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ABSTRACT 

In many areas of Texas members of the Texas Highway Department and the 

Texas Department of Public Safety work together in studying traffic accidents. 

In some cases meetings of the two organizations is happenstance at the accident 

site and in others by plan. This study resulted from one such meeting when it 

was believed that vehicular characteristics contributed to the accident being 

studied. 

Information was collected on the accident vehicles and sites in a ten county 

area as follows: 

1. Tire pressure on all tires 

2. Tire tread depth on all tires 

3. Other pertinent tire information 

4. Friction at the site and within a 1/2 mile length 

around the site. 

5. Other pertinent accident information 

It was found that the wet weather (total) accident rate was nearly double 

the rate for all weather conditions for the five months studied with the pavement 

being wet 6.70~ of the time period. In certain areas the wet weather accident 

rate for all accidents could vary as much as six times the average wet weather 

rate for the ten county area. 

Even though all tire factors are probably important in the operation of a 

vehicle on wet pavement, it was found that the lack of tread depth on the rear 

tires was of major importance in the accidents studied and particularly the 

skidding accidents. 

Significant difference was found between the friction values within a one 

mile vacinity of the accident site and the friction values at the site. However 1 

the actual differences are small and it is believed that a change in coefficient 
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of friction near the site has a small effect on wet weather accidents. A 

significant difference was found between a sample average of the state-wide 

friction values and the friction values at the accident sites. The state-

wide average being 0.39 and the average coefficient of friction at the accident 

sites being 0.35. 
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CHAPTER 1. INTRODUCTION 

The traffic accident toll has continued to increase 

over the years and it has now reached alarming proportions. 
I 

Motor vehicle accidents are now claiming more than 53,000 

lives per year and causing approximately 35 to 40 times this 

many injuries each year (Ref 1). Traffic accidents also 

result in a tremendous economic loss. For traffic accidents 

occurring in 1964, the estimated costs including wage loss, 

medical expense, overhead costs of insurance, and property 

damage for all accidents averaged about $175,000 per fatality 

(Ref 2). 

One obvious reason for the large and steadily increas-

ing accident, toll is that population, licensed drivers, motor 

vehicle registration, and vehicle miles of travel continue to 

increase at a rapid rate. Accident rates based on the number 

of vehicles and vehicle-miles of travel, however, have been 

gradually decreasing since the early 1940's. These trends are 

illustrated by the respective ratios of 1966 totals to 1950 

totals in Table 1. 

Highway safety has been a matter of concern for many 

years. Only recently, however, has a concerted effort been 

directed toward improving highway safety as evidenced by the 

1966 Highway Safety Act (Ref 3) and the National Traffic and 

Motor Vehicle Safety Act of 1966 (Ref 4). 

1 



TABLE 1. GROWTH TRENOS - 1950 and 1966 
(from Refs 1 and 6) 

1950 1966 
--...,. 

Population 
(millions) 152.3 195.9 

Licensed Drivers 
(millions) 62.2 101.0 

Motor Vehicle Registration 
(millions) 49.2 94.2 

Vehicle miles of travel 
(billions) 458.2 930.5 

Traffic Accident 
fatalities 34,800 53,000 

Fatalities per 100.000 
population 23.0 27.0 

Fatalities per 10,000 
motor vehicles 7.1 5.5 

Fatalities per 100 million 
vehicle miles of travel 7.6 5.7 

2 

Ratio 
1966,1950 

1.29 

1 0 62 

1.92 

2.03 

1.52 

1.17 

0.77 

0.75 



Skidding accidents are becoming a matter of special 

concern. In Northern Europe 15 to 20 percent of all traffic 

accidents reportedly involve skidding (Ref 5). Reliable 

skidding accident data, however, have been rather difficult 

to acquire in the United States. Nevertheless, indications 

are that 5 to 6 percent of all reported traffic accidents in 

the United States involve skidding. Research on the preven­

tion of skidding accidents has been receiving far greater 

attention in Europe than in the United States. 

3 

It is well known that wet pavements are more slippery 

than dry pavements. Water lubricates the tire-pavement inter­

face and reduces the available friction considerably. It 

would therefore appear that skidding accidents are ~ore of 

a problem on wet pavements. A survey (Ref 7) of several 

state highway departments revealed that from 7 to 28 percent 

of all vehicle accidents during the period of 1960 to 1965 

occurred on wet pavements. The same survey indicated that as 

many as 10 percent of all vehicle accidents were due to Skid­

ding on wet pavements. Often over 80 percent of the accidents 

occurring during wet weather involved Skidding. Kummer and 

Meyer (Ref 8) reoort that a rather extensive accident study in 

Virginia identified skidding as a major cause in 35 to 41 per­

cent of all accidents on wet pavements. Moyer (Ref 5) reports 

that European traffic accident records indicate the incidence 

of Skidding accidents on wet pavements is two to three times 

greater than in the United States. 
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It is therefore evident that skid resistance is an 

important part of highway safety. The pavement wearing surface 

is one of the principal factors affecting skid resistance and 

is a matter of particular concern to highway engineers. The 

wearing surface should provide the maximum skid resistance 

possible while still satisfying the demands of comfort and 

economy. The objective of this research was to analyze detailed 

roadway and traffic accident data in an attempt to determine 

what effect wet weather had on accident rates and what factors 

pertaining to the tire-pavement interface contribute s1gni­

ficantly to wet weather accidents. 

. , 



.. 
CHAPTER 2. IMPORTANT CONSIDERATIONS IN SKID 

RESISTANCE AND SKIDDING ACCIDENTS 

Skidding is a factor in many traffic accidents, espe-

cially for accidents occurring when the pavement is wet. An 

understanding of the tire-pavement interface and its relation-

ship to skidding is therefore very important to highway safety. 

It is by no means correct to assume that a skidding 

accident automatically indicates pavement slipperiness. Unfor-

tunately, the problem is not that simpleo Skidding involves a 

slipping or skidding at the tire-pavement interface and there-

fore involves the tire as well as the pavement. The pavement 

surface is, of course, a very important part of the friction 

pairing and obviously the lower the skid resistance, the more 

conducive conditj.ons are to Skidding accidents. Many factors 

other than tires and pavement are also involved in skidding 

accidents which further complicates the problem. Excessive 

speed, unbalanced brakes, wet or icy pavement, poor geometric 

design of the highway, and actions on the part of the driver 

can also be important factors in skidding accidents. 

Several terms are commonly used to describe the tire-

pavement friction pairing. Pavement skid resistance, pavement 

slipperiness, and pavement coefficient of friction are quite 

common. Terms such as these are somewhat misleading because 

friction is implied as being only a pavement property which 

5 



is not the case. It should, therefore, be kept in mind that 

whatever terminology is used, it refers to the tire as well 

as the pavement. 

6 

Much of the theory concerning skid resistance is not 

entirely new. Slippery pavements have been known to exist for 

more than four decades. However, it has only been in the past 

15 to 20 years that the causes of slipperiness, its measure­

ment, and its effect on the safety of vehicular traffic have 

been matters of considerable concern (Ref 7). The importance 

of skid resistance has been emphasized recently by its inclu­

sion in Federal-aid highway safety improvement projects (Ref 9). 

SKID RESISTANCE 

~or~Af~ec~~Eg Friction 

Many factors pertaining to the roa.dway aff~ct skid 

resistance. The texture of the pavement surface has the most 

direct influence. However, the age and the weathering of the 

surface, the presence of water or contaminants, and the geo­

met.rics of the highway are al so important factors (Ref 10). 

Several terms are commonly ~sed to describe the texture 

or geometry of the pavement surface. The fineness or coarseness 

of the surface is sometimes described as being closed or open. 

Also, microscopic and macroscopic have become popular terms 

describing the relative roughness of the pavement surface. 

Kummer and Meyer (Ref 7) divide macroscopic into large 

and small-scale macroscopic roughness. The large-scale macro-
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scopic texture refers to the voids in the pavement surface. 

This determines the drainage properties of the surface which 

in turn affects the adhesion component of tire friction when 

the pavement is wet. The large-scale roughness also affects 

t.he damping losses ,,,jthin the tire tread rubber. On the other 

hand, the small-scale macroscopic roughness refers to the 

grittiness or abrasiveness of the surface. This aids the 

friction process by creating a mechanical interlock with the 

ruhber t.hus shearing the rubber when Skidding occurs. Micro­

scopic text.ure refers to the very small-scale roughness of 

the pavement surface. It also is thought to have a meas­

urable influence on friction (Ref 7). 

Kummer and Neyer (Ref 7) have suggested a S11rface 

tvpe classification recognizing the large and small macro­

scopic roughness sCClles which affect the drainage and friction 

properties of a pavement surface. The five categories proposed 

are as follmvs: 

1. Smooth surfaces such as bleeding asphalt or highly 

oolished pavements: Surfaces in this category would 

be deficient in bot;h large and small-scale roughness 

and would therefore not provide adequate skid resist­

ance even at. low speeds. 
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2. Fine textured surfaces composed of rounded particles: 

Surfaces in this category would be somewhat deficient 

in large-scale roughness and very deficient in small­

scale roughness. These types of surfaces might pro­

vide marginal skid resistance at low speeds but not 

at high speeds. 

3. Fine textured surfaces composed of gritty particles: 

The gritty particles would satisfy the small-scale 

roughness requirements but the large-scale roughness 

would be missing. This would result in surfaces which 

provide excellent skid resistance at low speeds but 

not at high speeds. 

4. Coarse textured surfaces composed of rounded particles: 

The large rounded particles would satisfy the large­

scale roughness requirements but the small-scale 

roughness would be missing. Therefore, surfaces of 

this type would not provide adequate skid resistance 

at high or low speeds. 

5. Coarse textured surfaces composed of gritty particles: 

Surfaces in this category would possess both of the 

needed small and large-scale roughnesses. In other 

words, the good skid resistance qualities of category 

three and the good drainage qualities of category four 

would be combined and both are important when the 

pavement is wet. This would best provide the skid 

reSistance needed at both low and high speeds. 
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Ti.re and rubber properti.es are also very important to 

skid resistance. A study (Ref 11) by Moyer, who has done 

extensive research on skid resistance for more than three 

decades, concluded that different tire and rubber properties 

caused as much variation in skid resistance as did different 

pavement surfaces. 

The total friction developed by the tire rubber is 

a combination of adhesion and hysteresis forces. Moyer and 

Sjogren (Ref 10) report that hysteresis is one of two tire 

factors having the greatest influence on the friction measured 

at the tire-pavement interface. The hysteresis component of 

friction is the result of damping losses within the rubber 

caused by the latter flowing over and around aggregate parti­

cles protruding from the pavement surface (Ref 7). The damp­

ing property of rubber is often referred to as resilience or 

plastic deformation. Tire rubber rebounds slowly from plastic 

deformation resulting in large energy losses as heat is gener­

ated in the rubber through internal friction or hysteresis 

(Ref 10). Tire rubber is also deformed elastically but the 

rebound is nearly instantaneous and very little energy is lost. 

The magnitude of the hysteresis component depends on 

the rubber properties of the tire and the large-scale macro­

scopic roughness of the pavement. Butyl rubber, for example, 

has higher damping properties than natural rubber and thus 

provides higher hysteresis coefficients (Ref 7). Moyer (Ref 11) 

found that coefficients of friction measured on the same pave-
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ment at the same speed were as much as 40 percent. higher with 

butyl rubber tires wit.h good tread than for regular synthetic 

rubber tires with smooth or poor tread patterns. Reportedly, 

t:.he British Road Research Laboratory has found a similar 

correlation between the resilience of rubber and the coeffi­

cients of friction on wet pavements (Ref 5). 

Too much damping, ho,",rever, could have some adverse ef­

fect.s. High damping causes heat generation in t.he rubber and 

increases the likelihood of tire failures. Also, with the 

higher tire temperature, the melting point of the tread rubber 

is more easily reached when U'Je tire skids. The melting rubber 

serves as a lubricant, thereby reducing the friction. Another 

undesirable feature of high damping rubber is that the rubber 

stiffens in extreme cold and tends to become slippery (Ref 7). 

Adhesion is the other component of tire friction. It 

represents the molecular adhesion at the points where the 

rubber and pavement are in molecular contact. Adhesion is 

sometimes referred to as true friction and is the dominant 

friction factor on dry surfaces (Ref 10). Adhesion increases 

with the area of contact. Therefore, providing the pavement 

surface is dry and clean, treadless tires and fine t,extured 

surfaces would result in high coefficients of friction. 

Adhesion, however, is drastically reduced when the pave­

ment ~s wet, especially with treadless tires and fine textured 

s~rfaces. In this case fluid films are trapped between the 

rubber and pavement., thus reducing the adhesive bond. Under 
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these conditions angular aggregate particles protruding 

from the pavement aid the friction process considerably. 

The sharp particles the water film and penetrate the 

rubber causing a shearing action when the tire skids. Small­

scale macroscopic roughness provides the type of abrasiveness 

needed to accomplish this effect. 

When the adhesion component is reduced by wetting, the 

importance of the hysteresis component increases. Therefore, 

large-scale macroscopic roughness is also needed to aid rubber 

damping. Coarse texture is also needed to provide surface 

drainage, thus decreasing the amount of water trapped between 

the rubber and the pavement. This would tend to minimize the 

reduction in the adhesion component. The likelihood of hydro­

planing (the skiing of the tire on a film of water) at high 

speeds would also be lessened by large-scale macroscopic rough­

ness which provides drainage and minimizes the water film 

thickness. The gr particles provided by small-scale macro-

scopic roughness in lessening the danger of hydro-

planing as the result of their ability to pierce the water 

film. 

Moyer (Ref 10) reports that wetting can reduce the 

friction value 40 to 80 percent depending on the pavement 

texture, the rubber type, and the condition. Contami-

nation of the pavement surface with mud, dust, oxidation film, 

and oil or grease drippings also the adhesion component 

of friction (Ref 7). Moyer (Ref lO) also reports that contami-



12 

nation can reduce the total friction value from 40 to 60 per­

cent. The pavement is most slippery during the very beginning 

of a rain, especially if there has been a long dry spell. 

Although wetting reduces the coefficient of friction, the skid 

resistance does tend to improve as the rain intensity and/or 

duration increases. Moyer (Ref 5) concluded there may be a 

need for a new type of cleansing and scouring treatment of 

slippery pavements. 

In addition to hysteresis, Moyer and Sjogren (Ref 10) 

report that tread pattern or lack of tread pattern has a 

considerable influence on the friction measured at the tire­

pavement interface. Kelley and A11bert (Ref 12) state that 

tread design is the most important of the tire variables 

affecting wet traction. This is apparent when one considers 

that the tire has to make contact through the wet film on the 

road before it can become effective. The tread design enables 

the tire to do this. Once the tire makes contact, the composi­

tion of the tread rubber and tire construction become important. 

Tire tread should provide drainage paths so that a water 

film is not trapped between the rubber and the pavement. In 

this respect tread functions Similarly to large-scale macro­

scopic roughness of the pavement. Kelley and Allbert (Ref 12) 

also report that tread design is the most influential tire 

variable in hydroplaning. They go on to state that new tires 

hydroplane very infrequently because its occurrence is limited 

to extreme cases of water flooded road surfaces although some 
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danger does exist at high speeds. A much greater danger exists, 

however, for vehicles fitted with smooth or well-worn tires, 

since the speed and water depth requirements for hydroplaning 

are much lower for tires in this condition. 

It is fairly evident that the importance of tread 

depends on the pavement surface texture and whether water is 

present. Figure 1 shows how tread depth and design can affect 

skid resistance. It can be noted that for these data a 50 

percent reduction in the skid number (friction coefficient 

on wet pavement times 100) resulted from a tread depth decrease 

from about 1/16 of an inch to zero inches (Ref 7). 

Kummer and Meyer (Ref 7) indicate that tread might be 

a secondary factor in skid resistance on pavements with coarse 

and gritty surface textures. In other words, the coarse surface 

texture provides the drainage channels for water to escape from 

beneath the tire. The gritty texture would provide the mechani­

cal interlock to aid friction. They also state that tread 

gains in importance on smooth textured surfaces or on coarse 

textured surfaces with rounded particles. They point out, 

however, that a wpll treaded tin" with high damping rubber 

should not be exppcted to fully compensate for a polished or 

smooth pavement surface with lmv skid resistance. Nevertheless, 

good trf~ad (;,,0 bring about significant improvement in skid 

resistance a~ hi~her speeds. 
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Methods of Measurement 

Two principles can be used to measure the friction 

between two surfaces regardless of material types. One is 

based on the principle of energy conservation. The second 

and more frequently used method for measuring the tire­

pavement friction involves simultaneously measuring the 

friction force and the load acting on a rubber slider or 

a tire (Ref 7). 
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In measuring skid resistance, the magnitude of the 

measurement depends on the operating mode of the tester: 

driving, cornering, rolling and slipping during braking, or 

skidding. For this reason skid resistance measuring devices 

are classified according to their mode of operation. These 

measuring devices can be broken down into skid (resistance) 

and slip (resistance) testers and the latter into brake, drive, 

and cornering slip testers. A drive slip tester has not yet 

been built, but devices representing the other modes are in 

existence (Ref 7). 

Further differentiation must be made between carrying 

out a test under either steady-state or transient conditions. 

Steady-state implies that all factors influencing friction are 

constant such as the load acting on the tire, the sliding speed, 

and the temperatures of each material in sliding contact. In 

a transient test one or more factors may vary with time. Table 

2 shows the classification of the various pavement friction 

testers used in the United States (Ref 7). 



