate
Rumble Strip 65 175.57 1-295

4. Concrete Corrugate
Rumble Strip 65 179.92 1-295

5. Concrete Corrugate
Rumble Strip 65 186.44 1-295

6. Concrete Corrugate
Rumble Strip 65 185.15 1-295

7. Concrete Corrugate
Rumble Strip 65 186.44 1-295





SOUND LEVEL TESTS

The sound level test results are shown in Table 2.

Tests for the effects of rumble strips on vicinityenvironmentswere also performed during the

testing period. The tests includeda comparisonof the sound levels betweenthe case I of testing van

driving on the milled rumble strips and case 2 of typical truck driving on the asphalt traveled way.

Operational speeds were 65 mph and the soundlevelswere measured200 feet away from the roadway

edges. The readings were 60 decibels and 69 decibels for case 1 and case 2 respectively.
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Table 2 Testing Results of Sound Levels of Pavements

No. Testing Items Testing Van
Speeds (mph)

Sound Level
(In decibels)

Notes

I. Asphalt Traveled Way 65 75 1-85

2. Asphalt Traveled Way 65 75 1-85

3. Asphalt Traveled Way 65 75 1-85

4. Asphalt Traveled Way 65 75 1-85

5. Asphalt Traveled Way 65 76 1-85

6. Asphalt Traveled Way 65 74 1-85

7. Asphalt Traveled Way 65 76 1-85

8. Asphalt Traveled Way 65 74 1-85

9. Asphalt Traveled Way 65 76 1-85

10. Asphalt Traveled Way 65 76 1-85

II. Asphalt Traveled Way 65 74 1-85

12. Asphalt Traveled Way 65 74 1-85

I. Asphalt Rolled
Rumble Strips 55 7.9 1-85

2. Asphalt Rolled
Rumble Strips 65 76 1-85

3. Asphalt Rolled
Rumble Strips 55 74 1-85

4. Asphalt Rolled
Rumble Strips 65 77 1-85

5. Asphalt Rolled
Rumble Strips 55 74 1-85
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Table 2 (Con't) Testing Results of SoundLevels of Pavements
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No. Testing Items Testing Van Sound Level Notes

Speeds (mph) (In decibels)

6. Asphalt Rolled
Rumble Strips 55 77 1-85

7. Asphalt Rolled
Rumble Strips 65 76 1-85

8. Asphalt Rolled
Rumble Strips 65 77 1-85

9. Asphalt Rolled
Rumble Strips 65 76 1-85

10. Asphalt Rolled
Rumble Strips 65 76 1-85

11. Asphalt Rolled
Rumble Strips 65 78 1-85

12. Asphalt Rolled
Rumble Strips 65 . 78 1-85

13. Asphalt Rolled
Rumble Strips 65 78 1-85

14. Asphalt Rolled
Rumble Strips 65 78 1-85

15. Asphalt Rolled
Rumble Strips 65 78 1-85

16. Asphalt Rolled
Rumble Strips 65 78 1-85

17. Asphalt Rolled
Rumble Strips 65 78 1-85

18. Asphalt Rolled
Rumble Strips 65 78 1-85





Table 2 (Con't) Testing Results of Sound Levels of Pavements

No. Testing Items Testing Van
Speeds (mph)

Sound Level
(In decibels)

Notes

30

19. Asphalt Rolled
Rumble Strips 65 78 1-85

20. Asphalt Rolled
Rumble Strips 65 78 1-85

21. Asphalt Rolled
Rumble Strips 65 79 1-85

22. Asphalt Rolled
Rumble Strips 65 78 1-85

23. Asphalt Rolled
Rumble Strips 65 78 1-85





Table 2 (Cont') Testing Resultsof Sound Levels of Pavements

No. Testing Items Testing Van
Speeds (mph)

Sound Level
(In decibels)

Notes
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1. Asphalt Milled
Rumble Strips 65 86 1-85

2. Asphalt Milled
Rumble Strips 65 86 1-85

3. Asphalt Milled
Rumble Strips 65 86 1-85

4. Asphalt Milled
Rumble Strips 65 86 1-85

5. Asphalt Milled
Rumble Strips 65 85 1-85

6. Asphalt Milled
Rumble Strips 65 86 1-85

7. Asphalt Milled
Rumble Strips 65 86 1-85

8. Asphalt Milled
Rumble Strips 65 86 1-85

1. Concrete Traveled Way 55 76 1-295

2. Concrete Traveled Way 65 79 1-295

1. Concrete Corrugate
Rumble Strips 55 83 1-295

2. Concrete Corrugate
Rumble Strips 65 86 1-295





THEORETIC ANALYSIS OF TIRE DROPS

The comparisons of car tire drops between milledand rolled rumble strips can be calculated as

shown below.

In the U.S. the diameter of mostcar tires is 24 inFhes. When the car speed is equal or lower than

the critical speed Vd. the tire drops of cars are the functionsof the widths of grooves.

(1) For milled rumble strips (Fig. 9)

From Fig. 5. the groove width is 7 inches, and the depth is 1/2 inches, thus

Y = (122 - 3.52)'1:= 11.48 inches

tJ.y = 12-11.48 = 0.52 inches> 0.5 inches

Therefore, the tire will drop into the bottom of groove.

