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FOREWORD

An earlier study reported the effectiveness of pavement grooving
in reducing accidents and presented a method of predicting wet
pavement accidents after grooving (l). The original study has
been questioned.on the following grounds:

1. Only a limited mileage of grooved pavement was

available for study (34 lane-miles).

2. There was limited wet pavement travel exposure (about
11 million vehicle miles in the before period and

12 mvm in the after period).

3. The sections were not grooved to the State's current
standards (0.095-inch wide, by 1/8 inch deep, on

3/4-inch centers).

4. Limited accident data was available on the question of

motorcycle safety (a total of 15 motoreycle accidents).

This current study was designed to overcome the shortcomings of
the original study, and to check the validity of the earlier

findings. ~
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I. SUMMARY

This report describes a two-year before and after study of grooved
Portland Cement Concrete (PCC) pavement. All of the grooved pave-
‘ment sections, as well as the ungrooved control sections, are
located on freeways in the urbanizéd part of Los Angeles County.
This supplemental report includes 322 lane-miles of grooved pave-
ment. The control sections consisted of 750 lane-miles of un-
grooved PCC pavement. This study included only projects grooved

to the State's current specifications.

Fatal and injury accidents only were included in this study.
Property Damage Only accidents were excluded because of a change

in accident reporting procedures during the study period.

Average daily traffic varied from 60,000 to 200,000 on these free-
way study sections. For the grooved sections, total traffic
exposure was over 4,000 million vehicle miles (mvm) on dry pave-
ment and about 70 mvm on wet pavement in each of the before and
after periods. Exposure on the control sections was about twice

these amounts.

Wet paveﬁent accident ratés decreased an average of 70% on the

23 projects, compared to a 2% reduction on the control sections.

An average reduction of 69% in wet pavement accident rates is
attributed to the grooving. Reductions in wet pavement rates were
significant (at the 90% confidence level) on 17 of the 23 projects.
Dry pavement accident rates did not change as a result of the

grooving. These findings confirm the results of the original study.

-1-



Although there have been questions about the adverse effect that
grooved pavement may have on motorcycle safety, there is no indi-
cation from the data that grooving causes motorcycle accidents.
There were five wet pavemehf motorcycle accidents during the before
period and two during the after period on the grooved sections.
There were ll4 dry pavement motorcycle accidents before grooving
and 102 after. The reduction in dry pavement accidents is signifi-
cant if it is assumed that mﬁtorcycle trave; increased in propor-

tion to registrations. (Actual motorcycle travel is unknown.)

By accident types, the largest reductions in wet pavement accidents
were in sideswipe and hit object accidents. Rear-end and miscel-
laneous accidents showed the next largest reduction, and head-on

accidents decreased the least.

It was concluded that grodving produced an average 69% decrease in
wet -pavement accident rates for the particular projects studied.

A different method was developed to predict wet pavement accident
rates to be expected after grooving on future projects. This
method depends on accounting for any trends in the wet and. dry
pavement accident rates that have occurred in the past. After
grooving, the predicted wet pavement accident rates will be about

four times the dry pavement rates.



II. BASIC INFORMATION

A. Grooved Proijects

This supplemental study includes 23 projects, with a total length
of 322“lane~miles of grooving. All of thé projects are on freeways
in the urbanized area of Los Angeles County, and the pavement
surface on all projects is Portland Cement Concrete (PCC). The
projects ranged from 0.40 miles to 3.20 miles in length. (In the
original study, the project lengths ranged from 0.04 to 1.31 miles

long, with only two projects 0.5 miles or longer.)

All projects were grooved to the State's current standards --
0.095~inch wide , by l/8-ihch deep, on 3/4-inch centers (2). See
Appendix B for current specifications. (The original study included

nine different grooving patterns.)

Control sections were used in the accident analyses. The control
sections consisted of ungrooved, urbanized area, PCC freeways in

Los Angeles County with a total length of 108 miles (approximately

750 lane-miles).

B. Accident Data

Two-year before and two-year after periods were used in the accident
analyses for both the grooved and control sections.* All ramp
accidents were excluded. 1In addition, Property Damage Only (PDO)

accidents were excluded from this study because of a change in

*"Control sections" refer to the sections that remained ungrooved.
The treated sections are referred to as "grooved sections”, even
though they were ungrooved in the before period.
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reporting procedures. The Caiifornia Highway Patrol (CHP) began
taking over jurisdiction of the Los Angeles area freeways from
the City of Los Angeles in 2April 1968 and completed the takeover
in October 1969. This‘chénge in jurisdiction occurred during the
study period. An eérlier study showed that, in general, a higher
percentage of PDO accidents are reported by the CHP than by city
police departments. Reporting levels for fatal and injury acci-
dents were nearly the same for all jurisdictions (3). 1In fact,

a check of the accident data in this study for both the grooved
and control sections indicates that 65% of all accidents in the
before period were PDO, compared to 75% in the after.period.
Since no reason for this change was apparent, other than the
change in reporting jurisdiction, it was decided to omit the PDO

accidents from the analyses. (The original study included PDO

accidents.)

Roadway surface condition is determined by the police officer in
the field and coded on the accident report forms. The codes for
roadway surface condition are: wet, dry, snowy or icy, and
slippery from mud, o0il, etc. Those accidents coded wet were tabu-
lated as wet pavement accidents; those coded dry were tabulated as
dry pavement accidents:; and the remaining miscellaneous accidents
(very few in number) were excluded from the study. (The original

study included the miscellaneous accidents.)

C. Traffic Volumes

Since all the project locations are on Los Angeles urban freeways,

traffic volumes are high. Annual average daily traffic (AADT) varied

-l



from a low of about 60,000 to nearly 200,000. (Most of the original

projects were also on high volume Los Angeles freeways.)

