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INTROBUCTION

One of the many important functions of an effective
highway system is to provide highway surfaces that enable
motorists to perform normal driving maneuvers at reasonable
speads under wet conditions without experiencing loss of
control by skidding. Except for extremely smooth pavement,
which may be identified by skid ﬁumber (and, in some cases,
by simple visual examination), the criterion used to
initiate work to improve pavemant surface texture is either
a wet pavement accident frequency which exceeds the average
rate for the area, or a sudden increase in wet pavement
accidents. MWhile such "after the fact"™ procedures are
cost-effective insofar as the potential for future accidents
is concerned, it requires some loss in property damage
{often involving injuries and sometimes fatalities) pricr to
initiating improvement. It is desirable, therefore, to have
an index that will reliably indicate locations where a
higher than normal wet pavement accident rate may.be
expected.

One approach toward the development of such an index is
to relate ASTM E274 skid numbers to wet pavement accident
frequency. (AASHTO T242 friction numbers are identical to
ASTM skid numbers which will be used in this report),
According to this test procedure, skid tests are performed
at a constant test speed using a locked-wheel towed trailer
on a Water laver applied 0.022 inch thick in the center of
the wheel path of the roadway. The resulting skid number is
defined as the average horizontal force between the skidding
tire and the wetted pavement for one second, divided by the
average vertical wheel load for the same second, multiplied
by 100.



Sihce Decembar 1975, CALTRANS has maintained a
statewide SkideesistanCE Inventory (SRI) file. On a
regular basis, tests have been made on curves,
inter;ections,.bridge decks, weave sections and tangent
sections. The entire highuway system is tested every four
vears wWwith many primary routes tested yearly or every other
year. 2

Nationwide, several studies (1, 3, 5, 6, 11, 16, 173
have been completed in an attempt to establish criteria that
would minimizehwet pavement accidents by establishing
minimum skid numbers. In the past, when a minimum value has
been proposed by another agency, an in-house investigation
by CALTRANS Tﬁaffic Engineers has shown that many locations
have skid numbefs less than the proposed value with no
record of a wét pavemenf accident problem. Therefore, it
has been considered inabpropriate to adopt minimum skid
number levels because of the difficulty in establishing
justifiable values and because the adoption of a value
higher than necessary would require utilization of limited
highway impro&ément funds that should be used to improve
known problem areas.

However.\%he potential benefits of a preaccident
program 5u5tify further effort to establish a praocedure that
would effectif%ly incorporate skid numbers in a wet pavement
safety program. One possible apprsach s to group the
highway sections by geometric classification. Thus, the
objective.of éhis.research project is to investigate the
infldence of bridges, curves, intersections, tangent
sections and wWeave sections on the correlation betuween skid

numbers and wet pavement accident rates in California.



CONCLUSIONS

Based on an evaluation of skid test data and wet

pavement accidents with consideration for wet time percent

and for traffic density and exposure, the folleowing

conclusions are warranted.

1)

(23

(3

(4)

(5)

When all geometric classification records are combined,
the wet pavement accident rates are low and rather
uniform for pavements having skid numbers which are
greater than 26, but increase substantially as the skid
numbers decrease from 25 to 17. Certain geometric
alignments and driving conditions, when compared to
other types of geometric alignments and driving
conditions, display significantly greater wet pavement
accident rates (by magnitudes which may vary from at
least three times to as much as nine times) when the
skid number is less than 25.

Wat pavement accident rates are significantly gresater
on curves than on any other geometric classification or
type of alignment. This applies to pavements having
skid numbers in the 26 to 54 range as well as in the 17
to 25 range. However, the wet pavement accident rate
for curves having SN's of 17 to 25 is 23 times that for
curves having SN's of 26 to 54.

Wet pavement accident rates are significantly greater
on undivided highways than on divided highways.

When the skid number is less than 25, wet pavement
accident rates are significantly greater for both
uphill and downhill slopes (steeper than 3 percent)
than for flatter terrain.

When the skid number is lass than 25, wet pavement
accident rates on undivided roadway sections are
significantly greater when the ADT is greater than
15,000 vehicles a day.






)

RECOMMENDATIONS

It is recommended that these findings be incorporated
into a program to eliminate conditions that result in the
highest wet pavement accident rates (i. e. pavements uith
skid numbers less than 25 using the priorities listed in the
implementation sectien of this reportl). It is further
recommended that a follow-up investigation be conducted for
roadway sections that have been improved subsequent to June
1981. Such an investigation is needed, first, to
substantiate the findings of a significant rate change at a
skid number of 25, and, second, to demonstrate that surface
improvements will significantly lower the wet pavement

accident rate on roadways having skid numbers less than 26.






IMPLEMENTATION

The research findings will be implemented by the
folleowing CALTRANS units in ongoing, coordinated, and.
cocperative programs:

O0ffice of Transportation Laboratory (0OTL),

Pavement Branch.

s 8atcly Prooran Broncarom And Research (OTSPRY,

The Transportation Laboratory is responsible for the
SRI program and files. Data are routinely gathered,
computerized, and sent to District Traffic Engineers for
implementation under the Traffic Safety Progran.

The results of this research provide the basis for
pricritization for improvement of the surfaces of those
roaduay sections having the combined parameters which have
displayed the highest indices as derived in this report. To
justify surface improvements based on skid resistance only,
the skid number should be less than or equal to 25. The
criteria which will increase the priority of these
improvements are listed in the order of highest priority as
follows: ‘

%ﬁtekgggﬁgggg‘having curves, weave s5ections, or

fave 3 Tuoonay ADT Sraster thon 15,000 vehseies por

ga;v:?2313023;? priority over those with more lightly

3. Locations having grades which are staeper than
plus or minus three percent.



Roadway sections incorporating all of the above should

be given the kighest priority for surface improvement. A

suggested procedure is as follows:

“priorities and project

'3. Schedule surface

1. Identify locations that have skid numbers less than
or equal to 25.

2. Use available facilities such as the TASAS
selective accident retrieval report, the highway log.
the photolog and site i §pggtion to establish

imits.

i
i
n
1
improvements accordingly.
Improve the areas that have experienced accidents
before improving areas that exhibit a potential for

accidents.

4. Conduct an evaluation: including before and after
studies, of the benefits being achieved.

5. Modify the procedure if necessary and develgp an
improvement program consistent with the evaluatien.

It is anticipated that between 650 and 1100 lana-miles

of California'state highways have skid numbers less than 26.

The cost of improving the skid resistance of these 2000

locations is gxpected to range betuween $4,800,000 and
$8,700,000.




DISCUSSICON

To pursue the objective of this study, the location for
each wet pavement accident was obtained from the TASAS
Selaction Accident Retrieval (TSAR) program; a skid number
was matched to that location using the statewide Skid
Resistance Inventory file; and the location was classified
according to highuay geometrics using the highway photolog.
Only accidents having the primary cellision locatien in the
right (or outside) lane uwere used, because the code for the
inside lanes does not identify the specific lane.

Therefore, it is impossible to match skid numbers to
accidents that occur in the inside lanes. Skid numbers uwers
obtained only from the right lane and as close to the
accident location as possible. Test results that uwere
cbtained more than 2.5 miles from the accident location uere
not considered to be representative of the pavement surface
at the accident site. Skid numbers that were obtained
within one year of the accidents were used for districts 3
and 4 data. However, in order to establish a respactable
number of matches to the accident locations in District 7,
skid numbers obtained between one and two vears of the
accident were used. Then, for each elassification, the
relationship betuwesen wet pavement accidents and their
matching skid numbers was compared.

One concern of this study was whether wet pavement
accfdent records that do not distinguish skidding accidents
from other wet pavement accidents wWould provide a
correlation to skidding potential as identified by skid
number, or whether it would be necessary to identify and
code the skidding accidents on the field reports to obtain a
cerrelation. Certainly a significant portion of the wet
pavement accidents are related to factors other than a slick
pavement (such as driver fatigue, inattention, driving under
the influence of alcohol or drugs, smooth treaded (illegal)

tires, excessive speed, vehicular failure, etc.).



fhe aSsuéption was made that ameng the various
categories of?fhe independent variable(s), there should be a
significant correlation between the dependent variable
(i.e., the ovérall accident rate) and the independent
variable(s), representéd by the skid number and the related
parameters. If such correlations exist, then they should be
apparent in the statistical analysis.

Wet pavement accident recaords for the perioed July 1,
1980, to June 30, 1981, in districts 3, &4, and 7 were used
for this stud;. These district offices are located in
Marysville, S?n Francisco, and Los Angeles, raspectively.
These distric¥5 were selected because they have highuways
tvypical of those found throughout California.

For the £hree disfricts. skid tests were made during
vartous timesiof the year, which included wet and dry
seasons. Abo;t 91 percent of these tests were made at

temperatures between 45 and 85 OF. Studies (8) have shown

that weather and temperature conditions play a significant
role in deter&ining the value of the skid number. However,
controls that might have added to this information were naot
incorporated into the data collection procedure that was
used for this:project.

District 3 has terrain that varies from mountainous to
valley with sémewhat more rural than urban highﬁay mileage.
These pavemenfs are wet about five percent of the time (18G).

Districtfé has predominantly ceastal and rolling
terrain wWwith somewhat more urban than rural highway mileage.
These pavements are uwet about five percent of the time.

District 7 hss coéstal terrain adjacent to some high
desert with p}edominantly urban highways. District 7
pavement is wet about two percent of the time.

‘Statistical information pertaining to the skid
resistance da%a and the wet pavement accident data for these
three districts is presented in the figures and tables

included in Appendix II.



A. Dovelogpment Of The Adopted Model
Initially, sub-files uwere built from the ACCIDENT files

sa that specific highway characteristics (such as a curve —--

on a freeway —-— with divided lanes -- in a rural areal) and
traffic densities (wet pavement ADT) could be identified. A
regression analysis was then performed upon each record, and
the coefficients were obtained for an equation of the

following form.
1.0 7/ WET_ADT = AQ + Al%SN + A2%SPD tertesrraseaaane (1)

where WET_ADT is the wet pévement ADT (see definitions in
Appendix I), SN is the skid number at 40 mph, S5PD is the
posted speed, and whera AD, Al and A2 are the coefficients
of the equation. OFf cogrsé, the numerateor, 1.0, in the term
on the left of the gquation, represents the frequency of the
single accident.

Although the initial attempt is valid for a "local"™
type of analysis, data evaluation and consideration of the
best available data revealed that modifications had to be
made hecause this study was concerned with a "universsl™
type of analysis. In other words, the initial attempt

neglected to take into consideration all of the

oppartunities for an accident to occur. Specifically, the
analysis should weigh the data by comparing the number of
accidents in each category . mwith the total number of
opportunities for accidents to cccur in that category.

For example, wet pavement accident data for curves may
show 40 accidents on pavements having a skid number of 35
and only & accidents on pavemants having a skid number of
22, The opportunities for wet pavement accidents are
determined by multiplying the number of curves that have the
respective skid numbers by the wet pavement average daily
traffic for these curves. MWith a skid number of 35, eighty
locations timaes 160,000 wet pavement passes divided into 40

accidents provides a rate of 3.125 x 10~6 accidents per uwet



vehicle péss.h ﬁith a skid number of 22, six locations times
7800 wet pavement passes divided intoe 4 accidents provides a
rate of 85.47 x 10-® accidents per wet vehicle pass. This
indicates that curves that have a skid number of 22 exhibit
an acecident rate approximately 27 times that of curves that
have a skid number of 35, even though there were ten times
as many accidents at locations having a skid number of 35.
For this study, the total number of opportunities for
accidents to occur in each category was obtained by
incorpuratingfthe SRI file as a statistical INVENTORY file.
(A description of the statistical nature of the SRI file is
presented in Appendix II.)

The form of the adopted equation is
AC_RATEn = AD + AIXSN + A2XSPD .cveececnvenrancacsas (2

where the var%able, AC_RATEn, represants the varicus types
of universalléccident rates and the totality aof their
opportunitiesito eccur throughout the study area.

For each category studied, three accident rates were

considered in:this report. They are as follows.

AC_RATE1l- = FRQ_ACC 7 FRQ_INY
Ac_RATsaf = FRQ_ACC 7 TWET_ADT
AC_RATE3® = FRQ_ACC ~ (TWET_ADT % FRQ_INV)

uhere the terh, FRQ_ACC, represents the frequency of the
accidents as determined from the TSAR for uet pavement
accidents-dufing the study period. The term, FRQ_INV,
represents the number of locations that had a specific skid
number, and fhe term, THWET_ADT, represents the total sum of
the vehicles traveling on wet pavement at these lacations
during this period, sum:(WET_ADT). The data showing the
skid number distribution for the three accident rates are

presented in:Table 1 and Figures 1, 2, 3.

¢ 106 )



A fourth accident rate, accidents per vehicle-mile, may
have enhanced this study, but the length of the geometric
classificaticns was not reasonably 3available, Thereforse,

this rate was not considered.

B. Regression Analysis

After a preliminary study of the data, three more
changes were made. First, posted speed was dropped from the
evaluation because it showed no corralation to wet pavement
accidents. Second, the data for each category were indexed
so that the sum of all accident rates equalled 100. And
third, the term (SN-14) uwas substituted for SN to miniami:ze
the magnitude of the coefficients obtained.

A regression analysis was performed Wwith each of thesa
indexed acecident rates as the dependent variable on the left
side of the equation and the skid numbers as the independent
variable an the right sida of the aguatien. The three types
of accident rates were analvzed using the following three

egquations.

AC_RATEn

for n

I

AU"'AI*(SN‘}.‘*) L L R I I I I I (3)
1, 2, and 3.

log:(AC_RATEN) = BO 4 B1l*#(SN-=14) .,....0svnessssssas (&)
for n = 1, 2, and 3.

AC_RATEn = CO%exp:(Cl*¥{(SN-16G)) ...iciceneenersnsnnn (53
1, 2, and 3.

. for n

where the symbols, A0, Al, BO, Bl, CO, and Cl, represent the
coefficients, whose values are to be determined by the
regression analysis.

Equations 3 and 4 were analyzed using the $AS
Proctedure, PROC GLM, which is a linear analysis. Equation 5
was analyzed using the SAS Procedure, PROC NLIN, which is a

nonlinear analysis (20).

¢ 11 )



The cdefricients that were obtained from zall the data
using the above three equations and tha three accidants

rates are as Tollows:

No. Symbol n =1 n = 2 n = 3
3 AQ 9.1620 11.8955 31.3321

Al -0.2918 -0.3883 -1.2307

4 "Bg 2.2497 2.3570 3.62%4

Bl -0.0642 -0.0684 -0.1563

5 co 7.3035 19.7199 175.6061

(o] -0.055% ~0.1790 -0.5159

. vk b S o B L L NEA N SAA NS S S S SN N S Y W N S S it e ey iy Myt e S St AN M T A T A S . - ——— —————y T

Plots of the results pertaining to the regression
analysis are shown in Figures & thru 12.

‘After a cursory inspection of Tables 2, 5, and 8, and
of Figures 4,57, and 10, Equation 3 can be eliminated as an
appropriate evaluation equation because of poor cerrelation
using linear regression.

The values of the parameters for Equation 4 were also
determined by the linear regression technique (refer to
Tables 3, 6, and 9, and to Figures 5, 8, and 11). The
correlations for Equation 4 were somewhat better than those
for Equation 3. However,; this regression technigue places
its entire emphasis on minimizing the sum of the sgquares of
the residuals. It is important to take into consideration
the fact that logarithmic values are being minimized. In
this regard, oné must be very careful when using values
cbtained by a linear regression techniqua which minimizes
noenlinear type of residuals. A good general policy is to
use linear regression techniquas to analyze linear
equations, aﬁd nonlinear regression technigues to analyze
nanlinear equgtions 193 .

