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FORE WORD 

The Federal  Spot Improvement Program was implemented a t  the same time 
that some major changes were legislated and ordered implemented in the organi- 
zation and operations of the federal government. These changes established a new 
Department of Transportation, brought new people with new ideas into highway 
matters,  and affected considerably the role and policy -making authority of the 
Bureau of Public Roads. Trying to understand and adjust to them, particularly a t  
a time of rising highway costs and uncertainties regarding the availability of 
federal-aid funds, has aroused differing opinions as to the role and objectives of 
the federal  government; in all phases of the highway program. It is the author's 
hope that he has impartially and fairly presented all controversial views, particu- 
larly those directly related to the Spot Improvement Program. No crit icism is 
intended of any official o r  private individual, either directly o r  by implication. In 
the author's opinion, every member of the highway profession is personally and 
wholeheartedly dedicated to improving and maintaining for  the American people 
the greatest  highway system in the world. 
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INTRODUC TION 

A spot improvement program by definition is one to eliminate o r  correct  
hazards a t  certain highway locations by geometric changes o r  by installing appur - 
tenances, for  example, by widening, regrading, relocating, and realigning the 
roadway, o r  by installing signing, signal control, and marking devices. Other 
names given to such a program include "elimination of hazardous locations~"'higlr~- 
way safety improvements," "correction of design deficiencies, " "minor improve- 
ments," "highway betterments." The innocuous t e rm "highway safety improve- 
ments" is generally preferred to those which imply professional crit icism or  
which may be construed a s  acknowledging a situation which could lead to a damage 
suit against a state o r  local government. 

In order  to attain a broad, in-depth understanding of the national Highway Spot 
Improvement Program conducted in recent years ,  a study designed a s  a crit ical 
review was conducted during the period June-December 1967. The f i r s t  objective 
was to determine (1) what federal and state legislative and executive actions had 
authorized or  directed the spot improvement program, (2) what engineering design 
cr i te r ia  o r  what research  had been employed to guide the program, (3) how the 
program was being conducted by various states,  (4) what administrative, economj.~, 
engineering, and political problems were involved, (5) what progress  was being 
made in improving highway safety through this program, and finally (6) what con-, 
tributions, if any, the program had made toward reducing highway automobile ac-. 
cidents. The ultimate objective was to identify program changes and research ac;- 
tivities desirable to improve or  support this program. 

Following a review of the l i terature,  visits were made to the Bureau of Pub1:ic 
Roads, selected states,  and the American Association of State Highway Officials 
(AASHO) for  discussions with knowledgeable individuals to determine how the pro- 
gram was being implemented by the Bureau of Public Roads and i t s  field offices, 
State Highway Departments, and'county Road Commissions. All persons contacted 
a t  the federal, state,  and county levels were most cooperative in supplying circu-. 
l a rs ,  instruction memoranda, and statistical data, and willingly expressed opinioins 
o r  answered questions of fact. 





SUMMARY 

This study undertakes a crit ical review of the Highway Spot Improvement 
Program and examines technical, administrative, operational, and economic fac- 
t o r s  affecting the program with the goal of determining modifications o r  research 
activities to improve o r  support the program. 

The study commences with a review of the development of the national high- 
way system and the state highway organization and administration, a s  well as the 
basic law governing the Federal-Aid Highway System (Title 23, U. S. Code) which 
has authorized, since 1916, federal  regulation of highway safety design and con- 
struction, The study outlines the federal-state partnership that grew out of con- 
gressional legislation and the role of the Bureau of Public R.oads, the executive 
agency created to administer the Federal-Aid Highway Program. The influence 
of legislation on the organization and administration of state highway departmentis 
is reviewed, as well as th.e legal basis  for  directing highway safety  improvement;^, 
which until recently were subordinate to the goal of constructing maximum milea,ge. 
The review continues with an  examination of (1) the Spot Improvement Program, 
(2) related highway safety programs,  and (3) program administration as conducted 
by the Bureau of Public R,oads. 

The study reveals that spot improvement programs in different s ta tes  vary 
considerably in scope, standards, and progress  attained, and that highway safety 
design cr i te r ia  have generally evolved f rom hindsight. Although a methodology 
for  implementing spot improvements i s  evolving, more effective ways a r e  needed 
to identify hazardous locations, to establish correction priorit ies,  and to select 
the most suitable corrective procedure. 

The methodologies of implementing and justifying a spot improvement pro- 
gram a r e  then discussed, including the special aspects of urban spot improvements 
and the need for  adequate accident data. Areas for  research  and development a r e  
identified. 

The vast economic implications of spot improvements a r e  indicated. Much 
time and money would be required to correct  every driving hazard on the hundreds 
of thousands of miles  of the nation's highways. It is concluded that the large num- 
be r  of conflicting programs and interests competing for  federal  funds makes it 
highly unlikely that all roads on the Federal-Aid System will ever  be modernizedl 
and made hazard-free. Therefore, spot improvement programmers must have real is-  
t ic objectives, and highway safety planners must recognize that on a national basis  
the present state of accident reporting is not adequate fo r  reliable identification of 
existing hazards o r  rrleasurement of the effectiveness of given improvement pro-. 
jects. Nevertheless, safety improvements must continue to be made in both new 
and old highways. 

The study also reveals that, in addition to inadequate accident-reporting 
systems,  the dearth of knowledge regarding appropriate benefit-cost analyses and 
desired ultimate goals in highway design standards, both for  safety and capacity, 
hampers progress  in the spot improvement program. Progress  is further ob- 
structed by governmental sensitivity to political and economic pressure  f rom spe- 
cial  interest  groups, as well as by the attitudes of the individual citizen, himself 
the intended major and direct  beneficiary of a safer highway system. 