The total traffic exposure (travel dufing both wet and dry pave- ~
ment conditions) on the grooved projects was 4,300 million vehicle
miles (mvm) in the before period and 4,400 mvm in the after period.
(This is ten times the travel inéluded in the original Study.)

More importantly, the 70 mvm of travel under wet pavement con-
ditions on the grooved pavement was substantiallyfhigher-in this
study. (There was only 11 mvm of wet-pévement travel in the original
study.) See Section E below for definition of travel under wet

pavement conditions.

D. Rainfall

Data on annual rainfall and the number of hours during which 0.01
inch or more rain fell were obtained from 12 continuous recording
weather siations operated by the U.S. Department of Commerce (4) .
Individual rainfall data for~ea§h of the 23 grooved projects were
obtained from the weather station nearest to that project. The
stations were generally within ten miles of the project location.
The average rainfall of all 12 weather stations was used for the
control sections,.since these staiions were relatively well dis- -

persed in relation to these control sections.

Figure 1 shows the average annual rainfall from the 12 weather
stations, along with the before and after time periods of the
individual grooved projects. Variation of rainfall at the different

stations was not extremely large. For example, in 1970 the average

-5~
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rainfall for all stations was 16.27 inches. The highest station
recorded 21.92 inches, and the lowest station recorded 11.32

inches. (These same procedures were used in the original study.)

E. Wet Pavement Exposure (Travel)

BAn earlier study concluded that a rainfall rate of 0.0l inch per
hour or more is necessary to keep the pavement wet throughout the
hour (5). Therefore, travel occurring during any hour with 0.01

inch or more of rain was calculated as wet pavement travel.

Since peak travel periods, (uéually summer) do not normally coin-
cide with the rainy months (usually winter), an adjustment factor
(K) is required. The equatlon used to compute wet pavement travel
is:

- PWg g1 * AARDT - T -+ L

Wet Pavement Exposure (million vehicle miles)

0.98 (1 - 0.44R)

W‘N/é =
i

Average summer month ADT less average winter month
ADT divided by AADT (Typlcally, R is near zero in
Los Angeles.)

PWg g1 = Proportion of wet time (in decimal)

AADT = Average annual daily traffic (million wvehicles)

H
i

Length of time (days)
L = Length of project (miles)

(This equation was also used in the original study.)



III. STUDY RESULTS

A. General Results

Table 1 summarizes the results of this two-year before and after
study of PCC grooving on Los Angeles freeways. Pertinent points
are: 1) the wet pavement fatal plus injury accident rate on the
grooved sections decreasea 70%, whereas the wet accident rate
decreased only 2% on the control sections; 2) the dry pavement

accident rates on both the grooved and control sections decreased
about 20%. A check of éll urban freeways in District 07 (Los
Angeles, Orange and Ventura Counties) shows that fatal plus injury
accident rates decreased 23% between 1969-1970 (which is roughly
the before period - See Figure 1) and 1971-1972 (roughly the after
period). Thus, the control sections that were selected are rep-
resentative. From the above, it can be concluded that grooving
reduces wet pavement accidents,lbut has no effect on dry pavement

accident rates.

It is also interesting to note the ratio of wet pavement accident
rates to dry pavement accident rates. These are: grooved sections,
10.7:1 before, 4.1:1 after; control sections, 6.3:1 before, 8.2:1

after.

Table 2 shows the changes in accidents by.severity classification.
Fatal accidents decreased more than injury accidents during both
wet and dry pavement conditions, and on both the grooved and con-
trol §ections. However, the fatal accident rate decreases are not

significantly greater than injury accident rate decreases.

-8~



Table 1
PCC GROOVING SUMMARY
(Fatal plus Injury Accidents)
G;'cﬂzoved Sections

_Acéid’ents | *Rates
Pavement — :
Condition Before After % Change || Before After 4 Change
wet 528 | 126 | - 76% | 6.07 1.83 | - 70%
Dry 2,407 | 1,981 - 18 0.57 0.45 - 21
Wet + Dry 2,935 2,107 - 28 0.68 0.48 - 29

' Travel (MVM)
wet 87 69 - 21
Dry 4,205 | 4,362 + 3
Wet + Dry || 4,312 | 4,431 . 3
S— N SE—— | —

Control Sections (Ungrooved )
»Weg B %'3"94‘“-“ 440 - 26%‘ 2.83 2.78 - 29
Dry 3,977 3,295 - 17 0.45 0.34 - 24
Wet + Dry 4,571 3,735 - 18 0.50 0.38 - 24

Travel (MVM)

Wet 210 158 - 25
Dry 8,857 9,660 +
Wet + Dry 9,067 | 9,818 .
Note: * Rates are accidents per million vehicle miles.
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The iﬁterpretation of these results and the prediction of the
improvement to be expected from future grooving projects are
included in Section IV. The overall results (i.e., the reduction
of - 70% in wet pavement accident rates) is nearlv the same as in

the earlier report - 73%.

Not all grooving projects improved, of course, or improved by the
same amount. Table 3 shows the number of projects on which the
accident rates (wet, dry, and wet plus dry) improved or became
worse after grooving. Also shown in Table 3 are the number of
projects‘fqr which the changes in accident rates were significant,
using the Chi~Square teét at the 90% confidence level. (See

Appendix A, Section D, for development of the test equations.)

Figure 2 is a §lot of the percent change in wet pavement accident
rates vs. the cumulative number of projects. For example, 70%

of the projects had a reduction in wet pavement accident rates of\
60% or more. Figure 3 shows graphically the statistical signifi-
cance tests of the changes in wet pavement accident rates for the

23 individual projects.

In regard to the wet pavement condition, 22 of the 23 projects
improved (i.e., the wet pavement accident rate after grooving was
less than the rate before). Seventeen of these 22 projects im-
proved significantly at the 90% confidence level. One project

became worse, but this change was not significant.