Therefore, Equation 5 was adoptad as the best type of
equation to evaluate the data. Tables 4,-7 and 10 and
Figures 6, 9.eand 12 show the relationship betuween the

t 12 )



measured data and the predicted "best fit"™ curve for the
dependent variables AC_RATE 1, AC_RATE 2, and AC_RATE 3,
respectively. After observing these plots it is clear that
AC_RATE 3 (Total wet pavement accidents at a specified skid
number divided by the product of the total number of
vehicles traveling on wet pavement locations having the same
specified skid number and the number of locatiens having the
skid number) provides the best fit equation. Using Equation
5, 23 of the 37 calculated predictions coincide with the
observed data. The curve on Figure 12 indicates that the
accident prediction rate increases substantially as the skid
numbar drops below 25. Subsequent studies in Section ¢ of
this report will relate to a low range of skid numbers as
those betwean 17 and 25 and a higher range of skid numbers
between 26 and 54. These groupings will provide a larger
and somewhat more consistent data base for the specific

geometric type.

B.2. Figures And Tables

Pertaining Jo The Reagression Analvsis

¢ 13 )



Table 1. AC_RATEl, AC_RATEZ, And AC_RATE3
’ For Skid Mumber From 17 Thru 54

BISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY -~ SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 == ALL LOCATIONS
. REGRESSION ANALYSIS =w==-=ue=====as

SN FRQACC  FRQINV  THET_ADT  AC_RATEl  AC_RATEZ  AC_RATE3

17 20" 17 16706  13.6618 18.4081 33.9155
18 5 - ° 8160 6.4514 9.4220 32.7897
19 1. 7 8161 1.6589 1.8840 8.4301
20 2" 19 15398 1.2224 1.9971 3.2923
21 2 24 22698 0.9677 1.354% 1.7682
22 17 % 44969 5.8063 5.8127 5.3547
23 14 56 54570 2.9031 3.9448 2.2063
24 26 " 56 64457 5.3915 6.2022 3.4690
25 31 90 120944 3.9999 3.9412 1.3716
26 32 119 21139 3.1227 2.3276 0.6126
27 47 181 356577 3.0154 2.0267 0.3507
28 65 - 196 382697 3.8511 2.6116 0.4173
29 65 276 591043 2.7348 1.6910 0.1919
30 3% 349 688380 2.3624 1.5859 0.1423
31 105 389 825062 3.1345 1.9568 0.1576
32 170> 455 1047238 4.3387 2.4960 0.1718
33 149 544 1235933 3.1806 1.8537 0.1067
3% 164 562 1231040 3.3887 2.0484 0.1142
35 160 632 1324658 2.9399 1.8572 0.0920
36 109 523 1054432 2.4202 1.5895 0.0952
37 160 619 125013% 3.0016 1.9679 0.0996
38 139 547 - 1098354 2.9509 1.9459 0.1114
39 93 603 1065416 1.7910  1.3422 0.0697
40 90 459 913943 2.2770 1.5142 0.1033
41 86 440 768269 2.2697 1.7212 0.1225
42 57 378 667934 1.7511 1.3122 0.1087
43 3 364 537457 0.98%0 0.8869 0.0763
44 22 275 423944 0.9290 0.7979 0.9909
45 22 233 302669 1.0965 1.1176 0.1502
46 23 194 219647 1.3767 1.6101 0.2599
47 15 195 194039 0.8933 1.1886 0.1509
48 15 156 135506 1.1166 - 1.7021 0.3417
49 7 100 65769 0.8129 1.6365 0.5126
50 4 ‘100 59263 0.4645 1.0378 0.3251
51 5 a3 - 40426 0.6996 1.9018 6.7177
52 3 50 " 221641 0.6968 2.0834 1.3051
53 ‘ 53 16408 . . .
54 3 105 37742 0.3318 1.2222 0.3646
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AC_RATEL Vs. Skid Number

Fig. 1.
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AC_RATE3 Vs. skid Mumber

Fig. 3.
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Table 2. Linear Ré§ressidn ARalysis
AC_RATEL = AD + Al¥*({SN-14)

DISTRICTS 03, 04, AND 97
. QUTSIDE LAME. ONLY ~- SKID NUMBERS 17 THRU 54
. ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS
AC_RATE1l = ACCIDENTS PER LOCATION (INDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
---------- ~—==— REGRESSION ANALYSIS ~w=—w———w==—=—-

GENERAL LINEAR MODELS PROCEDURE
DEPENDENT VARIABLE: AC_RATEL '

FREQUENCY:: AFREQ
SOURCE ' DF SUM OF SQUARES MEAN SGQUARE F VALUE PR >F
HODEL 1 7554.40747739 7554 .,40747739 1044.02 0.0001
ERROR -~ 1000 7235.86231700 7.23586232 '
CORRECTED TOTAL - 1o01 14790. 26979439
R-SQUARE C.V. RQOT HSE AC_RATEl MEAN
0.510769 56.5756 2.689955582 4,75462054
"SOURCE bF . TYPEISS F VALUE PR >F
SN “ i 7554.40747739  1044.02  0.0001
SOURCE . DF TYPE III SS F VALUE PR >F
SN ! 7554.40747739  1044.02  0.0001

‘ _ T FOR HO: PR > ITI STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTERCEPT 9.16201865 57.01 - 8.0001 0.16070931

SN ’ -0.29180738 -32.31 0.0001 0.00903111




Table 3.

DEPENDENT
FREQUENCY:

SOURCE
MOBEL
ERROR
CORRECTED

R-SQUARE
0.647785

SOURCE
SN

SOURCE
SN

PARAMETER

INTERCEPT
SN

Linear Regression Analysis
log: (AG_RATEY) = B0 + Bl¥*{SN~14}

OISTRICTS 03, 04, AND 07
QUTSIBE LANE ONLY == SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6780 THRU 6/81 =-- ALL LOCATIONS
AC_RATE1l = ACCIDENTS PER LCCATION (INDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
--------------- REGRESSION AMALYSIS:W —r~==r=-rm=====-

GENERAL LINMEAR MODELS PROCEDURE

VARIABLE: WORK
AFREQ
DF SUM OF SQUARES MEAN SQUARE F VALUE PR > F
1 365.67857262 365.67857262 1829.18 0.000L
1000 198.82738632 0.19882739
TOTAL 1001 564 ,50595895
c.V. ROOT MSE WORK MEAM
34%.8344 0.44590065 1.28005859
OF TYPEISS F VAWE PR>F
1 365.67857262  1839.18  0.0001
DF TYPE III SS F VALUE PR > F
1 365.67857262  1839.18  0.0001
T FOR Ho: PR > ITI STD ERROR OF
ESTIMATE PARAMETER=0 ESTIMATE
2.24974618 £4.45 £.0001 0.02663999
-0.06420160 -42.89 0.0001 0.00149704
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Tsble 4. Nenlinear éégression Analysis
AC_RATE] =‘C3*exp:(C1*tSH-141)

DISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY == SKID NUMBERS 17 THRU 54
AFCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS
AC_RATE1l = ACCIDENTS PER LOCATION (INODEXED RATE)
RESRESSIUN ANALYSIS OF SKID NUMBERS FOR ALL RECORDS

----- ~mummmma=  REGRESSION ANALYSIS —-—--wo—-saes==
NON-LINEAR LEAST SQUARES SUMMARY STATISTICS DEPENDENT VARIABLE AC_RATEL
SOURCE OF SUM OF SRUARES MEAN SQUARE
REGRESSION 2 35694805164 178.47402582
RESIDUAL 35 118.46665320 3.38476152
UNCORRECTED TOTAL 37 475.41470486
(CORRECTED TOTAL) ‘36 205.14443457
PARAMETER " ESTIMATE  ASYMPTOTIC ASTMPTOTIC 95 ¥
STD. ERROR CONFTDENCE TNTERVAL
LOWER UPPER
AL 7,30345029 1.24318966 4.77969610 9.82728449
B1 ~0.05561599 0.01283005 -0.08166222 ~0.02956975

ASYMPTOTIC CORRELATION MATRIX OF THE PARAMETERS

Al Bl
Al 1.000000 -0.820200
Bl - -g.820200 1.0000C0
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Fig. 4. Linear Regression Analysis Plot
AC_RATEL = A0 + Al¥{SN-14)

DISTRICTS 03, 0%, AND 07
OUTSIDE LANE ONLY -- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 —-. ALL LOCATIONS
AC_RATEL = ACCIDENTS PER LOCATION (INDEXED RATE}
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
e i REGRESSION ANALYSIS —-—w—wwo—m—==——=-
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Fig. 5. Linear Regression Analysis Plot
log:{AC_RATEL} = BO + Bl®*{SN-14%)
DISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY == SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 =~ ALL LOCATIONS
AC_RATE1l = ACCIDENTS PER LOCATION {IMDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
e ——————————————— ‘REGRESSIGN ANALYSIS ========c=ce==-
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Fig. 6. HNonlinear Regression Analysis Plot
AC_RATEL = COxexp:{CLl*{(SN-141))

DISTRICTS 03, 04, AND 07
OUTSIDE LANE ONLY == SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATICNS
AC_RATE1l = ACCIDENTS PER LOCATION (INDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
--------------- REGRESSION ANALYSIS ===w==memeem==e=
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Table 5. Linear-Red eséi&ﬁJiﬁaly§$§?
AC_RATEZ ="A0 + Al®{SN-14)

DISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY «~ SKID NUMBERS 17 THRU 54
'ACCIDENTS FROM 6/80 THRU 6/81 == ALL LOCATIONS
AC_RATEZ2 = ACCIDENTS PER MWET-VEHICLE (INDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
m—em————— === REGRESSION AMALYSIS w~--==ce—ccom——-

GENERAL LINEAR MODELS PROCEDURE

BEPENDENT VARIABLE: AC_RATE2

FREQUENCY AFREQ
SOURCE " DF  SUM OF SRUARES MEAN SQUARE  F VALUE PR > F
MODEL 1 18337.97025096  18337.97025096 883.75 0.0001
ERROR 9% 20667.06540578 20.75006567
CORRECTED TOTAL = 997  39005.03565674
R-SQUARE . ROOT MSE AC_RATEZ MEAN
0.470144 72.845% 4.55522400 6.25327807
' SOURCE . DF " TYPE I SS F VALUE PR >F
N 1 18337.9702509%  883.75  0.0001
SOURCE OF TYPE III SS F VALWLE FR > F
SN I 18337.97025096  €83.75  0.0001
T FOR HO: R > ITI STD ERROR OF
PARAMETER  ESTIMATE PARAMETER=0 ESTINATE
INTERCEPT _11.89550031 49.91 0.0001 0.23835627
SN : *-0.38831376 -29.73 0.0001 6.01306222
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Table 6.

Linear Regression Amnalysis
log:(AC_RATE2) = BO + Bl*(SN-14)

DISTRICTS 03, 04, AND 07
CUTSIDE LANE ONLY -~ SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6780 THRU 6/81 -- ALL LOCATIONS
AC_RATEZ = ACCIDENTS PER WET-VEHICLE (INDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
------------- —- REGRESSION ANALYSIS ——-——==-==mo—--

GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: WORK

FREQUENCY: AFRER
SOURCE bF SUM OF SRUARES MEAN SRUARE F VALUE PR >F
MODEL 1 569.52244645 569.62244645 1669.72 8.0001
ERRCOR 994 339.78411771 0.34114871
CORRECTED TOTAL 997 909.40656416
R-SQUARE C.V. i ROOT MSE WORK MEAN
0.626367 42.8647 0.58607937 1.36261088
SOURCE DF TYPE I 55 F VALUE PR > F
SN 1 569.62244665  1669.72  0.0001
SOURCE DF TYPE IIT SS F VALUE PR > F
SN 1 569.62244645 1669.72  0.0001
T FOR HO: PR > ITI STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTERCEPT 2.35702688 77.12 6.0001 0.03056249
SN ' -0.06843453 -40.86 9.0001 0.00167486
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Table 7. Nonlindar egr5551on$£néi§si5'
AC_RATEZ2 = CO0¥exp:{Cl*(SN-1%4))

DISTRICTS 03, 04, AND 07
OUTSIDE LAME ONLY -~ SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU &/81 == ALL LGCATIONS
AC_RATE2 = ACCIDENTS PER WET-VEHICLE (INDEXED RATE)
REGRESSION AMALYSIS OF SKID NUMBERS FOR ALL RECORCS

------- wmmmecwe  REGRESSION ANALYSIS =—=m=m——m—m—————
NON-LIMEAR LEAST SQUARES SUMMARY STATISTICS DEPENDENT VARIABLE AC_RATE2

SOURCE OF SUM OF SRUARES MEAN SRUARE

REGRESSION 2 441.41093038 220.70546519

RESIDUAL 35 153.55025488 5.24429300

UNCORRECTED TOTAL 37 624.96118527

{CORRECTED TOTAL) 36 354.65091500
PARAMETER ‘ "ESTIMATE ASYMPTOTIC ASYMPTOTIC 95 Z

STD. ERROR COMFIDENGE INTERVAL
LOWER UPPER

a1 19.71991117 4.64596782 10.28815105 29.15167129

81 =0.,17%01571 0.63924049 -0.25867767 -0.09935375

ASYMPTOTIC CORRELATION MATRIX OF THE PARAHETERS

Al Bl
Al 1.000000 -0.886542
Bl ~0.8865662 1.000000
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Fig. 7.
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Fig. 8. Linear Regraession Analysis' Plot
log:{AC_RATE2) = BO + BLl®(SN-14)
DISTRICTS 03, 04, AND 07
OUTSIDE LANE ONLY == SKID NUMBERS 17 THRU 54
‘ACCIDENTS FROM 6/88 THRU 6/81 =~ ALL LOCATIONS
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Fig. 9. Nonlinear Regression Analysis Plot
AC_RATEZ = CO¥exp:{Cl®*(SN-141})
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OUTSIDE LANE ONLY =-- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 == ALL LOCATIONS
AC_RATEZ = ACCIDENTS PER WET-VEHICLE (INDEXED RATE)}
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
i e e REGRESSION ANALYSIS —-=-=======n--=

PLOT OF PREDICT3%SN SYMBOL USED IS P
PLOT OF AC_RATE2¥SN SYMBOL USED IS A

PREDICTS
20

A
18

16
14

12
P

12

P A
AA P A AAA AA A A
PAA A AA A AA
PP A A A A A A
PPP AA
PPRPPP
PPPPPPPPFPPPPP P

S T R e L e

17 19 21 23 25 27 29 31 33 35 37 39 &4l 43 45 47 49 Bl 53

1
+*
i
1
!
l
+
1
1
|
1
+
|
|
|
|
-
|
|
l
{
+
|
{
|
1
+
{
!
;
[
*
i
|
|
!
¥
|
]
|
1
+
!
!
i
{
+
1
|
|
|
+