TABLE 20 CLASSIFICATION OF PAVEMENT FRICTION TESTERS USED IN THE UNITED STATES 
(from Ref 7) 

Tester 

British pendulum tester 

Penn State (Keystone) drag tester 

N.Y. Thruway skid test cart 

Skid trailers (all) 

Stopping distance cars (all) 

FAA runway friction tester 

NASA friction cart 

Swedish "skiddometer" 

Penn State road friction testerC 

Classificationa 

Slipping Mode Skidding Mode 

Steady State Transient Steady State 

L,V 

L,V,T,Sb 

L,V,T'Sb 

L,V 

Sb,T 

Sb,T 

L,V,T 

L,V,T 

L,V,Tb 

w 

L,V,T 

Transient 

L,V,T 

T 

L,V,T 

a L = slider or wheel load, W = vehicle weight, V = sliding or vehicle speed, 
T = rubber temperature, Sb = brake slip. 
bDepends on duration of skid, T tranSient if skid below 2 sec. 
cModification of the single-wheel skid trailer permits measurement of transient 
slip or steady-state skid resistance. 

I-' 
0"1 
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The British Pendulum Tester, the Penn State Drag Tester 

and the New York Thruway skid test cart, all available in the 

United States, are considered to be portable devices. The 

Leroux Rugosimeter is another portable tester available in 

France (Ref 7). 

There are several versions of trailer-type friction 

testers. Except for the National Aeronautics and Space Adminis­

tration tire friction cart and the Federal Aviation Agency 

runway friction tester, all pavement friction trailers presently 

used in the United States measure skid resistance. In addition, 

the design of testers utilizing the same operating mode can vary 

widely and the differences can influence the magnitude of the 

measured friction (Ref 7). 

Most friction testing methods provide for artificially 

wetting the pavement surface. There are several reasons for 

this. Accident records show that skidding is a factor in a 

large oercent of accidents occurring on wet pavements. Also, 

test results indicate that skid resistance is lower on wet 

pavements than on dry pavements; therefore, artif1cally wetting 

the pavement is necessary in order to measure the lower friction 

values. 

Most trailer-type testers employ locked wheel skidding. 

One of the main reasons for measuring friction with a locked 

wheel skidding device rather than incipient skidding is that 

this approximates the situation when a driver panics and skids 

with locked brakes while attempting to stop (Ref 10). With 
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locked wheel skid trailer testing, an added benefit of wetting 

the pavement 1s that less equipment maintenance is required 

(Ref 5). 

At one time some trailer designs measured the friction 

value by forces transmitted through the hitch but they have 

oroved unsatisfactory and are no longer in use. There are 

three basic trailer types presently in use. The methods of 

measuring the force are as follows: (a) bending moment is 

measured at a point between the hitch and the front of the 

trailer, (b) wheel torque trailers measure the force in a 

restraining link that serves as an anchor for the brake backing 

plate, which is otherwise free to rotate, (c) parallelogram­

type trailers rneaSure the force in a link connecting the hitch 

of the towing vehicle to the backing plate which again is other­

wise free to rotate. The trailers of General Motors, the 

Michigan State Highway Department, and the Virginia Highway 

Research council as originally developed in 1957 were of type 

(a). In 1962 they were converted to measure wheel torque as 

in type (b). Test. trailers of type (b) were developed by 

Cornell Aeronautical Laboratories and are being used by the 

Bureau of Public Roads, the New York State Department of Public 

Works and the Portland Cement Association. Test trailers of 

type (c) were built by Pennsylvania State University and are 

being used jointly with the Pennsylvania Department of Highways 

(Ref 7). It is expected that trailer-type testers, rather than 

portable testers, will be used even more extensively in coming 

years (Ref 8). 
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Several methods for measuring the texture of the 

pavement surface have been explored. They vary from visual 

and touch examination by experienced personnel to photographic 

techniques and methods of measuring the voids or openness in 

the surface (Ref 10). Full-scale photographs have been used 

by Moyer (Ref 11). The British Road Research Laboratory has 

worked with such methods as: surface texture imprints, micro­

profile, and the sand patch (Ref 10). Moore (Ref 13) devel­

oped an outflow meter which measures the drainage properties 

of the surface texture. Other texture measuring methods 

include a stereophotogrammetric process and a grease smear 

technique. 

CHANGING CHARACTER OF TRAFFIC 

The average travel speed of passenger cars on primary 

rural highways has increased from 48.5 mph in 1950 (Ref 8) to 

56.9 mph in 1964 (Ref 2), which represents an increase of over 

17 percent. Frictional demand increases with the square of 

the vehicle speed (Ref 7) providing the required stopping 

distance remains constant. Or another way of stating it, is 

that the required stopping distance increases with the square 

of the vehicle speed if the available friction remains constant. 

Required cornering friction also varies with the square of the 

vehicle speed. Therefore, for a 17 percent increase in vehicle 

speed the frictional demand has increased nearly 38 percent. 

The cumulative increase speed and frictional demand in recent 

years is shown in Table 3 e 



TABLE 30 

Year 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1964 

AVERAGE PASSENGER SPEEDS ON PRIMARY RURAL HIGHWAYS (from Refs 2 and 8) 

Cumulative Required 
Average speed (mph) Increase in Speed (%) Increase in coef (%) 

48 .. 5 0 0 

50 3.1 6.4 

51 5.2 10.5 

51.5 6.2 12.6 

51.5 6.2 12.6 

52 7.2 15 .. 1 

52 7.2 15.1 

52.2 7.6 16.0 

52 .. 8 8 .. 9 18.5 

53.2 9.9 20.0 

53.8 10.9 23.0 

56.9 17.3 37.7 

rv 
o 
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Traffic density is another factor which is also work­

ing in opposition to skid resistance. Vehicle-miles of travel 

are increasing at a much more rapid rate than highway mileage. 

This results in an increase in the number of miles traveled on 

one mile of highway per year. During the period of 1950 to 

1966 the net increase for vehicle-miles traveled per mile of 

road was nearly 83 percent. Trends in highway mileage and 

vehicle miles of travel are shown in Table 4. More vehicle 

travel per mile of road represents a like increase in the rate 

at which traffic polishes the pavement surface causing a 

decrease in the available friction. The decrease in friction 

is not linear with the frequency of passes. Nevertheless, it 

is cause for concern since aggregate polish is one of the main 

causes of pavement slipperiness (Ref 8). 

Higher operating speed has another damaging effect on 

skid resistance. Not only does the frictional demand increase 

with the square of the vehicle speed, but the available or 

effective skid resistance between the tire and the pavement 

decreases with speed when the pavement is wet (Ref 7). Several 

factors which influence the skid resistance at any given speed 

include the geometric texture (openness, grittiness, or angu­

larity) of the pavement, the tread of a particular tire, and 

the slope of the friction coefficient versus speed curve under 

wet conditions. Kummer and Meyer (Ref 8) report that tests with 

various combinations of tires and pavements indicate that a 

coefficient drop of 0.5 to 3 percent per mph (based on a sliding 



TABLE 4. TOTAL VEHICLE MILES AND MILES TRAVELED PER NILE OF ROAD (from Refs 2 and 8) 

Total Annual Cumulative Increase Since 1950~%l 
Total Vehicle Miles Vehicle 
Miles Miles Traveled Miles 

of Traveled per Mile Miles Vehicle Traveled 
Roads Annually of Road of Miles per Mile 

Year (106 ) (106 ) (103 ) Roads Traveled of Road 

1950 3.322 458,250 138 0 0 0 

1951 3.327 491,090 148 0.135 7.17 7.25 

1952 3.343 513,580 153 0.633 12.06 10.86 

1953 3.366 544,430 162 1.32 18.80 17.40 

1954 3.395 560,860 165 2.20 22.4 19.55 

1955 3.418 603,430 176 2.99 31.7 27.50 

1956 3 .. 430 627,840 183 3.25 37.0 32.60 

1957 3.453 642,580 186 3.94 40.2 34.80 

1960 3.510 720,000 205 5.66 57.1 48.50 

1966 3.698 930,500 252 11.32 103.1 82.61 

N 
N 
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coefficient at 35 mph) can be expected. other tests (Ref 7) 

have shown that the dry friction level is nearly independent 

of vehicle speed. 

The skidding problem will probably become more serious 

in coming years. The upward trend in vehicle speeds and 

traffic densities will undoubtedly continue (Ref 7). To add 

to the problem, paving materials which initially provide high 

skid resistance, and also resist polishing, are becoming in­

creasingly more scarce in many areas of the country. 

HIGHWAY SAFETY ASPECTS 

It has been pointed out that many characteristics of 

traffl.c are working in opposition to skid resistance. Given 

that existing pavements are being polished or slickened at a 

faster rate than they can be de-slicked and that vehicle speeds 

and frictional demands will continue to increase, it seems 

logical that skidding accidents will become a more serious 

nroblem than at present. 

The relationship of pavement slipperiness and skidding 

accidents is a matter for concern. Considerable attention is 

currently being given to establishing a minimum coefficient or 

skid number on main rural highways. A skid number of 37 

(coefficient of friction times 100) as measured with a skid 

trailer in accordance with ASTM Method E-274 at 40 mph is 

currently recommended by Kummer and Meyer (Ref 7). Ooinions 

differ somewhat as to a reasonable and economical minimum value. 
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Table 5 shows minimum values currently used by several states. 

Some authorities believe a number of 37 is too high for 

a reasonable minimum at this time because too much of the 

existing street and highway systems would be deficient. They 

seem to believe a lower value would be more attainable in the 

beginning. while at the same time devoting more attention to 

improving the skid res tance properties of tires. 

Several studies have related accident rates to such 

factors as roadway geometries, traffic volumes, and vehicle 

speeds (Refs 14, 15, and 16). In a study completed in 1966 

(Ref 17), the Texas Highway Department investigated the rela­

tionship of skid resistance with accident rates in an effort 

to establish a guide for a minimum skid resistance value. In 

their pilot study, they investigated accidents of three types 

in urban areas; Skidding accidents, rain accidents, and total 

accidents. The data from the pilot study indicated that the 

accident frequency distributions with to skid resistance 

were similar for each of the three accident types. For the main 

oortion of the study, investigated both total accident and 

fatal plus injury accident rates for rural areas. 

The Texas study (Ref 17) recommended that composite 

minL~um coefficients of 004 and 0.3 at testing speeds of 20 

and 50 mph, respectively, be as idelines for considering 

pavement surface improvements. In addition, skid resistance 

values of O~31 and 0<1124 at 20 and mph, respectively, were 

recommended as absolute minimum values e When the roadway skid 
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TABLE 5. COMPARISON OF MINIMUM FRICTIONAL REQUIREMENTS FOR 
MAIN RURAL HIGHWAYS WITH THE GUIDELINES CURRENTLY 
USED BY STATE HIGHWAY DEPARTMENTS (from Ref 7) 

Stopping British 
Skid Distance Pendulum 
Trailers Car Tester 

Agency SN V SDN V BPN 
(MPH) (M¥H) 

Arkansas 45 

Connecticut 43 30 or 40 

Florida 40 40 

Georgia 50 

Kentucky 45 30 

Louisiana 55 

Maryland 47 40 

Michigan 40 40 

Mississippi 40 40 40 a 

New York 32 30 

N.Carolina 45 a 

Pennsylvania 40 35 

Tennessee 40 40 

Texas 35 40 

Virginia 35 40 40 40 

Recommen-
dation 37 40 46 40 60 

a Not stated, presumably 40 mph. 
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resistance decreases below the absolute minimum values, immedi­

ate surface improvement should be undertaken. 

Establishing minimum friction levels to be maintained 

would no doubt be a Significant contribution to reducing skid­

ding accidents. At the same time there is considerable need 

for imoroving tire designs which would increase the friction 

between the tire and the pavement. The vehicle condition and 

the condition of the tires are also very important and improve­

ment in this regard could be made in many vehicle inspection 

progra...'11s (Ref 7). Ne\.[ York State (Ref 18), for example, has 

a minimum tread depth requirement of 2/32 of an inch. Tread 

deoth and ove'":',g] 1 ""'ysical C'cndi+:ion of t_ires are tncluded 

in New York State motor vehicle inspection procedures. Exces­

sive play in the steering gear, in the suspension system, and 

in the wheel bearings, in addition to shock absorbers, wheel 

balance, and the condition of the braking system are also 

important factors which should be included in inspection 

programs (Ref 7). 

The role of the driver cannot be overlooked because 

any theory as to the cause of accidents must be phrased in 

terms of the driver. Motor vehicles are the responsibility 

of their drivers; his abilities, habits, expectations, and 

reactions in different driving situations are very important. 

In other words, a lot depends on the perception, judgment and 

actions of the driver. It is obvious that better informed 

motorists would be an improvement to the overall highway safety 
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effort. Therefore, it would appear that a worthwhile contri­

bution to the skidding accident problem could be accomplished 

by making the motorist more aware of how tire tread, vehicle 

speed, and the presence of water affect skid resistance (Ref 7). 

SUMMARY 

Many factors influence skid resistance. The actions 

of the driver, especially during periods of inclement weather, 

further complicate the problem. More attention is being 

devoted to the problem of skidding accidents. In order to 

thoroughly investigate skidding accidents more factors than 

just the skid resistance of the pavement should be considered. 

The objective of this study is an attempt in that direction. 

A few of the factors pertaining to the pavement, the vehicle, 

the tires and the driver are being analyzed for accidents 

occurring under wet conditions. 



CHAPTER 3. STUDY DESCRIPTION AND METHOD OF ANALYSIS 

STUDY DESCRIPTION 

The purpose of this research was to investigate and 

analyze detailed roadway and accident data for traffic acci­

dents occurring during wet weather. Data from 181 wet weather 

accidents, covering the period from May 1 through September 30, 

1968 were included in the analysis. 

The data analyzed were supplied by the Texas Highway 

Department from a pilot study concerned with an evaluation of 

the influence that various vehicle and pavement factors have 

on traffic accidents occurring under wet pavement conditions. 

This pilot study is expected to continue until data on approxi­

mately 500 wet weather accidents have been obtained. 

The study area consisted of 10 counties, covering 

portions of two highway districts, located in central Texas 

and generally encompassing the area between and around the 

cities of Austin and Bryan-College Station as shown in Figure 

2. Urban areas with a population in excess of 5,000 were not 

included.. This was done to simplify data collection inasmuch 

as accident investigation and reporting for cities over 5,000 

population are the responsibility of the respective munici­

palities rather than of the Department of Public Safety. Thus 

the study area was primarily rural in character. The study 

area contained 2,460.5 miles of the state highway system, on 
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which 3,086,099 daily vehicle miles of travel took place 

(Ref 19) .. 

30 

The Texas Department of Public Safety assisted in the 

data collection by obtaining special information pertaining to 

the condition of the accident vehicles. In addition to their 

usual accident investigation and documentation, the Depart­

ment of Public Safety obtained the following information for 

wet weather accidents occurring within the study area: 

1. Tire pressure 

2. Tire tread depth 

3. Tire trade name, manufacturer, and size 

4. Description of tire wear 

5. Description of tire tread pattern 

6. Weather information at the time of the accident 

7. Pavement conditions at the time of the accident 

(such as ice, puddles, mud, roughness, etc.) 

8. Vehicle power brakes and steering 

As soon as possible after each accident, highway depart­

ment personnel investigated pavement and roadway conditions at 

each of the accident sites, which were conspicuously marked by 

the investigating officer. Their initial investigation con­

sisted mainly of making skid resistance measurements using a 

skid test trailer. The usual procedure consisted of making 

a skid test at the marked location of the accident and three 

tests for approximately one-half mile in each direction from 

the accident site. Tests were normally made in both directions 

of travel on non-divided highways. On divided highways, tests 
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were usually made on all lanes in one direction of travel. 

Both directions of travel, however, were tested if both road­

ways were involved in the accident. 

The skid resistance measurements were made at 50 mph 

unless restricted by the geometrics of the highway. Occasion­

ally the accident location was such that skid testing was 

not feasible, such as at a tee intersection. Initially, 

measurements were also made at 20 mph but this had to be 

abandoned due to the heavy work load. 

METHOD OF ANALYSIS 

The data were analyzed in terms of four main categories: 

(a) accident rates, (b) skid resistance values, (c) tire 

tread depth, and (d) the relationship of accident rates to 

skid resistance and tread depth. 

Accident Rates 

Accidents are normally expressed in terms of a rate 

based on some unit of population or vehicle-miles of travel. 

Accidents per 100 million vehicle miles (100 MVM) are commonly 

used and will be used in this report. 

The study was designed specifically to investigate 

only wet weather accidents. Therefore, it was decided to 

determine accident rates on the basis of wet conditions. In 

order to do this, it was necessary to make a reasonable esti­

mate of the percent of time that the pavement was wet. 
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To obtain an estimate of the percentage of time that 

the pavement surface could be expected to be wet, US Weather 

Bureau records listing hourly amounts of precipitation 

(Ref 20) were reviewed e Unfortunately, Austin was the only 

weather station in the study area for which hourly records 

of precipitation were available. It was recognized that 

precipitation data for Austin could vary considerably from 

other parts of the study area on any given day. However. 

the entire study area receives similar annual rainfall amounts, 

so over a long period of time Austin was thought to be repre­

sentative of the area. 

A procedure used by the Texas Highway Department for 

an unpublished study (Ref 21) was used to determine the ex­

pected total hours of wet pavement. The following describes 

the criteria used for determining the hours of wet pavement: 

(The hourly listing of rainfall includes traces and all measur­

able amounts of 0.01 inches and greater). 

1. On a given day, if a string of consecutive hours 

of trace rainfall occurs with no measurable rain­

fall (0.01 or greater) within the string, the first 

and last hours were not counted. 

2. If within a string of consecutive hours of rainfall 

traces there occurs an hour of measurable rainfall 

(0.01 or greater), then the last hour of trace rain­

fall was counted@ The first hour again was not 

counted .. 
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3. If the first hour of a string of traces was a 

measurable rain (0.01 or greater), the first 

hour and every other hour of rain in that string, 

traces included, were counted. 

4. If the last hour of a string of measurements was 

a rainfall of 0 0 01 inch or greater, that hour 

was counted plus one additional hour to allow 

for drying time .. 