In regard to dry pavement accident rates, 18 projects improved and

five became worse. Eleven projects improved significantly,

-11~



Table 3

GRCOVED PROJECTS
SIGTIFICANCE CF CHANGES
~ PCC PAVEMNENT
(Fatal plus Injury Accidents)

all Projects | +Significant Changes
*Improved | Worsened Improved = Worsened
Pavement L U | e ]
Condition No A No o Ho 5. No %
et 22 | 96 1 4 |l 17 | 7a o | o
Dry 18 78 5 |. 22 11 48 2 9
i -
Wet and Dry 21 91 | 2 9 17 74 1 4

Note: . *The project improved if the after accident rate was
less than the before accident rate.

+Significantly improved or worsened at the 90% confidence
level using Chi-Square test,

<12~
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//; ”
two projects became significantly worse, and ten did not change

significantly.

Tables C-1 through C-4 of Appendix C contain information about
the individual grooving projects, including location, hours of
wet time, accidents, accident rates and travel before and after

grooving. Table C-5 shows statistical test data.

B. Motorcyecle Results

The motorcycle population has increased éonsiderably in recent
years and questions have been raised as to the effect of grooves
on motoicyclelsafety.' Letters have been received from motor-
cyclists com§1ainin§‘about_unstable‘conditions ("wobbles") and
supposed crashes caused:ﬁy grooves. The.California Department of
Transportation conducted aﬁ extensive study to determine if
motorcycle safety was impaired by pavement grooving. Seven motor-
cycles, ranging from one of the smallest legally allowed on
california freeways to one of the largest, were repeatedly driven
over sections of grooved pavements by two experienced motorcyclists.
The grooving did not present a hazardous riding condition. 1In
general, the lighter machines were more sensitive to the grooving
patterns; however, none had a sensitivity level sufficient to

cause a control problem in the judgment of these riders (g).

Motorcycle accidents for the two-year before and after periods
on the grooved and control sections are shown in Table 4. Since
it is possible that grooves could affect both wet and dry pavement

accidents, data for both conditions are shown. The average number

-15-



Table 4

MOTORCYCLE ACCIDENTS

(Fatal plus Injury Accidents)

Grooved Sections Control Sections (Ungrooved)
Accidents Accidents
Pavement S — S
Condition Before After % Change| Before After % Change
Wet 5 2 - éogns 2 11 + 450% S
Dry 114 102 -11 S 171 194 + 13 08
Wet & Dry 119 104 -13 5 173 205 + 18 1S
Notes:

S =

x? at 90% confidence leve%:}>

significant change
ns = not significant

Under assumption that motoreyecle
travel increased in proportion to
motorcycle registration.

—
ety e

ree———

MOTORCYCLE REGISTRATIONS

(Los Angeles County)

Before

After

% Change

e - - e

165,000

189,000

+ 14,5

-16-




of motorcycle registrations in Los Angeles County during the before

and after periods are also shown in the table.

The number of motorcycle accidents decreased from 119 to 104 on
the grooved sections and increased from 173 t» 205 on the control
sections. There were two fatal accidents involving motorcycles
in the before period and four in the after period on the grooved
sections. BAll six of these accidents were on dry pavement. On |
the control sections, there were six fatal accidents involving
motorcycles in the before period and 12 in the after period. One

of these accidents was on wet pavement.

Actual travel by motorcycles is unknown. Three assumptions c¢an
be made: 1) motorecycle travel increased on both the grooved and |
control sections in'prcportion'td registrations; 2) motoreycle
travel did not change’between the before and after periods:

3) motorecycle travel decreased on the grooved sections because

riders avoided the discomfort of the grooves.

If it is assumed that travel increased in proportion to motorcycle
registrations, then there &ere,significant changes (at the 90%
confidence level) as indicated in the table. That is, dry pave-
ment accidents decreased‘significantly on the grooved sections, and
wet pavement accidents increased significantly on the control
sections. If it is assumed that motorcycle travel did not change
between the before and after periods, the decreases in acecidents

on the grooved pavement are not significant; on the control sections,

the increase in wet pavement accidents is still significant.

-17-



Estimates under the third assumption cannot be made since the

amount of decrease in motorcycle travel, if any, is unknown.

There have been no reports that motorcycle travel decreased on
grooved pavement. It is known that motorcycle accidents did
decrease on the grooved sections and increased mn the control
sections. On a rate basis firm conclusions are more difficultf
however, it is the opinion of the authors, based on all avail-

able data, that the grooves did not increase motorcycle accident

rates.

The accident reports fér all motorcycle accidents on the grooved
sectioné, both before and after grooving and during both wet and
dry conditions, were read for any mention of "wobbles”. Two
accident reports befqrg and seven reports after grooving did
mention wobbling. All of the after accidents involved other
factors - one flat tire, one stall, and five traveling at higher
speeds. Of the higher speeds, three were at estimated speeds of
60 to 65 mph, one in excess of 65 mph, and one identified only as
high speed. Only one repoff mentioned the grooves. The officer's .
conclusion in this case was that the vehicle went into a wobble
for unknown reasons while traveling at an unsafe speed for con-

ditions. The officer did not attribute the accident to the grooves.