SN

HOTE: 4 QBS HIDDEN

¢ 29



" Tahle 8. Lihesr Regression Arialysis
AC_RATE3 = A0 + AI¥{SN-14}

DISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY ~- SKID NUMBERS 17 THRU 54
JACCIDENTS FROM 6780 THRU 6/81 ~= ALL LOCATIONS
AC_RATE3 = ACCIDENTS PER WET-VEHICLE-LOCATION (INDEXED RATE)
REGRESSION ANALYSIS OF SKID NUMBERS FOR ALL RECCRDS
REGRESSION AMNALYSIS

o o o s e A =

GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: AC_RATE3

FREQUENCY': AFREQ
SOURCE ‘ DF SUM OF SQUARES HMEAN SQUARE F VALUE PR >F
MODEL ) 1 75825.46203266 75625.46203266 639.37 0.0001
ERROR _” 1cgo 118594.70533574% 118.59470534%
CORRECTED TOTAL 1001 194420.16736840
R-SQUARE 2 GV ROOT MSE AC_RATE3 MEAN
0.390008 46.2019 10.89011962 23.57073309
SQURCE DF TYPE I SS F VALNE PR >F
SN 1 75825.46203266 63%.37  0.90001
SOURCE’ OF TYPE III SS F VYALUE PR >F
SN . 1 75825.46203266 639.37 0.0001
T FOR HO: FR > ITI S§TD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTERCEPT 31.33210814 67.96 ¢.0001 0.46105815
SN ~1.23071654 -25.29 ¢.0601 0.0486724%
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Table 9. Linear Regression Analysis
log:(AC_RATE3) = BO + BI%¥(SN-14)

DISTRICTS 03, 04, AND 07
OUTSIDE LANE ONLY == SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 == ALL LOCATIONS
AC_RATE3 = ACCIDENTS PER HWET-VEHICLE~LOCATION (INDEXED RATE}
REGRESSIDN ANALYSIS OF SKID NUMBERS FOR ALL RECORDS
------------ -= REGRESSION ANALYSIS -—-——--—-=—s-u--

GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: WORK

FREQUENCY: AFRERQ
SOURCE BF SUH OF SQUARES MEAN SRUARE F VALUE PR > F
MODEL 1 1222.90545628 1222.90545628 1600.70 ¢.0001
ERROR 19000 763.981867851 0.76398188
CORRECTED TOTAL 1001 1986.88733479
R-SRUARE C.V. ROOT MSE WORK MEAN
0.615488 33.061% 0.87606057 2.64375324
SOURCE DF - " TYPE LSS F VALUE PR > F
SN 1 1222.90545628  1600.70  0.0001
SOURGE DF TYPE IXI SS F VALUE PR > F
SN 1 1222.905645628 1600.70 6.0001
T FOR HO: PR > ITI STD ERRCR OF
PARAMETER ESTIMATE PARAMETER=Q ESTIMATE
INTERCEPT 3.62941426 . 98.08 0.0081 . 0.03700536
SN -0.15529547 -40.01 0.0001 0.00390656
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Table 105 Nonlinea 'Regr'essi%on Anslysis

AC_RATES = COxaxp:(C1%{SN-14))

DISTRICTS 93, 04, AND 07
QUTSIDE LANE ONLY ~- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 -- ALL LOCATICNS
AC_RATE3 = ACCIDENTS PER WET-VEHICLE-LOCATION (INDEXED RATE}
REGRESSION ANALYSIS OF SKID MUMBERS FOR ALL RECORDS

—emesccmme———— REGRESSION AMALYSIS --————- ————————
NON-LINEAR LEAST SQUARES SUMMARY STATISTICS DEPENDENT VARIABLE AC_RATE3

SOURCE DF SUM OF SQUARES MEAN SQUARE

REGRESSiON 2 2168.97325435 1084.48662718

RESIDUAL 35 192.80608737 5.50874535

UNCORRECTED TOTAL 37 2361.77934173

(CORRE&TED TOTAL) 36 2091.50907146
PARAMETER ESTIMATE . ASYMPTOTIC ASYHPTOTIC 95 X%

STD. ERROR CONFIDENCE INTERVAL
: LOWER UPPER

Al 175.60412266 35.04157728 104.46636106 2456.74188425
81

-0.51585477 0.95433130 -0.62615251 -0.40555702

ASYMPTOTIC CORRELATION MATRIX OF THE PARAMETERS

Al B1
AL 1.000000 -0.967583
al -0.967583 1.000000Q

¢ 32 )



Fig. 10. Llinear Regression Analysis Plot
AC_RATE3 = AQ + Al¥(SN-14)
DISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY -~ SKID NUMBERS 17 THRU 54
ACCIDENTS FRUM 6/80 THRU &/81 =-- ALL LOCATIONS
AC_RATE3 = ACCIDENTS FER MEYT-VEHICLE-LOCATION (INDEXED RATE)
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: S e Lt R
C: Analvsiss 0F Dats *

Using Three Types 0f Accident Rates

S T A A A
N E F W c C c
— R R E - —- —
R Q Q T R R R
A - - A A A
N A 1 A T T T
G " N D E E E
E € v T 1 2 3
17-25 118 312 356064 64.4 7.4 98.8
26-54 1912 9180 16767518 35.6 25.6 1.2

T A - ey S AR R S S T A M T i B U S S T . A WA Teh ek T S — v b o) ——

The above table gives the indexed rates for the three
types of accident rates, when the accidents are grouped
according cnly to a low range of skid numbers (17 thru 25)
and a high range of skid numbers (26 thru 54). As one uould
expect with this type of grouping, the highest indexed rate
(98.8) is in the lower range of skid numbers. An
investigation to determine if certain roadway parameters
contribute more to this accident rate than others was also
conducted. The following tables show the indexed rates for

different roaduway parameters. The indexed rates provide a

~comparison within each parameter study group but are not

relative between studies.
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C.1. Geometric Effect

(Bridae-Tangent, Curve, Intersection, Tangent,

Weave—-Tangent)

S T A A A
N F F W c c c
— R R E _ = —
R c Q Q T R R R
A L - - - A A A
N A A I A T T T
G ] c N D E E E
E ] c v T 1 2 3
17-25 BT . 11 18305 . . .
17-25 c 8 13 6269 13.0 22.4% 81.2
17-25 I 42 160 15489¢0 8.0 4.8 1.4
17-25 T 50 70 59657 22.0 14.6 9.8
17-25 WT 13 50 106018 &.0 2.2 2.0
26-54 BT 49 878 2152077 1.8 0.4 0.0
26-54 c 318 429 117715 22.8 47.2 5.2
26-54 I 251 1938 1200454 4.0 3.6 0.0
26—-54 T 796 2139 3217115 11.4 4.4 g.0
26-54 WT 379 3653 99910%7 3.2 g.6 0.0

. N . oty o e T ot e Y . T ik o i o ok Gl ok ok A Ak ekl AL S S L T T W T S S S S

The statistics for the bridge-tangent sections having
low skid numbers highlight some of the difficulty in
astablishing criteria. The index rate, AC_RATE 3, shous
98 .8 percent to be in the low SN range, yet eleven
bridge-tangents in this group have not experienced uwet
pavement accidents for at least 18,000 wet pavement vehicle
passes. The reason for this disparity is not apparent.

The curve and the tangent data that were available for
this investigation may bias the accident rates for these
parameters in this study. The following evaluation will
show that, although the rates may change, this bias has
little effect on the resulting rank of the bBridge-tangent,
curve, intersection and weave-tangent classification. The
variable length tangant sections on the highuay system
provide variable oppecrtunities for accident occurrence.

This, combined with the variable skid testing pattern that

{ 37 3



[N

‘was used on the tangent sections, makes it impossible to

adjust the number of tangent sections or to weigh the data
to reflect accident opportunity with any confidence.
Therefore, the tangent sections cannot be effectively
represented in this study.

An inequity in the curve data arises from practical
applications. For the skid resistance inventory, and
therefore the SRI file, a curve has been defined as a
roadway‘that generates a lateral acceleration in the test
vehicle of at least 0.126, when driven at the advisory
speed. Tests on horizontal curves at the advisory speed
that provide lateral acceleration less than 0.12G are
recorded as tangents. "The skid test operators estimate that
the number of curves identified during skid inventory
testing 5huu1d be increased by a factor of three to
approximate tHe number of horizontal curves that relate to
the curve classification used to establish the ACCIDENT file

for this study. The following table shouws the results of

thesa changes. It was assumed‘that the wet pavement ADT

rate remains reascnably constant for curves.

5 T A A A
N , F 3 W c ¢ c
_ 7 R R E - _ _
R ¢ Q Q T R R R
A L - _ _ _ A A A
N A A i A T T T
G S c N D E E £
E s ¢ Y T 1 2 3

17-25 BT . 11 18305 . . .

17-25 ¢ - 8 38 18379 21.2 25.5 70.6

17-25 I 42 160 154890 19.4 15.9 1T.4

17-25 WT 13 50 106018 19.3 7.2 15.1

26~54 BT 49 878 2152077 4.1 1.3 0.7

26-54 € 318 1262 522691 18.7 35.6 3.0

26-56¢ I 251 ° 1938 1200454 9.6 18.2 8.7

26-54 WT 379 3653 9991097 7.7 2.2 0.1

- T SR R R TR T e kS SA R S T T TS T A e WS e R A R S S S A S —— S — —
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There is a substantial change in the AC_RATE 3 values
of the adjusted geometrics parameters but only one
significant change in the rank. Namely, the index rate for
curve classifications in the high range of skid numbers
drops below those of intersections and weave—-tangent
classifications in the low range of skid numbers. This is =
reasonable relationship which will be accepted to represent

the highway geometrics.

C.2. Median Effect

5 T A A A
N D F F W c c c
_ v R R E _ - —
R _ Q Q T R R R
A U _ - - A A A
N N A T A T T T
G D c N D E E E
E v ¢ v T 1 2 3

17-25 DIV | 62 199 299110 26.6 12.2 10.4

17-25  UN_DIV 56 113 56954 42.4 58.0 B87.6

26-54 DIV 1611 6816 16026122  20.2 6.0 0.2

26-54  UN_DIV 301 2364 741396  10.8  24.0 1.8

£.3. Grade Effact

5 T A A A
N F F W c c c
- R R E _ - -
R & Q Q T R R R
A R _ - - A A A
N A A T A T T T
G D c N D E E E
E E ¢ v T 1 2 3
17-25  + 8 30 24376 13.2 19.8 52.2
17-25 - 10 44 39327 15.0 20.4  36.8
17-25 = 102 238 292361  28.4  28.0 9.4
26-54  + 251 1268 2187362 13.0 . 9.2 0.6
26-54 - 343 1321 1907336  17.2 - 14.6 0.8
26-54 = 1318 6591 12672822 13.2 8.4 0.2

AR S T S A T T T W Y e v et A M S R W S W TR S T T e S e S e A A vk S S Wb Ak At s
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T A A A
W c c ¢

E _ - -

T R R R

- A A A

A T T T

D E E £

_ T 1 2 3

53816 8.4 23.0 45.6

302248 54.8 44.4 52.6

2138820 9.8 19.2 1.6
14628697 26.8 13.4 0.6

C.5. Access Control Effect
- C.5.1. Includes One-Way

S A T A A A
N c F F W c c c
_ ¢ R R E - _ -

R _ Q Q T R R R

A € . _ A A A

N N A 1 A T T T

G T c N ‘D E £ E
E L ¢ v T 1 2 3
17-25  CONV 100 201 177014 21.4 19.6 1.2

17-25 EXPWY: ) 14 8365 . . .
17-25  FRMWY 14 92 167044 6.6 3.0 6.6
17-25  ONEMWY 4 5 3661  36.4  38.2  93.0
26-54  CONV 825 3254 1695669 11.0 17.0 0.0
26-54  EXPHWY 60 379 260203 6.8 8.0 0.2
26-54  FRWY 1019 5518 14788274 8.0 2.4 0.0
26-54  ONEWY 8 29 23372  11.8 12.0 5.0

PR ————————— g S A AR R e e i it ]

Note thgf the index rating for one-way streets is based
on only 5 SRI samples in the lower range and 29 SRI samples
in the higher range. If the ene-way sections are
eliminated, freeuways show the lowest indexed rate as noted

balow.
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C.5.2. Excludes One-Way

5 A T A A A
N c F F W c c c
_ ¢ R R E _ - —
R - q Q T R R R
A T _ - - A A A
N N A i A T T T
- G T c N D E E E
E L ¢ v T i 2 3
17-25  CONV 108 201 177014 40.0 3%.4 62.6
" 17-25  EXPHWY . 14 8365 . . .
17-25  FRWY 14 92 167044  12.2 5.8 20.2
26-54  CONV 825 3254 1695669  20.4  34.0 3.6
26~54  EXPWY 60 379 260203 12.8 16.0 13.6
26-54  FRWY 1019 5518 14788274 14.8 4.2 3.2

- e . T — Ty i S e o St oy S e byl o ey el el S S S AL A L AL S L LS NS LN S A S S S WA

A
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‘C.6. ShrfacetTyéé'E¥?ééf

S T A A A
N S F F W c c c
_ u R R E - — -
R R Q Q T R R R
A F _ _ _ A A A
N A A i A T T T
G c c N D E E E
E E ¢ Y T 1 2 3

17-25 PATCH . 2 1005 . . .

17-25  DNG_AC 81 . 188 172168 16.0 23.8 7.4

17-25 QPG_AC 19 25 37776 28.2 25.6 59,2

17-25  CHP_SL . 8 3268 . . .

17-25 PCC - 17 76 118235 8.2 7.2 5.6

17-25 PCC_GBR 1 10 18670 3.8 2.8 15.8

17-25 SLR_SL . 2 4552 . . .

17-25 OTHER . 1 390 . . .

26-56 PATCH 5 2460 . .

26-54  DNG_AC 841 3744 3505099 8.4 12.2

26-54 OPG_AC 276 6381 1997480 15.0 7.0 0.6

26-54 CHP_SL 16 235 70922 2.6 11.4

26-54 - PCC 39¢Q 3027 6320643 4.8 3.2 0.0

26-54 PCC_GR 387 1423 4761079 10.0 G,2 8.2

26—-54 EPOXY 1 16 24977 2.4 2.0 7.4

2654 SLR_SL 1 44 82199 ° 0.8 0.5 0.8

26-54 OTHER . 3 2658 . . .

T Y R . T —————— — ) o S Sk N T —— T o Wk o i e e T T N A W S T R T -

The indeged rates for open graded asphalt concrete,
bGAC, and grooved portland ceme;t concrete, PCC-GR, appesar
very high for the low range of skid numbers. However, this
may be reascrable. Based on previous studies, it is highly
probably that OGAC surfaces that have skid numbers this low
are contaminéfed. One example is clay tracked and compacted
into the surface voids. This would create an unsatisfactory
surfacing that could easily establish a high accident rate

until the cléy is washed away.
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Since pavement grooving is justified by a high rate of
wet pavement accidentss one agcident per vear at these

locations is probably a very low rate.

C.7. Effect of Lanes
In The Direction OFf Travel
S T A A A
N F F W G c c
_ R R E — — -
R L Q Q T R R R
A A - - - A A A
N N A 1 A T T T
G E Cc N D E E E
E S c v T 1 2 3
17-25 1 16 70 22450 8.8 30.0 45.4
17-25 2 71 151 185082 i8.0 16.2 11.4
17-25 3 26 &6 9%932 21.6 11.0 25.2
17-25 & 5 46 64260 4.4 4.8 11.4
17-258 5 . 1 43460 . . .
17_25 6 . . . » . -
17-25 7 . . . . .
26-54 1 212 20586 554491 4.0 16.2
26-54 2 7138 2720 3101003 10.0 9.8
26-54 3 378 1785 4709511 8.0 3.4
26-54 4 489 2002 6429288 9.4 3.2 g.2
26-54 5 g5 535 1717884 6.8 2.4 0.4
26-54% 6 20 81 250900 3.4 3.4 4.4
26—54 7 . 1 4440 . . .