The following example illustrates these criteria: 

Hours Wet Pavement 
Day Hours 

1 2 3 4 5 6 

1 T T T T T 3 

2 T 0.01 T T T T 5 

3 T 0.01 T T 0.01 T 5 

4 0 .. 01 T T T 4 

5 T T T 0.01 4 

6 0801 T T 0,,01 T 4 

7 T T T T T 1 

8 T 0 .. 01 T T 0.01 5 

9 0 .. 01 T T T T 0,,01 7 

Using the criteria just described, a review of precipi-

tation records for May through September of 1968 revealed the 

pavement was wet for a total of 246 hours" Therefore, the pave-

ment was wet approximately 6.70 percent of the time (246 hours 

divided by 153 days x 24 hours per day) .. This percentage will 

be referred to as the wet pavement factor. 
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Accident rates were expressed in terms of accidents .. 
per 100 million vehicle-miles of travel for a given section 

of highway during a given time period and were calculated as 

follows I 

R t 
Number of Accidents x 108 

Accident a e = (DVM) (153 days) (0.0670) 

where DVM is the daily vehicle-miles of travel. 

For certain analyses, wet weather accidents were 

divided into four classes. Three of the classes, A, B, and 

C, were considered to be Skidding accidents. Class A Skid-

ding accidents included those vehicles going out of control 

with no apparent braking involved. Class A Skidding accidents 

usually involved only one vehicle. Class B included those 
, , 

accidents in which braking apparently took place before the 

vehicle went out of control. Class C included those accidents 

in which braking was involved before colliding with another 

vehicle. Class C Skidding accidents generally involved either 

rear end or intersection collisions. Class 0 accidents were 

those in which Skidding was not involved. 

Wet weather accident rates were determined for the 

following four accident categories: 

1. All wet weather accidents (all four accident classes 

combined) 

" 2. Wet weather Skidding accidents Class A 

3. Wet weather skidding accidents Classes A and B 

combined. 
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4. Wet weather skidding accidents - Classes A, S, and C 

combined. 

Accident rates were determined by highway control­

sections established by the Texas Highway Department for 

identification purposes to aid in various accounting and 

record keeping procedures. There were 317 control-sections 

in the study area. Wet weather accidents were recorded on 

80 of these sections. The identification, length and daily 

vehicle-miles of travel for each control-section in the study 

area were obtained from the 1967 listing of traffic accidents 

in Texas (Ref 19). The four categories of accident rates for 

each control-section are shown in Appendix A. Several control­

sections were grouped together for various analyses. This was 

done primarily because the variations in the length of and 

daily vehicle-miles of travel for the control-sections were 

considerable which added to the variation in accident rates. 

A record of all traffic accidents for May through 

September of 1968, which included the wet weather accidents, 

was obtained from the Texas Highway Department. This permitted 

direct comparisons to be made between-wet weather, dry weather, 

and overall accident rates for the same area and time interval. 

Comparisons were made by county and highway districts since 

these organizational subdivisions are of significance to the 

Texas Highway Department. Also, it was thought the accident 

rates would be more reliable if large DVM quantities were 

considered. Similar comparisons were made between certain 



36 

routes, but in this case segments which were thought to have 

similar characteristics other than pavement surface type were 

selected. 

Skid Resistance Values 

At most of the accident sites, skid resistance measure­

ments were made over a one-mile length of highway_ Usually 

seven measurements were made on each lane for the one-mile 

length. The middle measurement of the seven measurements was 

obtained as near as possible to the actual accident site. 

Only those measurements made at 50 mph were used for analysis. 

In addition, for each accident, average friction values repre­

senting the actual accident site and the overall one-mile 

vicinity were used for analysis. Later in the report these 

values will be referred to as the accident site average and 

the one-mile vicinity average. Both average friction values 

are shown for each accident listed in Appendix A. 

The accident site average friction values were sta­

tistically compared with the one-mile vicinity average friction 

values to determine whether the friction values at the site 

were significantly different from the values within the 

adjacent one-half mile sections. 

The Texas skid trailer measures the skid resistance 

parallel to the direction of travel. In order that a compari­

son could be made with the side friction or cornering friction, 

a correlation was made between trailer friction and cornering 

friction values. This was done by calculating the cornering 
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friction developed from spin out tests conductep by The Texas 

Transportation Institute (Ref 22) and correlating with skid 

trailer friction values made by The Texas Highway Department 

on the same test sections. Using the spinout speeds and 

geometric data from the Texas Transportation Institute study, 

values for cornering friction were obtained from the relation-

ship: 

v2 
f = 14.95R - e 

where 

v = speed of vehicle in mph 

R = radius of horizontal curvature in feet 

e = superelevation (e = 0 for spin out test 

sections). 

Using the trailer friction and cornering friction 

correlation, the available cornering friction on certain hori-

zontal curves was calculated from skid trailer values. The 

available cornering friction was then compared with the corner-

ing friction developed by vehicles involved in skidding acci-

dents on certain curves. The estimated speed listed on the 

accident report was used as the vehicle speed although it was 

realized that the speeds were estimated and could be consid-

erably in error. The degree of curvature was determined from 

design plans and the superelevation was measured on the roadway. 

Also, the cornering frictions developed by a sample of non-

accident vehicles for dry and wet conditions were determined 

after making spot speed studies. 
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Tire Factors 

Tread depth was the main tire factor considered in 

this report. The distribution of tread depth was determined 

for all tires on automobiles and pickup trucks involved in 

wet weather accident categories 1, 2, and 4 (page 34). The 

tire tread depths are included in the wet weather accident 

data listed in Appendix A. 

Tread depth distributions were also determined for a 

sample of non-accident vehicles from the study area. The tread 

depth distributions by individual wheels for accident and non­

accident vehicles were compared with data from a tire study 

made in Illinois by Northwestern University (Ref 23). A 

similar comparison was made for all automobile and pickup truck 

tires without regard for the position of the tire on the vehi­

cle. For this case, data from a tire study representing the 

Western United States made by Southwest Research Incorporated 

were included in the comparison (Ref 24). 

The distribution of tire pressure for vehicles involved 

in class A skidding accidents was the only other analysis done 

with tires. 

Relationship of Skid Resistance and Tread Depth to 

SKidding Accident Rates 

Two approaches were used to investigate these relation­

ships. One involved comparing skidding accident rates with the 

coefficient of friction at the accident site and also with the 

tread depth for the skidding accident vehicle. This was done 
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using several characteristic tread depths for the accident 

vehicles: the worst tire, the average of the rear tires, and 

the average of all four tires. Only those accidents involving 

automobiles and pickup trucks were considered. Several varia­

tions in lengths of highway were also considered: by individual 

highway control-sections (control-sections as designated by the 

Texas Highway Department), by route number, and by county. 

A previous study in Texas investigated the relationship between 

overall accident rates and coefficient of friction values 

(Ref 17). 

The other approach involved using a statistical control 

technique, analogous to those employed in industrial quality 

control. This technique was investigated by Norden, Orlansky, 

and Jacobs (Ref 25) and later by Rudy (Ref 26). The method, 

however, as used for this analysis included a slight modifica­

tion as suggested by Morin (Ref 27). 

The technique involves establishing statistical control 

limits above and below an average accident rate for a given 

length of highway based on a Poisson probability distribution. 

This establishes a band or range within which an observed 

accident rate could be expected to vary from the average value 

due to chance alone (Ref 27). The control limits for a given 

section length can be determined from the following equations: 

Upper control limit = A + t H + k 



Lower control limit = 1\ - tK - ~m 
where 

1\ = average accident rate for the highway 

m = vehicle-miles of travel on a given section 

t = constant deoending on the probability 

level selected. 
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The probability level selected depends on the percent 

of false detection which can be tolerated. It is analogous 

to the level of significance commonly used in statistical 

tests. A probability level of one percent(t = 2.576) was 

chosen for this analysis. This means there is a one percent 

probability that the observed accident rate could fall beyond 

the control limits (one-half of one percent above the upper 
~ - ,~ 

limit or one-half of one oercent below the lower limit) due 

to chance even though nothing was out of the ordinary (Ref 27). 

For the statistical control limit analysis, all US and 

state numbered highways were grouped together. The combined 

length of these 96 control-sections was 843.9 miles on which 

1,852,094 daily vehicle miles of travel occurred. Wet weather 

accidents were recorded on 54 control-sections. Routes with 

Interstate and Farm-to-Market designations were not included 

because they were thought to be generally in different design 

and traffic categories. Wet weather accident rates were 

determined for the four previously mentioned accident categories 

(page 34) for the entire 844 miles. These rates were used as 
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the average (A) for their respective categories in determin­

ing the upper and lower statistical control limits. These 

data are listed in Appendix B. 

The original objective of the control limit analysis 

was to compare accident data for those highway control-sections 

having observed accident n!lt.es falling above the statistically 

established uoper control limits (out of control on the high 

side) with those control-sections having observed rates falling 

below t.he lower control limits (out of control on the low side). 

Most of the sect. tons out of con1:rol on the low side had zero 

3.ccident. rates, t.hus no data were available for comparison. 

Therefore, accident data representing those sections out of 

control on the high side were compared with the overall acci­

dent data for the same accident category. Comparisons were 

made between the respective distributions of tire tread depths 

and friction values for the class A s]<idding accident category. 

Class A Skidding accidents were used for this comparison because 

skidding was thought to be more definitely a factor in these 

accidents (no apparent braking involved and usually Single 

vehicle accidents). 

A further comparison was made utilizing the control 

limit technique. The US and state numbered highways were di­

vided into three pavement surface types: asphaltic concrete 

containing lignite slag; other types of asphaltic concrete; and 

bituminous surface treatments. Statistical control limits were 

then determined for each of the four accident categories accord-
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ing t.o surface type. Here again, comparisons of the respec­

tive tread depth and friction distributions were made. 

Miscellaneous 

Wet weather accident frequency distrir.utions were 

determined by mon1:h, time of day, and vehicle speed. The 

percentage of oower steering, ryower brakes, vehicl8 age and 

driver sex were determined for all wet weather accidents. 



CHAPTER 4. PRESENTATION AND DISCUSSION OF RESULTS 

The main portion of the analysis consisted of (a) 

determining accident rates and making certain comparisons, 

(b) comparing various distributions of skid resistance values, 

(c) comparing various distributions of tire tread depths, and 

(d) examining the relationship of accident rates to skid re­

sistance and tread depth. 

ACCIDENT RATES 

Accident rates were determined on the basis of wet 

weather, dry weather, and the combination of both conditions. 

To determine the wet weather rates, the wet pavement factor 

of 6.70 percent was applied to the wet weather accident data 

for the period of May 1 through September 30, 1968. The 

number of dry weather accidents were determined by subtracting 

the number of wet weather accidents from the total number of 

accidents for the same time interval. 

Throughout this report accident rates are listed with 

reference to counties, highway districts, and route numbers. 

Counties are referenced with numbers 1 through 10, highway 

districts as A and B, and routes as A, B, C, etc. 

Fatalities, fatal accidents, fatal plus injury acci­

dents, and total accidents, for wet and dry conditions are 

listed in Table 6. Both the number of accidents and the acci-
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TABLE IS. COMPARISON OF ~'lET AND DRY vlEATHER FATALITY AND ACCIDENT NUMBERS AND RATES (May-Sept. 1968) 
(RatE>'s 1')2r leo JVl'J:v'I) 

LEGEND: 1. Fatality 2. Fatal accident 3. Fatal plus injury accident 4. Total accident 

COet-10. 1 

Co. No. 2 

Co.No. 3 

Co. No. 4. 

Co.No. 5 

Co.No. 6 

Dist. A 

Co.No. 7 

Co.No o 8 

Co.No. 9 

287,021 

195,569 

337,122 

139,122 

667,267 

592,097 

12.218,295 

Wet Weather 

NO. 1'1 6 2 
Rate 203.9 68.0 

No. II 0 0 
Rat.e 0 0 

No. II 0 0 
Rate 0 0 

No. 
Rate Ii 

No. 
Rate 

o 
o 

5 
73.1 

No. II 0 
Rate ii 0 

No. 
Rate 

11 
48.4 

o 
o 

2 
29.2 

4 
17.6 

4 
136.0 

1 
49.9 

3 
86.8 

2 
140.2 

11 
160.8 

5 
82. 

26 
114. 

11 
373.9 

10 
498.9 

6 
173.6 

4 
280.5 

50 
731.1 

20 

Dry ~'leather 

2 I 2 I 25 
4.9 4.9 61~0 

3 I 3 I 30 
10.7 10.7 107.5 

4 I 4 I 28 
8.3 8.3 58.2 

2 
10.1 

4 
4.2 

1 
5.0 

4 
4.2 

4 
4.7 

12 
60.4 

100 
105.0 

57 
67.4 

.6 
I--------t---Il--~~~~~~~_+i--_+_---+---

201,199 

167,462 

289,720 

No. 
Rate 

No. 
Rate 

No. 
Rate 

1 I 1 
48.5 48.5 

o 
o 

o 
o 

o 
o 

o 
o 

6 
290.9 1745.6 

8 23 II 2 
466.0 1340.0 8.4 

1 I 5 11
13 

33.7 168.4 i 3104 

3.5 

2 
8.4 

6 
14.5 

62.7 

22 
92.0 

43 
104.0 

Co. No. 10 i 209,423 NO. 
Rate 

o 
o 

o 
o 

2 
93.1 

16 
745.4 

1 
3.3 

1 
3.3 

19 
63.6 

Dist. B 867,804 I No. 

~
Rate 

3,086,099 No. 
Rate Total 

1 
11.2 

12 
37.9 

1 
ll.2 

5 
15.8 

I 
80 

1 899.4 

43 
135.9 

181 
572.2 

17 
12.9 

36 
8.2 

10 
7.3 

28' 
6 0 4 

102 
82.3 

354 
80.3 

Combined Total 

1 4 

110 
268.5 

129 
462.1 

67 
139.2 

44 
221.5 

260 
273.0 

145 
171.5 

8 I 4 I 29 
18.2 9.1 66.0 

3 I 3 I 31 
10.0 10.0 103.6 

4 I 4 I 31 
7.8 7.8 60.1 

2 
9.4 

9 
8.8 

4 
4.4 

1 
4.7 

6 
5.9 

4 
4.4 

14 
65.8 

III 
108.7 

62 
68.4 

755 II 30 I 22 
238.4 8.8 6.5 

278 
81. 9 

60 
208.9 

104 
435.1 

114 
275.6 

66 
220.8 

344 
277.7 

1099 
249.5 

2 
6.5 

2 
7.8 

13 
29.3 

1 
3.1 

18 
12.8 

48 
10.2 

2 
6.5 

2 
7.8 

6 
13.5 

1 
3.1 

11 
7.5 

33 
7.0 

24 
78.0 

30 
117.1 

44 
99.3 

21 
65.5 

119 
89.1) 

397 
84.J 

121 
275.5 

139 
464.5 

73 
141.5 

48 
225.5 

310 
303.6 

165 
182.1 

856 
252.2 

96 
311. 8 

127 
495.7 

119 
268.4 

82 
255.9 

424 
319.3 

1280 
271.1 ..,. 

,~ 
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dent rates are shown by county and state highway district. 

The total accident rates for both wet and dry conditions for 

the 5-month study period are illustrated in Figure 3. The 

total accident rates for the study area for the entire year 

0-: 1967 are also shown for comoarlson. 

During 1967 the 10 counties included in this study 

registered a total accident rate of 239 per 100 million 

vehicle-miles (MVM) which was somewhat above the average of 

192 per 100 MVM for the enti.re state. The total accident 

rate of 271 per 100 MVM for the study area for the 5-month 

study period in 1968 was slightly higher than in 1967. The 

rate of 271 accidents per 100 MVM includes all accidents 

recorded from May through September in 1968. When consider­

ing only wet weather accidents for the 10 county area for 

5-months in 1968, the rate increased to 572 accidents per 100 

MVM, nearly double the rate for all weather conditions. It 

can be noted from Figure 3 that the wet weather rates by 

individual counties varied considerably from the average 

wet weather rate for the 10 counties. The highest wet weather 

rates were registered by county numbers 7 and 8 with rates 

more than double the 10 county average wet weather accident 

rate. 

Similar comparisons of fatality, fatal accident, fatal 

plus injury, and total accident rates by highway district and 

for the entire study area are illustrated in Figures 4, 5, 6, 

and 7, respectively. Here again the greatest deviation from 
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the respective ten county averages was in the wet weather 

category. District A was above the wet weather averages in 

the more severe categories of fatality and fatal accident 

rates (Figures 4 and 5). On the other hand, District B was 

high in the categories of fatal plus injury and total accident 

rates (Figures 6 and 7). 

By further inspection of the data listed in Table 6, 

the proportion of wet weather accidents to the total in various 

categories can be determined. For the 5-month study period, 

14.1 percent of the accidents occurred during wet weather. 

Similarly, wet weather accidents accounted for 25.0, 15.1, 

and 10.8 percent, respectively, of the fatalities, fatal acci­

dents, and fatal plus injury accidents. This results in a 

ratio range of about one and one-half to nearly four times the 

proportion that the wet weather time is of the total time 

(6.70 percent). Considering total accidents by counties, an 

individual high of 37.5 percent of the accidents in County 

number 7 occurred during wet weather. 

Another approach involved comparing wet weather rates 

for two highway sections having similar characteristics but 

differing considerably in pavement surface type. Two such 

comparisons were made. One comparison was between sections 

1 and 2 on Route A. The wearing course for section 1 was 

about equally divided between asphaltic concrete and bituminous 

surface treatment. The wearing course for section 2 was a fine 

textured asphaltic concrete with lignite slag aggregate. The 
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two sections were thought to be fairly comparable in geometrics 

and type of traffic. Section 2, however, did have considerably 

more vehicle-miles of travel. The various rate comparisons for 

the two sections are shown in Figure 8. The total wet weather 

accident rates were high on both sections but the rate on 

section 2 was very high at nearly six times the ten county 

average of 572 per 100 MVM for the same accident rate category. 