C. Types of Collisions

Table 5 is a summary of accidents by types of collisions for the
grooved PCC pavement sections. The collision types are: rear end,

head on, hit object, sideswipe, and miscellaneous. The miscellaneous

-18~



Table 5

TYPES OF COLLISIONS
- GROOVED PCC PAVEMENT

(Fatal plus Injury Accidents)

Accidents *Rates

Pavement - :
Condition Before After 4 Change| Before | After % Change
WET
Rear End 161 46 - 71% 1.85 0.67 - 643
Head-0n 14 7 - 50 0.16 0.10 - 37
Fit Object 228 4] - 82 2,62 0.59 - 77
Sideswipe 70 9 - 87 0.80 0.13 - 84
MVM 87 69 | - 23
DRY
Rear End | 1,197 1,028 - 14% 0.28 0.24 - 149
Head-0On 24 16 - 33 0.006 0.004 - 35
Hit Object 609 , 506 - 17 0.14 0.12 - 14
Sideswipe 302 212 - 30 0.07 0.05 - 29
Misc. 275 219 | - 20 0.07 0.05 | = 29

Totals | 2,407 1,981 | - 18 0.57 0.45 - 21
KVM 4,225 4,362 + 4

, _ _ - 5 N ,

WET + DRY ‘
Rear End 1,358 1,074 - 21% 0.31 0.24 - 23%
Fead-0n 38 23 - 39 0.7N9 0.005 - 41
Hit Object | . 837 547 - 35 0.19 0.12 - 37
Sideswipe 372 221 - 4] 0.09 0.05 - 44
Misec, 330 242 - 27 0.08 0.0% - 38

Totals 2,935 2,107 - 28 0.58 - 0.48 - 29
MV 4,312 4,431 + 4
Notes: * Rates are accidents per million vehicle miles.
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category includes broadside, overturn, auto-pedestrian, and

unclassified accidents.

- Under wet pavement conditions, the largest decreases were in side-

swipe and hit object accidents. These large decreases coula be
attributed to the tracking effect of grooves (7).* This effect
helps keep a vehicle from sliding sideways from its lane. The
next largest decrease is in rear end accidents. Stopping distance
tests have shown that in a braked stop from 40 mph, the vehicle
skidded between 80 and 100 fee£ on wet, grooved pavement and over
140 feet on wet, ungrooved pavement. In the same test on dry pave-
ment, the difference in stopping distances was much less - 69 feet
on grooved pévement and 58 feet on ungrooved pavement. The small-

est reductions are in head-on and miscellaneous accidents.

Only eight of the coliis;pns coded as head-on were due to Qrong
way or cross median movements. These eight accidents were all on
dry pavement. All the other head-on collisions occurred when a
vehicle braked or swerved suddeﬁly, spun around and was hit by a
following vehicle. This latter type of accident decreased from
18 to 14 (22%) on dry pavement and 14 to 7 (50%) on wet pavement.

This is another indication that grooving aids vehicle control on

wet pavement.

*Tracking is a phenomenon whereby a vehicle is partially guided
by the grooves, such as when a vehicle is caught in streetcar
tracks. ‘
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During dry pavement conditions, the largest decreases were in
head-on, sideswipe and miscellaneous accidents. The smallest
reductions were in hit object and rear end accidents. There

appears to be no ready explanation for the pattern of accident

reductions by collision type on dry pavement.
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IV. INTERPRETATION AND PREDICTION

A. Interpretation

Table i, page 9, shows that the F+I wet pavement accident rates
decreased 70% on grooved pavement and 2% on the control sections.
The dry pavement accident rates decreased 21% and 24% on the grooved
sections and control sections, respectively. At the same time, the

F+I accident rates on all Los Angeles freeways decreased 23%.

The question is: How much of the wet pavement accident rate
reduction on grooved pavement can be attributed to the grooving,
and how much to other faétors? The normal procedure when control
sections are used is to assume that any accident change on the
treated sections that is in excess of that experienced on the con-
trol sections is caused by the treatment (grooving). This is the
interpretation given to the fesults of this study. The 70% re-
duction in wet pavement accident rates on the grooved sections in
the face of the 2% reduction on the control sections meaﬁs that the
grooving produced a 69% reduction in wet pavement accident rates on

these projects.

Another question should be asked: Why did the wet pavement accident
rates on the control sections decrease less than the dry pavement
accident rates? There are two possible answers to this question:

1) the pavement surface deteriorated over time, or 2) accidents
"moved down the road". The first possibility is not related to the
grooving. However, if the second case is true, the net benefits of

grooving given above are overstated. Accident data on some freeways
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in Los Angeles indicate that wet accident rates increase
substantially over time as traffic wear reduces the surface
friction (8). "Here the degradation of the surface can be off-
setting the reductions in fatal and injury accidents that are
occurring over time through improved vehicles, traffic operational
improvements, etc. It is also possible that wet pavement accidents
have "moved down the road" froﬁ the grooved sections to the control
sections (and other :oads). It is atvleast conceivable that with

a given combination}of’tire tread, tire pressure and speéd that a
vehicle which would not idse control on grooved pavement will lose
it at other locations where the surface friction factor is not as

high.

If it is assumed that wet pavement accidents did move down the
road (i.e., the rates would have decreased 24% without grooving),
then the reduction that can be attributed to grooving is 60%,

rather than the previously calculated 69%.

The two possibilities are shown in the following table:

a cident Rates*
Expected Actual
Before Expected After After Percent
Rate Reduction Rates Rate Reduction
6.07 2% 5.95 ‘ 1.83 , 69%
I .
6.07 24% 4.61 1.83 60%

*All rates are accidents per million wvehicle miles.

-23-



As statéd previously, the interpretation is that grooving produced
a 69% reduction in the wet pavement accident rates. However, the
possibility that this overstates the benefits of grooving should
be recognized. In either case, the reductions, whether 69% or

60%, are substantial and statistically significant.

4

This average reduction of 69% cannot, of course, be expected on

all future grooving projects. All of the study sections were on
high volume, urban freeways and these results reflect the condition
of the pavement surfaceband rate of pavement wear. Methods of pre-
dicting accident reductions on future projects are given in the

next section.