THE DEVELOPMENT OF THE NATIONAL HIGHWAY SYSTEM 

FEDERAL AND STATE RESPONSIBILITIES 

It should f i r s t  be understood that the vast highway systems of the United 
States, for  the most part ,  a r e  constructed, maintained, administered and owned by 
the separate s ta tes  [ I ] .  Only the small  portion of mileage through national parks 
and forests ,  Indian reservations, reclamation a reas ,  o r  military reservations is a 
direct  responsibility sf the federal government, and i s  administered by the Depart- 
ment of Interior through the National Park  Service, the Department of Agriculture 
through the Forestry Service, o r  the Department of Defense through the Corps of 
Engineers [2] .  Often the actual construction and maintenance of these roads on 
federal property i s  contracted to state highway departments. 

ORIGIN OF THE F EDER.AL- AID HIGHWAY SYSTEM 

Pr io r  to 1916, federal aid for  developing highways was spasmodic, limited iin 
funds, and directed toward conquering and settling western frontiers and deliver - 
ing the mail  [see Appendix I ] .  State and local governments independently built 
most of the nation's highways. 

The basic  law governing federal aid to the national highway system i s  the 
Federal  Aid Road Act of 1916, also known as "Title 23, U. S. Code" [3]. All sub- 
sequent laws governing federal aid to highways a r e  modifications of o r  supple- 
ments to Title 23 [see Appendix I ] .  Through Title 23 has been created the so- 
called Federal-Aid ABC System, consisting of (A) the Federal-Aid Pr imary  Sys- 
tem, (B) the Federal-Aid Secondary System, (C) Urban Extensions of the Federal- 
Aid Pr imary  and Secondary Systems. 

The Federal-Aid Pr imary  and Secondary Systems were f i r s t  created in 192:1, 
when the s tates  were directed to select up to 7 percent of their total ru ra l  mileage 
to become part  of the Federal-Aid System of Highways. Three-sevenths of this 
portion would be Pr imary  o r  Interstate, the remainder Secondary o r  Intercounty, 
The system conceived was a primary-road net connecting the major population 
centers  of the nation, with a secondary-road net connecting state population cen-, 
ters .  The Secondary System is also known a s  "farm-to-market," or "getting the 
farmer out of the mud roads." Urban Extensions of the Pr imary  and Secondary 
Systems were later authorized, and in 1944 the mileage limitation of the Secondary 
System was removed, The mileage selected for any system must be approved by 
the Bureau of Public Roads. 

In general, construction of the Federal-Aid ABC System i s  financed 50 per-  
cent by federal funds and 50 percent by state matching funds. For  some western 
s tates  which contain large a r e a s  of public lands the federal-aid percentage is 
higher. A major change occurred within the Pr imary  System when Congress aultho- 
rized a "National System of Interstate and Defense Highways" in 1944, providing 
necessary funds in the Federal  Highway Act of 1956. Construction of the Interstate 
System, which will total 41,000 miles when completed, is financed 90 percent with 
federal funds and 10 percent with state matching funds. 

Programming and construction of any part  of the Federal-Aid System depen.d 
upon separate appropriations acts ,  usually voted every two years .  Under Title 23, 
federal-aid funds a r e  apportioned by formula to each state according to its sham 
of the nation's total ru ra l  mileage, geographic a rea ,  and population [ 3 ] .  



When using federal-aid funds, the s tates  select the system to be improved, 
the projects to be built, and the design and construction standards to be used. 
They make the surveys and plans, let contracts, and supervise construction. At 
each of these steps, the s tates  consult with and obtain the approval of the Bureau 
of Public Roads. Federal-aid money can be used for purchasing rights-of-way, 
actual construction costs, and certain later improvements. After construction 
has been completed, inspected, and accepted by the Bureau, the s tates  a r e  respon- 
sible for  a l l  maintenance and operations. Failure to provide required maintenance 
results in loss of future apportionment funds. 

Under Title 23, to be eligible for federal aid a state must have a state high- 
way department, which is designated the sole agency responsible to the federal 
government for  the administration of federal-aid funds. 

Chart I provides a capsule summary of the nation's highways. 

STATE HIGHWAY ORGANIZATION AND ADMINISTRATION 

State highway systems vary considerably in organization and administration 
[1l0 

Michigan, for  example, has (1) a system of state primary roads and urban 
extensions which a r e  the direct responsibility of the State Highway Department, 
(2) a system of county primary and secondary roads and urban extensions which 
a r e  the responsibility of the County Road Commissions, and (3) urban s t ree t  and 
road systems under the control of the city o r  township [ I ] .  County Road Commis- 
sions manage their highway systems autonomously except for those portions that 
a r e  par t  of the Federal-Aid Secondary System. Some Road Commissions even get 
involved f a r  afield, e.g., Wayne County Road Commission, which built and operates 
Detroit Metropolitan Airport. Michigan, like most states,  has a Highway User 
Fund, into which taxes on motor-vehicle fuels and registrations a r e  deposited. 

Chart I. SUMMARY OF NATION'S HIGHWAY MILEAGE 

Total US ( Paved = 1,460,000 

Road Mileage = 3,690,000 

T ' Unpaved = 2,230,000 

I Total mileage Paved = 712,000 
in Federal-Aid = 881,000 
System Unpaved = 169,000 

Primary = 223,000 
Secondary = 610,000 

Urban = 48,000 



Under Michigan law, this fund cannot be used for any purpose other than highway 
construction and operation; an apportionment formula determines the percentage 
of funds allocated to state highways, county roads, and urban s t ree ts  and roads 
[4].  Therefore, planners generally know from year  to year  what money will be 
available from this fund, supplemented by federal-aid apportionments. 

New Hampshire, like a l l  New England states,  has a state pr imary and secon-. 
dary system with urban extensions, directly under the State Highway Department 
[I]. There a r e  no county roads, but systems of town and city s t ree ts  and roads 
under local control. 'The state highway system and its urban extensions a r e  f i -  
nanced by a Highway User Fund as well a s  federal  aid. Towns and cities finance 
their own s t ree t  and road systems. Occasionally, small  supplemental appropria-- 
tions for  state and local systems a r e  voted by the New Hampshire Legislature, 
which meets only every other year.  