. . . T R T T TEF S T T SR T ) ————— . el A S L S . S

Highways Wwith only one lane in the di}ection of travel
show high indexed rates. Normal vehicle maneuvers for these
roadways, i.e. passing, stopping, or turning, place high
friction demands much more frequently than for multilane
roads. It is likely that the high indexed rate for six
lares in the high SN range also developed from more frequent
and higher friction demands, because six—lane per direction
rocads exist only in weaving and merging situations justified

by very high traffic densities.
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C.8. Averige Daily Traffic Effect

For Undivided Medians

S T A A A
N F F W c c c
_ R R E _ _ -
B Q Q T R R R
A - - - A A A
N A A T A T T T
G D ¢ N D E E E
E T c v T 1 2 3

17-25 2500 2 38 4643 0.4 2.8 0.8

17-25 7500 5 17 5532 2.6 5.6 3.4

17-25 12500 10 19 12144 4.6 5.2 2.8

17-25 17500 10 9 4827 9.6 13.0 14.4

17-25 22500 10 7 3401 12.4 18.4 26.2

17-25 275080 7 3 7172 7.6 6.2 7.6

17-25 32500 6 5 5798 10.4 6.4 _13.0

17-25 37500 8 8 9511 8.6 5.2 6.6

17-25 42500 2 2 4126 8.6 3.0 15.2

26-54 2500 37 1160 123232 0.2 1.8 6.0

26~54 7500 68 621 243800 1.0 1.8 0.0

26-54 12500 64 312 156803 1.8 2.6 0.0

26-564 17500 59 117 81827 ° 4.4 4.6 0.4

26-56 22500 15 31 22476 4,2 6.2 1.4

26-54 27500 23 20 17962 10.0 8.0 4.0

26-54 32500 51 63 46829 7.0 7.2 1.2

26—-54 37500 8 26 33615 2.6 1.4 0.6

26-54 425080 & 8 10533 G.4 2.6 3.0

——————— ———— - o 1t St Mol TS A SR T WS M W S W W T T W R S TEE T e o e ek o ey ey e it il ey ek M W WA

The above table gives the indexed values for the three
types of acci¢ent.rates, when the data are grouped according
to ADT for unﬂjvided medians. MNote that the "breakpoint™
for such ADT occurs at:about 17,500, and then continues to
about 42,500. Beyond this point there are few two-lane
roadway sections with a greater ADT. This breakpoint
probably représents one of the driving cenditions for a
roadway section to reach its potential for wet pavement

accidents involving low skid numbers.
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D. bomments And Summary

Using AC_RATE 3 for the criterion, the following
information is summarized from the preceding tables and from
Figure 12.

1Y MWhen all geometric classification records are

combined, the accident rate is nearly constant for skid

numbers greater than 26, but increases substantially as

the skid number decreases belouw 25.

2) Curves show the highest rate of accidents followed

by Weaving tangents and intersections. As one would

expect, these rates are substantially higher for
locations having skid numbers in the low range.

3) The following roadway parameters showu

substantially higher rates than thefr counterparts:

-— Undivided over divided;
-- 3 % Grades over level;
-— Ona-way roadways over conventional,
expressway and Treeway;
—— Two-lane roads over multilane roads.
43 There is little difference in accident rates
between rural and urban roads.

It is estimated that between 600 and 1100 miles (1.2
and 2.4 percent) of the state highway system uwould be
affected by tha implementation of the recommendations in
this report. This estimate is subjective for the following
reasons: ' -

1) It is based upon the proportional representation of

the prioritized roadway parameters in the SRI file,

which incorporate function requirements into the sample
selection at the expense of randomizaticn.

2) The length of bridge decks, curves and tangent

sactions are variable.

3) It was assumsd that 80 percent of the locatiens

having skid numbers less than 26 are in the outside
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lanes.  This is probably within 5 percent of actual

conditions.

The cost of increasing the skid resistance of all
locations havfng values less than 26 is estimated to be
between $6 miilion and $9 million. The cost of implementing
the recommendations in this report will be less because
other safety programs will justify improvements at some of
these locations. It is predicted that the net result will
be that the benefits will exceed the costs.
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APPENDICES

Appendix I contains the definitions of acronyms, terms,
functions, operaters, and variables.

Appendix II contains the descriptions of the data files
related to this study. Section A contains the data from the
INVENTORY files. Section B contains the data from the
ACCIDENT files. Section C contains a description of how the
files were developed.

Appendix III contains a listing of the source program,

which was used to perform the statistical analysis.

511







APPENDIX I. DEFINITIONS.

A. Acronvmsg

ASTHM = American Society for Testing and Materials.
B-C-I-W = Bridges, Curves, Intersections, andsor
v Weave sections. A nontangential roaduway
section {(or any type of roadway section --
" except a tangent section).
CALTRANS = California Department Of Transportation.
CHP ‘= California Highuway Patrol.
OTSPR = Office Of Traffic Safety Program And Research,
Traffic Safety Program Branch.
OTL = Office of Transportation Lsboratory,

Pavement Branch.

SAS = Statistical Analysis System. .
The computer software which was used to perform
the analysis of this study.

5R1 = Skid Resistance Inventory.

A highway inventory file, which is statistically
semipure, and which is primarily referenced for
skid number information.

OTL is primarily responsible for this file.

TASAS = Traffic Accident Surveillance and
Analysis System. The database which
contains the information in regard to accidents
on the highways in the State of -California.
DTSPR is primarily responsible for this system.

TRIS = Transportation Ressarch Information
Service. The softuware which selectively
extracts and prints information from a database
containing abstracts of articles related to the
field of transportation.

TSAR = TASAS Selective Accident Retriasval
system. The software which selectively extracts

and prints information from the TAS5AS database.
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B. Termi n‘;o:clf":o ay’
Skid number.
The ASTM manual (21) gives the following definition
for "skid number™.

"The test apparatus consists of an automotive
vehicle with one or more test wheels incorporated
into it or forming part of a suitable trailer towed
by a vehicle. The apparatus contains a transducer,
instrﬁmentétion, a water supply and proper
dispé%éing system, and actuatien controls for the
brake of the test wheel. The test wheel is
equipped with & standard pavement test tire."

"The test apparatus is brought to the desired test
speed. HWater is delivered ahead of the test tire
and the braking system is actuated to lock the test
tire. The resulting friction force acting between
the test tire and the pavement surface (or some
other quantity that is directly related to this
force) and the speed of the test vehicle are
recorded with the aid of suitable instrumentation.™

"The skid resistance of the paved surface is
determined from the resulting force or torque
record and repofted as skid number (SN), which is
determined from the force required to slide the
locked test tire at a stated speed divided by the
effecéive wheel load and multiplied by 100."

For this‘study, the "desired test speed™, or the

standardized test speed, was 40 mph.
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€. Functions And Operators

Lower cased letters followed by a colon are used to
distinguish a function or an operator from a subscripted

variable.
exp:
The base value, 2.7182818, raised to a poier.

For axample,

exp:(1.0)
exp:(2.0)

2.7182818 , and
7.38%90561 .

log:

The natural logarithm of a numbar. If the number
were to be transgenerated in terms of an exponent and a
bases, and if the base were to have a value of 2.7182818,

then the natural logarithm would be the exponent. For

example,
log:(2.7182818) = 1.9 , and
log:(7.3890561) = 2.0 .

sums:
A symbolic operator, which means, "The sum of all the

subscripted values of a variabla.,"™ such as,
sum:(AY = A(1l)Y + A(2) + A(3) + ... + A(I-1) + AC(CI3.

When the need for specific values of a subscript
arises, (which would be very seldom), the subscript of
the variable should be shown in the major equation, and
then the values of the subscript should féllou the major

equation and be specified on a separate line, such as,

TOTAL = sum:(ACi)®B(i;3))
for all i,
and § = 3, 14, 27, and 55.
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D.1. Input
ACC_CNTL

ADT

CLASS

1)

Access Control for the ROUTE.

CONV = Conventional Highuway.
EXPWY = Expressway.

FRWY = Fraesway.

ONEWY = One-way City Street.

Average Daily Traffic in both directions.

(Nﬁte: The 30th highest annual hourly volume is
equal to about 18 to 13 percent of the ADT.)
Classification (or type of alignment)} for
roaduway section. Except for curves, the values
for this variable are obtained by a visual
examination from the test vehicle,

For the purpose of the Statewide Skid Resistance
Inventory, "Curves" are defined as any change in
direction that will provide a lataral
acceleration greater than 0.126, when traveling
at the advised speed. (Only the ACCIDENT file
further classifies curves as turning either to
the inside (1eft) or to the ocutside (right).)
BC = Bridge on a Curve,.

BT = Bridge on & Tangent section.

€ = Curve..

I = Intersection on a Tangent section.
IC = Intersection on a Curve.

T = Tangent section.

WC = Weave section on a Curve.

WT = Weave section on a Tangent section.

{ 55 )



COUNTY = County. A listing of the abbreviations followu.

Het Time Ket Acc.

District 03 Percent Percent Ratio
BUT = Butte 5 18 3.6
COL = Colusa 3 14 4.7
EB = El Dorado 6 12 2.0
GLE = Glenn 4 12 3.0
NEV = Nevada 8 15 1.9
PLA = Placer 6 13 2.2
SAC = Sacramento G 17 4.3
SIE = Sierra 7 7 1.0
SO0L = Selano 4 19 4.8
SUT = Sutter 4 19 4.8
YOL = Yolo 4 13 3.3
YUB = Yuba 6 138 3.0
District 04 T
ALA = Alameda « 11 4.3
CC = Contra Costa G 16 4.0
MRN = Marin 6 2% 4,
NAP = Naps 5 19

SCL = Santa Clara 4 ' 14

SCR = Santa Cruz 6 18 3.0
SF = San Francisco 5 20 4.0
SM = San Mateo 5 22

SON = Sonoma 7 20 2.9
District 07
LA = Los Angeles 2 13 6.5
ORA = Orange 10

VEN = Ventura 9 3.

—————— — - o i oy S Tt N T W W SRS T W T T W S TN T W R W W TR W WY WE Y W v fyn rn . o B ke S

Table 11. Wet Time Paercent, Wet Accident
Percent, And Ratio: By County

The term, "Wet Time Percent", maans the wet time
expressed as a percentage of total time. It is
based on an ll~-year weather record (1957 - 1967),
and is used to determine the variable, PCT_MWET.
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DIST_SN

DISTRICT
" DV_UNDV

GRADE

LANES

N_S_E_MN

PREFIX
PST_MILE

f1

[

. Percent™, means the wuet
expressed as a_percentage of
is based on a 5-year peried

"Ratio™,
Parcent”

of the

atio
me Percent™.

ce. to Rt T
Di%tance from the location of the accident
to the location of the skid number in the
inientcry file. From the perspective of a

forward moving vehicle, the distance is positive
if the 5kid‘number

of the accident;

is located towards the rear
and the distance if

is located towards the front of

is negative
the skid number
(This variable
with the ACCIDENT file.)
District.

the accident. is associated only

‘Divided or Undivided median.

DV, Divided.
UNDV = Undivided.

Approximate slope of pavement in three

increments. The values for this variable are
obtained by a visual examination from the tést
(This variable
file.)
flat,

steeper than +3

vehicle.
the SRI

means

is associated only with

or less than + or — 3 percent.

+ means percent.

- means stemper than -3 percent.

Lanes in one direction.

is called the

The lane furthest frem
The

lane(s) between the inside lane and the cutside

The lane closest to the median
inside or Number 1 lane.

the median is called the outside lane.

lane is referred to as the middle lane(s).
North, South, East, or West direction.
Prefix associated with post mile.

Post Mile. Identifies a unigque location on the
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ROUTE
RRL_URB

SN

SN_I

SPD

SURFACE

TEMPRTR

roadway.
Route. |
Rural or Urban area location for route.
RRL
URB

The skid number adjusted for test spaed. It is

fl

Rural.

1

Urban.

the skid number which would have been obtained

if the test vehicle had been traveling at a speed
of 40 mph. Also, sometimes referred to as the
"adjusted skid number™, or "SN Sub-40", or
T"SN_40", or "SN(&Q)", or "the skid number®.

These are all shorter forms of the term, which
is written, "skid number subscripted 407,

Skid number unadjusted for test speed.

Also, sometimes referred to as the "Initial

Skid number™, or "SN Sub-I". (This variable is
associated only with the SRI file.)

Speed that is posted. Rounded off in increments
of 5 mph (such as, 20, 25, 306, ..., 50, E53}.

Surface type, such as concrete or asphalt.

PATCH = Patch.
DNG_AC = Dense Graded Asphalt Concrete

_ (Usually referred to as "DGAC™)
OPG_AG = 0Open Graded Asphalt Concrete.

{Usually referred to as "0GAC"™)

CHP_SL = Chip Seal.
PCC = Portland Cement Concrate.
PCC_GR = Portland Cement Concrete - Grooved.
EPOXY = Epoxy.
SLR_SL = Slurry Seal.

Temperature in Fahrenheit degrees recorded at the
time when the test for the skid number was made.
(This variable is associated only with the SRI
file.)
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TERRAIN

TST_SPD

WEATHER

°Té

¥n. The'values for this variable are
obtained from a visual examination of the
ph&tolog. (This variable is associated only
with the ACCIDENT file. It is similar to the
variable, GﬁADE, in the SRI file, except that
th& varisble, GRADE, is obtained from a field
obséervation rather than from a photolog.)

F = Flat (less than + or - 3 % grada).

MU = Mountainous Up (steeper than + 3 % grade).
MD = Mountainous Douwn (steeper than - 3 % grade).
RU = Rolling Up (stéeper than + 3 % grade).

RU?= Rolling DBown (steeper than - 3 X% grade).
Test Speed, or speed recorded st the time of

the test for skid number. Rodnded off in
inérements bf 5 mph (such as, 20, 25, 30, ...,
50, 55). (This variable is associated only with
the SRI file.)

Weather recorded at the time of the test for
skid number. These values are determined by
personal judgment and visual examination. (This

variable is associated only with the SRI file.)

CLEAR = Clear.
CLOUDY = Cloudy.
RAINY = Rainy.
WINDY = Windy.



D.2. Transgenerated Variables Used In SRI
And ACCIDENT Files

ADT

LANE_ADT

PCT_MWET

SN_RANGE

WET_ADT

ADT rounded off in increments of 5800

{such as, 2500, 7580, 12500, ..., 37500, 42500).
Lane ADT, or

LANE_ADT = 0.5 % ADT - LANES.

Percent of time that pavement is uet.
(Transgenerated from a table of correspondences
between the County and the percent of time that
the County is uwet. Refer to COUNTY variable.?

A range of skid numbers, generally used only for
two groups of low and high values (such as,
17-25 and 26-54),

The watted ADT. Or,

WET_ADT = 0.081 * PCT_MWET = ADT .

( 60 )



D.3. QOutput Varisbles

AC_RATEL = Accident rate of the first kind, or
AC_RATE1l = FRQ_ACC ~ FRQ_INV .
AC_RATE2 = Accident rate of the second kind, or
AC_RATE2 = FRQ_ACC 7 TWET_ADT .
AC_RATE3 = Accident rate of the third kind, or
AC_RATE3 = FRQ_ACC - (TWET_ADT®%FRQ_INV) .
FRQ_ACC = The frequency of an implied category (or of a
'coﬁbination of implied categories) in an
ACéIDENT file. (A category is explicit when thsa
variable; FRQ_ACC, is subscripted.) For sxample,
suﬁpuse there were two categories, such as CLASS
and SN. Suppose further that the value for CLASS
wa; "curves™; that the value for SN was "25™; and
that there were 100 curves with a skid number of
25, Then FRQ_ACC could be explicitly expressed
és;follows:
FRE_ACC(CLASS;SN) = FRQ_ACC(curves,25) = 100 .
FRQ_INV = The frequency of an implied category {(or of a
combination of implied categorissl) in an
INVENTURY file. (A category is explicit when the
variable, FRQ_INV, is subscrihted.) For example,
5uppose‘there were two categories, such as CLASS
an& SN. Suppose further that the value for CLASS
‘was "curves™; that the value for SN was "25"; and
that there uwere 100 curves with a skid number of
25. Then FRQ_INV could be explicitly expressed
as follous;,
FRQ_INV(CLASS,SN) = FRQ_INV(curves,25) = 100 .
_FREQ_ = The frequency of an implied category (or of a

combination of implied categories) in a

SUMMARY file. (A category is explicit when the
variable, _FREQ_, is subscripted.) For example,
subpose there mere two categories, such as CLASS
and SN. Suppose further that the value for CLASS
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was "curves™; that the value for SN was "25"; and
that there were 100 curves with a skid number of
25. Then _FREQ_ could be explicitly expressed

as followus,

FREQ_(CLASS,SN) = _FREQ_{curves,25) = 100 .