B. Predicting Reductions

The average reduction in wet pavement accident rates of 69% from
these 23 projects is not adequate for predicting reductions to be
expected from future projects. The original study developed the

following predictive egquation:

WARp = 1.32 + 3(DARp) (Eq. 1)
where:

WARp = Wet accident rate after grooving

DARg = Dry accident rate before grooving

This equation included PDO accidents. Since about 40% of the
accidents in that study were fatal or injury, the equivalent
equation for F+I accident rates is:

WARp = 0.54 + 1.2 (DARg) (Eq. 2)
The best fit linear equation with the current data gives:

WARp = 0.70 + 1.66 (DARg) (Eq. 3)
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The coefficient of correlation (r) for this equation is 0.35, and

the adjusted standard error of estimate (¥) is 1.19.

The trouble with using the dry accident rate before grooving
(DARg) in the predictive equation is that it builds in the
accident rate trends found on the particular freeway sections
chosen for this study.' A major finding in this study is that the
wet pavement accident rate aftgr grooving will be about four times
the dry pavement rate. .(See Table C-6, Appendix C.) The dry
accident rate after grooving (DARp) is a better predictor of the

wet accident rate that can be expected after grooving.

The best fit equation'using (DARp) as a predictor is also linear:
WARz = 0.30 + 3.17 (DARp)* | (Eq. 4)

This is also a better fit (r = 0.58, ¥ = 1.03) than Equation 3.

This line, along with data points for the 23 projects, are plotted

on Figure 4.

The most éccuraie way of predicting the benefits from grooving on
new projects is to account for any trends in wet and dry pavement
accident rates separately. Trends in wet and dry rates can be
extrapolated from past records for the particular project. The
predicted wet pavement accident rates should then be calculated
from Equation 4 above. Using the projects in this study as an
example, the analyses is shown schematically in the diagram on
page 26. (The service life of PCC grooving is assumed to be ten
years.) The total benefit is represented by the shaded area.
*Note that DARp is the expected dry accident rate after grooving,

and that it is determined by an extrapolation of dry accident -
rates in the past. See chart on page 27.
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Accident rates are converted to numbers of accidents by using
estimated future traffi¢ volumes and calculating wet pavement

exposure using the formula on page 7.

Predicted Benefits of Gfooving

Trend in Wet Accident Rates (VARp)
d 77/—_ / //// '// //7
Predicted Benefits/// //
0 4, /' ” R ) ./,f’ ey /I'/’/ /
S d ‘,/ // s / //
2‘3 | Wet Aééid ‘ t /////
T ent Rate Aft
E‘, (mak, er Grooving
-
o 2]
Q
<
14 Irend in Dry Accident Rates (DAR)
0 t } % +
-5
g Years +5 +10

The analyses is simplified if both the wet and dry pavement acci-
dent rates have been relatively constant in the past. This may
indeed be the case for many projects, and could be sufficiently

accurate for most project estimates.

The dramatic results of a 69% reduction in wet pévement accident
rates found on these PCC grooving projects could lead to un-
warranted grooving and low pay-off projects unless care and judg-
ment is exercised. These reported results, strictly speaking,

apply only to high volume urban freeways (60,000 to 200,000 ADT)
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and where, not so incidently, the pavement surface had been
polished to a certain degree. Skid number tests had been con-
ducted on seven of the projects before grooving. About one-half
the readings (SN4O) were 30 (f = 0.18) or below. Readings of

as high as 46 were obtained on other segments, even though all
the roads had a high incidence of wet pavement accidents. The
predictive method outlined above may be applied to other road

types and other areas, but these limitations should be recog-

nized.

The results of this study indicate that unless the wet pavement
accident rate is greater than four times the dry pavement accident
rate, little or no improvement will be experienced. Therefore,
as a general rule, grooving is not warranted and should not be
done unless this condition is met. Even if the rule is met, the
project may still not be warranted if the estimated savings in

accident costs is less than the cost of grooving.
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APPENDIX 2
EVALUATION OF MINOR IMPROVEMENT STUDIES
A. General
Data from some 500 minor improvement projects were gathered for

the ten parts of the "Evaluation of Minor Improvements" series.

The previous publications are:

Part Title ‘ Date Published
1. Flashing Beacons ' ' May 1967
2. Safety Lighting .May 1967
3. Delineation _ Jul 1967
4. Guardrail ‘ Jul 1967
5. Left-turn Channelization . Oct 1967
6. Signs : . May 1968
7. Traffic Signals , Apr 1970
8. Grooved Pavements Dec 1972
9. Open Graded Ashpait Concrete

Overlays Jan 1972

10. Miscellaneous Jan 1972

The current report, Part 8, Grooved Pavements (Supplemental),

is the last part planned for this series.

B. Study Objectives

The three objectives of the "Evaluation of Minor Improvements"

series were:

l. To determine the effectiveness of minor improvements in

reducing traffic accidents.

-31-



2. To determine what conditions are susceptible to improvement.
3. To determine methods and measures for predicting the
magnitude of accident reductions of proposed minor

improvement projects.

No attempt has been made in this series to present cost-
effectiveness or cost-benefit data. Procedures are available
by which the predictive methods of this series can be combined

with current costs to calculate the effectiveness or benefit

measures.

C. Study Methodology

The "before and after" study approach was used throughout this
series. The accident rates were based on million vehicle miles
of travel, except for spot improvements or intersection improve-
ments where million vehicles or the sum of all entering vehicles

in millions were used, respectively.

In before and after studies, the possibility always exists that
a project may bé initiated because of an unusual short time
accident experience. This may be due to a temporary roadway or
other condition in the before period or it may merely be a
random fluctuation in accidents. In such cases, even if nothing
had been done, an accident reduction could have been observed in

the after period (regression to the mean theory).