Colorado has a blend of the above systems,  a state primary system and urban 
extensions under the state highway department, an  independent county road sys-  
tem, and systems of urban s t ree ts  and roads under local control [I]. A Highway 
User Fund is apportioned by formula to the state,  county, and local systems. The 
Federal-Aid Pr imary  and Secondary Systems a r e  contained in the state pr imary 
system. The county road system forms no part  of the Federal-Aid System. 

California has a system similar  to Colorado's except for  a part  of the county 
road system that is also Federal-Aid Secondary. California also has over 2,000 
miles of roads in s ta te  parks and has within i t s  borders  32,000 miles of roads 
(the most in any s tate)  under federal control in national parks and forests  [I]. 

It is important to note that, historically, highway design cr i te r ia  and construc- 
tion standards have been left largely to the states;  hence, these vary from state 
to state.  Over the years ,  practically a l l  design cr i ter ia ,  material  standards, and 
construction standards have grown out of the experiences o r  research  efforts of 
the various state highway departments [5] .  On a regional basis ,  highway depart.. 
ments have pooled their findings, which eventually became the accepted c r i te r ia  
and standards of the American Association of State Highway Officials. As a mat- 
t e r  of fact, instruction mater ial  in engineering textbooks s tems from AASHO stan- 
dards [6]. The American Roadbuilders Association, which represents  the highway- 
construction industry, and several  other organizations have also contributed to 
and influenced AASHO standards [4]. AASHO cri ter ia  and standards a r e  periodi- 
cally submitted to the Bureau of Public Roads for  review. If approved, they be- 
come the Bureau design and construction standards for  the Federal-Aid System 
[5,  71. (For examples of AASHO standards which have become approved Bureau 
standards, see  references [8- 111 .) This cooperative effort has produced a pro- 
fessional fraternity of career  highway engineers with strong personal t ies.  The 
resulting relationships s tem from the historical fact that the s tates  were doing 
road construction long before the federal  government became seriously involved. 

Regional variations in geography and climate have prevented the establish- 
ment of fixed national c r i te r ia  and standards. Local conditions must often deter- 
mine what i s  best [5]. For  example, New Hampshire's winding and narrow high- 
ways reflect that s ta te 's  mountainous terrain,  cut up by r iver  valleys and lakes. 
Michigan's terrain,  relatively flat and rolling with sandy soil, has permitted the 
laying out of a state highway system almost in checkerboard fashion. Colorado's 
flat eastern prair ies ,  which in t imes of national drought become dust bowls, con- 
t r a s t  with the rugged Rocky Mountains in the western part  of the state. Californ.iats 



northern Sierra  Mountains a r e  often snow-laden o r  rain-soaked while the southern 
deser t  a r eas  a r e  arid.  All these a r e a s  present varying problems in engineering, 
construction, and costs.  

Design cr i ter ia  and standards and the development of a state highway system 
a r e  also influenced by the economic and cultural development of the state. If the 
state i s  populous and rich in industry and has a suitable tax base, this will be r e -  
flected in a more advanced highway system. In this respect,  Michigan and Califor- 
nia rank considerably higher than New Hampshire and Colorado. 

LEGAL BASIS FOR FEDERAL HIGHWAY SAFETY 1MPR.OVEMENTS 

Although it does not appear to have been a major objective, safety always was 
a consideration in constructing the federal-aid system [12]. The 1921 Federal- 
Aid Highway Act not only required that surfaces have a minimum width of 18 feet 
and be durable and adequate (gravel then being acceptable), but authorized the 
Secretary of Agriculture (then responsible for  highway administration) to prescr ibe 
and recommend measures for ensuring safety of traffic. 

The Federal-Aid Highway Act of 1933 authorized $400 million in emergency 
construction of the Federal-Aid System, but also authorized use of these funds to 
eliminate highway traffic hazards by constructing grade separations, reconstruct- 
ing railroad crossing, widening narrow bridges and roadways, building footpaths, 
replacing unsafe bridges, and constructing alternate routes, and for any other con- 
struction that would provide safer traffic facilities o r  eliminate existing hazards 
to pedestrians o r  vehicular traffic. 

Federal-Aid Appropriations Acts of 1936 and 1937 authorized funds for study 
and research on traffic conditions and ways to improve them, a s  well a s  funds for 
the Secretary of Commerce to sponsor an accident-prevention conference designed 
to promote enactment of uniform vehicle regulations in the United States. 

Additional money was appropriated in 1938 for  the elimination of rail-highway 
and highway-highway grade crossings. 

The 1944 Act directed that traffic-control devices be used only to promote 
safety and efficient utilization of the highways. 

The 1950 Act, which transferred the Bureau of Public R.oads and responsibility 
for highway administration to the Secretary of Commerce, authorized $75,000 for 
the Commissioner of Public R.oads to car ry  out the highway and s t ree t  safety ac-  
tion program of the President 's  Highway Safety Conference. In 1952 an additional 
$153,000 was authorized to be spent annually on the work of the President 's  High- 
way Safety Conference, and the 1954 Act specifically authorized the Secretary of 
Commerce to engage in research on al l  phases of highway construction, including 
safety, either independently o r  in cooperation with other agencies o r  organizations. 

The 1956 Act directed that a highway safety study be carried out by the Secre- 
tary of Commerce to determine what action could be taken by the federal govern- 
ment to increase highway safety. Among the factors to be considered in the study 
were: (1) need for federal assistance in enforcing highway safety and speed re -  
quirements, (2) uniform state and local speed and safety laws, (3) design and 
physical characteristics of highways, (This comprehensive study was presented 
to the House Committee on Public Works in 1959 [13] .) 



The 1963 Federal-Aid Highway Act allowed the use of highway planning and 
research  funds (1.5 percent of the federal-aid appropriations for the state) for,  
among other purposes, research  and studies on highway safety. 

The Federal-Aid Highway Act of 1965, better known as the Highway Beautifi- 
cation Act, included an amendment (the Baldwin Amendment) to Title 23, entitled. 
"Highway Safety Programs,"  requiring that after 31 December 1967 each state 
must have a highway safety program approved by the Secretary of Commerce, de- 
signed to reduce traffic accidents and hazardous accident conditions on the Federal- 
Aid System, and that such programs must include provisions for  surveillance of 
traffic for detection and correction of high and potentially high accident-rate loca- 
tions. 