The total sum of the wetted ADT's, or

THET_ADT = sum:{(WET_ADT) .

Type of summary for a3 given number of variables,

TWET_ADT

_TYPE_

Example: Assume that the summary includes threae
variables: €, B, and A. Variables are assigned
values in the order of 4, 2, 1.

Therefore, assign C the value of %, =&z}

the valus of 2, and assign A the value of 1.

_JTYPE_ = 0, would mean that all variables are
grouped together in the summary.

_TYPE_ = 1, wWwould mean that enly variable A is
being varied.

~TYPE_ = 2, would mean that only variable B is
being varied.

“JTYPE_ = 3, would mean that variable A is5 being
varied under the varying influence of variable B.
_TYPE_ = 4, would mean that only variable C is
being varied.

_TYPE_ = 5, would mean that variable A is being
varied under the varying influsnce of variable C.
_TYPE_ = 6, would mean that variable B is being
varied under the varying influence of variable C.
_TYPE_ = 7, would mean that variable A is being
varied under the varying influence of both variables
B and C, while variable B is being variaed under the

- varving influence of variable C.
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APPENDIX II. FILES

RData frem the SRI file and the ACCIDENT file are
presented in this section. The primary function of the SRI
file has been to serve as a database and to identify arsas

that have low skid numbers for further investigation.

-A. INVENTORY Files

A.l. Inventory Data

For this study the data in the SRI files are limited
the outside lanes. The study peariod was from 6/80 thru 6/81
for Districts 03 and 04. However, for Bistrict 07, the
study pericd was from 6781 thru 6782, because of the manner
in which the skid testing was schedquled during tha period
from 6780 thru 6/82. Generally, it takes about four years
to test the entire state, with many locations reported every
year or every other year.

The SRI file for District 03 originally had 3123
records of which 3116 records were found to be acceptable.
District 04 had 2335 records of which 2332 records uwere
found to be acceptable. District 07 had 4045 records of
which 4044 records were found to be-acceptable. This
combines for a total of 96492 acceptable records. The‘major
cause for rejection {8 out of the 11) concerned the
unorthodox geometrical classification, "WTM", which involves
(HW)eave sections on (Tlangents next to (Mledians.

The skid numbers appear to be normally distributed with
a mean equal to 37.1 and a standard deviation of 6.6. This
means that about 68 percent of the skid numbers are between
30.5 and 43.7. The distribution has a skew equal to
0.150224 (which means that it is slightly skewed to the
rioht), and has a kurtosis equal to -0.0036234., (Refer to
the column labeled, "FRQ_INV"™, in Table 1 of the discussion.
Refer, also, to Figure 17 in this APPENDIX.)

The SRI file contained 2209 tangent sections and 7283
B-C-I-W sections. OFf the 7283 B-C-I-W sections, 442 were
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" curves, 897 wuwe

Y e T : . .
re bridges, 2232 were intersections, and 3712

‘weave-sections.

The data;from the SRI Tiles for the three districts is
summarized asﬁfollows.

About 72 percent of the grades in the SRI file are less
than three percent; about 14 percent of the grades go up;
énd about 14 gercent of the grades go down. Intersections
are the leastﬂlikely to be built on a grade, and curves are
the most likely. For example, about 22.0 percent of the

intersections have grades which were steeper than or egual

‘to + or - 3 percent. About 24.1 percent of the bridges,

about 25.8 percent of the weave sections, about 33.4 percent
of the tangent sections, and about 58.4 percent of the
curves have such steep grades. This Noul& suggest that the
accident ratég on curves might be considerably affected by
the their grades, becadse grades, themselves, demonstrated
high rates for wet pavement accidents. '

Approximgtely 22.4 percent of these highways have only
ona lane in eéch direction, 30.2 percent have 2 lanes, 1%.3

percent have 3 lanes, 21.6 percent have 4 lanes, 5.4 percent

héve 5 lanes,; and 0.7 percent have & lanes.

Approximately 59.1 percent of the highuways are
freeways, 36.4 percent are of the conventional type, and 4.1
percent are e%pressuays. Only 0.4 percent are one—Way
streets. | .

Approximately 73.9 percent of thase highuways have
divided mediaps, and 26.1 percent have undivided medians.

Approximately 36.3 percent of these highways are
located in rural areas, and 63.7 percent are located in
urban areas.

About 7?:percent of the posted speed limits for these
highuays are 55 mph, 3 percent are 50 mph, 5 percent are 45
and 40 mph, f‘percent are 35 mph, one percent are 30 mph.,
and 2 pé}cent are 25 wmph. There are hardly any posted spaeed
limits of 20 and 15 mph. Thus, because of such a "lopsided”
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amount of 55 mph posted speed limits, it would be difficult
to conduct any sort of statistical analysis of accident
rates involving posted speed limits.

About 41 percent of these highways are surfaced with
dense graded asphalt concrete (DGAC), 33 percent with PCC,
15 percent with PCC-grooved, 7 percent uwith open graded
asphalt concrete (0GAC), 3 percent wWwith chip seal, one
percent with slurry seal, and a faw pavements have patch,
epexy, or "other™ types of surfaces. _

.With the exception of chip seals, all pavements tended
to have an average skid number of about 37. Following is
table which summarizes these average values for the skid
numbers of the various types of roadway surfaces in the SRI
file.

SURFACE ézggéﬁﬁﬂBER EEMEEEPLES
DNG_AC  37.% 3932
OPG_AC 36.9 704
PCC 35.9 3103
PCC_GR 36.5 1433
CHP_SL 43.9 243
SLR_SL 38.1 48
EPOXY 34.0 16
PATCH 33.9 7
OTHER 38.0 4

o e s e W M S T Ty i Sed LA AL LS de S W S —

The relatively small sample size of the chip seal
surfaces could be misleading. There is a tendency to test
good chip seal pavements less frequently because their high
skid resistance tends to cause relatively great wear of the
test tire. Conversely poor chip seal pavements are tasted
more frequently to better delineate the possible praoblem
area.

The present policy is to test for skid resistance at,

or as nhear as possible to, the posted or advisable speeds,
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Howeﬁer. there are obcégions when extremely sharp curves,
steep grades, and heavy traffic make it impossible to follow
this policy.

About 41 percent of the tests were conducted at a speed
of 55 mph, 20 percent at 50 mph, 11 percent at 45 mph, 8
percent at 40 mph, 8 percent at 35 mph, 5 percent at 30 mph.
5 percent at 25 mph, 2 percent at 20 mph, with less than 172
percent conducted at a spead of 15 mph.

Figures and Tables that show characteristics of the
Skid Resistance Inventory (SRI) data are presented on the
following pages.

A.2. Figures And Tables For Inventory Data
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Fig. 13. Geometric Classification Percentages
{8C, BT, C, I, IC, T, WC, WT)
DISTRICTS 03, 04, AND 07
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Figj; 14; Seometri!c*_i:l'é's's?ﬁca;tioﬁi‘Per‘centa'gas
(BT, C, I, Ty WT)
DISTRICTS 03, 04, AND 07
OUTSIDE LANE ONLY == SKID NUMBERS 17 THRU 54
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skid Number vs SPFD {Posted Speed)

Fig. 23.
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Fig: 26+ TST_SPD {Test<Speed) Percentages’
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Table 12. Summary OFf FRO_INV, TWET_ADT
By CLASS, GRAUE, DV_UNDV, SN_RANGE

DISTRICTS 03, 04, AND 07

OUTSIDE LANE ONLY =- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6780 THRU 6/81 == ALL LOCATIONS
-------------- o INVENTORY FILE ==w—==ww===m=e=
_TYPE_  CLASSZ  GRADE  DV_UNDV SN_RANGE  _FREQ ~ THET_ADT
0 9492 17123581
1 17-25 312 356064
1 26-54 9130 16767518
2 DIV 7015 16325232
2 UN_DIV 2477 798350
3 oIV 17-25 199 269110
3 DIV 26-5& 6816 16026122
3 UN_DIV 17-25 113 56954
3 UN_DIV 26-54 2364 741396
4 + 1298 2211738
4 - 1365 1546661
4 = 6829 12965182
5 + 17-25 30 24376
5 + 26-54 1268 2157362
5 - 17-25 44 39327
5 - 26-54 1321 1567334
5 = 17-25 238 292361
5 = 26-54 6551 12672822
6 + bIV 925 . 2105079
6 + UN_DIV 373 106659
6 - DIV 818 1807328
6 - UN_DIV 547 139333
6 = DIV 5272 124128264
6 = UN_DIV 1557 552358
7 * pIV 17-25 21 17605
7 + DIV 2654 504 2087474
7 + UN_DIV 17-25 9 6770
7 * UN_DIV 26-54 364 $9588
7 - DIV 17-25 29 32858
7 - DIV 26-54 789 1774470
7 - UN_DIV 17-25 15 6469
7 - UN_DIV 26-54 532 132863
7 = pIv 17-25 149 248646
7 = DIV 26-54 5123 12164178
7 = UN_DIV 17-25 89 43714
7 = UN_DIV 26-54 1668 508644
a8 BC 8 15774
8 BT 889 2170382
8 c : 442 123564
a b4 2098 1355344
8 ic 134 65163
8 T 2209 3276772
8 He 9 15063
8 W 3703 10097115
9 BC 26-54 8 19774
9 BT 17-25 11 18305
9 BT 26-54 a78 2152077
9 c 17-25 13 6249
) c 26-54 429 117715
9 I 17-25 160 154890
9 I 26-54 1938 1200654
9 i 17-25 8 10945
9 e 26-54 126 54213
9 T 17-25 70 59657
9 T 26-54 2139 3217115
3 WC 26-54 9 15068
9 uT 17-25 50 106018
9 WT 26-54 3653 9991097
18 BC oIV 3 18980
10 BC UN_DIV 5 796
10

BT DIv 799 2138202

{ 8172



‘Table 12

Summary OF FRQ_INV; TWET_ADT
By CLASS, GRADE, DV_UNDV, SN_RANGE

TYPE_

10
10
1o
10
18
10
10
10
10
10
10
10
10
11
11

i1

11
11
11
11
11
11
11
11
11
11
11
11
b
11
11
11
11
n
11
11
11
11
11
11
12
12
12
12
12
12
i2
12
12
12
iz
12
12
12
12
12
12
12
12
12

12

DISTRICTS 03, 04, AND 07
QUTSIDE LANE ONLY -- SKID NUMBERS 17 THRU 54

ACCIDENTS FROM 6/80 THRU 6/81

e 2 B

CLAss2

BT
c
C
I
I
Ic
IC

SBBHREE

GRADE

I+-!IIHl'-‘-llll‘-lll'l-lll"-i-lll'|'Ill

INVENTORY FILE

ov_unpv

UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
DIV
UN_DIV
UN_DIV
DIV
DIV
UN_DIV
UN_DIV
DIV
oIV
UN_DIV
UN_DIV
DIV
DIV
UN_DIV
UN_DIV
DIV
DIV -
UN_DIV
UN_DIV
DIV
UN_DIV
DIV
DIV
UN_DIV

¢ 82 3

SN_RANGE

26-54
246-54%
17-25
26=54
17-28
26-54
17-25
26-54
17-25
26~54
17-25
26-54
17-25
26-54
17-25
26-54
17-25
26=54
17-25
26~54
172-25
26=-54
26=54
26-54
17-25
26-54
26=54

8 et g B e e o -

~FREQ_

90
31
411
984
1114
34
1co
1479
730

3677
26

791
87

29
11
400

898
7%
1040

31

95
20
1429
20
710

Eo
3827
26

119
95
675
a2
176
184
205
239
1654
17
31
a6
392
346
1471

483
475

TRET_ADT

32180
38831
85133
907722
467622
39189
25975
3081235
195534
14258
az2n
10086824
10291
18980
794
17186
2121018
1119
31061
1960
35871
4289
80843
111530
796192
43360
404262
7772
31416
3172
22802
54644
3026591
5013
190523
14248
a20
106015
9980806
10291
5702
14071
329664
215649
1625069
22342
42290
59332
138978
139818
1076547
9552
13019
42563
511579
345127
2620046
1240
13828
1199594
1183816



Table 12, Summary OF FRE_INV, TWET_ADT
By CLASS, GRADE, DV_UNDV, SN_RANGE

DISTRICTS 03, 04, AND 07
OUTSIDE LANE ONLY ~-- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 -- ALL LOCATIONS
--------------- INVENTORY FILE —me=we=m==e-=a=--

. _TYPE_ CLASSZ GRADE DV_UNDV SN_RANGE _FREQ_ TWET_ADT
12 WT = 2745 7713706
13 BC - 26-54 2 5702
13 BC = 26~54 & 14071

* 13 BT + 26=54 119 32966%
13 BT - 17-25 : 2 2260
13 BT - 26-54 93 213339
13 BT = 17-25 9 16045
13 BT = 26-54 6bé 1609024
13 c + 17-25 2 761
13 [ * 26=56 80 21551
13 c - 17-25 8 2441
13 ¢ - 26-54 168 38849
13 c = 17-25% 5 PCY,
13 c = 26-54 181 57285
13 I + 17-25 8 7021
13 1 + 26-54 197 131957
13 1 - 17-25 10 12150
13 I - 26~54 229 127529
13 I = 17-25 142 135578
13 I = 26-54% 1512 940869
13 Ic ¥ 17-25 1 690
13 Ic + 26-54 16 8892
13 Ic - 17-25 1 668
13 Ic - 26=54% 30 12351
13 Ic = 17-25 & 9587
13 ic = 26-54% 80 32976
13 T + 17-25 12 8383
13 T + 26-54 380 503195
13 T - 17-25 11 8686
13 T - 26-54% 335 336461
13 T = 17-25 47 42587
13 T = 26-54% 1424 2377479
13 WC - 26-54% 1 1240
13 WG = 26-54 a 13828
13 WT + 17-25 7 7520
13 WT + 26-54% 476 1192074
13 WT - 17-25 12 12082
13 WT - 26-54 463 1171734
13 WT = 17-25 31 86416
13 WT = 26-54 2714 7627290
14 BC - DIV 1 5680
14 BC - UN_DIV 1 22
14 BC = DIV 2 13300
is BC = UN_DIV 4 771
14 BT + DIV 118 328240
14 BT + UN_DIV 4 1424
14 BT - oiv &8 214355

. 14 BT - uN_DIV 7 1294
14 BT = DIV 596 1595607
1% BT = UN_DIV 75 29462
1% c + DIV 5 6027
14 c + UN_DIV 77 16314

- 14 c - by 12 11167
14 C - UN_DIV 164 31123
14 c = DIV 14 21637
14 c = UN_DIV 170 37656
14 I + DIV 77 0421
14 I + UN_DIV 128 48557
14 I - nIv 70 79207
14 i - uN_DIV 169 60611
14 I = DIV 837 738094
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Table 12. Summary OF FRQ_INV, THET_ADT
By CLASS, GRADE, DV_UNDYV, SN_RANGE