In this supplemental study of grooved pavements, two years of

before and two years of after accident data were used. Since
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grooving projects tend to be constructed soon after one year of
high wet pavement accident rates have been observed, the addition
of one earlier year in the before period should reduce, or average
out, any random accident péék in the before period. Nevertheless,
the possibility remains that the benefits of grooving, or any
minor improvement project for that métter, are somewhat overstated

because of this phenomena of random accident fluctuations.

Control sections (used in this report) éfford the opportunity of
"“cancelling out" other effects. For example, the fatal plus
injury accident rate on Los Angeles urban freeways has been de-
clining about 10% per year (from 0.67 in 1968 to 0.38 in 1973).
This decline is undoubtedly due to a large nuhber of factors, in-
ciuding improved freeways, safer automobiles and perhaps better
drivers. Any change in accident rates abéve that experienced on
the control sections is assumed to be due to the treatment (i.e.,

grooving).

The original grooving report considered accidents within 0.2 mile
downstream of the study sections (those grooved in the after
period) as having occurred within the nominal limits of the
sections. A vehicle can lose control and continue on some dis-
tance before becoming .involved in a collision. The point of
impact or collision is the reported location of the accident.
Earlier practice was.to limit grooving to the immediate area of
the wet pavement accident conéentrations. Experience has indi-

cated that grooving should begin some distance upstream and
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extend downstream of the apparent aégident concentration location.
The new practice is to do this, and this had been done'on the

projects reported in this study. Therefore, it -was not considered
necessary to extend the limits downstream for the projects in this

supplemental study.

D. Significance Testing

Statistical tests are used to determine whether observed changes
in accidents are large enough to be ascribed to some change that
has been introduced, or whether they are due to chance factors
(random variations). A Bureau of Public Roads publication dis-
cusses the appropriateness of two statistical distributions; the
poisson and the chi-square (9). Both distributions have limita-

tions and neither is universally valid for all accident studies.

Both distributions are plotted‘in Figure A. Note that the chi-
square is more conservative than the poisson distribution. That
is, a higher reduction is required for significance at the 10%
level with the chi-square test than is required with the poisson
test at the 5% level. (A normal distribution curve has been

plotted at the end of the poisson curve for more than 25 expected

accidents.)

The more conservative chi-square statistical test, at a 90% level
of confidence, was selected for use in this study. (The Yates
Correction for Continuity would have made the significance testing
even more conservative, but as a matter of practicality the

correction was not considered necessary, and was not applied).
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The chi-square test evaluates the independenc¢e of the after
sample to that of the before sample. A contingency table com-
posed of cells representing all the possible combinations of
outcomes works well as long as there are no less than 5 events
in any one cell (10) . Before and after stddies can be set up in

8 2 x 2 contingency table format as shown below.

CONTINGENCY TABLE FORMAT

T T -

Observed
Before . Before Before
Accidents Non-Accidents Vehicles

Observed
After After After
Accidents Non-Accidents Vehicles

Observed ) o

Total v Total ; Total
Accidents Non-2Accidents Vehicles

The above contingency table was the basis for the following

chi-square (X?®) equations:

- 2
. OB OT X 'ggr
K = = (Eg. A-1)
Vg
o X —————
or = )
2
AV
0 - 'e) R =il
| e )
Ky = - (Eq. B-2)



)
\ BN - TN X VT
-XtS) = = 7 . (Eq. A-3)
(T X VB .
T

S|
[ xf)

Where: Op = Observed Before Accidents
Op = Observed After Accidents
Observed Total Accidents = (Og + Op)
= Before Non-Accidents
After Non-Accidents
Total Non-Accidents = (BN + AN)
Vp = Before Vehicles
After Vehicles
Total Vehicles = (Vg + Vj)

(Eq. 2-4)

W O
3
tu

=4

<
>
t n

X = 'Xil) + 'Xiz) +'Xi3)r + 3&(4) (Eg. A-5)

The terms 76(3) and \fb4) are extremely small va;ues since there is
always a large number of non-accidents. BAlso, exposure or travel
can be substituted for vehicles, since the before and after pro-
ject lengths are the same. In that way, the chi-square equations
can be expressed in terms of accidents and accident exposure.

Terms involving exposure are nondiménsional and could be expressed
in either MV or MVM. Adding Equations A-1 and A-2 and substitut-

ing exposure for vehicles gives:

2 ,
o= E)B ) (OT X%TLBﬂ + E)A ] (OT ) vai;ﬂz (Eq. 2-6)

FE R

-37-



Where: MVMp = MVM of Travel Before
MVM, MVM of Travel After

MVMT Total MVM of Travel = (MVMB + MVMA)

When the before and after exposures are equal, the above eguation

reduced to:

2
: _ 40 - 30.)
xX o= - (Eq. A-7)
Orp
2
4(0, - %0.)
or 78 = A T - (Eg. A-8)

since BOB - %OTﬂ o= BOA - %OTﬂ

-Equation A-7 can be used to derive an approximation of Equation
A-6 when the before and after exposures are nearly, but not
exactly equal. 1If it is hypothesized that the treatment is not
successful, then the accident rate in the after period would be
the same as in the before period and the expected number of

accidents in the after period would be:

MVMA
EA = OB X : - (Egq. A-9)
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Equation A-9, along with the observed number of accidents in the

after period, can be substituted into equation A-7 to obtain:

2
R . NN (4. A-10)
(EA + oA)
since _ EA = OB ‘when MVMA =4 MVMB
and 0

o & (EA + oA)

Equation A-10 is an approximation, and has been used only for the
visual presentation in Figure 3. The significance testihg
throughout this report uses the mathematically correct Equation
A~6. Note in Figure 3 that a larger change iﬁvaccidents

(EA - OA) 1s required for 51gn1f1c§nce when oA > EA‘
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APPENDIX B
STANDARD SPECIFICATIONS
SECTION 42

GROOVE PAVEMENT

42-1 Grooving

42-1.01 Description - This work shall consist of grooving the
surface of asphalt concrete or portland cement concrete pavement
and bridge decks as shown on the plans and as specified. in these
specifications and the special provisions.