Federal  highway safety legislation culminated in the Highway Safety Act of 
1966, which adds a whole new Chapter 4, "Highway Safety," to Title 23 [3], Chap- 
t e r  4 includes all the provisions of the Baldwin Amendment. However, the wording 
has been changed from "should" to "shall." Chapter 4 specifically provides for  
uniform standards on the Federal-Aid Highway System by requiring each state to 
have an approved highway safety program (expressed in performance cr i ter ia) .  
Of the many uniform safety standards required, those relating specifically to hig;h- 
ways a r e  the accident-records systems, investigations into accident causes, high- 
way design, maintenance, and traffic-control devices, and studies to correct  high 
accident-rate locations. The Secretary is directed to give priority to federal-aid 
highway construction projects which incorporate improved safety features. States 
which do not have an approved safety program by 31 December 1968 will have 
their federal-aid highway apportionments cut by 10 percent until they develop such 
a program. Additionally, the Secretary is authorized to conduct highway safety re-  
search. 

In summary, i t  should be noted that authority always existed (or was implied in the 
law) for  national highway agencies to develop and impose safety standards for new 
highways, and to make corrections a t  hazardous locations on existing highways. 
However, the original emphasis in the federal-aid highway program (as illustrated 
by actual appropriations for  safety versus construction) was on building maximu.m 
mileage as rapidly a s  possible for  defense, economic, sociological, and, probab1.y) 
political objectives, in congressional response to public demand a t  the time the 
laws were passed [14]. Over the years ,  a s  the national highway system nears  
completion, the public and Congress have reversed their position on the relative 
importance of highway safety versus construction [15,  161. Now a l l  new highways 
must be designed and constructed to meet the highest possible safety standards 
for  the class  of highway under consideration, even though the added costs may r e -  
duce the mileage constructed [17]. 





ADMINISTERING THE SPOT IMPROVEMENT PROGRAM 

F EDER.AL INITIATING AC TION AND IMPLEMENTATION 

It has long been recognized that highway accidents have been significantly in- 
creased by the inadequate design of highways and intersections, resulting in short-  
radius curves,  inadequate sight distance, roadways too narrow for traffic condi- 
tions, blind intersections, inadequate warning and signal devices, and the locating 
of utility poles, posts, railing, retaining walls, and abutments where motorists can 
easily s t r ike them. 

Although Title 23  authorized the federal government to establish safety c r i -  
t e r ia  for the design, construction, and operation of the Federal-Aid System, devel- 
opment of safety cr i ter ia ,  as of a l l  other cr i ter ia  relating to highway design and 
construction, had apparently been left  to the states.  These cr i ter ia  gradually 
evolved into AASHO standards, which eventually were reviewed and approved by 
the Bureau of Public Roads for general application on federal-aid projects. 

The f i r s t  positive federal action to institute a national safety-improvement 
program occurred in March 1964 when President Johnson directed the Secretary 
of Commerce to use the Bureau of Public Roads in encouraging state and local 
governments to launch a program for  removal of highway hazards [see Appendix, 111. 
Shortly thereafter,  the Secretary urged a l l  state governors to reorient state high- 
way programs through special attention to the elimination of highway hazards and 
to submit their highway safety improvement plans, He advised that the Bureau of 
Public Roads was prepared to ass i s t  them in the programs. 

It i s  important to note that no additional funds were provided for  this program, 
but that the s tates  were expected to implement it by using a portion of their annual 
federal-aid money, matched a s  usual on a 50-50 basis  with state funds. 

About mid-April 1964, the Federal  Highway Administration, while acknowl- 
edging that some states  already had spot improvement programs, began urging 
each state highway department to commence work on this high-priority program. 
and to shift money from other programs. The Administration pointed out that the 
f i r s t  requirement was for  each state to conduct a survey to identify and to locatt: 
highway hazards. 

Shortly thereafter, the Bureau of Public Roads issued a s e r i e s  of instruction 
memoranda to the Bureau's nine Regional Engineers and their subordinate Divi-, 
sion Engineers who maintain offices in each state close to the state highway de- 
partment [I 81 . These memoranda, urging Bureau personnel to give impetus to 
the program, gave detailed instructions on making inventories of hazardous locat- 
tions and submitting projects for  approval for federal  aid. Locations selected 
must have an above-average frequency of accidents, and pure maintenance projects 
were not eligible. The proposed improvements must conform to Bureau standards 
for  federal-aid projects in that state,  The usual contractual procedures must be 
followed: the state must conduct preliminary surveys, prepare drawings, and ob- 
tain cost estimates by competitive bidding, a l l  a t  i t s  own expense, before submit- 
ting projects for  Bureau approval. 

It appears that in launching the spot improvement program the Bureau of 
Public Roads initially adopted an advisory role and a cooperative rather than 



authoritative attitude, characteristic of its past relations with state highway offi- 
cials and departments. 

However, it appears that the response f rom the s tates  was l e s s  than enthu- 
siastic,  a s  evidenced by the fact that Policy and Procedure Memorandum 2 1- 15 of 
15 April 1964, "Improvement of Highway Accident Locations on the Federal-Aid 
Pr imary  and Secondary Systems, Rural and Urban," made a rather  belated point 
of citing Section 109, Title 23 a s  Bureau authority for  establishing basic safety 
cr i ter ia  [see Appendix 111. 

In November 1964 the Federal Highway Administrator, in a memorandum to 
Bureau Regional and Distr ic t  Engineers, complained that only 100 safety projects 
had so far been submitted fo r  approval [see Appendix 111. Regional and District 
Engineers were urged to prod the s tates  into using substantial proportions of 
federal-aid funds on safety projects. Apparently in the hope of increasing the 
projects submitted, the same memorandum created a new category of safety pro- 
jects for  locations for which there were few o r  no accident records but which had 
clear  accident potential. At the same time, the memorandum pointed out that pro- 
jects for such locations did not truly fall within the intent of the program because 
they did not offer prospects of a reduction in accidents. 