: DISTRICTS 03, 04, AND 07
© QUTSIDE LANE ONLY -- SKID NUMBERS 17 THRU B4

ACCIDENTS FROM &80 THRU 6/81 =-- ALL LOCATIONS
, e ———————— INVENTORY FILE —————=meme———e-

_TYPE_ CLASS2 GRADE DV_UNDV SN_RANGE _FRER_ THET_ADT
14 R ¢ = UN_DIV 817 338453
14 i (- + pIv 6 7427
i4 Ic + UN_DIV 11 2155
14 Ic - DIV a 8179
14 L IC - UN_DIV 23 4840
1% ic = DIV 20 23583
14 [ ¢~ = UN_DIV 66 18980
14 tT + biv 244 476317
14 T + UN_DIV 148 35261
14 T - DIV - 149 306266
14 T - UN_DIV 177 38861
1% T = DIV 1066 2298652
14 T = UN_DIV 405 121414
1% He - oIV 1 1240
14 We = oIV 7 13008
1% We = UN_DIV 1 820
14 CWT + DIV 478 1196646
14 WY + UN_DIV 5 2947
14 WT - oIV 459 1181234
14 WT - UN_DIV 6 2581
14 WT = oIV 2730 7708943
14 WT = UN_DIV 15 4762
15 BC - DIV 26~54 1 5680
15 ac - UN_DIV 26-54 1 22
15 BG = DIV 26-54 2 13300
15 BC = UN_DIV 26-54% 4 771
5 BT + DIV 26-54 115 3262480
15 BT + UN_DIV 26-54 T4 1426
15 - BT = DIV 17-25 2 2260
15 BT - DIV 26-54 86 212095
15 -~ BT - UN_DIV 26-54 7 1294
15 BT = DIV 17-25 & 14925
15 BT = DIV 26-54 590 158061
i5 BT = UN_DIV 17-25 3 1119
15 BT = UN_DBIV 26-56 76 28343
15 c + DIV 26-54 5 5027
15 c + UN_DIV 17-25 2 761
15 e + UN_DIV 26-54 75 15553
15 o - DIV 26-54 12 11167
15 c - UN_DIV 17-28% 8 3461
15 c - UN_DIV 26~54 156 27682
15 B - = DIV 17-25 2 1960
15 R ] DIV 26-54% 12 19677
i5 ¢ = UN_DIV 17-25 1 a7
15 t = UN_DIV 26-54 169 37609
15 .1 * nIv 17-25 3 2308
15 . + DIV 26-54 7% 88113
15 I + UN_D1V 17-25 5 4713
15 I 3 UN_DIV 26-54 123 43844
15 I - DIV 17-25 5 9850
15 I - DIV 26-54 65 69357
15 I - UN_DIV 17-25 5 2340

. 15 I - UN_DIV 26-56 1564 58272
15 I = DIV 17-25 78 99372
15 1 s DIV 26-54 759 438723
15 I = uN_DIV 17-25 &4 36307
15 I = UN_DIV 26-54 753 302145
15 ic * DIV 26-54 6 7427
15 Ic + UN_DIV 17-25 1 650
15 ic + UN_DIV 26-54% 10 1465
15 Ic. - pIv 26~54 8 8179
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Table 12.

Summary Of FRQ_INV, THWET_ADT
By CLASS, GRADE, DV_UNOV, SN_RANGE

_TYPE_,

i5
i5
15
15
15
15
15
i5
15
15
15
15
15
15
ib
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

——————— . . . o o

CLASS2

Ic
Ic
ic
ic
ic
Ic
T

CEER TR S S

DISTRICTS 03,
OUTSIDE LANE ONLY -~ SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU &/81

INVENTORY FILE

GRADE

PV ++++ 00011

Hoib w1 &+ L

DV_UNDV

UN_DIV
UN_DIV
D1V
oIV
UN_DIV
UN_DIV
DIV
DIV
UN_DIV
UN_DIV
pIV
DIV
UN_DIV
UN_DIV
oIV
DIV
UN_DIV
UN_DIV
DIV
DIV
UN_DIV
DIV
oIV
UN_DIV
DIV
DIV
UN_DIV
IV
DIv
UN_DIV
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0%, AND 07

== ALL LOCATIONS

SN_RANGE

17-25
26-54
17-25
26-54
17-25
26~54
17-2s
26~54%
17-25
26-54
17-25
26~54%
17-25
26-5%
17-2%
26-5%
17-25
26=-54%
26~54%
26-54%
26-54
17-25
26-54
26-54
17-25
26-54
26-54
17-25
26-5G
26--54

_FREGQ_

1
22
3
17
3
63
11
233
1
147
10
159
1
176
29
1037
13
387

26%9

TWET,_ADT

668
4172
7772

15810
1814
17165
7777
458560
606
36655
B66E
2%7600
20
38840
38200
2260451
4387
117027
1240
13008
8z0
7520
1189125
2947
12082
1169152
2581
864156
7622527
4762






B. ACCIDENT Eiles
B.l. Accident Data

The original ACCIDENT files used in this study were
obtained from the TASAS wet pavement accident report for the
period between 06780 and 06/81. Only accidents, which

occurred in the outside lane and in Districts 03, 04, and

07, weare used for this study.

The ACCIDENT file for District 03 had 436 records of
which 279 were matched to skid numbers in the SRI file.
District 04 had 1702 records of which 724 were matched to
skid numbers in the SRI file. District 07 had 1290 reacords
of which 1027 were matched to skid numbers in the SRI file.
This combines for a grand total of 2030 usable records. Thea
unmatched data resulted because the SRI testing did not
include all of the accident locations during the specified
time frame.

The skid numbers for the acecidant locations appear to
be normally distributed with a mean equal to 34.7 and with a
standard deviation equal te 5.8. This means that about 68
percent of the accidenits occur on pavements that have a skid
resistance between 28.9 and 40.5. The distribution has a
skew equal to =-0.11325 {(which means that the skew is to the
left), and has a kurtosis equal to 0.677289. {(Refer to the
column labeled, "FRQ_ACC™, in Table 1. Refer, also, to the
Figure 31.)

About 42 percent of the accidents occurred on tangent
sactions, and about 58 percent occurred on nontangential or
B-C-I-W sections. As has besen explained elsewhere in the
text, the available data do not permit a direct comparison
of the accident rates between tangent sections and any
B-C-I~-W section. However, the accident rate on tangent
sections must ba extremely low in compariscon to the accident
rate on any B-C-I-W section, hecause there uould seem to be
many more vehicle-miles asscciated with tangent sections
than with any of the B-C-I-W sections.

-
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About 13 percent of the accidents occurred on steep
uphill grades, 17 percent on steep downhill grades, and 70
percent on relatively flat grades.

On steep grades, the highest proportion (54 percent) of
accidents occurred on curves, 34 percent on bridges
(although ole about 24 percent of the bridges have steep
grades), 33 percent on weave sections, 24 percent on tangent
sections: and 18 percent on intersections.

About 45 percent of the accidents occurred on DGAC, 20
percant on nongrooved PCC, 19 percent on grooved PCC, 15
percent on OGAC, and only one percant on chip sealed
surfaces. _ 

Figures gnd Tables that show characﬁeristics of the

accident data are presented on the following pages.

B.2. Figures And Tables For Accident Data
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Fig. 27. Geometric Classification
(BC» BTy Cy I, IC, T» WCy KT}

DISTRICTS 03, 04, AND 07

OUTSIDE LANE ONLY -- SKID NUMBERS 17 THRU 56

ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS
BT U - ACCIDENT FILE —mwmmu—wmman— -
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Figi'as."Gedmeiiickclassificatioﬁﬁ
. (BTs Cy I, Ty HT)
DISTRICTS 63, 04, AND 07
QUTSIDE LANE ONLY -~ SKID NUMBERS 17 THRU 54

.ACCIDENTS FROM 6/80 THRU 6/81 ~~ ALL LOCATIONS
m————— ACCIDENT FILE ~—vesmmmm==m=as
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Fig. 29. GRADE Percentages
{(+y =y =)

DISTRICTS 03, 04, AND 07
DUTSIDE LANE ONLY -- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 681 -- ALL LOCATIONS
e ——— ACCIDENT FILE ~mmmmmmmm—me——e
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GRADE Percentages By CLASS

Fig. 30.
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SPD (Posted Speed) Percentages

Fig. 32.

ALL LOCATIONS

94, AND 07
SKID NUMBERS 17 THRU 54

DISTRICTS 03,

QUTSIDE LANE ONLY

ACCIDENTS FROM 6/80 THRU 6/61
mosammmmsummae ACCIDENT FILE ——mmm———mm—————
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Fig. 33. SURFACE Percentages

DISTRICTS 03, 04, AND 07

OUTSIDE LANE ONLY -- SKID NUMBERS 17 THRU 54

ACCIDENTS FROM 6/80 THRU 6/81 -- ALL LOCATIONS
wsmmsummmmeme= ACCIDENT FILE ———-=--==ae- ——
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Tsble 13. Summary OF FRGZACC, TWET_ADT™
By CLASS, GRADE, DV_UNDV, SM_RANGE

DISTRICTS 03, 04, AND 07

QUTSIDE LANE OMLY =-- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS
—vm————— ACCIDENT FILE ~wwmmmum—=———n-

_TYPE_  CLASS2  ©SRADE  DV_UNDV  SN_RANGE  _FREQ_  THET_AOT
9 2030 4757681
1 17-25 118 148792
1 26-54 1912 4608890
z DIV 1673 4522668
2 UN_DIV 357 235014
3 DIV 17-25 62 104623
3 DIV 26-54 1611 4418044
3 UN_DIV 17-25 56 44168
3 UN_DIV 26-54 301 190845
4 + 257 665291
4 - 353 706929
4 =z 1420 3385461
5 + 17-25 6 10337
5 + 26-56 251 654954
5 - 17-25 10 14260
5 - 26-54% 343 692669
5 = 17-25 102 126194
5 s 26-54 1318 3261266
6 + DIV 204 634067
6 + UN_DIV 53 31224
6 - DIV 267 663591
é - UN_DIV 86 43338
4 = DIV 1202 3225009
6 = UN_DIV 218 160451
7 * DIV 17-25 5 9750
7 + oIv 26-54 159 624317
7 + UN_DIV 17-25 1 587
7 * UN_DIV 26-5% 52 30637
7 - DIV 17-25 4 8797
7 - DIV 26-54 263 654794
7 - UN_DIV 17-25 6 5463
7 - UN_DIV 26-54 80 37875
7 = DIV 17-25 53 85077
7 = DIV 26-54 1149 31358933
7 = WN_DIV 17-25 59 33118
7 = UN_DIV 26-5% 169 122334
8 - BG ‘ 16 80508
8 U BT . 49 263018
8 g g 326 802594
8 I 293 252731
8 Ic 27 28868
8 T 846 2090339
8 THC a1 145947
Y "WT 392 1073276
9 - BC ' . 26-5% 16 80503
9 BT 26-54 49 263018
9 c . 17-25 8 12566
9 ¢ 26-54 318 790427
9 T 17-25 42 38910
® I 26-54 251 213821
9 Ic 17-25 3 5902
9 ic ‘ 26-54 24 22966
9 T 17-25 50 70891
9 T 26~54 796 2019648
9 uC 17-25 2 779
9 HC 26-54 79 165168
9 WT 17-25 13 19743
9 WT 26~54 379 1053533
10 BC DIV 16 80508
10 BT DIV 48 262441
10 BT UN_DIV 1. 577

{ 95 )



Table 13. Summary Of FRQ_ACC, THET_ADT
By CLASS, GRADE, DV_UNDV, SN_RANGE

10
10
10
i0
ic
10
10
10
10
ic
10
10
11
il
11
11
11
11
11
11
11
11
11
11
11
11
11
11
i1
11
1t
11
11
il
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

TYPE_

OUTSIDE LANE ONLY «- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6781 -~ ALL LOCATIONS
rummmunnmenmee ACCIDENT FILE ——=——-=cceceweew.
CLASS2 GRADE DvV_UNDV SN_RANGE _FREQ_
c BIV 265
c UN_DIV 61
I DIV 196
I UN_DIV 97
Ic nIv 15
ic UN_DIV 12
T D1V 726
T UN_DIV 122
HC nv -39
We UN_DIV 30
HT DIV 358
NT UN_DIV 3%
=1 BIvVv 26~54 16
BT DIV 26-54 48
BT UN_DIV 2654 1
c oIV 17-25 )
c o1v 26-54 261
c UN_DIV 17-25 4
[ UN_DIV 26~54 57
I niv 17-25 19
I DIV 26-54 177
I UN_DIV 17-25 23
I UN_DIV 26-54 74
Ic nIv 17-25 1
Ic DIV 26-54 14
Ic UN_DIV 17-25 2
IC UN_DIV 26~54 10
T DIV 17-25 28
T DIV 26~54 696
T ‘UN_DBIV 17-25 22
T UN_DIV 26=-54 108
il oIV 26+54 51
WG UN_DIV 17-25 2
Wue UN_DIV 26-54 28
WY DIV 17-25 10
NT DIV 26-54 348
WT UN_DIV 17-25 3
WT UN_DIV 26=-54% 31
BC + 6
BC - G
BC = [
BT + 6
BT - &
BT = 37
[ + 66
c - 109
c = 151 -
I + 19
I - 27
I = 247
Ic + 4
ic - 7
ic = 16
T + 96
T - 105
T = 645
WC + 15
WG - 37
WG = 29
NT + 45
WT - 58

DISTRICTS 03, 04, AND 07

¢ 96 )

THET_ADT

769750
33244
130884
71847
16081
12787
2004275
86065
153075
12872
1855653
17623
80508
262641
577
7402
762348
5164
28089
24588
156296
14322
57524
3022
13059
2879
9907
51691
1952583
19200
66865
153075
779
12093
17919
1037733
1823
15808
28720
14338
37450
42064
22452
198302
178920
219355
404718
17532
25538
209461
30456
4506
19315
268604
263602
1558133
14467
40769
110711
111938
114168



Table 13, Summary ‘Of FRQ_ACC, TWET_ADT
By CLASS, GRADE, DV_UNDV, SN_RANGE

DISTRICTS 03, 04, AND 07
OUTSIDE LANE ONLY -- SKID MUMBERS 17 THRU 564
ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS
| mmmm——————— ACCIDENT FILE ====em—m e

FREQ_  THWET_ADT

TYPE_ LLASSZ GRADE DV_UNDV SN_RANGE

12 NT = 289 847170
13 . BC + 26-54 6 28720
13 . BC - 26~54 & 14336
i3 B8C = 26-54 6 37450
13 BT + 2654 6 42064
13 BT - 26-54 6 22652
i3 . BT = 26-54 37 198302
13 g + 26-54 56 178920
13 c - 17-25 1 1957
13 c - 26-54 108 217358
13 e z 17-25 i 10569
13 " C = 26~54 144 396149
13 I + 17-25 2 2550
13 I + 26~5% 17 14982
13 I - 2654 27 25535
13 I = 17-25 40 36361
13 S I = 26~54 207 173300
13 ic + 2654 4 3046
13 - Ic - 17-25 1 1997
13 Ic - 26-5% 5 4509
13 ic = 17-25 2 3905
13 - IC = 26-54 14 15410
13 T + 17-25 3 72060
13 T + 26-54 93 261404
13 T - 17-25 & 9487
13 » T - 26-54 39 254115
13 o | = 17-25 41 54204

_ 13 T = 26-54 504 1503929
13 HC + 17-25 1 587
13 WC + 26-54 14 13880
13 HC - 17-25 1 192
13 We - 26-54 36 40577
13 We = 26-54 29 110711
13 WT + 26~54 45 111938
13 WT - 17~25 1 587
13 WT - 26-54% 57 113581
13 WT = 17-2% 12 19155
13 ©WT = 26-54 277 828015
1% BC + DIV 6 28720
14 . BC - DIV & 14338
14 BC = oIV 6 37450
14 BT + DIV 6 42064
i4 BT - DIV 6 22652
14 BT = DIV 3% 197725
14 . BT = UN_DBIV 1 577
14 . + DIV 51 172055
1% c + UN_DIV 15 6325
14 . C - DIV 30 208708
14 R - UN_DIV 19 10847
14 c = pIv 124 3868946
14 c x UN_DIV 27 15772
14 T + DIV 13 13646
1% I + UN_DIV 6 3886

' 1% I - DIV 15 18307
14 I - UN_DIV 12 7231
14 I = DIV 168 148931
14 T z UN_DIV 79 60730
14 . IC + b1V 2 109¢
14 ic + UM_DIV 2 1952
14 ic - DIV 3 2623
14 Ic - UN_DIV 4 3883
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Table 13.