Both the numbers and rates for the two sections are listed in 

Table 7. 

The second comparison was between a section of Route B 

and Route C. Both routes were thought to be comparable in 

function and geometrics. In this case the vehicle-miles of 

travel were almost identical. Route B had several segments 

with wearing courses composed of asphaltic concrete and several 

segments of various grades of bituminous surface treatments. 

The wearing course for Route C was asphaltic concrete with 

lignite slag aggregate. The rate comparisons are shown in 

Figure 9 and the data in Table 7. Here again the total wet 

weather accident rates were high on both routes but the rate 

on Route C was somewhat higher at nearly double the ten county 

average for the same accident rate category. 

A still different approach involved analyzing the wet 

weather accident.s from the standpoint of skidding and tire and 

oavement factors which are known to affect skid resistance. 

The four categories of accidents described on page 34 were 

considered in the analysis. Total accident rates for each of 



-c: 
Q> 
"C:;E 
o > 
;}.::E 
o 0 
-0 
&: .... 
"C Q> 
c: Q.. 

0 en 
>. Q> -0 
E a:: 
0 

lJ.. 

80. 81 

60 

40 

20 

LEGEND: 

1967 1968*, 1968* 1968* 
Total Totol Dry Wet 

~ I ~ ~ ... Moy- Sept, 

Section I 33.7 miles (HMAC ond Surface Treatment) 

Section 2 32.2 miles (Lignite Slog H MAC) 

to 
<;t 
o 

(.D 
o 
en 
(\J 

o I N;,'!'f,"';l'~t'1 ~".;i7g b)J .:-::.:..., ';;' A w~ 

Accidents 

CD I ®=t=CD + ®~ 
Fatal Plus 

I · A 'd t Total Accidents nJury CCI en s 

COMPARISON OF ROUTE"A
II 

SECTIONS 182 

Figure 8 

2500 -n :;! 
I:: > 
o :;! -cO 
~O 

1500 (.) .... 
(.) Q) 
<t 0.. 

::o..tt) 
~ Q) 
:::J -.~ 0 
Co::: 

1000 (J) -
:::J C 

- Q) 
Q.-n 
>- (.) 

(.) 

o <t 
+-
0 0 

500 I.L.. -0 
I-

o 

tJ1 
w 



Section 
Length 
Miles 

Route A 
33.7 Sect. 1 

Route A 
32.2 Sect. 2 

Route B 68.1 

Route C 57.0 

TABLE 7. COMPARISON OF ROUTES AND/OR SECTIONS OF ROUTES 

DV1'4. 

37,341 No. 
Rate 

73,860 No. 
Rate 

179,693 
No. 
Rate 

179,538 
No. 
Rate 

ROUTE A - SECTION 1 VS. SECTION 2 
ROUTE B VS. ROUTE C 

LEGEND: 1. Total (May-Sept. 1968) 
2. Dry \tleather (rvlay-Sept. 1968) 
3. Wet \qeather (Hay-Sept. 1968) 
4. Total (12 months 1967) 

(Rates per 100 

Accidents 
Fatalities Fatal Fi'lt:a1 + Injury 

~ .......... -. 

1 2 3 4 1 2 3 4 1 2 3 4 
- .. . .................. \--

0 0 0 11 o 0 0 3 5 4 1 14 
0 0 0 80.7 0 0 0 22.0 87 75 261 103 

0 0 0 3 0 0 0 3 12 8 4 25 
0 0 0 1101 0 0 0 11.1 106 76 528 93 

0 0 0 7 0 0 0 7 28 27 1 51 
0 0 0 10.7 0 0 0 10.7 99 105 54 78 

1 1 0 7 1 1 0 6 18 14 4 51 
3.6 3 0 9 0 10.7 3.6 3.9 0 9.2 65 55 217 78 

Total 

1 2 3 

10 6 4 
175 113 1045 

62 40 22 
549 379 2906 

88 76 12 
311 296 651 

70 52 18 
255 203 978 

4 

29 
213 

82 
304 

161 
245 

164 
250 
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the four accident categories were determined for each highway 

control-section (control-sections as designated by the Texas 

Highway Department) registering wet weather accidents. The 

accident rates are listed in Appendix A. 

It was found that on an individual control-section 

basis the accident rates varied considerably for each of the 

four accident categories. A large part of this variation was 

believed to be due to large differences in the daily vehicle­

miles of travel for the various sections. In order to reduce 

the variation, some grouping together of control-sections was 

necessary to make the rates more meaningful. T~is was also a 

conSideration used in selecting counties, highway districts, 

and long sections of certain routes for accident rate compari-

sons. 

The number of accidents for each of the four accident 

categories and the respective accident ra.tes for individual 

counties and highway districts are shown in Table 8. It can 

be noted tha.t county numbers 7 and 8 were consider;:,.bly above 

average in each of the four categories. 

Three of the four accident categories for which wet 

weather accident rates were determined involved some combina­

tion of skinding accident classes. Class A, classes A and B 

combined, and classes A, B,and C combined accounted for 7.3, 

8.6, and 11.1 percent, respectively, of the 1280 total accidents 

recorded during the 5 month period for all weather conditions. 

Similarly, the three classes of skidding accidents accounted 



TABLE 8. WET WEATHER ACCIDENTS (NUMBER OF 
ACCIDENTS AND RATES per 100 MVM) 

All wet 
weather 
accidents 
No. Rate 

Co. No. 1 11 374 

Co. No. 2 10 499 

Co. No o 3 6 174 

Co. No. 4 4 281 

Co. No. 5 50 731 

Co. No. 6 20 330 

Disto A 101 444.2 

Co. No o 7 36 1746 

Co. No. 8 23 1340 

Co. No. 9 5 168 

Co. No. 10 16 745 

Dist. B 80 899.4 

Total 181 572.2 

All 
skidding 
classes 

"A", "B"&"C" 
No. Rate 

11 374 

4 200 

3 87 

4 281 

38 556 

17 280 

77 338.6 

32 1552 

14 816 

4 135 

15 699 

65 730.7 

142 448.9 

Skidding 
classes 
"A"&tlBtt 
No. Rate 

7 238 

2 100 

3 87 

1 70 

26 380 

13 214 

52 228.7 

28 1358 

13 758 

2 67 

15 699 

58 652.0 

110 347.7 

57 

Skidding 
class II A" 
No. Rate 

6 204 

1 50 

2 58 

1 70 

23 336 

9 148 

42 184.7 

28 1358 

11 641 

1 34 

11 512 

51 573.3 

93 294.0 

Class "A" skidding accidents - generally single car accidents in 
which no braking was apparent before the vehicle went out of 
control. 

Class "B" skidding accidents - initial braking was involved 
before the vehicle went out of control. 

Class ttc" Skidding accidents - braking preceeded a collision. 
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for 51.4, 60.8, and 78.4 percent of the 181 wet weather 

accidents registered during the 5-month study period. 

SKID RESISTANCE 

One hundred and eighty-one wet weather accidents were 

recorded during the five month study period. Skid resistance 

measurements were made at 164 separate accident locations. 

The pattern in which the skid measurements were made was 

described on oage 30. Frequency distribution histograms 

of friction values for the one-mile vicinity averages and 

the site averages are shown in Figures 10 and 11, respectively. 

The data are listed in Table 9. 

The two distributions were compared statistically 

with a Students ttt" test (Ref 28). This is a statistical 

test which can be used to compare two samples of data to 

determine if the sample means come from the same population o 

The mean (x) and variance (s2) of the one-mile vicinity friction 

values (sample 1) were 0.366 and 4.762 x 10-3 , respectivelyo 

The mean and variance of the site friction values (sample 2) 

were 0.345 and 5.567 x 10-3 , respectively. 

It is first necessary to test for homogeneity of 

variance; i.e. t.est.ing the null hypothesis Ho that the two 

samole variances come from the same population, HOI ~12 = ~22 
s2 2 5.567 x 10-3 

F = ~ = 3 = 1.17 
s14 4.762 x 10-

The critical value of F for an ~ level of 5 percent 

and 163 degrees of freedom for each sample, 
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TABLE 9. COMPARISON OF COEFFICIENTS OF FRICTION (AVERAGE VALUES FOR 
ACCIDENT SITES AND ONE-MILE VICINITIES) May - Sept 1968 

WET WEATHER 
Coefficient ALL WET WEATHER ACCIDENTS CLASS "A" SKIDDING ACCIDENTS 

of 
Friction 1 mi. vicinity avg Site average 1 mi. vicinity avg Site average 

(50 mph) Number Percent Number Percent Number Percent Number Percent 

0.15-0.19 0 0 3 1.8 0 0 1 1.1 

0.20-0.24 7 4.3 14 8.5 3 3.4 7 8.0 

0.25-0.29 21 12.8 30 18.3 10 11.4 14 15.9 

0.30-0.34 37 22.6 38 23.2 19 21.6 21 23.9 

0.35-0.39 53 32.3 44 26.9 30 34.1 27 30.7 

0.40-0.44 28 17.1 20 12.2 19 21.6 11 12.5 

0.45-0.49 13 7.9 14 8.5 6 6.8 6 6.8 

0.50-0.54 4 2.4 0 0 1 1.1 0 0 

0.55-0.59 1 0 .• 6 1 0.6 0 0 -± 1.1 --
Total 164 100.0* 164 100.0* 88 100.0* 88 100.0 * 

*Detai1s may not add to totals due to rounding. 
en 
o 
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F(163} (163) (0 0 05) ..... 1.28 

2 2 
Therefore, the null hypothesis HoI <r 1 = <l2 is not 

rejected. Next it is necessary to test the null hypotheses 

that the two sample means come from the same population, 

0.366 0.345 
= 2.65 

The critical value of t for a 5 percent level of 

significance and 326 degrees of freedom, 

t(326) (0.05) ~ 1.96 

The computed value of t falls in the critical region. 

Therefore, the null hypothesis HolA 1 =,)./2 is rejected and it 

is inferred there is a statistically significant difference 

between the sample means, i.e., the sample means do not·come 

from the same population or there is a significant difference 

between samples or data sets. 

A further examination was made of the one-mile vicinity 

and the site friction values for class A skidding accidents 

(usually single vehicle skidding accidents with no apparent 

braking), since they were thought to be the more likely linked 

with skid resistance. Ninety-three of the 181 wet weather 

accidents were considered to be in this accident class and 

88 separate accident locations were represented by friction 
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values. Frequency distribution histograms of friction values 

for the one-mile vicinity averages and the site averages are 

shown in Figures 12 and 13, respectively. The data are 

included in Table 9. 

By statistically comparing the one-mile vicinity 

friction values and the site friction values for class A 

skidding accidents in the same manner as just described, 

the computed value of t was found to be 1.86 whereas the 

critical value of t was approximately 1.96. Therefore, it 

is inferred there is no significant difference between sample 

means at a 5 percent level of significance. 

In other words, when considering all wet weather acci­

dents, the average friction values at the actual accident sites 

were significantly lower than the average values represent~ng 

the vicinities one-half mile in each direction from the accident 

locations. When considering only class A skidding accidents, 

however, the difference was not statistically significant. No 

reason other than chance can be given for one comparison being 

Significant while the other comparison was not, especially 

since class A Skidding accidents were assumed to be the most 

likely linked with inadequate skid resistance. 

Both comparisons, however, involved comparing Skid 

reSistance values at the actual accident locations with the 

vicinity one-half mile in each direction from the aCCident 

location. In the comparisons the mean friction values differed 
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by only about 0.02. From a practical standpoint it would 

appear that an average difference of 0.02 in skid resistance 

could not be the cause of an accident hapoening at a particular 

location within the one-mile length of highway. However, even 

though the accident sites and one-mile vicinities had comparable 

skid resistance, both could still be either adequate or inade-

quate. Therefore. it may be more important to compare skid 

resistance values for wet weather accident locations with skid 

resistance values for non-accident areas o 

The Texas Highway Department has a program whereby 

skid resistance measurements are made periodically at random 

locations throughout the state. Eight hundred and thirteen 

recent tests resulted in a mean of 0.392. By treating the 813 

tests as the population of friction values throughout the state, 

the distribution of the accident site friction values for all 

wet weather'accidents are compared statistically with the state-

wide friction values as follows: 

p = 0.392 population mean (state-wide) 

x = 0.345 sample mean (wet weather accident sites) 

Test the null hypothesis Ho: x > .,u 

t _M - x _ 0.392 - 0.345 -1fT - = 8.07 
s2 )5.567 x 10-3 
n 164 

Critical t(163) (0.05) ~ 1.65 (one-sided value) 

The computed value of t falls in the critical region. 

Therefore, the null hypothesis is rejected and it is inferred 



that the sample mean is significantly less than the popula­

tion mean. 

During. 1968, one hundred and ninety skid tests were 

made in the 10 county study area that were not associated 

with the wet weather accident study. These tests resulted 
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in a mean friction value of 0.379 which is slightly better 

than the wet weather accident mean but below the state average. 

CUmulative frequency distributions of coefficients of 

friction for all wet weather and class A skidding accidents 

are shown in Figures 14 and 15, respectively. By inspection 

of Figure 14 it can be noted that 25 and 40 percent of the wet 

weather accident vicinities and sites, respectively were at or 

below a friction value of 0.3. correspondingly, 7 and 15 per­

cent were at or below a friction value of 0.24. A coefficient 

of 0.3 (50 mph) is a minimum used by the Texas Highway Depart­

ment as a guide for recommending pavement surface improvement. 

Pi value of 0.24 (50 mph) is considered a minimum for immediate 

surface improvement (Ref 17). This, in addition to the previous 

comparison of friction values, indicates that many of the wet 

weather accident vicinities and to a greater extent the actual 

accident" s i t:~~s ~NerEl somewhat 13.cking In skid resistance. 

In the previous comparisons only the measured skid 

resistance values were considered. The surface texture of 

the pavement is also an important factor, especially for high 

speeds and wet conditions. It is possible for a gritty, fine 
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textured surface to register fairly high friction coefficients 

and still be susceptible to skidding when wet. This condition 

would be further aggravated when combined with high operating 

soeeds and treadless tires. Also, it is apparent that hydro-

planing is most likely to occur under these circumstances. A 

brief discussion concerning hydroplaning will he included in 

a later section on tire factors. 

Thirty-five percent of the wet weather accidents 

involved vehicles skidding while negotiating horizontal 

curves. If the vehicle skidded sideways, the friction in-

volved would be cornering or side friction whereas the skid-

trailer measured the friction coefficients parallel to the 

direction of movement. Therefore, it was thought the skid 

resistance on ctlrves warranted further analysis. 

Friction values measured with the skid trailer and 

the cornering friction values calculated from vehicle spin 

out tests were correlat.ed so that an estimate could be made 

of the available cornering friction on the roadway. Cornering 

friction values were calculated from the relationship 

f ::: 
14.95R 

e using soin out speeds from tests conducted 

by The Texas Transportation Institute (Ref 22). The spin 

out tests were done on wet pavement test sections with a 

known degree of curvature and zero superelevation. Skid 

trailer measurements were conducted on the same test sections. 

A linear regression analysis resulted in the prediction equation 
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~ = 0.155 + 0.417(X), for determining the cornering friction 

from the measured skid trailer value. The correlation coef­

ficient r, was 0.928. A plot of the values is shown in Figure 

16. 

Two horizontal curves on Route D were selected for 

investigation. The degree of curvature was determined from 

design plans and the roadway superelevation was measured at 

the accident site. The cornering friction developed by the 

skidding accident vehicle was calculated using the estimated 

sneed recorded in the accident report. The available corner­

ing friction was t_hen determined from the skid-trailer values 

and compared with the developed cornering friction. 

The two curves, numbers 227-4 and 227-31, each recorded 

only one skidding accident during the 5-month period. The 

accident vehicle on curve number 227-4 developed 0.02 corner­

ing friction whereas 0.33 was available on the roadway. 

However, the vehicle was equipped with bald rear tires. On 

curve number 227-31, t.he accident vehicle developed 0.10 as 

compared to 0.32 available cornering friction. In this case 

a rear tire blew out apparently contributing to the accident. 

In both cases the skidding vehicle used only a sma.ll portion 

of t_he available cornering friction. 

TO further supplement the curve investigation, spot 

speed studies were conducted to determine how much cornering 

friction was developed by vehicles negotiating the same curves 
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but not skidding. This was done during both dry and wet 

weather. 

It was found that the non-accident vehicles were 

developing more cornering friction under wet conditions on 

curve number 227-1 than did the accident vehicle which skidded. 

The mean vehicle speed developed 0.03 cornering friction with 

a high of 0.14. Likewise, on curve number 227-31 the average 

of the non-accident vehicles under wet conditions developed 

0.05 cornering friction with a high of 0.12. Therefore, it 

is evident that somet.hing other than lack of adequate skid 

resistance on the part of the pavement contributed to the 

skidding accidents. 

The spot speed studies were also used to compare 

running speeds under both dry and wet conditions. The follow-

ing tabulation shows the average running speeds for the two 

curves and also one adjacent tangent section: 

TABLE 10 
Average running speed in mph 

Direction Dry Wet 
Section of Travel Conditions Conditions 

Curve No. 227-4 EB 56.7 45.6 

Curve No. 227-4 WE 54.7 51.9 

Curve No. 227-31 EB 53.0 48.4 

Curve No. 227-31 WB 49.3 46.0 

Tangent BB 59.8 60.0 

Tangent WB 68.6 57.8 
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The v~rtical alignment of the highway was quite rolling 

Flnd this could have accounted for the variation in speed for 

different directions of travel. 

TIRE FACTORS 

The wet "leather accinent data included t ire information 

such as trean ~epth, tread pattern, wear condition, pressure, 

size and manufacturer. .Z\.lthough all of these factors may be 

important, tn~i'ld d~nth was the major consideration in this 

analysis. 