Again, in December 1964, obviously in the hope of getting the s tates  to submit 
more projects, Regional Engineers requested District Engineers to have the s tates  
review all conventional construction projects to determine whether par t s  of them 
might be classified a s  safety projects [see Appendix 111. 

On 30 August 1965, in response to the President 's  directive of 23 March 1964, 
the Bureau of Public Roads issued Policy and Procedure Memorandum 21-16, 
"Highway Safety Improvement Projects," to establish what it called the Bureau's 
program for  improving those locations on the Federal-Aid System identified a s  
hazardous because of high accident r a t e s  o r  potentially hazardous by virtue of en- 
gineering judgment [see Appendix 111. There was a notable time lapse between the 
President 's  directive to the Secretary of Commerce to ac t  through the Bureau of 
Public Roads and the issuance of this memorandum citing presidential instigation. 

The memorandum combined and reiterated a l l  of the previously announced 
procedures for  programming and administering safety-designated projects. While 
recognizing that the s tates  might prefer to use state funds on small  projects, the 
memorandum requested them to report  a l l  safety projects, whether done with o r  
without federal  aid. A safety project could be selected a s  a result  of (1) a concen- 
tration of accidents a t  a location, (2) a record of accidents a t  s imilar  locations, 
(3) research  findings, (4) engineering judgment. However, it must be determined 
that the proposed project could reasonably be expected to reduce the hazard. The 
memorandum also contained examples of improvements that might be made, as 
well a s  instructions to inventory hazardous locations and to s ta r t  programming 
projects to insure completion of most of them by 1 September 1969. The des i r -  
ability of keeping before-and-after records was repeated. 

In a covering letter to this memorandum, the Bureau's R.egiona1 and District 
Engineers were reminded that the program did not apply to the Interstate System. 
They were also urged to prod s tates  not already in the program and to encourage 
diversion of sufficient federal-aid funds to insure completion of the program in 
four years ,  even if it meant deferring other needed construction. Although f i r s t  
priority was given to completing the inventories of hazardous locations, the s tates  



should be encouraged to concurrently s t a r t  programming projects. Again, it was 
directed that the s tates  be urged to report those projects done with state funds, in- 
cluding number, type, and total cost. 

In mid-November 1965, in IM 21-13-65 [see Appendix 111, the Bureau of Public 
Roads, citing the spotty progress made in programming safety projects, advised 
that if those s tates  using their own funds for  improvement projects were not spend- 
ing sufficient funds each year to correct  one-fourth of the hazardous locations exist- 
ing a s  of 1 September 1965, approval of regular federal-aid programs would be de- 
fe r red  until funding was considered adequate. In some cases ,  the memorandum ad- 
vised, this would require using 25 percent o r  more of annual federal-aid apportion- 
ments on highway safety projects. 

This threat to cut funds apparently produced considerable reaction, because on 
30 November 1965 the Bureau issued another memorandum [see Appendix 11] to 
Regional Engineers saying that the previous 25-percent figure was intended a s  a 
guideline in determining whether a state would reach the goal of 100-percent corn- 
pletion of safety projects by 1 September 1969, regardless of whether the state used 
its own funds o r  federal-aid funds. It explained that each state should reserve 25 
percent of federal-aid funds for  this purpose, unless the state had definitely corn- 
mitted other funds for  this goal. (This meant a state was expected to spend twice 
a s  much, because the federal-aid portion would have to be matched 50-50.) 

Once again, in February 1966 [see Appendix 111, the Bureau urged the s tates  
to begin o r  complete their inventories of hazardous locations, provided instructions 
and guidelines for  inventories., and urged them to s ta r t  programming before inven- 
tor ies  were completed. * 

In February 1967, the Bureau issued Instruction Memorandum 21-3-67, "Sellec- 
tion of Highway Safety Improvement Projects," which stated that selection of safety 
projects would henceforth be based on actual accident experience and that priorit ies 
would be se t  according to potential for accident reduction in relation to the cost of 
improvement [see Appendix 1111. This memorandum, which i s  based on a study 
made for  the Bureau by Roy Jorgensen & Associates [19], outlined a benefit-cost 
analysis for selecting spot improvement projects which the s tates  should use, un- 
less  they could justify an alternative method offering equal o r  better resul ts  in 
t e rms  of sound identification and appropriate priority scheduling. The memoran- 
dum eliminated selection of locations on the basis of similarity to high accident- 
ra te  locations, or  engineering judgment. It therefore required a review of all  pre-  
vious inventories of hazardous locations, confronted those states and counties which 
lacked experienced personnel o r  had inadequate accident records with a difficult if 
not impossible problem, and introduced a delay in the spot improvement program. 

Recent informal discussions with Bureau personnel disclosed that they now a r e  
less  concerned with the deadline for  completion of the program (1 September 1969) 
than with the proper method of identifying hazardous locations. 

The cr i ter ia  for  selecting and establishing priorit ies outlined in IM 2 1-3-67 
assume a good accident-reporting and data-analysis system. Even so, the Bureau 

* 
According to Bureau personnel, the threat to defer regular highway construc- 

tion funds did cause those s tates  which had not done so to complete their inventories 
and s t a r t  programming projects. 



realizes that few states have such a system. Although the new cr i ter ia  may delay 
the program, the Bureau's main objective now is  to emphasize the need for  each 
state to initiate better accident-reporting and data-collection procedures. 

In summary, it seems that established policies governing relations between 
the Bureau of Public Roads and the s tates  and the prevailing lack of a spot im- 
provement philosophy caused the Bureau to be slow in implementing the presiden- 
tial directive. At f i r s t  the Bureau prodded the s tates  into inventory of their hazard- 
ous locations, using broad guidelines. Then, by threatening to withhold federal-aid 
highway funds from other programs, the Bureau induced the states to program cor-  
rections. Later,  the Bureau initiated and completed i t s  own studies of spot improve- 
ment practices; it then endeavored to redirect the s tates  toward adopting a benefit- 
cost approach after the s tates  were already committed to less  sophisticated pro- 
grams.  