Sunmary OFf FRQ_ACC, THET_ADT
By CLASS, GRADE, DV_UNDV, SN_RANGE

_TYPE_

14
14
14
14
14
14
14
1%
14
15
i4
14
14
14
1%
14
14
14
14
14
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
i5
15
15
i5
15
15
i5
15
15
15
i5
15
15
15
15
15
15
15
15
15

OUTSIDE LAME ONLY -- SKID NUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81
ACCIDENT FILE

CLASSZ

Ic
- IC

HraHrqudHqut1nr1nt1n<10t13£ggigggg Eiﬁ!ﬁﬁ!ﬁﬁ?;ﬁ%%ﬁ%;ﬁ-ﬂﬂ-14-4#

HHHHHHA
O00000

L o ]
”'nnn

DISTRICTS 03, 04, AND 07

GRADE

[ 2 TR T T 3 T I T T T T N TN T (20 T T ¢ T TN T O T O T T T O T T N IO O | T I IO DO S [ T N A N O [ U B IO 1 NI O B N I T |

ovV_UnDv

b1V
UN_DIV
pIv
UN_DIV
pIv
UN_DIV
nIv
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DLV
UN_DIV
DIV
UN_DIV
DIV
UN_DIV
DIV
DIV
b1V
DIV
bIv
DIV
UN_DIV
oIV
UN_DLV
bIv
UN_DIV
UN_DIV
bV
DIV
UN_DIV
UN_DIV
DIV
DIV
UN_DIV
DIV
UN_DIV
nIv
DIV
UN_DIV
UN_DIV
DIV
UN_DIV
DIV
UN_DTV
UN_DIV
DIV
DIV
UN_DIV
UN_DIV
DIV
oIV
UN_DIV
DIV
bIv
UN_DIV
UN_DIV

( %8 )

ALL LOCATIONS

SM_RANGE  _FREQ_
10
6
82
14
a7
18
555
90
4
11
19
18
28
1
40
5
43
.15
275
14
26-54 6
26-54 4
26-54 6
26-54 6
26-54 é
26-54 36
26-54 1
26-54 51
26-54 15
26-54 90
17-25 1
26-54 18
17-25 4
26-54 120
17-25 3
26-54 26
17-25 2
26-54 11
26-54 6
26-54 15
26-54 12
17-25 17
26-54 151
17-25 23
26-54 56
26~54 2
26-54 2.
26-54 3
17-25 1
26-54 3
17-25 1
26-54 9
17-25 1
26-54 5
17-25 3
26-54 79
26-54 14
17-25 4
26-54 a3
17-25 2
26-54 16

TWET_ADT

12364
6951
261116
7488
254468
9134
1488690
69443
7020
7447
35842
4527
110213
498
108312
3626
106652
7516
840659
6481
28720
14338
37450
42064
22652
157725
577
172095
6625
208708
1997
8650
7402
381544
3167
12605
2550
11096
3586
18307
7231
22033
126893
14322
46407
1094

. 1952
2623
1997
1886
3022
9341
aaa
6069
7200
253916
7488
8797
245671
690
84%4%



Tabla 13. Summary OF‘FRQ_ACC, TWET_ADT
By CLASS: GRADE, DV_UNDV, SN_RANGE

DISTRICTS 03, 04, AND 07

QUTSIDE LANE ONLY =-- SKID MUMBERS 17 THRU 54
ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS
-------------- ACCIDENT FILE =wmmm—e——acaaan
_TYPE_ CLASS2 GRADE DV_UNDY SN_RANGE _FREQ_ TWET_ADT
15 T = DIV 17-25 21 35694
15 T = DIV 26-54% 534 1452996
15 T = UN_DIV 17-25 26 18510
15 T = UN_DIV 26-54 70 50933
15 HC + DIV 26-54 4 7020
15 HC + UN_DIV 17-25 1 587
15 KC £ UN_DIV 26-54 10 6860
15 (o " 1347 26-54% 19 35842
i5 C WG - UN_DIV 17-25 1 192
15 WC - UN_DIV 26-54 17 4735
15 WC = bIv 26-54 28 110213
15 HC = UN_DIV 26-54 1 498
15 T + DIV 26-54% 40 108312
15 CWT + UN_DIV 26~54 5 3626
15 WT - oIV 26-54 43 106652
15 WT - UN_BIV 17-25% 1 587
15 Wl - UN_BIV 26-56 14 6929
15 WT = DIV 17-25 10 17919
15 WT = DIV 26=-56 265 822769
15 WT = UN_DIV 17-25 2 1236
15 NT = UN_DIV 26-54 12 5245
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L. Develcoment Of Files

This research project was concerned with four types of
filas., The SRI file and the TASAS file supplied this
research project with about 95 percent of its information.

The third and fourth types of files are referred to as
the TASAS/Phaotolog file, and the ACCIDENT file. The
TASAS/Photolog file contains merged information from the
TASAS file and from a visual examination of the Photolog to
obtain the geometric classification for the accident
location. The ACCIDENT file contains merged information
from the TASAS/Photoleog file and the S5RI file.

The following is an outlined description of the
procedure, which was used in this research project to build
the ACCIDENT file.

cC.1. The TASAS Selective Accident Retrieval (TSAR) Proagram
From the TSAR report, extract the location and thsa

highway gecometric classifications of wel pavement accidents.
1. District
2. County
3. Route
4, Post mile (with Prefix andsor Suffix)
5. Direction of Travel
a. North and South
b. East and Hest
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6. Time and Date
a., Hour
b. Déy, Manth, Year
c. Weekday or Weekend

7. Area
a. Rural
b. ‘Urbkan

3. Accesé-Control
a. Conventional
b. Expressuway
c. Freeway
d. One-way

9. Median
a. Pivided .
b. Undivided

10. Number of Llanes {For each direction, 1 thru 8)

11. Lane In Which Accident Occurred. (For this
particular study, select only the outside lane.)

12. "Percent of wet time.

c.2. The Highway Photolog

Review the Highway Photolog and establish the terrain
{mountainous or rolling) and the type of highway or bridge
alignment (cufve. intersection, tangent section: or ueave
section) for each accident from the selected districts.
Then manually code and merge the TASAS data, from Section
C.1 above, with the pertinent Photolog data, from this

section, to produce the TASAS/Photolog file.
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1. Type of Geometric Classifications
a. Highways

i. Curves {(CI and CO)
ji. Intersections - (ICI, ICO and I)
iii. Tangent sections (T
iv., HWeave sections (HCI, HCO and WT)
b. Bridges
i. Curves {BCI and BCO)

fi. Tangent sections  (BT)

2. Type of Terrain

a. Flat (F) (lLess than + or - 3%)
b. Mountainous Up (MU} (Steeper than +3%)
c; Mountainous Down (MD) (Steeper than -3%)
d. Rolling Up {RU) (Steeper than +3%)
e. Rolling Down (RD) (Steeper than -3%)

£.3. The SRI file

Review the SRI file, and cbtain the skid number which
existed nearest the location and nesarest the date of the
reported accidents. Distance limitations are necessary to
ascertain that the skid number represents the location of
the accident. Therefore, select skid numbers from locations
prior to the accident .location up te 2.5 miles. If tests
were not taken in this prior section, then obtain skid
numbers from a section beyond the accident location up to a
limit of 0.25 miles.

(Note: The average distance from the accident site to
the recorded skid number was 0.40 miles for skid numbers
ranging from 40 to 54, and 0.20 miles for skid numbers
ranging from 17 to 39. Also, with few exceptions (e.g.,
Route 580), routes with north and east directions will have
their skid numbers taken from post miles which are louer
than those of the accidents; and routes with south and west
directions will have their skid numbers taken from post

miles which are higher than those of the accidents.)
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In no ca#e shall data be used if a bridge exists
between the location of an accident and the location of the
data extracted from the SRI file. Care must be used to
insure that the data, uwhich are extracted from the SRI file
for a bridge, are from the same bridge upon which the
accident occurred or was located.

Data obtained from the SRI file are as follouws.

1. Skid number. (For this particular study, examine
only the lane furthest from the median (or the
outside lanel.)

2. Average Daily Traffic (or ADT).

3. Posted Speed. '

4. Surface Type.

5. Distance from the location of the accident to the
nearest acceptable test site or location of the
skid number.

Merge this data obtained from the SRI files with the
TASAS/Photolog data‘to produce the working or final version
of the ACCIDENT file.
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APPENDIX IIL. SAS PROGRAM

A. Flowchart Far SAS Program

SAS (2D0) is a programming language of the "structured"®

variety. MWith a structured approach to programming, a
programmer must make an extra effort to aveoid the use of any
branching instructions, such as a "GO TO™ instruction.
However, and this is very important, it is much easier to
debug and to document or flowchart a structured program.
This is because, with a structured program, practically all
of the instructions follow each other in ordered sequence =--
one after the other. Thus, the flowchart, which follows. is
simply an orderly sequential explanation of those orderly
sequential instructions. Those sequantial instructions are

listed in Section B, which immediately fcllows this section.

Read—-In And Analyre SRI File. _

1. Read SRI File. Read the following variables:
District; County; Route; Prefix; Post mile; Direction;
Lanes; Class; ADT; Speed; Grade; Surface; Test spesed; Skid
number_I; Weather; Temperature; Divided or undivided median;
Access control; Rural or urban area; and Skid number_40.
Test and accept only clean reacords. PCT_WET transgenerated
from COUNTY using table of correspondences. SN_RANGE
transgenerated from SN. LANE_ADT transgenarated whan
dividing ADT by LANES.

2. Print charts for various variablas of the SRI file.

3. Summarize FRQ_INV, and TUHET_ADT for all
combinations of CLASS, GRADE, DVY_UNDV, and SN_RANGE. Print
results.
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Read—-In And Analyze ACCIDENT File.
G4, Read ACCIDENT file. Read the following variables:

District; Route; County; Rural or urban status; Prefix; Post

mile; Divided or undivided median; Access control; Lanes;
Direction; Class; Térrain; ADT; Posted speed; Surface; Skid
number_4%0; and Distance from the location of the accident to
the location of the inventoried Skid number_40. Test and
accept only clean records. PCT_WET transgenerated from
COUNTY using table of correspondences. GRADE transgenerated
from TERRAIN. SN_RANGE transgenerated from SH. LANE_ADT
transgenerated when dividing ADT by LAMES.

. Print Charts for various variables of the ACCIDENT
file. :

6. Summarize FRQ_ACL, and TWET_ADT for all
combinations of CLASS, GRADE, DV_UNDV, and SN_RANGE. Print
results. . _

Perform A Regression Analvsis For All Records Of The
ACCIDENT File:

7. Perform a regression analysis for all records of
the ACCIDENT file, using as a dependent variable the
relative indeked accident rates, AC_RATEl, AC_RATEZ, énd
AC_RATE3, and'using as an independent variable the skid
numbers,; SN.

First, perfaorm a linear regression using the SAS

Procedure, PROC GLM, in the folleowing manner.

AQ + Al%(SN-14) ,
1, 2, 3.

AC_RATEnR

for n

Second, perform a linear regression using the SAS

Procedure, PROC GLM, in the following manner.

_ log: (AC_RATEn) = BO + B1x(SN-14) ,
E ' for n =1, 2, 3.
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Third, perform a nonlinear regression using the SAS

Procedure, PROC NLIN, in the following mann=ar.

AC_RATERN

for n

1]

COxexp:(C1x{SN-14)) ,
1, 2, 3.

1]

8. Print, chart, and plot results.

* Examine AC RATEl, AC RATE2, and AC RATE3 Over A Louw And A

High Range Df Skid Numbers For Major Variables,

9. For each major variable, calculate the relative
indexed accident rates, AC_RATEl, AC_RATE2, and AC_RATE3,
over a low range of skid numbers (17-25) and a high range of
skid numbers (26-54). Print results.

B. Source Listing Of SAS Program

The follouwing source listing is an edited and condensad
version of the original SAS program. Editing was required,
because the original program used 164™ x 11™ (width x length)
paper With 10-pitch columns for printout, while the
following socurce program uses 8.5"™ x 11" paper with 1l5-pitch
coiumns for printout. Qutput of the SAS program has alsco
been condensed from saome 260 pages to some 60 pages of the

most pertinent information.
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APPENDIX III: SAS PROGRAM

'OPTIONS ERRORABEND ERRORS=5 S=72
LINESIZE=90 -PAGESIZE=63 NOOVP
NONUMBER - NODATE;

CMS FILEDEF ACCO3 DISK WORKBBO3 ACC80-81 A
CMS FILEDEF ACCO4 DISK HORKBBO4 ACCS0-81 As
CMS FILEQREF ACCO7 DISK WORKBBO7 ACC80-31 A3
CMS FILEDEF INVO3 DISK DISTG3 SRIS0-381 Aj
CMS FILEDEF INVOG DISK  DIST04 SRISO-31 Aj
CMS FILEDEF INVO7 DISK DISTO?7 SRIS1-62 A;
CMS FILEDEF TERM TERM;

TITLEl DISTRICTS 03, 04, AND 07;
TITLE2 CUTSIDE LANE ONLY -~ SKID-NUMBERS 17 THRU 543
TITLE3 ACCIDENTS FROM 6/80 THRU 6/81 =-- ALL LOCATIONS;

MACRD MACSLET )
CLASS2 = SUBSTRI{CLASS,I,2);
IF CLASS2 EQ *‘BC' OR CLASSZ EQ 'IC' OR
CLASSZ EG§ 'WC' THEN CLASSL = ' '3
ELSE CLASS1 = CLASS2;

IF SN ER . OR ‘SN LE 0 THEN 60 TO REJECT:
IF SN LE 17 THEN SN = 173
IF SM GE 54 THEN SN = 543

IF SM LE 25 THEN SN_RANGE = '17-25"j;
ELSE SM_RANGE = '26-54';

_SN_ = PUT(SN,FRMNSKNM5. );

LANE_ADT = 0.5%ADT/LANES;

IF LANE_ADT LE ¢ THEN LANE_ADT = .;

EACH_ONE = 13

DOJ =3TO 70 BY 53 .

IF SPD GE J AND SPD LE J+4 THEN GO TO NEXTA;
END; .

ABORT 331;

NEXTA: SPD = J#2}

DO J = 0 TO 40000 BY 5000;

IF DBV_UNDV EQ 'D' THEN 60 TO NEXTBB;

IF ADT GE J AND ADT LE J+4999 THEN GO TD NEXTB;
END; .