Trei3.d dept.h measurements in 1/32-inch increments were 

or)tai ned for each tire on wet wea.ther accident, vehicles. Two 

Ir'?asurements were mao,e on each ti re; one for the m.inimum tread 

depth and one for the maximum tread depth. Both measurements 

were made in the center of the tire, half way between the 

edg~s. Occasionally tread deoth information was not reported 

due to the tire being damaged in the accident. The tread depth 

measurements are included with the accident data summary in 

Appendix. A. 

Tread depth distributions for each vehicle tire were 

determtned for three categories of wet weather accidents: 

total, all classes of Skidding (A, B, and C), and class A 

skidding. The average of the two measurements for each tire 

was used in determining the tread depth distirbutions for 

automobiles and pickup trucks involved in accidents. The 

tread depth distributions are shown in Figures 17 through 20 

and the data are listed in Tables 11 through 14. 
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TABLE 11. TREAD DEPTH REMAINING ON LEFT REAR TIRES 

LEGEND: 1 - Wet Weather Accidents - Class "Aft sk.idding 

Tread 
Depth 
1/32" 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 

10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 

>17 

Total 

2 Wet Weather Accidents - Sk.idding classes "A"t"BIt&"C" 
3 - All Wet Weather Accidents (May-Sept. 1968) 
4 - Non Accident Vehicles from Study Area 
5 - Illinois Tire Study 

1 2 3 4 
--- --- -

No. % No. % No. % No. 

38 41.4 40 28.4 45 20.4 27 
6 6.5 11 7.8 14 6.3 20 
6 6.5 13 9.2 17 7.7 21 
9 9.8 I 15 10.6 28 12.7 27 
6 6.5 9 6.4 13 5.9 22 
4 4.3 9 6.4 13 5.9 28 
4 4.3 9 6.4 17 7.7 52 
5 5.4 9 6.4 20 9.0 37 
7 7.6 10 7.1 19 8.6 24 
2 2.2 4 2.8 13 5.9 14 
2 2.2 7 5.0 15 6.8 10 
2 2.2 4 2.8 5 2.2 1 
1 1.1 1 0.7 2 0.9 0 
0 0 0 0 0 0 1 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

92 100.0* 141 100.0* 221 100.0* 284 

*Detai1s may not add to totals due to rounding. 

% 

9.5 
7.0 
7.4 
9.5 
7.7 
9.9 

18.3 
13.0 

8.5 
4.9 
3.5 
0.4 
0 
0.4 
0 
0 
0 
0 

100.0* 

No. 

47 
44 
48 
79 

111 
139 
191 
159 
242 
202 
171 
137 

74 
29 

. 27 
21 
15 
10 

1746 

5 

% 

I 

* 
-.J 
0\ 



TABLE 12. TREAD DEPTH REMAINING ON RIGHT REAR TIRES 

LEGEND: 1 - Wet weather Accidents - Class itA" skidding 
2 - Wet Weather Accidents - Skidding classes "A","B"&"C" 
3 - All Wet Weather Accidents (May-Sept. 1968) 
4 - Non Accident Vehicles from Study Area 
5 - Illinois Tire Study 

Tread 1 2 3 4 
Depth 
1/32" No. % No. % No. % No. 

0-1 33 36.2 37 26.5 41 18.6 18 
1-2 9 9.9 14 10.0 18 8.2 20 
2-3 8 8.8 9 6.4 14 6.4 25 
3-4 10 11.0 17 12.1 26 11.8 25 
4-5 7 7.7 16 11.4 20 9.1 36 
5-6 3 3.3 8 5 .. 7 14 6.4 26 
6-7 5 5.5 6 4.3 14 6.4 

I 
40 

7-8 5 5.5 7 5.0 17 7.7 35 
8-9 5 5.5 9 6.4 23 10.4 28 
9-10 2 2.2 6 4.3 16 7.3 21 

10-11 1 1.1 6 4.3 11 5.0 9 
11-12 3 3.3 5 3.6 5 2.3 3 
12-13 0 0 0 0 1 0.4 I 0 
13-14 0 0 0 0 0 0 0 
14-15 0 0 0 0 0 0 0 
15-16 0 0 

I 
0 0 0 0 0 

16-17 0 0 0 0 0 0 0 
>17 0 0 0 0 0 0 0 

Total 91 100.0* 140 100.0* 220 100.0* 286 

*Detai1s may not add to totals due to rounding. 

% 

6.3 
7.0 
8.7 
8.7 

12.6 
9.1 

14.0 
12.2 
9.8 
7.3 
3.2 
1.1 
0 
0 
0 
0 
0 
0 

100.0* 

5 

No. % 
---

40 
40 
54 
84 

118 
143 
180 
188 
242 
176 
190 
128 

60 
23 
25 
27 
21 

7 

1746 * 

-...J 
-...J 



TABLE 13. TREAD DEPTH REMAINING ON LEFT FRONT TIRES 

LEGEND: 1 - Wet Weather Accidents - Class "A" skidding 
2 - Wet Weather Accidents - Skidding classes "A","Bff&lfC" 
3 - All Wet Weather Accidents (May-Sept. 1968) 
4 - Non Accident Vehicles from Study Area 
5 - Illinois Tire Study 

Tread 1 2 3 4 
Depth 
1/32" No. % No. % No. % No. 

0-1 10 10.8 14 10.0 15 6.9 11 
1-2 6 6.5 7 5.0 12 5.5 10 
2-3 6 6.5 7 5.0 8 3.7 12 
3-4 11 12.0 16 11.4 24 11.0 22 
4-5 6 6.5 12 8.6 17 7.8 34 
5-6 10 10.8 12 8.6 16 7.3 28 
6-7 9 9.8 14 10.0 22 10.1 34 
7-8 11 12.0 19 13.5 32 14.7 47 
8-9 9 9.8 14 10.0 21 9.6 40 
9-10 2 2.3 6 4.3 16 7.3 29 

10-11 4 4.3 7 5.0 17 7.8 14 
11-12 8 8.7 12 8.6 17 7.8 3 
12-13 0 0 0 0 1 0.5 2 
13-14 0 0 0 0 0 0 0 
14-15 0 0 0 0 0 0 0 
15-16 0 0 0 0 0 0 0 
16-17 0 0 0 0 0 0 0 

>17 0 0 0 0 0 0 0 

Total 92 100.0* 140 100.0* 218 100.0* 286 

*Details may not add to totals due to rounding. 

% 

3.9 
3.5 
4.2 
7.7 

11.9 
9.8 

11.9 
16.4 
14.0 
10.1 
4.9 
1.0 
0.7 
0 
0 
0 
0 
0 

100.0* 

5 

No. 

38 
23 
38 
59 
90 

127 
172 
217 
218 
225 
260 
188 

72 
17 

1 
1 
0 
0 

1746 

% 
---
2.2 
1 0 3 
2.2 
3.4 
5.1 
7.3 
9.8 

12.4 
12.5 
12.9 
14.8 
10.8 
4.1 
1.0 
0.1 
0.1 
0 
0 

100.0 * 
...... 
en 



TABLE 14. TREAD DEPTH REMAINING ON RIGHT FRONT TIRES 

LEGEND: 1 - Wet Weather Accidents - Class "Aft skidding 
2 - Wet Weather Accidents - Skidding classes "A","Btf&lfC" 
3 - All Wet Weather Accidents (May-Sept. 1968) 
4 - Non Accident Vehicles from Study Area 
5 - Illinois Tire Study 

Tread 1 2 3 4 
Depth 
1/32" No. % No. % No. ~ No. /0 

0-1 10 10.9 10 7.1 13 5.9 8 
1-2 1 1.1 2 1.4 4 1.8 13 
2-3 11 11.9 14 10.0 17 7.7 11 
3-4 10 10.9 13 9.3 19 8.6 19 
4-5 4 4.3 9 6.4 15 6.8 33 
5-6 10 10.9 15 10.7 19 8.6 30 
6-7 12 13.0 18 13.0 29 13.3 38 
7-8 5 5.4 15 10.7 24 10.9 42 
8-9 10 10.9 12 8.6 20 9.1 46 
9-10 9 9.8 12 8.6 26 11.8 28 

10-11 7 7.6 10 7.1 20 9.1 13 
11-12 2 2.2 9 6.4 12 5.5 4 
12-13 1 1.1 1 0.7 2 0.9 0 
13-14 0 0 0 0 0 0 1 
14-15 0 0 0 0 0 0 0 
15-16 0 0 0 0 0 0 0 
16-17 0 0 0 0 0 0 0 

>17 0 0 0 0 0 0 0 

Total 92 100.0* 140 100.0* 220 100.0* 286 

*Details may not add to totals due to rounding. 

% 

2.8 
4.6 
3.8 
6.6 

11.5 
10.5 
13.3 
14.7 
16.1 
9.8 
4.6 
1.4 
0 
0.3 
0 
0 
0 
0 

100.0* 

No. 

36 
29 
46 
61 
88 

147 
175 
197 
263 
224 
228 
180 

56 
12 

2 
1 
0 
1 

1746 

5 

% 

2.1 
1.7 
2.6 
3.5 
5.0 
8.4 

10.0 
11.3 
15.1 
12.7 
13.1 
10.3 
3.2 
0.7 
0.1 
0.1 
0 
0.1 

10000* 

-....1 
1.0 
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A sample of non-accident vehicl8 tread depths was 

obtained for comparati.ve purp::>ses. The sample was obtained 

from four locations throughout the study area. This informa­

tion, along with data from a t,ire study (Ref 23) made in 

Illinois, is included in the aforementioned Figures and 

Tables. 

By inspect ton of t.he tread depth distribut.i.ons, it is 

~e~dily seen that the percentage of bald tires on wet weather 

accident vehicles was higher than for non-accident vehicles 

from the same area~ This is especially true of the rear 

tires. In the trgad depth range of a to 1/32 of an inch 

for rear tires, the frequency for wet weather accident vehicles 

was two to four times higher than for non-accident. vehicles. 

The difference is even more noticeable when comparing 

the tread depths of the accident vehicles with the Illinois 

data. It should be mentioned, however, that the Illinois data 

Wl=!re obtained from vehtcles operating on a toll road near 

Chicago. .A. direct comparison may not be completely valid 

sjnce the condition of the vehicles and the type of traffic 

on t.he toll road could be different from the predominantly 

rural area included in this study. 

Another interesting relationshio is apparent from the 

tread depth distribut.ions. For the rear tires in the tread 

depth r,':loge of 0 to 1/32 of an inch, the frequency for skid­

ding accident.s is higher t.han for overall wet. weather accident.s. 



In fact, for the tread depth range of 0 to 1/32 of an inch, 

the frequency of occurrence for class A skidding accidents 

81 

is about double the frequency for all wet weather accidents o 

Class A skidding accidents were considered to be the most 

reliable representation of tnle skidding since no other causes 

of the accident were apparent. Thus it vIas assumed that skid 

resistance, considering both pavement and tire factors, would 

more likely be the primary factor causing the wet weather 

accidents in this category. 

Average t.ire tread depths were also determined for 

all automobiles and pickup trucks without regard for the 

oosition of the tire on the vehicle. Distributions for the 

same five categories as shown in Figures 17 through 20 are 

listed in Ta.ble 15. Four of these categories, along with 

data (Ref 24) from the Western United States, are graphically 

illustrated in Figure 210 The Western United States data 

consist of 45,540 tires sampled from various locations west 

of the Mississippi River. 

By inspect.ion of the tread depth distributions, it 

can be seen that the Illinois and Western United States data 

are quite similar in the tread depth range of 0 to 8/32 of 

an inch. The distribut.ion representing the non-accident 

vehicles from the study area is skewed more to the left than 

either the Illinois or the Western United States distribu­

tions. Here again in the tread depth range of 0 to 1/32 of 
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TABLE 15. AVERAGE TREAD DEPTH REMAININ8 
(ALL AUTOMOBILE AND PICKUP TRUCK TIRES) 

LEGEND: 1. Wet weather class "A" skidding accidents 
2. Wet weather - all skidding accidents 
3. All wet weather accidents 
4. Non-accident vehicles from study area 
5. Illinois tire study 

Tread 1 2 3 5 
Depth 
1{32" No. No. % No. % No. % --1'!9..t. % 

r' 
0-1 91 24.8 101 18.0 114 13.0 64 5.6 161 2.3 

1-2 22 6.0 34 6.1 48 5.5 63 5.5 136 1.9 

2-3 31 8.4 43 7.7 56 6.4 69 6.0 186 2.7 

3-4 40 10.9 61 10.9 97 11.0 93 8.1 283 4.0 

4-5 23 6.3 46 8.2 65 7.4 125 10.9 407 5.8 

5-6 27 7.4 44 7.8 62 7.0 112 9.8 556 8.0 

6-7 30 8.2 47 8.4 82 9.3 164 14.4 718 10.3 

7-8 26 7.1 50 8.9 93 10.6 161 14.1 761 10.9 

8-9 31 8.4 45 8.0 83 9.4 138 12.1 965 13.8 

9-10 15 4.1 28 5.0 71 8.1 92 8.1 827 11.8 

10-11 14 3.8 30 5.3 63 7.2 46 4.0 849 12.2 

11-12 15 4.1 30 5.3 39 4.4 11 1.0 633 9.1 

12-13 2 0.5 2 0.4 6 0.7 2 0.2 262 3.7 

13-14 0 0.0 0 0.0 0 0.0 2 0.2 81 1.2 

14-15 0 0.0 0 0.0 0 0.0 0 0.0 55 0.8 

15-16 0 0.0 0 0.0 0 0.0 0 0.0 50 0.7 

16-17 0 0.0 0 0.0 0 0.0 0 0.0 36 0.5 

17 0 0.0 0 0.0 0.0 0 0.0 18 0.3 

Total 367 100.0* 561 100.0* 879 100.0 1142 100.0* 6984 100.0* 

*Details may not add to totals due to rounding. 



..J 
<l: 
I-
0 
l-

I.&.. 
0 

l-
z 
w 
u 
a:: 
W 
£l.. 

~ 

25 
LEGEND 

*' Wet Weather Closs IIA" 
Skidding Accidents 

20 I All Wet Weather Accidents +--+--+ I 

Non-Accident Sample 0-0-0 

from Study Area 

151 \ L Illinois Tire Study A-A-A 

.... ~ ... --. I Western U.S. Tire Study *-*-* I 
A 

+ \ I 
/ /'V .. ~t I I 

'M / .?i ,~- 4--1 \ 

10 \ - +, I ~ , 
-"'" ' ...... 

51-----+·············· 

,A-A=r:=_4 
I ~~L-W~~I'e"?#:-mrl' ~ 0 1-
a 2 16 [0 4 6 8 12 14 

Groove Depth 1/32 inch ] 

AVERAGE TREAD DE PTH REMAI N I NG - ALL TI RES 

FIGURE 21 
00 
w 



84 

an inch, the frequency is higher for wet weather accidents and 

especially class A skidding accidents than for any of the other 

data. 

Skid resistance is affected by tire inflation pres­

sure. Wet conditions accentuate this effect since it is 

known that low inflation pressures make r.ydroplaning pcss ible 

at lower speeds providing the depth of the water layer is 

constant (Ref 12). Although inflation pressure was not a 

major consideration in the overall analysis, skid resistance 

was felt to be an important factor influencing class A Skid­

ding accidents; therefore, inflation pressures were investi­

gated for this accident category. 

Inflation oressures for all automobile tires and for 

the minimum tire pressure per automobile are listed in Table 

16. The cumulative-frequency distributions are illustrated 

in Figure 22. The tires were assumed to be "cold" when pres­

sure measurements were made. Little was known as to the 

proper inflation pressure since this depends on the tire 

load and information of this type was not available. It 

is noted, howev0r, +-r,at 28 i'l:"\d 5Q percent ~ respecti.vely, of 

all tires and the minimum tire pressure per vehicle .. Jere at 

or below 24 psi whtch \vonld normally be a mininl1lID operating 

pressure. Also, the pressures did range as low as 8 psi. 

With pressures ranging as low as 8 psi there is reason to 

suspect that some tires could have lost pressure resulting 

from damage durjng the accident. 



85 

TABLE 16. AUTOMOBILE TIRE INFLATION PRESSURE 
CLASS "Au SKIDDING ACCIDENTS 

Minimum tire pressure 
Tire All automobile tires Eer automobile 

pressure Cumulative cumulative 
(Esl) Number J?!!rcent Number J?!!rcent 

8 1 0.3 1 ·1.1 
9 1 0.6 1 2.2 

10 3 1.5 3 5.4 
11 2 2.1 2 7.5 
12 3 3.0 3 10.8 
13 2 3.6 1 11.8 
14 1 3.9 1 12.9 
15 2 4.5 2 15.1 
16 3 5.5 1 16.2 
17 0 5.5 0 16.2 
18 1 5.8 0 16.2 
19 1 6.1 1 17.2 
20 18 11.5 9 26.9 
21 7 13.7 6 33.4 
22 22 20.4 5 38.7 
23 8 22.8 4 43.0 
24 18 28.3 6 49.5 
25 8 30.8 1 50.6 
26 18 36.2 5 56.0 
27 4 37.5 0 56.0 
28 40 49.7 14 71.0 
29 19 55.5 3 74.2 
30 95 84.4 16 91.4 
31 16 89.3 4 95.7 
32 17 94.5 3 99.0 
33 2 95.1 0 99.0 
34 8 97.5 1 100.0 
35 4 98.7 0 100.0 
36 2 99.4 0 100.0 
37 0 99.4 0 100.0 
38 1 99.7 0 100.0 
39 0 99.7 0 100.0 
40 0 99.7 0 100.0 
41 0 99.7 0 100.0 
42 0 99.7 0 100.0 
43 0 99.7 0 100.0 
44 0 99.7 0 100.0 
45 1 100.0 0 100.0 

Total 328 93 
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Hydroplaning is thought by many to be a major con­

tributor to wet weaj~her skidding accidents. Hydroplaning 

simply means the vehicle tire actually skis on a film of 

water. The likelihood of this happening is greater when 
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the pavement has a fine textured surface, the vehicle tires 

are treadless, the inflation pressure is low, and the vehicle 

is traveling at high speed. 