RELATED FEDERAL HIGHWAY SAFETY ACTIVITIES 

TRAFFIC CONTROL DEVICES. To take one example of the several  highway 
safety programs o r  activities collateral to o r  duplicating elements of the Spot Im- 
provement Program, the Bureau of Public Roads, through Policy and Procedure 
Memorandum 21- 15, 16 June 1964 [see Appendix 111, began urging all s tates  to in- 
ventory and update traffic control devices on the entire Federal-Aid System in 
conformitv with the Manual on Uniform Traffic Control Devices [81 and the Manual 
for signing and Pavement Marking on the National System of ~ n t i r i t a t e  and Defense 
Highways 191. The execution of this program presumably should result  in spot im- 
provements being made in many locations. This program, as enunciated in 1964, 
i s  a continuing one, and is said by the Bureau to be about 60 percent complete [20]. 

TOPICS. The Traffic Operations Program for  Increasing Capacity and Safety, 
o r  TOPICS, was initiated by the Bureau of Public Roads through Instruction Memo- 
randum 21-7-67, 13 February 1967 [18]. The stated purpose of the program is  to 
ra i se  the efficiency and safety of existing s t ree t  and highway systems in urban 
a r e a s  [21] .  Under this program the s tates  may (1) add to the Federal-Aid Pr imary  
System, without charge against their mileage limitation, selected a r te r ia l  routes 
and local s t ree ts  in urban a r e a s  of 5,000 o r  more population, and (2) apply federal- 
aid highway funds for  traffic operation improvements [22]. A new Type 2 Pr imary  
System of s t ree ts  and highways is created. Cri ter ia  for  selection include heavy 
concentrations of traffic on those a r te r ia l  highways, major s t reets ,  o r  downtown 
s t ree t  gr ids  which connect with o r  lead directly to the already-established Federal- 
Aid Highway System. Selection of Type 2 highways is made by the State Highway 
Department, in cooperation with appropriate local officials, with the approval of 
the Bureau of Public Roads Division Engineer. The selection must be preceded, 
however, by an urban transportation planning study in the community concerned. 
The necessary s t ree t  and traffic inventories and development of plans may be f i -  
nanced either with HPR (1.5%) o r  PR (0.5%) funds on the usual 50-50 matching 
ratio. TOPICS does not represent new o r  additional funding. The federal-aid 
share comes out of regular state apportionments. Approval of a project for  financ- 
ing does not constitute authorization fo r  new construction, but only fo r  such items 
as signal- control devices, turning lanes, lane markings, and signing. Although the 
program is designed to increase traffic flow and vehicular capacity, it should in- 
directly constitute spot improvements a t  s t ree t  and highway intersections where 
there have been vehicle collisions o r  pedestrian injuries. 



Progress  to date in the TOPICS program has been disappointing, according to 
the Secretary of Transportation [23], As of February 1968, according to the Chief 
of the Traffic Operations Division, Bureau of Public Roads, only 19 cities,  ranging 
in size from Searcy, Alabama (8,000), to Indianapolis (984,000), were involved in 
the program. Of these cit ies,  only Canton, Ohio; Stamford, Connecticut; Woonsocket, 
R.hode Island; and Lincoln, Nebraska, seem to have made significant inventories and 
preliminary studies. No city yet has a project under contract. The TOPICS pro- 
gram appears to be held up by the required urban transportation planning studies, 
which in  turn a r e  bogged down in conflicts over urban renewal, mass  transportation, 
parking, and commercial (or industrial) objectives. 

GRADE CROSSING PROGRAM. A special safety program to reduce rail-high- 
way grade crossing accidents was initiated early in August 1967, by the Department 
of Transportation, through the Federal  Highway Administration and the Federal  
Railroad Administration [24]. Particular emphasis i s  given to crossings in the 
heavily traveled Northeast Corridor,  where high-speed train operation is envi- 
sioned. Each state highway department has been asked to select one grade crossing 
for each 4,000 miles of Federal- Aid Highway System to test  the "most suitable 
known o r  proposed system of protection [25] ." Such a program will subject about 
200 r a i l  crossings to closer examination and will involve research seeking to devel- 
op better methods of accident data gathering and optimal means of controlling the 
problem. The railroads a r e  asked to rehabilitate existing protective devices and 
grade crossing s i tes  under their jurisdiction. 

About 14,000 rail-highway grade crossing accidents occur each year,  resullt- 
ing in 1,800 fatalities, 15,000 injuries and over 100 million dollars in property 
damage [25, 261. Rail-highway grade crossing corrections a r e  also considered 
part  of the Spot Improvement Program and reportedly represent about 17 perce:nt 
of programmed spot improvements. In many states,  complicated laws affecting 
railroad right-of-way and apportionment of maintenance costs among state o r  local 
governments and the railroads have delayed programming. 

HIGHWAY SAFETY STANDARDS. Three of the National Highway Safety 
Bureau's Highway Safety Standards promulgated on 27 June 1967 [27] bear on th.e 
spot improvement program. The "Traffic Control Devices" standard calls for uni- 
form and general upgrading of signal-control devices. The "Highway Design, Con- 
struction, and Maintenance" standard sets  minimum goals for  safe geometric de- 
sign, lightihg, skid prevention, construction s i te  safety, maintenance, and crash 
protection. The "Identification and Surveillance of Accident Locations1' standarld 
re fers  to the current Bureau of Public Roads spot improvement program and calls 
for  systematic identification and correction of accident locations on a l l  roads and 
s t ree ts .  

All three standards a r e  par t  of the overall  program which the s tates  a r e  ex:- 
pected to have implemented by 31 December 1968. The Bureau of Public R.oads 
anticipated these standards with (1) PPM 21-15, 16 June 1965 "Traffic Control De- 
vices on Federal-Aid Highways," (2) IM 21-3-67, 1 Feb. 1967 "Selection of Highway 
Safety Improvement Projects," and (3) IM 21-15-67, 19 May 1967, "Safety Provi- 
sions for  Roadside Features  and Appurtenances [see Appendix 11] ." 