JADT. = .3 '

GO TO NEXTBB;

NEXTB: _ADT_ = J+2500;

NEXTEB:

4

PROC FORHAT;
VALUE FRIMNSKNM
17-19 = '17-19'
29-22 = '2¢-22"
23-25 = ‘'23-25!
26~54 = '26-54's

VALUE FRMNSESN.
1-2 = COLD_SEASON

3-5 = MILD_SEASON
6-% = HOT_SEASON

10 = MILD_SEASON
11-12 = COLD_SEASON;

EAEIEIEIE I T W76 766 I IEIE ]3I 36 7636 3636 36 3636 26 ]I I IV FEIEIEIE H IEIEIEIEI I W6 I W 3 I I NN 2

PROC PRINTTO:
TITLEG =mmm=mmmme——m—m INVENTORY FILE w—w-—-—m=m-m—ae— 3

DATA _NULL_; FILE TERM MOPRINT NOTITLES;
PUT * AT INVENTORY FILE STAGE';
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APPENDIX III: SAS PROGRAM

DATA INVNTRY (DROP=J ERR AWORK);
FORMAT SURFACE FRMNSURF.
WEATHER FRMNWTHR.
ACC_CNTL $FRMAACC.
DV_UNDV $FRMADU.
RRL_URE $FRMARU.;

INFILE INVO3 END=EOFO03;
IF EQFG3 THEN INFILE INVOG END=EOF04%;
IF EOF04 THEN INFILE INVO7;

INPUT DISTRICT 2-3
COUNTY & 65-67
ROUTE 6-8
MONTH 12-13
PREFIX $ 14
PST_MILE 15-19 2
N_S_EM $ 20
LANES 23
CLASS $ 24~26
ADT 27-33
SPD 34-35
BRADE 3 36
SURFACE 38&
TST_SFD 39-40
SN_T 41-42
MEATHER 43
TEMPRTR &44-46
DV_UNDV § 58
ACC_CNTL § 59
RRL_URB $ 62
SN 63-64;

IF CLASS EQ 'WTM' THEN 60 TO REJECT;
MACSLET

DO J = =34 TO 144 BY 103

IF TEMPRTR 6E J AND TEMPRTR LE J+9 THEM 80 TO NEXT1;
END;

ABORT 221;

NEXTL: _TMPRTR_ = J+&;

po 3 =370 70 BY 53

IF TST_SPD GE J AND TST_SPD LE J+4 THEN GO TO NEXT2;
END;

ABORT 222;

MEXT2: TST_SFPB = J+2;

IF GRADE EQ ' ' THEN GRADE = '=*%;

AWORK = PUTECOUNTY,$FRMAPNET2. )3
BCT_HET = INPUT{AKORK,2.0)3
WET_ADT = 0.01%PCT_WET*ADT:
SEASON = PUT{MOMTH,FRMNSESNI1.);
TST__SPD = TST_SED;

OUTPUT; RETURN;
REJECT: DELETE;

FROC CHART;
VBAR CLASS52 / TYPE=PERCENT;
VBAR CLASS1 / TYPE=PERCENT;
VBAR GRADE / TYPE=PERCENT;:
VBAR BRADE / TYPE=PERCENT GROUP=CLASS;
VBAR SN / TYPE=PERCENT MIDFOINTS=17 TO 54;
VBAR SN / TYPE=MEAN SUMVAR=WET_ADT MIDPOINTS=17 TO 543
VBAR ADT / TYPE=PERCENT MIDPOINTS=~5000 TO 305000 BY 10000;
VBAR WET_ADT / TYPE=PERCENT MIDPOINTS=-250 TO 15250 BY 500;
VBAR LANE_ADT / TYPE=PERCENT MIOPOINTS=-500 TO 35500 BY 10003
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APPENDIX III:

SAS PROGRAM

VBAR SPD / TYPE=PERCENT MIDPOINTS=23 TO 60;
VBAR SPD / TYPE=MEAN SUMVAR=SN MIDPOINTS=23 TO 60;

VBAR SURFACE / TYPE=PERCENT DISCRETE;

VBAR SURFACE / TYPE=MEAN SUMVAR=SN DISCRETE;
VBAR TST_SPD / TYPE=PERCENT MIDPOINTS=15 TO 60 BY 53

MACRO HMC_SMMRY
PROC SUMMARY DATA=DATASET;

PROC PRINTS:

Z

CLASS CLASSZ GRADE DV_UNDV SN_RANGE;
VAR HET_ADT; :

QUTRUT DUT=TEMP

SUM = THET_ADT;

ID _TYPE_ s

VAR CLASS2 GRADE DV_UNDV SN_RANGE _FREQ_ TWET_ADTj;

MACRO DATASET INVNTRY %
HC_SHMRY

NI Y6 6 98I 3 263636 36 6 28 JE I IEIE M IEHIEIEI T FE-HEE I I6 IEIE T 3 I IE 3 I I FHEH I I IE W IEIE I I 3

PROC PRINTTO;

TITLEG ====m=-===cm=== ACCIDENT FILE wn=w--

DATA _MNULL_;

FILE TERM NOPRINT NDTITLES;
PUT * AT ACCIDENT FILE STAGE';

DATA ACCONT (DROP=J ‘ERR AWORK);
FORMAT SURFACE FRMNSURF.

ACC_CNTL S$FRMAACC.
DV_UNDV $FRMADU.
RRL_URB SFRMARU.;

INFILE ACCO3 END=EOQF03;

IF EOF03 THEN INFILE ACCO4 END=EOF04;

IF EOF04 THEN INFILE ACCO7;

INPUT DISTRICT 1-2
ROUTE 4=6
COUNTY % 8-10
RRL_URB $ 12
PREFIX % 15
PST_MILE 17-22 2
DV_UNDV & 24
ACC_CNTL. % 26
LANES 28°
M_S_E_W § 34
CLASS § 28-40
TERRAIN & 42-43
PCT_KET 45
ADT 47-53
SPD 55-56
SURFACE 58

.SN 60-61
DIST_SN 63-66 23

CLASS = SUBSTR{CLASS,1,2);

IF CLASS EQ 'B* THEN CLASS = 'BT';
IF CLASS EQ *CI* OR CLASS EQ 'CO’
IF CLASS EQ 'W' THEM CLASS = 'WHT';
AWORK = PUT{CLASS,$FRMACLSSR2.);

IF AWORK NE 'OK' THEN GO TO REJECT;

MACSLET

GRADE = PUT(TERRAIN,$FRMATRRN.);
WET_ADT = 0.01%PCT_WET*ADT;
IF DV_UNDV EQ L' OR

DV_UNDV EG *R' THEN DBV_UNDV = 'O°;

THEN CLASS = 'C's3
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APPENDIX III: SAS PROGRAM

QUTPUT; RETURN;

REJECT: ERR+l;
DELETES

PROC CHART;
VBAR CLASS2 / TYPE=PERCENT;
VBAR CLASSI / TYPE=PERCENT;
VBAR GRADE / TYPE=PERCENT;
VBAR BRADE / TYPE=PERCENT GROUP=CLASS;
VBAR SN / TYPE=PERCENT MIDPOINTS=17 TO 54;
YBAR SFD / TYPE=PERCENT MIDPOINTS=23 TQ 60;
VBAR SURFACE / TYPE=PERCENT DISCRETE;

MACRO DATASET ACCONT X
MC_SMHRY

FE P HFEE N I HE 6 T3 T I 3 HFENE P I P W H I FI I H I W F I I I H IR HIH I FEN N 5

PROC PRINTTO;
TITLEG mwmmm—m=m——m——— REGRESSION ANALYSIS ==we=mem=mmom———- ;

DATA _NULL_5; FILE TERM NOPRINT HNOTITLES;
PUT ' AT FIRST EXAMINATION STAGE's;

PROC SUMMARY DATA=INVNTRY;
CLASS SN;
VAR WET_ADT;
CUTPUT OUT=TEMPINV
N = FRQ_INV
SuM = THET_ADT;

DATA TEMPINV; SET TEMPINY; 1IF _TYPE_ NE 1 THEN DELETE;

PROC SUMMARY DATA=ACCONT;
CLASS SM;
VAR ADT;
OUTPUT QUT=TEMPACT
N =. FRQ_ACC;

DATA TEMPACC; SET TEMPACC; IF _TYPE_ NE 1 THEN DELETE;

DATA TEMPI;
HERGE TEMPINV. (IN=INV)
TEMPACC (IN=ACC);

BY SN3

RECND = I3
IF INV=0 OR ALC=0 THEN RETURN:

AC_RATEl = FRA_ACC / FRQ_IMV;
AC_RATEZ = 1000%FRR_ACC 7/ [TWET_ADT);
AC_RATE3 = 1000%FRG_ACC / (THET_ADT#FRR_INV):

DATA TEMP2 (KEEP=RECNO SUMDO1 SUMOO2 SUMGIZ); SET TEMP1;
BY RECND;
SUMOOL + AC_RATE1;
SUMO02 + AC_RATEZ;
SUMD12 + AC_RATES;
IF LAST.RECNO THEN OUTPUT;

DATA COMBINED; MERGE TEMP1 (INSIN1) TEMPZ (INSINZ);
BY RECND;
IF INI AND IN2;
AC_RATEL = 100%AC_RATE1/SUM0OL;
AC_RATEZ = 100%AC_RATE2/5UMD0O23
AC_RATEZ = 10O%AC_RATE3/SUMO12;

PROC PRINT; ID SN;
VAR FRGQ_ACC FRQ_INV THET_ADT
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AC-RATEL AC:RATE2 AC_RATE3;

DATA COMBINED; SET COMBINED; ‘
IF AC_RATEl E® . THEN DELETE;

FROC CHART3: ‘ )
VBAR SN / SUMVAR=AC_RATE1l MIDPOINTS=17 TO 543
VBAR SN / SUMVAR=AC_RATEZ MIDPOINTS=17 TO 543
VBAR SN / SUMVAR=AC_RATE3 MIODPOINTS=17 TO 54;

HACRO MCNLIN
BATA TEMP; SET COMBINED;
WORK = LOG(MCVAROL);
sH = SN-14; ‘
AFREGQ = INT(10%MCVARCL+0.5);

PROC SLM;
FRER AFREQ;
HODEL MCVARQO1 HWORK
QUTPUT OUT=TEMR P

SN3
FREDICT1 PREDICTZ;

FROC NLIN :
METHOD=MARGQUARDT BEST=1 ITERATIONS=2003

PARMS Al
Bl

10
-0.05;

/]

VARSN
EXPSN
DERSN

SN;
EXP{BIXVARSN);
VARSNXEXPSN;

MODEL MCVAROL = AIXEXPSN;
DER.Al = EXPSN;.
DER.Bl = AIXDERSN;

OUTPUT OUT=TEMP P=PREDICT3;

DATA TEMP; SET TEMP;
PREDICTZ = EXPC(FREDICTZ);
SN = SN+14;

PROC PLOT;
PLOT PREDICTIXSH='PF* MCVARO1%SN=*A' / OVERLAY;
PLOT PREDICT2%SN="'p* MCVAROL1%SN=*A* / OVERLAY;
PLOT PREDICT3%SH='P* HCVAROLIXSN="A" / QVERLAY;
z ' .

PROC PRINTTO: =

TITLEG AC_RATE1 = ACCIDENTS PER LOCATION (INDEXED RATE);
TITLES REGRESSION-ANALYSIS OF SKID-NUMBERS FOR ALL RECORDS;
TITLES =—-niwmmmmm—mm REGRESSION ANALYSIS =emm-wee—me—me- ;

MACRO MCVARDY AC_RATED Z
MCNLIN

FROC PRINTTO:

TITLEG AC_RATEZ = ACCIDENTS PER WET-VEHICLE (INDEXED RATE);
TITLES REGRESSION-ANALY$IS OF SKID-NUMBERS FOR ALL RECORDS;
TITLES =m=———————————- REGRESSION ANALYSIS ——===- SV ;

MACRO MCVAROY AC_RATE2 Z
MCNLIN ’

PROC PRINTTO; _

TITLEG AC_RATE3 = ACCIDENTS PER WET~VEHICLE-LOCATION (INDEXED RATE);
TITLES REGRESSION-ANALYSIS OF SKID-NUMBERS FOR ALL RECORDS;

TITLEG ==mw—-ow===te~= REGRESSION ANALYSIS ======—=—=c===e 3

MACRO MCVAROL AC_RATE3 X
MCNLIN
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EIEHE RT3 I I I DL I TE 3 3 I3 636 I 26 3 636 3 P36 K IR S0 R TR RN KK H

FROC PRINTTO;
TITLEG ——--mmor=memmee SH_RANGE EXAMINATION mm-—=mes——o—ooo ;

DATA _NULL_; FILE TERM HOPRIMT NOTITLES;
PUT ' AT SECOND (FINAL) EXAMINATION STAGE';

MACRO MAC_CMPR

PROC SUMMARY DATASIHVHTRYS
CLASS SN_RANGE MAC_VAR;
VAR WET_ADT;
QUTPUT OUT=TEMPINV
N = FRR_INV

SUM = TWET_ADT;

DATA TEMPIMY3; SET TEMPINV; IF _TYPE_ NE 3 THEN DELETE;

PROC SUNMMARY DATA=ACCDMT;
CLASS SN_RANGE MAC_VAR;

VAR ADT;
OUTPUT OUT=TEMPACC
N = FRQ_ACC;

DATA TEMPACC3 SETY TEMPACC; IF _TYPE_ NE 3 THEN DELETE;

DATA TENPL;
MERGE TEMPINV (IN=INV)
TEMPACC (IN=ACC); *
BY SN_RANGE MAC_VAR;

RECNO = 13
IF INV=0 OR ACC=C¢ THEN RETURN;

AC_RATEL = FRQ_ACC / FRQ_INV;

AC_RATE2 = 1000%FRR_ACC / {TWET_ADT);
AC_RATE3 = 1000%FRQ_ACC / {TWET_ADT#FRG_INV);
FILL = ¢ v

DATA TEMP2 (KEEP=RECNO SUMOO1 SUMOO2 SUMO12); SET TEMPL;
BY RECND;
SUMOO1 + AC_RATEL;
SUHMDO02 + AC_RATEZ;
SUMO12 + AC_RATES;
IF LAST.RECNO THEN OUTPUT;

DATA TEMPY; HMERGE TEMP1 (IN=IN1) TEMP2 (IN=IN2);

BY RECHO;
IF IN1 AND INZ2; -
AC_RATE1 100%AC_RATEL1/SUMO01;

AC_RATEZ = 100%AC_RATE2/5UM002;
AC_RATE3 = )100x%AC_RATE3/SUMG12;

AC_RATEL = ROUND(AC_RATEL,0.2)3
AC_RATEZ = ROUND{AC_RATEZ2,6.2)}
AC_RATE3Z = ROUND(AC_RATE3,0.2);

FROC PRINT; ID SN_RANGE;
VAR MAC_VAR FRQ_ACC FRGQ_INV TWET_ADT
AC_RATE1 AC_RATE2 AC_RATE3 FILL;
o .

MACRO MAC_VAR EACH_ONE ¥
MAC_CHPR

HACRO HAC_VAR GCLASS1 %
HAC_CMDR

HACRO MAC_VAR CLASSZ %
MAC_CMPR
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HACRO MAC_VAR
MAC_CHPR

HACRO MAC_VAR
HAC_CHPR

HACRO MAG_VAR
MAC_CHPR .

MACRO MAC_VAR
HAC_CMPR

MACRO MAC_VAR
MAC_CHPR

HACRD MAC_VAR
MAC_CMPR

HACRD MAC_VAR
MAC_CMPR

MACRO MAC_VAR
HAC_CHMPR

APPENDIX ITI:

DV_UNDY %
GRADE /
RRL_UﬁB %
ACC_C&TL‘Z
SURFACE Z
LANES'%,=
SPD 4

SADT_ X

********************#**** END OF PROGRAM

SAS

PROGRAM
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