Each wet weather accident report was reviewed with 

this possibility in mind. If, according to the report, the 

vehicle went out of control for no apparent reason, hydro­

planing was suspected as contributing to the accident. Forty­

two of the 181 wet weather accidents or 23 percent were 

suspected of hydroplaning. A few others could have been 

jncluded but driving while intoxicated was thought possibly 

to have been a contributing cause of the accident. Thirty­

six of the 42 or 86 percent of the hydroplaning suspects were 

included in the class A skidding accident category. In the 

ot.her six accidents, braking was possibly involved in the 

vehicle going out of control and thus the accident was classi­

fied in one of the other Skidding accident categories. 

RELATIONSHIP OF SKID RESISTANCE AND TREAD DEPTH TO SKIDDING 

ACCIDENT RATES 

Wet weather accident rates for the four accident 

categories described on page 34 were determined for each of 

the 80 control-sections registering wet weather accidents. 
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Average skid resistance values for each of the accident sites 

and the tire tread depth per automobile (minimum depth for a 

single tire, average depth for the rear tires, and average 

depth all tires) were also determined. 

The accident rates by highway control-sections were 

nlotted versus the respective friction values and tread d.eoths. 

The scatt.er of noints was such that no meaningful relationship 

was aoparent. The accident rates for individual control­

sections did vary con8iderably which was believed to be 

nart.ly due to the large variation in vehicle-miles of travel 

for the various control-sections. The scatter of 'f:IOints was 

reduced by combining control-sections into longer highway 

segments with more comparable vehicle-miles of travel. How­

ever, a meaningful relationship still did not appear to exist. 

For this reason, the graphical representation of these analyses 

are not included in this report. Some relationship may develop 

with more data. The basic data by control-section, however, 

are listed in Appendix A. 

Another aporoach, involving a statistical technique, 

was used to investigate the rel~tionship of skid resistance 

and tread depth on wet weather accident rates. For this 

analysis, all US and state numbered highways were grouped 

together. A. tota1 of 96 control-sections having a combined 

length of 843.9 mi were included. Average wet weather 

accident rates were determined for each of the four accident 

categories previously described. USing the control limit 
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technique described on page 39, upper and lower statistical 

control limits were established for each of the four accident 

categories for all 96 sections. The observed accident rates 

are listed in Aopendix A and the computed statistical control 

limits are listed in Appendix B. The overall mean class A 

skidding accident rate, statistical control limits, and the 

observed rates for 11 highway control-sections (114.1 miles) 

on Route A are graphically illustrated in Figure 23. Similar 

illustrations could be prepared for other highway control­

sections from the data listed in Appendices A and B. 

The computed statistical control limits, in effect, 

establish a band or range within which an observed accident 

rate could be expected to vary from the average due to chance 

alone. In other words, if the observed rates fall above the 

upper control limit or below the lower control limit, those 

sections should be investigated to determine what is unusual 

about them. ~long this line, tread depth and skid resistance 

values were analyzed for all class A skidding accidents 

contributing to the observed rates falling above the upper 

statistical control limit. Most of the sections that fell 

below the lower control limit had zero accident rates and thus 

not enough data were available for comparison with sections 

having obs8rved rates above the upper control limit. There­

fore, the tread depth and skid resistance data for the control­

sections with observed rates above the upper control limits 

were compared with all of the tread depth and skid resistance 

data for the class A Skidding accident category. 
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The tread denth distributions and data are shown in 

Figure 24 and T2'lble 17, respectively. Correspondingly, the 

skid resistance values ~re shown in Figure 25 and Table 18. 

These dist.ributions c0mpare quit.e well with those shown pre­

viously for all class A skidding accidents (Figures 13 and 

l7 through 20). For tche sections with observed rates above 

the uoper limit, the tread depth means for the rear tires 

were slightly less t.han) :>nn rhe means for t.he front tires 

were slightly more than, thosA for all class 1\ skidding i'\("ci­

dents. The mean coefficient of friction for the sections 

with rates above the u~per limit was somewhat higher than 

for all class A skidding accidents, 0.370 to 0.348. 

A statistical control limit analysis was also made 

by pavement surface type. The US and state numbered highways 

were divided into three broad categories of wearing surface: 

(1) bituminous surface treatment, (2) asphaltic concrete 

containing lignite slag aggregate, and (3) other types of 

asohaltic concr€'te. The observed rates a.re listed in Appendix 

A and the computed, statistical control limits are listed in 

Appendix B. 

The observed accident rates in all four accident 

categories were either withjn the statistical control limit 

band or below the lower limit except for those sections with 

lignite slag asphaltic concrete. In fact, in each of the four 

accident categories, the observed rates for lignite slag sec­

tions were approximately double the respective overall averages 
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TABLE 17. TREAD DEPTH REMAINING - CLASS fiAtt SKIDDING 
ACCIDENTS FOR SECTIONS WITH ACCIDENT RATES 
ABOVE UPPER STATISTICAL CONTROL LIMIT 

Tread Left Front Right Front Right Rear Left 
Depth 

93 

Rear 

1/32" lie.:. ~ ~ % ~ ~ lie.:. ..:L_ 

0-1 5 9.6 4 7.7 19 36.5 22 42.3 

1-2 2 3.8 1 1.9 8 15.4 3 5.8 

2-3 4 7.7 8 15.4 4 7.7 6 11.5 

3-4 4 7.7 5 9.6 6 11.5 2 3.9 

4-5 4 7.7 0 0 1 1.9 5 9.6 

5-6 7 13.5 4 7.7 2 3.9 3 5.8 

6-7 4 7.7 7 13.5 3 5.8 1 1.9 

7-8 6 11.5 0 0 2 3.9 2 3.9 

8-9 6 11.5 9 17.3 4 7.7 5 9.6 

9-10 2 3.9 9 17.3 1 1.9 1 1.9 

10-11 3 5.8 3 5.8 0 0 1 1.9 

11-12 5 9.6 1 1.9 2 3.8 0 0 

12-13 0 0 1 1.9 0 0 1 1.9 

Total 52 100.0* 52 100.0* 52 100.0* 52 100.0* 

*Details may not add to totals due to rounding. 
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TABLE 18. AVERAGE COEFFICIENTS OF FRICTION AT ACCIDENT 
SITES - CLASS itA" SKIDDING ACCIDENTS 

Sections with pre-
Sections with accident dominant wearing 

Coefficient rates above upper sta- course composed of 
of tistica1 control limit lignite slag 

friction 
(50 mph) Number Percent Number Percent 

0.20-0.24 1 1.9 0 0 

0.25-0.29 6 11.6 7 17.5 

0.30-0.34 9 17.3 7 17·5 

0.35-0.39 23 44.2 17 42.5 

0.40-0.44 9 17.3 7 17·5 

0.45-0.49 3 5.8 2 5·0 

0.50-0.54 0 0 0 0 

0.55-0.59 1 1.9 .Jl 0 

Total 52 100.0 40 100.0 
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for the entire 844 miles of highways. On the other hand, the 

rates for the other two surface types were below the average 

in each of the four accident categories. 

Since lignite slag asphaltic concrete was the only 

surface type with observed accident rates above the upper 

control limits, tread depth distributions were determined 

for class A skidding accidents occurring on sections with 

lignite slag asphaltic concrete. The distributions are shown 

in Figure 27 and Table 19. Upon inspection it can be seen 

that ~he mean tread depth for each tire is considerably below 

the overall mean for class A skidding accidents (Figures 17 

through 20). In fact, the mean of each of the rear tires is 

approximately 1/32 of an inch less than the overall mean for 

rear tires in the same accident category. 

The distribution of accident site coefficients of 

friction for class A skidding accidents occurring on lignite 

slag sections is shown in Figure 26 and Table 18. The mean 

value is slightly above the overall mean for class A Skidding 

accidents, 0.354 to 0.348. This is not too surprising because 

lignite slag asphaltic concrete surfaces, although fine tex­

tured, are generally abrasive or gritty. 

Skid resistance values can be fairly high on fine 

textured, gritty surfaces such as lignite slag asphaltic 

concrete. However, the combination of water, high speed, 

and lack of tire tread causes a reduction in the effective 

skid resistance. Also, under this combination of conditions, 

hydroplaning would be more likely. 
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TABLE 19. TREAD DEPTH REMAINING - CLASS "Aft SKIDDING 
ACCIDENTS FOR SECTIONS WITH PREDOMINANT 
WEARING COURSE COMPOSED OF LIGNITE SLAG 
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Tread Left Front Right Front Right Rear Left Rear 
Depth 
1/32" !'!2.!. ~ No. ~ ~ ~ ~...L 

0-1 6 14.0 6 14.0 19 44.2 22 51.2 

1-2 2 4.6 1 2.3 7 16.3 3 7.0 

2-3 4 9.3 7 16.3 3 7.0 4 9.3 

3-4 3 7.0 3 7.0 7 16.3 2 4.6 

4-5 4 9.3 1 2.3 1 2.3 4 9.3 

5-6 5 11.6 4 9.3 0 0 1 2.3 

6-7 4 9.3 5 11.6 2 4.6 1 2.3 

7-8 3 7.0 0 0 1 2.3 1 2.3 

8-9 4 9.3 7 16.3 1 2.3 3 7.0 

9-10 2 4.6 6 14.0 1 2.3 1 2.3 

10-11 3 7.0 2 4.6 0 0 0 0 

11-12 3 7.0 1 2.3 1 2.3 0 0 

12-13 0 0 0 0 0 0 1 2.3 

Total 43 100.0* 43 100.0* 43 100.0* 43 100.0* 

*Detai1s may not add to totals due to rounding. 
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It was previously mentioned that hydroplaning was 

suspected in 42 of the 181 wet weather accidents. Thirty­

one of these occurred on the 834 miles of US and state 

numbered highways. Five of the 31, or 16 percent occurred 

on "other asphal t.ie concrete" pavements whereas this pave­

ment category constituted 20 percent of t.he 834 miles and 

carried 31 percent of the daily vehicle-miles of travel. 

Three of the 31 or 10 percent. occurred on sections with 

bituminous surface treatment wearing courses which accounted 

for 55 percent of the mileage and 43 percent of the vehicle­

miles of travel. Lignite slag asphaltic concrete surfaces 

registered 23 of the 31 or 74 percent of the accidents sus­

pected of hydroplaning. Lignite slag surfaces accounted for 

25 percent of the mileage and 26 percent of the 1,852,094 

daily vehicle-miles of travel considered. 

MISCELLANEOUS 

Thirty-nine percent of the accident vehicles had power 

steering and thirty-six percent had power brakes. This did 

not. include vehicles which were involved in accidents while 

stopped. The percentage having power steering was somewhat 

below the national sta.tistics for factory equipped vehicles. 

From 48 to 75 percent of 1963 through 1967 vehicles were 

equipped with power steering at the factory (Ref 1). Cor­

respondingly, 27 to 39 percent were factory equipped with 

power brakes (Ref 1). 
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Male drivers accounted for 74 percent of the wet 

weather accidents. No information was available concerning 

driver age. Sixty-nine percent of the wet weather accident 

vehicles were 1966 models or older. The cumulative-frequency 

distribution of accident vehicles by model year is shown in 

Figure 28. The speed distributi.on for all accident vehicles 

is shown in Figure 29. The mean accident speed (based on the 

estimated speed reported) was 52.5 mph. This seems quite high 

since it includes several vehicles which were involved in 

accidents while stooped. 

The frequency of wet weather accidents was highest 

between 4 and 6 p.m. as indicated in Figure 30. Of course 

the traffic volumes were also likely to be highest during 

these hours even though the study area was primarily rural 

in nature. The rainfall distribution was quite uniform on 

an hourly basis for the five month period as shown in Figure 

30. Figure 31 shows t.he frequency of wet weather accidents 

and wet time for each of the five months included in the study 

period. The percentage of accidents and wet time by months 

are in comnarable proportions except for August and September. 

Only 2 percent of the wet time was registered in August where­

as 10 percent of the wet weather a.ccidents occurred during that 

month. OUring September 33 percent of the wet time and 19 

percent of the accidents were recorded. 
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS 

Considering all of the accidents recorded within the 

study area for the 5-month study period in 1968 (May-September), 

the various rates were quite comparable t,o those experienced 

for the same are8. during 1967. However, for the 5-month study 

oeriod, rates on the basis of wet weather were much higher. 

Fatality, fatal accident, fatal plus injury accident, and total 

accident rates during wet weather were approximately 4, 2, l~, 

and 2 times greater than t,he respective rates for all weather 

conditions combined. The same ratios can also be expressed in 

another way. Approximately 25, 15, 11 and 14 percent of the 

fatalities, fatal accidents, fatal plus injury accidents, and 

total accidents, respectively, occurred under 'tV'et weather 

conditions; whereas the pavement was estimated to be wet only 

6.7 percent of t.he time. These relative comparisons are thought 

to show some indication as to the influence of wet conditions on 

traffic accidents. 

Stati.stically the skid resistance values representing 

the actual sites of the wet weather accidents were signifi­

cantly lower than the values representing the vicinities 

approximately one-half mile in each direction from the accident 

sites. This showed up with only 0.02 difference in the mean 

values. providing that inadequate skid resistance was the 
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nrimary cause of the average y.TGt weather accident, one ques­

tion h?com~s read ::1y anparent. \vas this 31 ight nifference in 

th~ mean skin resistance values enough +:0 tnfluencp where t.he 

i"\ver;=vJP acci<l?nt actui9.l1y t/)o}~ place? FrOM. a practical stand­

ooint, it. would rH)nE""1r that. the effects of 0.02 difference in 

t.he mean skid resistance values would be very diffi(~1J'_t. to 

rp,"1 J iZ8 3S far as causing t~e acci<lent to happen i'lt a pC1rt icu­

lar location~ Tt 30pears that ~any factors other than skid 

C"Psist3nce are ·"llso involved. 

This is not. tnt.ended t.L> imply, however, that. sktf'l 

resistance vallles for the wet weather accident locations 

should not be R matter for concern. Approximat.ely 25 and 

40 ?ercent of the we+: weather ac~ident 17icinities and Sites, 

resnectively, were at or below 0.3 and Rre therefore in the 

ctttegory where surf;::tce improvement. should be considered 

(Ref 17). Likewise, 3)':'lProximately 7 and 15 oercent were at 

or below 0.24 and t.'1US in the category where immediate surface 

imnrovement. is rec0mmended (Ref 17). Both of these minimums 

are based on skid tesi: speeds of 50 mph. 

Overall, it is quite i'J;')pa.rent that the vehicles involved 

in wet. weather accidents, and to a greater extent. those involved 

in the various classes of Skidding accidents, were very defi­

cient i.n tire tread depth. The deficiency is most. pronounced 

for rear t. ires. This is the case when comparj.ng accident. 

vehicles with non-accident vehicles from the same area. It 

is even more noticeable when comparing tread depths for wet 
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weat.her accident vehicles with tread depth data obtained from 

other narts of the United States. For rear tires in the tread 

dept·.h range of 0 to 1/32 of An inch, the frequency for skidding 

accident vehicles in which no braking was apnarent (class A) 

was armroximately four to five times higher than for non­

accident vehicles from the same area. The ratio dropped to 

about three and four 'VThen considering a tread depth range of 

o to 2/32 of an inch. 

Sta.tist.ica 1 control limits were determined for all 

highway control-sections on US and state numbered highways, 

This was done for four categories of wet weather accidents 

(all wet weather, skidding class A, skidding class A and B 

combined, and skidding classes A, B, and C combined). Tire 

tread and skid resistance for all Skidding accidents in the 

c12lss A ca.tegory, which were associated \'lTith sections with 

observed accident rates falling above the upper statistical 

control limit, were analyzed separately. The tread de 9th and 

skid resistance data for those secttons with class A Skidding 

i'l~c:ident rates above the upper limit were quit.e comparable to 

the corresponding data for all highway control-sections. There­

for.e, it does not appear that lack of tread or skid resistance 

;:llone were the rna jc.r reasons for the observed accident rates 

being above the upper control limit. It is recognized however, 

that factors other than skid resistance and tread depth could 

ha.ve cont.ributed to the excessively high rates, but they were 

not included in the analysis. 
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Statistical control linits were also determined for 

three broad categories of surface tyoe: (1) bituminous surface 

treatment, (2) asphaltic concrete containing lignite slag 

aggregate, and (3) other types of asphaltic concrete. The 

observed rates for. all four wet weather accident categories 

werE: above t.he upper control limits for the sections with 

lignite slag asphaltic concrete wearing surfaces. Friction 

values for lignite slag sections in the class A skidding 

accident category were Slightly higher than for all highway 

control-sections in the same accident category. The mean 

friction value for class A skidding accident sites on lignite 

slag sections was 0.354 as compared to a mean of 0 • .348 for all 

class A skidding accident sites. Similar comparisons of tire 

tread depths for class A skidding accidents indicated a con­

siderable difference, especially for rear tires. The mean 

tread depth for rear tires was approximately 1/32 of an inch 

less than t.he overall mean for rear tires in the same accident 

category. 

Hydroplaning was suspected in 23 percent of all we·t 

weather accidents. Eighty-six percent of the Suspects were 

in the class A Skidding acc:ident category. Thirty-one of 

the suspect.s occurred on US and state numbered highways. 

Twenty-three or 74 percent of the 31 took place on sections 

with lignite slag asphaltic concrete surfaces. 

Accident causes are recognized to be complex and 

many factors could be involved. However, tread depth and 
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skid resistance were the main factors considered in analyzing 

the wet weather accident data. Under wet conditions su~face 

texture and tread depth are very important to skid resistance. 