PUBLIC WORKS COMMITTEE: SUBCOMMITTEE HEARINGS ON ROADS. The 
1967 hearings of the House Public Works Committee's Subcommittee on Roads, 



chaired by Representative John A. Blatnik, were concerned in par t  with the spot 
improvement program [28]. Initially, the subcommittee expressed concern r e -  
garding: (1) alleged reluctance of the National Highway Safety Bureau to s e t  pr i -  
or i t ies  to guide the s tates  in programming, (2) evidence of poor communication be- 
tween the Department of Transportation, the National Highway Safety Bureau, and 
the states,  and (3) the expressed intention of some states  to sacrifice 10 percent 
of their highway construction money rather  than comply with recently announced 
Highway Safety Program Standards. 

As the hearings developed, interest centered on design of roadside appurte- 
nances such as guardrails,  abutments, and signposts that constitute hazards to a 
vehicle which leaves the road. Photographs gathered by the Committee were used 
to illustrate examples of improper o r  hazardous design features,  particularly on 
the Interstate System 11291. While claiming no punitive o r  headline-seeking intent 
[15], Committee members  did charge that the Bureau of Public Roads, state high- 
way departments, and other responsible officials had remained "obliviousf1 to 
hazards being incorporated into new highway construction, ignored the accident 
rate ,  and failed to apply the information and findings published by AASHO, the 
Highway R.esearch Board, researchers  in highway safety,  and other sources [30]. 

The Committee claims to have influenced the following developments, although 
they were implemented before the hearings started: 

(1) Bureau of Public Roads Safety Cri ter ia ,  IM 21-11-67 of 19 May 1967. 

(2) National Highway Safety Bureau, Highway Safety Standards, 27 June 1967. 

(3) Bureau of Public Roads provision of 90-10 federal  funds for correction of 
design e r r o r s  on the Interstate System. 

THE ROLE OF AASHO IN HIGHWAY SAFETY IMPROVEMENTS 

In 1964, in recognition of the increasing problem of highway safety and em- 
phasis being placed on it, the American Association of State Highway Officials 
created a special safety committee to study and coordinate the Association's 
many functions related to traffic safety [31]. The committee, chaired by the 
President of AASHO and composed of the chairmen of the Committees on Planning 
and Design Policies, Design, Traffic, and Maintenance and Equipment, officially 
represented AASHO within the Bureau of Public Roads Advisory Committee which 
was responsible for  drafts of safety standards for consideration by the Secretary 
of Commerce. 

In October 1965, the Special AASHO Committee on Traffic Safety submitted a 
report  to the Bureau of Public Roads containing a s e r i e s  of recommendations for  
consideration in drafting national traffic safety standards [31]. This report  sug- 
gested a cooperative effort in the development of national traffic safety regulations 
and recommended adoption of current  AASHO design policies and standards,  with 
provision for continuing review and updating. Other recommendations included 
the use of official sign manuals to ensure uniform signing and marking, better 
accident reporting and analysis by state traffic-operations surveillance teams, 
studies on the effects of alcohol on traffic, compulsory dr iver  training, improved 
driver  licensing examinations, mandatory motor-vehicle inspections, uniform and 
vigorous law enforcement, and improved emergency services .  In essence, a l l  
these recommendations appeared in the 1966 Federa l  Highway Safety Act, 



Early in 1966 when Congress was considering national traffic safety legisla- 
tion, the Federal  Highway Administrator proposed that AASHO conduct a special1 
study of the traffic and safety character is t ics  of the Interstate System and other 
highways, concentrating on signing and marking practices and traffic safety condi- 
tions where accidents indicated traffic operational problems. The same Special 
AASHO Traffic Safety Committee undertook the project, spent several  months ob- 
serving conditions throughout the s tates ,  and reviewed the practices then in effect 
[32]. In 1966, in addition to the members  enumerated above, the Committee in- 
cluded a s  Secretary the Director of the Office of Highway Safety, Bureau of Public 
Roads, a s  well as four other key Bureau personnel, among them the Bureau Chief 
Engineer, serving on the Committee a s  special representatives [31]. 

The final report  of the Committee, Highway Design and Operational Pract ices  - 
Related to Highway Safety, commonly referred to as the "Yellow Book," was ap-, 
proved by AASHO in ~ o v g m b e r  1966 and published in February 1967 [31]. This 
report summarizes  the composite findings of the committee and includes discus- 
sions, comments, and recommendations concerning highway design and practices 
a s  they relate to safety on roads and s t ree ts  under the control of state and local 
highway departments. It a lso includes a compilation of the work and findings of 
many other agencies, including university-oriented highway safety research  pro- 
jects. The booklet i s  well illustrated and succinctly points out what should and 
should not be done in highway design and construction to remove existing hazarcls, 
and to prevent s imilar  hazards f rom being incorporated into future highways. I b e  
Committee urged that a l l  highway and traffic departments apply the recommendrt- 
tions wherever appropriate. 

A review of the booklet indicates that the Committee recommendations were 
intended for the Interstate Highways and the Federal-Aid Pr imary  System, both 
ru ra l  and urban. Nevertheless, on 19 May 1967, through Instruction Memorandum 
2 1-11-67, entitled "Safety Provisions for  Roadside Features  and Appurtenances 
[see Appendix 11] ," the Bureau of Public Roads announced approval of the recom- 
mendations of the AASHO Special Safety Committee a s  contained in the Special Ile- 
port and declared them to be the acceptable standards for safety design and con- 
struction on the entire Federal-Aid System-Interstate, Pr imary,  and Secondary, 
Rural and Urban. The memorandum further said that all Federal-Aidsystem 
construction, in progress  o r  planned, where the design speed was 50 mph o r  
greater ,  must be reviewed for  compliance with those standards. As f a r  a s  feasi- 
ble, the standards should be applied to a l l  pr imary and secondary roads with lesser  
design speeds. 

A supplementary clarifying addendum to IM 21-11-67, issued 29 June 1967 
[see Appendix 111, stated that the Yellow Book standards applied to a l l  Interstate! 
projects, to a l l  Federal-Aid Pr imary  and Secondary projects initiated after 31 
July 1967, and, a s  f a r  as practical, wherever design speed was 50 mph o r  greater  
and average daily traffic was 750 vehicles o r  more. 