42-1.02 Construction - Grooved areas shall begin and end at
lines normal to the pavement center line and shall be centered
within the lane width. If new concrete pavement is grooved, the
grooving in any lane shall cover the full lane width.

Grooving blades shall be 0.095-inch wide +0.003-inch and shall be
spaced 3/4 inch on centers. The grooves shall be cut not less
than 1/8 inch nor more than 1/4 inch deep. The grooves on bridge
decks shall be cut not less than 1/8 inch nor more than 3/16 inch
deep. Grooves over inductive loop detectors shall be cut not less
than 1/16 inch nor more than 1/8 inch deep.

The actual grooved area of any selected two-foot by 100-foot longi-
tudinal area of pavement specified to be grooved shall be not less
than 95 percent of the selected area. BAny area within the selected
area not grooved shall be due only to irregularities in the pave-
ment surface and for no other reason.

Residue from grooving operations shall not be permitted to flow
across shoulders or lanes occupied by public traffic or to flow
into gutters or other drainage facilities. Solid residue result-
ing from grooving operations shall be removed from pavement
surfaces before such residue is blown by the action of traffic

or wind.

The noise level created by the combined grooving operation shall
not exceed 86 dBA at a distance of 50 feet at right angles to the
direction of travel.

42-1.03 Measurement - Pavement grooving on existing pavement
will be measured by the square yard. The quantity of pavement
grooving to be paid for will be determined by multiplying the
width of the grooved area by the total horizontal length of lane
grooved. '
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42-1.04 Payment - The contract price paid per square yard for
groove existing concrete pavement shall include full compensation
for furnishing all labor, materials, tools, equipment, and inci-
dentals, and for doing all work involved in grooving the existing
concrete pavement, including removing residue, as shown on the
plans, as specified in these specifications and the special
provisions, as directed by the Engineer.
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APPENDIX C
'PROJECT DATA

—42-



i !
09T Y61 281 L T 61¢ . (019 OT°t | OT1°6% = 00°9t | SOV 19
S°g91 8491 CT19°1 48°T 2g¢e VA4S 00°T | 00°T2 = 00°0¢ | SOV ce
(A7 | 1°0ST $6°0 61 991 042 6%°T | 00°QT =~ 16°9T | SO¥ 1C
9291 9°T6T (VAR oy 1 L0t 9te 6v°T | 06°9T - TO*ST | SO¥ 02
2°v91 LS T LE°T 66°1 ove gve 08°'T | 00°ST - 02°tT | SOV 61
S 6T 1°gvl ¥8°0 60°¢ LyT 49¢€ eV 0 | 92°0T - +v8°6 (4o} g1
0°491 8°¢9T ¥8°0 gee L¥vT I 00¥% 6€°T | 06°¢€ 11°2 (4o} LT
[REX% | 4°gbvl 84°0 Glee LET 28t ov*T | CL°'¢C 04°0 [ 4034 91
£ gvl 4° 991 60°¢ - 90°1 99¢€ (431 9/%c | 05°€t2 = vi°0c | TO1 4
AR ! g tg1 99°'T 9t ¢ 162 88s ov*0 | 08°4T = O¥*LT | TOT ¥l
0°0LT 9°get 9s° 1 gs°c 21t csv 6v°c | 044 12°S 101 €T
0'0tT 9°gel y6°1 g96°¢e ovE 4% % 6t°c | 02°S 18°¢ 101 1
2°2L1 AR TAN ¥6°1 g6°¢e ovt sy 612 | 08°¢c $9°0 101 11
26T 8 181 0g°1 8V T S1E 65¢ ov:eg | 00°ve - 09°Tc | TIIT 01
9°'1+vT 6°¢el 99°1 FAR | 162 cte 06°2 | 09°tT - OT°*TI1 | TI 6
48l 0°4 m¢.a 18°¢ 65¢ gov 08°T | 08°0v = 00°6t | OT 8
0°1fT 0°4LT IARY 7 1501 c6¢ 09°2 | 08°0¢% ow.mm (0} 1 P
AR Y] 1°1g gv° 1 gs°2 662 (4% % ov°e | Ov°6E - 00°tE | & 9
0°f0T1 6°T01 gyr°t gs°e 642 sy ov°e | 09°0t - o02°g2| & [4
g ovl 0'GET [4 AR 6t°e AT 8Ty ot°ec | 0g°0C - 08°QT | & 4
4° 981 4°88T [ AN 6t°c ¥62 g1y OT°T | 00°9T = 06°v1 | & €
481t 9°22T 64°1 19°¢ 1€ VA% 6%°0 | 06°t Iv°¢ [4 Z
¥ ys 9°t9 64°1 19°2 283 VA% 0z2°t | ov°t 02°0 4 T
L8933V aJdo0Jayg I3 3V 0J10J9g I93JV aJgo0Jeyg SaTTN salTwysod ajunoy *ON
- ‘foad
(000°1T) Iavy (3uedaad) ewy] 39 | (SINOH) SWE] 364 |[U33usT Uuoy38007]