Surface texture measurements were not available for analysis 

but some assumptions were made in this regard. This was the 

underlying reason for dividing surface type into three cate­

gories. Lignite slag asphaltic concrete is generally recog­

nized to have a very fine, gritty or abrasive; texture. On 

the other hand, bituminous surface treatments are likely to 

have a coarse texture and "other asphaltic concrete" surfaces 

are likely to have textures somewhere in between the other 

two 0 Of course the texture of the latter two surface types 

could vary considerably depending on their condition. In 

general, however. it seems to be a fairly safe assumption 

that lignite slag surfaces would have the finest texture of 

the three surface types. 

This leads to the tentative conclusion that surface 

texture, as well as tire tread depth, are very important factors 

in wet weather accidents. At any rate many of the results seem 

to indicate this. Lignite slag sections overall registered very 

high in total wet weather accident rates, wet weather skidding 

accident rates, and accidents suspected of hydroplaning. Also, 

vehicles involved in class A skidding accidents on US and state 

numbered highways with lignite slag asphaltic concrete wearing 

surfaces had less tire tread, especially on rear tires. than 

did those vehicles involved in accidents of the same class on 



all highway control-sections. This tends to combine fine 

textured surfaces and treadless tires which according to 

much of the treory regarding skid resistance, is a poor 

combination under wet conditions. 
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Overall it is thought that tread depth, and in some 

instances skid resistance, vJere deficiento Improvements in 

both areas are therefore needed: 

1. Surface improvements should be initiated at least 

at all wet weather accident locations registering 

skid resistance values below the current recom­

mended m:inimum. 

2. Drivers should be made aware of the effect that 

tire treed depth has on skid resistance under wet 

conditions. Inclusion of tires in vehicle inspec­

tion proceclures should help in this respect. Also, 

serious consideration should be given to establish­

ing a minimum legal tread depth. 

The fol1.o'JIlj.ng sUCJgestions are made regarding further 

research of the t.ire-pavement factors associat.ed with traffic 

accidents occurring under wet conditions # 

1. Surface texture measurements should be made and 

analyzed in conjunction with skid resistance and 

tire factors. This could lead to more defintte 

conclusions as to the effects of surface texture 

on wet weather accidents. 
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2. After more accident d3ta become available, the 

relationship of skidding accident rates to skid 

resistance, surface texture, and tire tread depth 

shrnlld be further investigated. 

3, Inasmuch as only a small difference has been found 

between skjd resistance values at the actual accident 

site and the vicinities one-half mile in each direc-

tion from the siteG, consideration should be given 

to reducing the number of skid tests for future 

accident investigations. It appears that three 

skid test.s made in close proximity to the actual 

site of t.he accident would provide adequate informa-

tion on skid resistance. 

4. It. may be worthwhile t.O examine pavement drainage 

?rooert s at accident sites where hydroplaning waS 

suspected. The crown or cross-sloDe of the pavement, 

oossible rutting of the surface, and possible drain-

age restrict.ions of the roadway shoulder should be 

examined. 

r:; ..,. High frf~quency accident locations should be investi-

gated for1j()ss1ble improvements in geometrics, 

delineation, signing, and pavement markings. 
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APPENDIX A 

WET WEATHER ACCIDENT RATES, SKID RESISTANCE, 

AND TIRE TREAD DEPTH 
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Hwy. 

Cont. 

Sect. 

114-6 

265-S 

26S-6 

321-3 

322-1 

472-1 

571-1 

APPENDIX A - ~\lET WEATHER ACCIDENT RATES, SKID RESISTANCE, AND TIRE TREAD DEPTH 

LEGENDI * indicates vehicle which skidded in multiole vehicle accident 
S indicates single vehicle accident (Veh. No.) 
o indicates non-skidding accident (Acc. Clas~) 

NA indicates data not available 
T indicates truck (tire data not used in analysis) 

Trea.d Depth-Average 
Wet Weather Accident Rates Coefficient of Two Measurements 

per 100 MVM of Friction per Tire 

Total Skiddi.ng Skidding Skidding Acc. I-mile Acc. Veh 
Wet Classes Classes Cla.ss Site Vicinity 

Weather A,B,&C A&B A i No. Average Average Classi No. LF RF LR RR 

493 493 0 0 Gl-5 0.47 0.47 
... ;t=~2 

2.5 3.S 10.0 11.0 
i ' I 1 NA NA NA NA 

~T;Z 
~~.----

447 447 224 224 Gl-6 0.28 0.29 I 4.0 2.0 3.5 4.0 
, i 1 ' NA NA NA NA 
Gl-8 0.32 0.36 A *2 8.0 I 8.0 8.0 8.0 

1 8.0 6.0 8.0 

3033 I 
8.0 , 

3033 2275 ! 2275 Gl-l 0.23 0.27 A S 12.0 11.0 4.5 8.5 
Gl-3 0.23 0.25 C *1 . 7.5 9.0 2.0 3.0 

2 I NA NA NA NA 

J 
Gl-4 0.27 0.26 A *1 6.0 10.0 5.5 9.0 

2 NA NA I NA NA 
Gl-7 i 0.37 0.35 A *2 8.5 10.0 I 6.0 5.5 

, 1 7.0 6.5 I 10.0 4.0 
.--

7.0 ! 1727 1727 1727 Gl-11 0.39 0.37 A S 8.0 7.5 I 6.0 
. __ . 

'---. 

680 680 0 0 Gl-9 0.32 0.33 i C *1 S.5 11.5 S.O 5.5 
2 3.5 4.5 8.5 7.5 

.- .-
696 696 696 696 Gl-2 0.27 0.32 A S 11.5 11.0 4.5 12.0 

22428 22428 22428 0 Gl-10 0.37 0.39 B S 10.0 11.5 0.5 2.5 

..... 

..... 
oil> 



49-9 737 

I~ 
737 737 82-34 

-S::ml 
0.35 

50-1 812 '=-812 ....... 812 812 82-33 0.39 

50-2 1351 965 . 965 965 82-5 0.39 
82-10 . 0.39 , 0.41 
B2-11 0.38 0.41 
82-14 0.40 0.39 
82-28 0.43 0.43 
82-31 0.39 0.39 
B2-35 0.36 0.36 

.. _--_ ... 

116-4 4522 3768 3392 3392 82-3 0.36 0 0 37 
82-7 0.34 0.35 
82-12 0.36 0.37 
82-13 0.36 0.37 
B2-16 0.29 0.32 
B2-17 0.31 0.32 

82-20 0.31 0.32 
B2-21 0.40 0.44 
B2-22 0.29 0.32 
B2-25 0.34 0.37 
B2-26 0.31 0.32 
B2-29 0.38 0.37 

O·[!l 117-1 2935 2935 2348 2348 B2-6 0.39 
B2-18 NA 
82-23 0.36 0.38 
B2-27 0.35 0.35 
B2-32 0.37 I 0.37 

I 
117-2 4483 4483 3587 3587 B2-1 0.40 0.41 I B2-4 0.40 0.41 

82-9 0 0 39 0.40 

B2-19 0.38 ~.39 
B2-24 0.36 0.36 

.. _-------

212-3 1571 1571 1 B2-36 0.29 0.29 

A S I 
A S ll.O 11.0 

0 S 2.0 10.5 
A s 8.0 9.0 
A S 1 10 • 5 1l.5 
A S 5.0 6.0 
0 S 10.0, 10.0 
A 

S 5.~ 2.5 A S 10.0 10.0 
.... - ... ... -... .._ ... 

0 SIT T 
A S 3.0 6.0 
A S 4.0 3.0 
A S 7.5 I 7.0 
0 S T T I 
C *1 l1.C 1l.0 

2 i NA NA 
A S 1 10 • 0 10.0 
l~ S I 8.5 8.5 
A S 0.0 0.0 ! 
A S 7.0 6.0 I 
A S 5.5 4.0 
A S 9.0 9.0 

-------

A S 5.0 7.0 
A S 6.0 3.0 
A S 9.0 8.5 
A S 0.5 2.5 
C *1 

I 

5.5 6.0 
2 7.0 7.0 
3 8.0 8.0 

A S 3.5 2.5 
A S 0.0 0.0 
C *1 0.0 7.5 

2 11.0 1l.0 
A S 7.5 7.0 
A S 1l.5 11.0 

S 9.0 9.0 I 

0.5 

0.0 

6.0 I 

C _ ': I 
0.0 
3.5 

10.0 
0.0 
6.5 

T 
2.0 
0.0 
1.5 

T 
11.0 

NA 
1.0 
8.5 
0.0 
3.5 
4.0 
0.0 

2.5 
0.0 
1.5 
0.0 
0.5 
5.0 
3.0 

0.0 
0.0 
0.0 

11.0 
7.0 
2.0 

9.0 

1.5 

0.0 

0.5 
1.0 
0.0 
4.5 

10.0 
0.0 
6.0 

T 
0.0 
9.0 
2.5 

T 
1l.0 

NA 
0.0 
8.5 
2.5 
3.0 
3.5 
0.0 

2.5 
0.0 
8.0 
0.0 
1.5 
4.5 
3.0 

0.5 
0.0 
0.0 

11.0 
7.0 
4.5 

8.5 

I-' 
I-' 
U'I 



f3 

506-1 2580 2580 2580 2580 B2-8 
B2-15 
B2-30 

0.40 
0.34 
0.33 

-----111- -------jj-----r 
1560-2 7811 7811 o o B2-2 0.33 

0.40 
0.41 
0.33 

A S 6.0 4.0 0.0 
A S 3.5 9.0 0.0 

0.0 
0.0 
0.0 U_S 

4.0 4.0 W.5 

---tTI\-~ ~ ~~- ~-, ~ -~ 

0.36 ell NA NA NA I 
*2 7.0 7.0 4.0 i 

NA 
4.0 

l I 

116_2109s!n 1095 B3-1 0.411 0.42 A S 11.5 10.0 3.51 0.5 
1.5 B3-13 0.39 I 0.38 A S 0.0 9.5 7.5 I 

116-3 112590 I 1942 1619 nl-6-1-9--1t-B3-_-5---;r~o-:45l 0.41 0 1 11.0 11.0 11.0 11.0 
I 2 T T T T 

186-2 

186-3 

186-4 

457-1 

506-2 

1237 824 824 412 I 

I 

B3-6 0.39 10.41 0 S 11.0 10.5 3.0 3.5 
B3-9 0.39 I 0.41 A S U.S 10.0 1l.5 12.5 
B3-14 0.46 0.47 C 1 10.0 10.0 9.0 9.5 

B3-20 

B3-21 
B3-22 
B3-23 

B3-3 

B3-7 

B3-18 

0.43 

0.34 
0 0 58 
0.58 

0.29 

0.37 

0.36 

0.46 

0.38 
0.48 
0.48 

0.30 

0.36 

0.35 

A 

A 
A 
A 

*2 9.0 10.0 10.0 9.5 
1 8.0. 8.5 8.0 I 8.0 

*2 3 • 5' 2 • 5 2 • 0 I 1.0 
S 3.0 3.5 3.0 3.5 
S 6.0 2.0 ~O.O 9.0 
S 5.0 6.0 4.0 4.5 

-i--- ,- --
A 1 8.5 10.0 7.5 8.0 

*2 2.0 5.0 4.0 0.0 
B *1 4.0 5.0 5.0 3.0 

o 
2 NA NA NA NA 
S 9.5 10.0 9.5 1.5 

---+-----'----+------41 I ~ ~---___lt--__t_-~ ~_ll__~--I---

965 241 241 o 

3816 1908 1908 

B3-11 
B3-15 
B3-16 

B3-17 

0.30 
NA 
NA 

0.35 

0.32 
NA 
NA 

0.34 

B 
o 
o 

o 

1.0 2.5 
S 4.0 11.5 
1 10.0 10.0 
2 6.0 7.5 
3 10.0 11.0 
S J 6.5 10.0 

2.0 
3.0 
9.5 
6.5 
9.5 
3.0 

2.5 
3.0 
9.0 
7.0 

10.0 
0.5 

B3-4 0.38 0.38 A S 1.5 0.0 4.5 5.0 
1908 B3-2 0.36 + 0.38 0 S 5.5 6.0 8.5 4.5 

II 1218 I 1218 ---r- 1218 1218 B3-10 0.31 -- ~ 0.34 A S 8.0 6.0 5.5 6.0 
II l--- 0 

3179 o o B3-19 NA 
n_+\ ~---t- I ~~--

NA 0 1 
2 

8.0 
8.5 

6.5 
8.5 

7.0 7.5 
8.0 8.0 

I-' 
I-' 
Cl\ 



~ 

648-3 '.' .. 1 .. 372 .. '. 686 I 6.86 I 686 II B3-8 0.43 0.39 1_.0 S 1.:'; I. ~.~ I 4 .•... 5 1 1;.~ 
B3-12 NA NA A S 3~~ 3.5~ 

11- ._--, 4091 G4-3 0
0

25 0
0
27-1' - A S 3.51- --- -

G4-4 0.33 0.30 B S 6.01 
G4-7 0.25 0.30 0 1 2.01· 

818 409 3.0 0.0 
4.5 5.0 
4.0 4.0 

0.0 
5.0 
3.5 

152-2 809 

308 

286-2 601 

384-1 784 

16-2 111 

16-1611 3436 

366-1 798 
I 

1754-2 -~ 12500l 

I 
114-7 234 

116-1 II 1462 

405 

o 

o 

784 

56 

G4-8 

---_. 
G4-5 

o 

0 0 25 I 0.30 o 
2 11.0 
1 12.01 
2 7.0 
3 T 

9.0 9.0 
8.0 9.0 
7.0 7.0 

T T 

10.5 
8.0 
7.0 

T 

--it---- O. o. c 1 
*2 

1 
2 

9.0 
8.0 
7.0 
2.0 

-d.- 6.0 

~:~1 4.0 
2.0 
9.0 
4.0 
1.0 

0.36 I 0.37 o 7.0/ 4.0 
4.0 7.0 

0.17 

0.19 

0.21 0 I 1/1 7.0 7.0 1.0 1

1 

4.0 
2 5.0 5.0 2.0 4.0 

0.21 S I 10.0 10.0_u~0.01 10.0 

34 

21 

0.33 10.5 9.5 5.51 7.0 

0.26 9.0 7.511.~ 7.5 
2 10.01 7.0 8.0' 8.5 

56 I 56 II A5-3 0.49 --+--0-.-4-9--tl---A--+-

1

--1 -\t--- 6.0 I- 5.0 10.0 10.0 
*2 0.0 0.0 0.0 0,0 

A5-6 0 0 43 0.39 0 i 1 5.0 4.5 8.5 8.5 
2 I 8.0! 8.0 8.0 8 0 0 

o 0 I 0 II AS-2 II 0.29 I 0~50 II 0 I S II NAI NA 

o I O[-u-ot A5--5~0. 33 I .D.361--~-. r--S-rs:or 8.0 

NA NA 
--~-----

9.0 8.0 

12500 12500 0.48 
NA 

- 62.501·- -- -+----+I---ll 
A 
B 

0.49 
NA 

S 
S 

6-:or 8.0 
1:0 I 6.0 

------.-.......1-----

4.0 
11.0 

4.0 
11.0 A5-4 

! 

23~ o. 0.43-1 1-G.Sr9:o1 4.5 7.0 
*2 II 4.0 9:;1 6.0 6.5 

~-----~ .-----
0.32 

I ------r---u----.. ~---.-4~--.-----
~-.,.61 0 0 .30 c r IT10~5 r-·· 4-:0 

2 11.0 11.0 
*3 8.0 8.0 

7.5 
11.0 

8.0 

4.0 
11.0 
5.5 

!-J 
!-J 
..,J 



B6-2 0.30 

--II------\- -.-.... ~. . +--.-. ---i1---------ll-
473-2 979 979 0.38 

342 I 0.29 185-4 
I 

0.32 

0.37 

0.31 

c 

~ 

8.0 
8.0 1 I 7 0li *2 7:.5.. 7.~0 8.0 

----"L- .. 8.0 4.0 
S 7- --1--.. 

A 1.5 

A SO· .. '~. . .5 6.5 2.5 

-;; ,..0 I 0.0 I 0.0' '0.0 
--r C I .s 12.0 I ll.O I· I 

2ll-1 II 1082 l--=+i - 1 ll.O I 10.5 .1. 0.0 I"·O 

883 I 88 ~,~ B7-3 2 ~d~i I 6.5 6.5 3 I 0 0.31' . T T T 

49-6'1 485-1 242J:42 _ .. 0_ ~B~-~~1.0.47 0.49 C : ',::: ,--..-Dl .. 
O 

.. 4.5. 4.0 

034

"1- 242 B8-3 ------- - *2 ~FllifO 9 0 I 
_ I NA - • 0 6 0 ., 9. a 

204-81I
u

-lo18 509 

210-1 1082! 1082 

o o II B7-4 
B7-5 

0.21 
0.24 

0.23 
0.25 

1034 1034 _ I 88-9 ,0.29 NA 0·" 5.0f 5.0 
1034 1034 0.29 A S 3.5 2 5 - . 