(2) For rolled rumble strips (Fig. 10)

From Fig 1. the width is 1 inches and depth is 0.5 inches,

y = (122- 0.52)'1:= 11.99 inches

tJ.y = 12 - 11.99 = 0.01 inches < 0.5 inches

Therefore, the tire will not drop into the bottom of groove. Actually, when the car speeds are

higher than Vd, the tire drops are smaller than the above computed numbers.
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Fig. 9. Tire drops for milledrumble strips

Fig. 10. Tire drop for rolled rumble strips
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The theoretic analysis reveals that the differencesbetweenthe tire drops for the rolled and milled

rumble strips vary by 50 times for speedsless than Yd' For speeds higher than the critical speed, such

as 55 or 65 mph, the drops will be less than the computednumbers. However, the difference is still

significant based on field observations. A special test is needed to determine the precise drops.

FINDINGS OF FIELD TESTS

The final results for both the roughness tests and sound level tests on 1-85and 1-295are tabulated

in Table 3. Based on the Concept Shown on equation (2), the findingsof tests can be summarized

below:

(1) For the roughness tests, the excessesare 32.6%, 54.5% and 444.6% for comparisonsbetween

rolled rumble strips and traveled way, corrugate rumble strips and traveled way as well as milled

rumble strips and traveled way respectively. Thus, the milled rumble strip excess IRI is 1260% or

12.6 times more than that of rolled rumble strips and that the milled rumble strip excess is 716% or

7.16 times more than that of corrugated rumble strips.

(2) For sound level tests under 65 mph, the sound excesses are 2.5 decibels, 7 decibels and

10.87 decibels for comparisons between rolled rumble strips and traveled way, corrugated rumble

strips and traveled way as well as milled rumble strips and traveled way respectively. Thus, for the

sound excess levels, the milled rumble strips excess is 335%or 3.35 times more than that of rolled

rumble strips and the milledrumble strips excessis 55.3% or 0.553 times more than that of corrugated

rumble strips.
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Table 3 Summary of Field Tests

(For Roughpess, Sound Levels and Environmental Effects)

35

Testing Items Means of Roughness (In IRI) Means of Sound Levels IIn dBI
55 mph 65 mph

LOCATIONS
Travel R.S. Excess \ Travel R.S. Excess \ Travel R.S. Excess \
Wav Increase Wav Increase Wav Increase

. ROll/Travelway BB.72 121.3 32.6 36.7\ 72 75 3 4\ 75 77.5 2.5 3.33\ 1-85
(Asphal t)

. M11/Trave1way 88.72 533.28 444.6 50n -- -- -- -- 75 85.87 10.87 14.5\ 1-85
(Asphal t)

. Mi.ll/Roll --- --- --- 1263\ -- -- -- -- -- --- 335\ 1-85
(Aspha1 t)

. Corrugated/
Travelway 134.69 189.2 54.5 40.5\ 76 83 7 9.2\ 79 86 7 8.86\ 1-295
(Concrete) .

. Mi11/ --- --- --- 716\ -- -- -- -- -- --- --- 55.3\ 1-295
Corrugate 1-85
(Aspha1 t)

. Enviro
Ef £ects --- --- --- --- -- -- -- -- 69 60 9 -13\ 1-85

Truck Van 200 ft
away frc
Roadway
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(3) Field test results show that the roughness indexes are not sensitive for speeds but

sensitive for sound levels. The faster the speed, the higher the sound index.

(4) The percentage increasesofIRI are 36.7%,40.5% and 501% for comparisons of rolled

rumble strips and traveled way, corrugate rumble strips and traveled way as well as milled

rumble strips and traveled way respectively.

(5) The effects of noise resulting from rumble strips on freeway shoulders can be ignored.

FINDINGS FROM VDOT SURVEYS .

According to the VDOT "Survey for Rumble Strip Implementations,..4 14 state agencies

have tested or installed milled rumble strips. The survey revealed that an increasing number of

agencies have adopted or favor the milled rumble strip although some performance differences

between both are still not clear. The prime reasons are as below:

. The quality of rolled type is difficult to control in the field, which will lower the B/C

ratio.

. The effectivenessfor both soundlevelsand vibrationlevelsfor the rolled type are

much less than that of the the milled type.

· The constructiontimeis verylimitedandnot easyto handle.

. Rolledrumblestripshaveverylittleeffecton trucks.

CONCLUSIONS AND RECOMMENDATIONS

Field tests for pavementroughnessand soundlevelson various typical rumble strips indicate
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that the optimal design pattern is the milled rumble strip. The differencesbetween milled type

and rolled type reach 12.6 times and 3.35 timesfor the excessesof the roughness IRI and sound

levels respectively. A recent VDOT survey from 18stateagenciesalso concludethat rolled type

has had some disadvantages such as quality control, lower effectiveness, limited construction

time and weak effects on truck operation in implementation. The effects of speeds are not

sensitive for their roughness index but are sensitivefor sound levels. The environmentaleffects

of noise resulting from freewayrumble strips can be ignored, as its reading is always lower than

the sound level resulting from a truck running on the traveled way. For designing the rumble

strips, the groove width is the critical factor for the rolled type, and the groove length for milled

type may need to be extended to increase the warning time of the ROTR vehicles. The policy

and the criteria for existing rolled rumble strips do need some modificationsand research.
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