TVHUNAD

(s3ueptody Lanful snid Tejzed)
VIVA LOWrodd ddaA00HD
T-0 ®1qsl

-3 -



ﬁ[Wmm - LuTte sE6e %81 - T186°T lovte %9, - 921 ges  [sTe30]
v - el ove $E - ovI 21e €6 - 2 Qe te
9y ~ &2 9 £e - e 9t 06 - T 0T 22
gc - 1 09 tec - ov cs t€9 - £ m 12
6 - 139 g9 vy - 1€ 44 qg - 4 1 oz
gT - 66 - octT g + 68 4 ol - o1 €€ 61
29 - vT SVAY LS - N 0 98 - 1 pA g1
Gt - % 4 89 e - v €S og - £ [ A
1. = " 1¢ 2l 6v - 12 v 00T - 0 1€ 9T
Lt A gecT €T + 62T v1T v - g vl ST
8T - ct 6¢ gL + ct 9T 00T - 0 12 vl
g - 45T 241 L+ 911 1% 69 - 1T 9¢ €1
ot + 042 g0¢ pE ¢+ s5ve 8T 0 [ se 21
1T - g1z vve 9 - coe vie Ly - 91 ot 1T
€1 - 9t ¥y 1T - SvE 69t 9t -~ 91 [ 01
&y - cl LeT 9t - 49 50T Ll - 4 ee 6
gs - (43 £8 0§ - vt 89 t6 - T (4§ 8
[ 49 £0T ge - 19 18 £ - m ee A
ov - 8t .08 eI - Sy 14 06 - 6¢ 9
Ly - 1% { 001 gc - 6¥ 899 88 - 14 A9 4
£y - 68 LST i€ - 98 sel 6 - £ A v
oy - 88 9¥1 1t - t8 12l 0g = s se £
9t = 6 41 8T .~ 6 1T 001 - 0 € c
%94 = 0§ 60¢ %69 - 6v VA% %86 - T 25 1
aduey) ¢ I93 7Y aJ10j9g adury) % d933VY aJojegd adury) % 193JY aJ10Joag *ON
£xq pue 395 Laqg 39M

UOT]IPuUoc)H juauiased

SINIAI DOV

- (5queptody Lanful snid 1B3BJ4)

VIVAd LO3f0dd JEAQOHD

c=0 9Tqws}




$50°2 + vty “ 2it'y R 29ty mmm.¢ $1l0e - 69 g |sT®30d |
9%t ¢ ppo29t | 89°6¥E v € - c0*95¢t mm ¢r°oT + AN tg°s X
9t*0 + L6221 |, t&tce 86 * o + 10 1ct Te* omH TE°IT - 96° T 1¢°¢ ée
6g'¢ * | T0°891 @ 62°E9T | 26t + | 16°99 $8°09T |26t - 05°1 vv'e 12
S¢l $g8°94T | m v9T | 48°9 ¢ 84°¢lT | ¥9°e9T | ¥p 9t + L0°t 5g°e 0c
1179 + el 61e | *€0e 18°9 + ¥6°21¢ Le*66T | 92°62 = glL°e £€6°¢ 61
S6°0 *+ | Vg 4y H¢ St g + | 6y Sy 6v°v¥ 96°19 - €0 c6'0 81
66°T * 06691 02°991 vyt ¢ §1°891 95°29T | 16°29 - St°T ¥9°t A
go't * 26° 951 v6° 16T 6c°s + 64°661 v6°4¥T | 28°04 - LT1°T TO0 v 91
0T°T + 88" goc v9°568 90°0 + v6°26C §4°26c | ¥5°SOTH ¥6°6 68°¢ 6T
AN 66°55 99° L5 g1°9 + cL ss T6° 1S 6C°0§ - 48°0 SL°1 v
e’ + om.mmm 49°tte | 60°'e + ot°cte vG*lee | 16°vE - 66°¢ t1°9 £
@m.w + 2v°90¢ um”mmm 16°g + 69°00¢ go°9/e | GE° YT - €4°6 69°9 A
B¥'0 + 92042 wo.mwm 1e°1 + 02°69¢ go*eye | 61°4C - 90°§ 66°9 11
¥89 + 92 LYE 3y g1t gv°-9 + 1394 431 L6°ETIE | 6V TIE + £6°6 15°v 0T
Ie yls teegse g1°92c v T+ gT°*vse gz tee | o1ty + SI°v 06°2 6
Hm.o - me.moﬁ (A% AN} ctg = 46°T0T ¢C°I1T | go’es - 06°1 €1°¢ 8
Nm.w - 04°gve ¥6°652 £€g°t - v *vve ge*vse |06°9cC - 9T ¥ 99°¢ A
mm.m + mu.oqﬁ monmea Gty + 19° vl g6°gtT | ¥6°6¢ - 11°¢ 6v°t 9
0T°T + 2y 08T 9 8L1 €1'e + 98°L4T ST VAT om.o< - 95°¢ 1€ v |4
gciy + gt gte 29°9ce 626 + 96°cte 92 1¢e | TL°4E - 9t°¢ 9¢°S 14
20°0 + €6 161 0G6° 16T €6°0 + .| I¥°6¥1 co*gyT | 06°gt - ¢i‘e Ly € 1
OH.ﬁ - m¢“m¢ mm“me gy°e - el 1y L2y 2g°1¢t - 6.°0 01°1 4
g1°g = T¥°9tT 45°8vT Lyl = 00°+E€T 2 Pv1T | £4°6E - Iv*e [YASY 1
aduey) % I93JV ai1oJayg aduey)d ¥ 83 3V aJojeg edueyn % d93JVY aJd0Jag *ON
*foad
Te30] Laqg - 319M

UoT3Fpuo) quawssed

(SoTTH °ToTYaA UOTTTTH)
TAAVHUL

(s3auaptooy Lanful snid Tejsd)
YIVd LDdr0dd din00dd
£-0 a1qe]

-45-~



Table C-4
GROOVED PROJECT DATA

(Fatal plus Injury Accidents)

ACCIDENT RATES
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Table C-6

GROCVED PROJL

(Fatal plus Injury Accidents)
RATIOS OF WET TO DRY KRATES
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