I 

1 89-9 0 • 39 S 2 • 5 0: 5 3 • 5, 3 • 5 0.40 A 1.0 I 0.0 

\_ 89-13 0 3 1 NA . 
1093 I ~093 • 9 0.39 A *2 3.0 I NA .' NA 1093 975 .' NA 0.5: 0.5 

. 89-1 0.31 ',. 2 7.0 NA' NA 
B8-2 0 2 0.31 _.v I 1.0 I 0.0 

• 8 0 • 29 A S N~ .. I B *1 . A NA 

B8-5 0 26 9.5 I 8 0 NA NA 
89-15 0:29 0.29 A 2 NA NA 10.0, 7.5 
89-16 0.27 0.30 A S 5.0' 7.0 NA NA 0.32 A S 6.5 6 5 2.0 0.0 

*1 5.5 4·0 0.0 0.0 
2 NA • 4.0 0.0 

NA NA NA 

49-7 

49-8 

205-1 1174 ll74 1174 B8-6 0.45 0.46 A T -··n- 6.5~.0 I 10.0n.10~0 B8-7 I 0.41 0.44 A 
-+---ll----.. 8~. 2. 5 1. 0 

759 759 380 B8-10 
B8-ll 

262-3 1557 15571- 1557-15571 0.36 
----1+11 1--··· .. - .. 
540-1 

648-1 

1677 I 1677 1677 

1343 ·~i343 I 1343 

o 

o 

B8-4 0.31 0.39 

B8-12 0.28 0.30 

A 
B 

A 

B 

B 

S 
S 

10.5 10.0 1.5 2.0 
12.0 12.0 5.0 4.0 

s II 0.0 2.5 I 7.0 4.5 

1112 • 0 12 .~-r-u 4.5· 2 • 0 

1.5 4.01-2.0 2.0 

S 

s 

.... .... 
(» 



15-11 II 1034 1034 1034 o A9-1 0.30 0.30 B 

---
15-13 II 200 200 o o A9-42 0.47 0.45 C 

A9-23 0.40 

1 

0.40 0 

A9-30 0.36 0.37 A 

16-1 II 1251 750 250 250 

A9-32 0.34 0.36 0 
A9-37 0.39 0.45 C 

A9-49 0,32 0.46 C 

-------

ll3-8 II ll58 ll58 1158 1158 A9-21 0.33 0.32 A 
A9-39 0.38 0.39 A 
A9-45 0.34 0.35 A 

-- r----
ll3-9 II 626 313 o o A9-15 0.32 0.33 C 

A9-47 0.33 0.33 0 
---- ---

ll4-2 II 221 o o o A9-7 0.36 0.37 0 

------

114-3 II 750 375 o o A9-2 0.29 0.29 0 

A9-3 0.29 0.29 C 

----

151-6 II 612 408 408 408 A9-13 0.29 0.33 0 
A9-25 0.32 0.34 A 
A9-46 0.32 0.34 A 
------ 1---

151-9 II 995 796 597 597 A9-11 0,28 0.30 A 
A9-12 NA NA NA 
A9-19 0.30 0.28 A 
A9-38 0.25 0.26 C 

A9-43 0022 0.25 A 

*1 8.0· 8.0 
2 NA NA 

--------

1 7.0 6.0 
*2 0.5 3.0 

1 8.5 9.0 
2 8.0 I 8.0 
S 7.01 7.0 
S 9.0 5.5 
1 11.5 11.0 

*2 1l.0 1l.0 
1 12.0 11.5 

*2 5.0 8.0 

S 8.0 8.5 
S 3.0 3.5 
S 1l.5 12.5 

*1 NA 6.5 
2 8.0 10.0 
S 10.0 10.0 

1 3.5 3.0 
2 2.0 4.0 

1 NA 5.0 
2 NA 1.5 
1 NA NA 

*2 8.0 NA 

S T T 
S 6.5 6.5 
S 8.0 6.0 
-- -------

S 7.5 7.0 
NA NA NA 

S 7.0 8.0 
*1 5.5 4.5 

2 8.5 8.5 
S 9.0 8.0 

4.5 
NA 

4.0 
4.0 

3.5 
7.0 
7.0 
1.5 
7.0 

10.5 
10.5 
_10,0 

9.0 
1.5 
0.0 

2.0 
9.0 

10.0 

1.5 
0.0 

6.0 
3.5 

NA 
5.5 

T 
2.5 
5.0 

0.5 
NA 

9.0 
4.5 
8.5 
8.0 

7.0 
NA 

4.0 
0.0 

5.5 
7.0 
7.0 
2.0 
8.5 

1l.0 
10.5 
9.0 

8.0 
5.0 
0.0 

6.0 
9.0 

10.0 

2.5 
4.0 

4.0 
7.0 

NA 
7.0 

T 
7.5 
7.0 

0.5 
NA 

7.0 
6.5 
8.5 
9.0 

.... .... 
U> 



152-1 904 

1 

904 

I 

452 452 A9-6 I 0.23 0.23 
A9-35 0.29 0.29 

A9-40 0.26 0.24 

A9-50 0.29 0.29 
~~--- ~~-- I--~- --~--- I--

265-2 744 744 372 372 A9-27 0.41 0.38 

A9-29 0.35 0.41 
--~---I--~ 

321-2 7616 7616 7616 7616 A9-52 0.48 0.41 
~--~~---~ 

683-2 1059 1059 1059 1059 A9-9 0.20 0.23 

I 1-1932 

A9-26 0.22 1 0.21 

~--I---- -1-----

1380 828 828 A9-4 0.42 0.43 

I 
A9-18 0.43 0.43 I A9-31 0.40 0.37 

I A9-33 0.49 0.50 

I' 
! 

A9-34 0.49 0.50 
,I 

I' 
A9-36 0.41 0.42 i 

1 
A9-48 I 0.36 0.35 

-
42131 >------- --------

757-2 42 4213 4213 A9-17 0.48 0.52 
A9-51 0.32 0.35 

r--~ 

1186-1 1165 1165 582 0 A9-14 0.25 0.44 

A9-24 0.24 

I 
0.29 

1378-1 1291 1291 1 1291 0 A9-20 0.29 0.32 
--- ~-~ --~ 

1902-1 1775 1775 1775 I 1775 A9-10 0.32 0.33 

1Ssor 619 

I 

2100-1 619 619 A9-5 NA NA 
A9-22 NA NA 

.. 

A 

I *~ 1 

2.5 5.0 1.0 1.0 
C 9.0 1l.5 1l.0 11.0 

2 I 4.0 1.5 2.0 1.0 
C 1 1 I 4.0 4.0 3.0 3.0 

*2 1 8.0 8.0 9.0 9.0 
A 

S ~ 0.0 
1.0 0.0 

-----1 -
C 1 0.5 6.0 0.5 2.0 

*2 1 10 ,0 I 10.0 9.0 9.0 
A s 3.513.0 2.5 3.5 

12.0 I 1l.0 
-~ 

A S I 1l.5 11.0 __ I 
~ ----- ----- ~-

A S 6.0 5.0 ' 5.0 1.5 
A S 8.5 7.0 I 3.0 4.0 

A S 2.0 4.0 0.0 0.0 
A S 5.0 9.0 9.0, 0.0 
0 s 10.5 i 11.0 6.5 11.0 
0 S 9.0 9.0 9.0 9.0 
C 1 10.0

1 

10.0 10.0 10.0 
*2 9.0 9.0 9.0 10.0 

3 12.0 12.0 1l.O 12.0 
4 13.0 13.0 13.0 13.0 

C *1 5.0 6.5 6.0 6.0 
2 10.0 10.0 10.0 10.0 

A S 3.5 1.0 0.0 2.5 
--- - --~--~ -

A S 5.0 11.0 11.0 1l.0 
A S 0.0 5.5 NA 3.5 

C *1 I 8.0 8.0 8.0 8.0 
2 - 4.0 1.0 4.0 4.0 

B 1 NA NA NA NA 
*2 12.0 12.0 12.0 12.0 

3 NA NA NA NA 
- \---

B S 5.0 8.0 1.0 2.5 
--~ 

--~ ,-~--

A S 4.0 4.0 4.0 4.0 
--~~ -~~-~ 

NA NA NA NA NA NA 
0 1 3.5 2.0 5.5 0.0 

2 4.5 5.0 8.5 7.5 
l-' 
IV 
o 



" " 

2102-1 

I A9-41 r 0.41 A S 1112.0 1.0 1.0 I 1.0 

1237 619 619 619 I' A9-16 , 0.38 0.45 A-'r- 115• 0 4.0 3.5 3~5 
, *2' 6.5 8.0 7.0 4.0 
! A9-28 L 0.36 0.38 0 S 10.5 10.0 8.0 9._~ 

15-8 

15-9 

151-4 

151-5 

80 0 0, 0, GI0-2 0.40 0.40 0 I S 9.0 10.0 9.0, 7.0 

570488 -40-7- 244 -GI0-14 NA I NA 0 S I 3.0 II 4.0 I'~, -6.0 
GI0-15 0.21 0.32 A S 2.0 6.0 1.5 i 0.0 
GI0-16 0.2l 0.32 A S II 2.0 I 4.0 I 3.0 I 2.0 
GI0-17 0.23 1 0.26 C 1 II 8.0 7.0 7.51 6.0 

*2 4.5 6.0 I 9.0' 6.0 
GI0-18 0.32 0.36 B 1,' NA NA NA NA 

*2 II 7.0 I 3.0)' 2.0 3.0 
GI0-19 0.29 0.37 B S I 5.0 I 7.0 3.0 3.0 
GI0-20 0 0 30 0.34 A ~ 4.0 6.0 4.5, 4.0 

504 - O' 0- c GiO_6- i 0.32 • 0.33 II C i .~ II-~ :g. ~:g 1 ~:g ~ :g 
657 438 --219-- 2l9-~,GI0-l 0.35 0.37 r-C-11-1 NA NA-NA! NA 

II
I *2 1l.5 12.0 12.0 12.0 

GI0-8 0.49 0.55 ,0 1 8.0 8.0 8.0 6.0 
I 2 8.0 8.0 6.0 7.0 

GI0-9 0.31 0.37 A S 0.5 7.0 0.0 I 0.5 

204-1 482 482 482 482 GI0-I0 0.22 0.30 i A S 2.0 3.0 8.0 8.0 

204-2 

273-4 

803-803"'- BOj-t- G10_ 13 0.38 0.40 lA- S I 5.0 5.0 0.0 0.0 

578 578 --~- 578 GiO-iI 0.29 0.43 A -~ 7.0 12.0 12.0 12.0 
------~----- ~.------&~----~--"----+-

320-3 318 318 318 318 GI0-12 0.19 0.29 A S 7.5 6.0 4.5 0.5 
-----lc--.. -----1-------+------ ---- ------!-- --- .. --- -

337-2 634 634 634 634 GI0-21 0.42 0 044 A S 11.0 11.0 10.0 10.0 
--------t------ -/-______ -+_ ___ ___ _. _____ ___ ' - I 

440-2 980 980 0 GI0-7 0.33 0.36 B 1 8.0 7.0 5.0 5.0 
*2 4.0 4.0 4.0 4.0 

836-1\1 ~ 
13 78-2f4"8nl 

------ --- ---.. --- --- ----- --- --

2368 2368 0 GI0-5 0.27 0039 B S 10.0 7.0 5.5 2.0 
------+----- --

4871 0 0 GI0-3 0.24 0.25 C 1 NA NA NA NA 
*2 7.0 7.0 6.0 3.5 

~ 
tv 
~ 
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APPENDIX B - COMPUTED STATISTICAL CONTROL 
LIMITS BY HIGHWAY CONTROL-SECTION 
(ALL US AND STATE NUMBERED HIGHWAYS 
IN TEN COUNTY STUDY AREA) 
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Legend: Four categories of wet weather 
accidents (mean accident rates 
are based on 843.9 miles of 
highways - rat.,,=s oer 100 MVM) 

Mean 
Accident Rates 

HWy· 
Cont. 
Sect. 

471-2 

471-4 

471-5 

472-1 

473-2 

116-1 

116-2 

116-3 

116-4 

117-1 

117-2 

204-1 

204-2 

204-3 

1 - All wet weather accidents 
2 - All skidding accidents, classes 

" A", "Bu , and ff Cft 

3 - Skidding accidents, classes 
"Au and ff 'Sft 

4 - Class ff~' skidding accidents 

700.6 

553.1 

431.9 
400.3 

Upper Statistical Lower Statistical 
Control limits Control limits 

1 2 3 4 1 2 3 

1151 956 790 746 250 151 74 

1711 1461 1245 1187 -310 -355 -381 

1290 1080 902 854 111 26 -38 

1189 990 821 775 212 116 43 

1285 1076 898 850 116 30 -34 

1202 1001 831 785 199 105 33 

1132 938 774 731 269 168 89 

1029 846 692 651 372 260 172 

1056 870 713 672 345 236 150 

1148 953 787 743 253 153 76 

1259 1053 877 830 142 53 -13 

1104 914 752 709 297 193 111 

1228 1024 852 805 173 82 12 

1172 974 807 762 229 132 57 

4 

55 

-386 

-53 

25 

-50 

15 

70 

149 

129 

57 

-29 

91 

-5 

39 
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204-4 1029 846 692 651 373 260 172 150 

204-5 1208 1007 836 790 193 99 28 10 

204-6 982 804 654 615 420 302 209 186 

204-7 1226 1023 850 804 175 83 14 -3 

204-8 1116 924 762 718 285 182 102 82 

204-9 1312 1101 920 872 89 5 .... 56 -71 

205-1 1148 953 I 787 743 253 153 76 57 

205-2 1057 871 715 673 344 235 149 128 

50-2 952 777 631 592 449 329 233 208 

50-1 1231 1027 854 808 170 79 10 -7 

49-9 1204 1003 833 787 197 103 31 13 

49-8 969 792 644 605 432 314 220 196 

49-7 1119 927 764 721 282 179 99 80 

49-6 983 805 656 616 418 301 208 184 

186.-2 1073 885 727 685 328 221 137 116 

186-3 983 805 655 616 418 301 209 185 

186-4 1535 1302 1101 1047 -134 -196 -237 -246 

185-2 1141 947 782 738 260 159 82 62 

185,...3 1132 939 775 731 269 168 89 70 

185-4 1038 855 700 658 363 252 164 142 

186-1 1197 997 827 782 204 109 37 19 

152-3 1021 839 685 645 380 267 178 156 

152-2 1069 882 724 682 332 224 140 118 

152-1 973 796 648 608 428 310 216 192 

151-9 956 781 634 595 445 325 230 205 

151-6 959 784 637 598 442 322 227 203 



1?5 

151-4 1114 922 760 717 287 184 104 84 

151-5 969 792 644 605 432 314 220 196 

273-4 1144 949 784 740 257 157 79 60 

700-3 1003 823 671 631 398 283 192 169 

265-1 1015 834 681 641 386 272 182 160 

265-2 1053 868 712 670 348 238 152 130 

265-3 1005 825 673 633 396 281 191 168 

265-4 1018 836 683 643 383 270 181 158 

265-5 972 795 647 607 429 311 217 193 

265-6 1212 1010 839 793 189 96 25 8 

323-1 1675 1428 1215 1157 -273 -322 -351 -357 

322-1 1184 985 816 771 217 121 48 29 

321-3 1492 1262 1065 1012 -91 -156 -202 -212 

321-2 2496 2177 1896 1820 -1095 -1070 -1032 -1019 

321-7 5887 5326 4822 4682 -4486 -4220 ... 3958 -3881 

321-1 1221 1018 846 800 180 88 18 1 

320-3 1026 843 689 649 375 263 174 152 

209-5 1061 874 717 676 340 232 146 125 

210-1 1317 1105 924 875 84 1 -60 -75 

211-1 1254 1048 873 826 147 58 -9 -26 

211-2 1258 1052 876 829 143 55 -12 -28 

211-3 1195 995 825 779 207 III 39 21 

211-4 1247 1042 867 820 154 65 -3 -19 

211-5 1319 1107 925 877 82 -1 -62 -76 

113-7 1009 828 676 636 392 278 188 165 

113-8 1071 883 725 683 330 223 138 117 
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113-9 1023 841 688 647 378 265 176 154 

114-2 970 793 645 606 431 31~ 219 195 

114-3 1055 869 713 671 346 237 151 129 

114-4 1050 865 709 667 351 241 155 133 

114-5 1082 893 734 692 319 213 129 109 

114-6 1109 918 756 713 292 188 108 88 

114-7 978 801 652 612 423 305 212 188 

366-1 1226 1023 850 804 175 83 14 -3 

384-1 1221 1019 846 800 180 88 17 0 

286-1 1518 1286 1087 1033 -117 -180 -223 -233 

286-2 1153 958 792 747 248 148 72 53 

286-3 1195 995 825 780 206 111 38 21 

287-1 . 2153 1863 1610 1541 -751 -757 -746 -740 

573-2 2389 2079 1807 1733 -988 -973 -943 -932 

573-1 1396 1176 987 937 6 -69 ... 123 -136 

151-3 1270 1062 885 838 131 44 -22 -38 

337-1 1240 1035 861 815 162 71 3 -14 

337-2 1166 969 802 757 235 137 62 43 

440-1 1228 1025 852 806 173 81 12 -5 

440-2 1286 1077 898 851 115 29 -35 -50 

93-8 2310 2007 1741 1668 -909 -901 -877 -868 

49-15 1589 1350 1145 1089 -188 .... 244 -281 -289 

262-1 1277 1069 891 844 124 37 -28 -43 

262-2 1431 1208 1016 965 -30 -101 -152 -164 

262-3 1449 1224 1031 979 -48 -118 -167 -178 

382-4 1669 1422 1210 1152 -267 -316 -346 -352 
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213-3 1453 1227 1034 982 -51 -121 -170 -181 

2446-1 2754 2413 2113 2031 -1353 -1307 -1250 -1230 

315-5 2342 2036 1768 1694 -941 -930 -904 -894 

29-3 960 784 637 598 441 322 227 203 

Surf. 
Tyoe 

Slag 
asph. 780 624 494 460 621 482 369 340 
conca 

Other 
asph. 775 619 490 456 626 487 374 344 
conca 

Bit. 
surf. 763 608 481 447 .639 498 383 353 
treat. 

Note: Observed accident rates by surface type: 

Surf. 
Type 1 2 3 4 

Slag 
asph. 1316 1037 957 897 
conca 

Other 
asph. 572 468 277 277 
cone. 

Bit. 
surf. 415 317 219 183 
treat. 

Observed accident rates by highway control-section are listed 

in Appendix A. 
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