FOUR STATE SPOT IMPROVEMENT PROGRAMS 

State highway departments in Michigan, New Hampshire, Colorado, and 
California were visited for  the purpose of discussing the status of their highway 
spot improvement programs. All have programs which antedate by several  yeairs 
the federally sponsored program: 



The Michigan Operation Betterment program (MOB) is twelve years  old. The 
initial fund allotment of one million dol lars  annually was increased to two million 
in 1965. In 1966, Michigan began a spot improvement program expenditure of 5 
million dollars per  year for  four years  to end in June 1970. 

New Hampshire's Betterment Program, started about eight yea r s  ago, i s  cur- 
rently funded a t  one million dollars annually. 

Colorado's program i s  about ten years  old and applies to a l l  roads in the state. 
Colorado has programmed 25 million dollars in spot improvements fo r  the Federal- 
Aid System, to be completed by September 1969, a t  an  expenditure rate  of approxi- 
mately 6 million dollars a year .  

California's Minor Improvements Program, started about ten years  ago, has 
been upgraded constantly through extensive research  and generous funding to i t s  
current  level of about 14 million dollars annually. 

Q p i c a l  projects in a l l  four s ta tes  include delineation, edge line marking, bar -  
r i e r  and guardrail  installation [33], intersection channelization, new o r  modified 
traffic control and warning signals, elimination of short  and sharp vertical and 
horizontal curves, widening of narrow bridges, and improved highway lighting [34, 
351. 

DIVERSITY AMONG STATES. Each state undertakes o r  experiments with 
special projects. For  example, Michigan has repaved many miles with skid- 
resistant asphalt aggregate mixture and, like New Hampshire, has removed thou- 
sands of t r e e s  from the right-of-way. New Hampshire and Colorado have done 
considerable work cutting back rock ledges and removing roadside boulders. Cali- 
fornia has installed considerable lengths of guardrail  of its own design 1361, ex- 
perimented with double solid yellow lines for  median and ba r r i e r  delineation, and 
very successfully t r ied pavement serrat ing to reduce skidding [37]. California 
experiments with raised retroreflective lane marke r s  have resulted in an  observed 
40 percent reduction in lane switching 11381. 

In each state,  geographic and climatic problems obscure distinctions between 
spot improvements, normal maintenance, and major construction. F o r  example, 
flattening slopes to one on s ix in New Hampshire and western Colorado represents  
a costly removal of rock ledge. In Michigan and eastern Colorado, one-on-six 
slopes create  drainage problems. Tree removal is usually a simple spot improve- 
ment, but in the forest  a r e a s  of northern Michigan and New Hampshire, it may cost 
a s  much a s  miles of maintenance. In Colorado, constructing snow sheds in the 
mountains to protect against avalanches o r  rock fall may cost a s  much as tunneling. 
Maintaining o r  repairing guardrails damaged o r  broken by ice and snow is expen- 
sive in California's mountains. 

Each of the four s ta tes  has a surveillance team for  evaluating hazardous loca- 
tions. Team members  include the Traffic, Maintenance, Design, and Construction 
Engineers of the Highway Department, the District  Engineer, and a State Highway 
Patrol  representative. In New Hampshire the team i s  headed by the Planning and 
Economics Engineer of the State Highway Department and includes a representative 
from the Division Office of the Bureau of Public Roads. In the other s ta tes  the 
Traffic o r  Safety Engineer is team chief. Each team makes periodic safety su r -  
veys of highway conditions, inspects an  accident site upon receipt of the engineer's 



copy of an  accident report  f rom the State Highway Patrol ,  determines what geo- 
metr ic  o r  other feature may have caused the accident, recommends corrective 
action, and maintains post-correction surveillance. The team also attempts to 
identify s i tes  of s imilar  geometric configuration but with a history of fewer or 
no accidents, and to  make an engineering judgment regarding corrective action. 

In each state accident reports  a r e  made by the State Highway Patrol.  Mem-. 
be r s  of the California Highway Patrol  spend s ix  weeks with the Division of High-. 
ways learning what highway features to consider and include in their accident r e -  
ports.  New Hampshire reports  accident locations with reference to highway 
bridges, a l l  of which a r e  accurately located and numbered. Michigan has a com- 
puterized system within the Highway Department for  recording accident data in 
relation to the state trunkline milepost system within an  accuracy of 0.2 miles.  
California exceeds that by feeding detailed accident reports  into a computer sys  - 
tem with a location accuracy of 0.01 miles.  

ADMINISTRATIVE OBSTACLES TO USE OF FEDERAL AID. Despite pressure  
from the Bureau of Public Roads to use federal aid money for  spot improvements, 
a l l  four s ta tes  complain about the problems of obtaining federal aid. In their ext- 
perience, getting federal  approval i s  a s  involved for a small  safety project as for  
a construction project costing several  million dollars.  The state must spend i ts  
own money making preliminary surveys and obtaining competitive bids without 
knowing whether the project will qualify a s  a safety project o r  be rejected a s  
maintenance o r  major construction. Therefore, the s tates  prefer to use their own 
funds for  spot improvements and to reserve  federal-aid funds for  major new cori- 
struction and reconst:ruction. 

Since the ordeal of obtaining approval for two spot improvement projects for  
intersections in the city of Lansing in 1965, the Michigan Department of Highways 
has requested federal aid only for  major spot improvements on the Pr imary  Sys- 
tem and uses  state funds for other spot improvements in sufficient amounts to 
satisfy federal  requirements, 

The New Hampshire Highway Department found the Bureau of Public Roads 
definition of a spot improvement too vague and unpredictable. One example cited 
was a proposed improvement of a multitrack railroad grade crossing frequently 
t raversed by school buses. The t rack a r e a  was too wide for  buses to c ros s  with- 
out stopping en route on a n  island which was too narrow to accommodate them. 
Therefore an  overhead bridge costing $150,000 was proposed. The Bureau dis- 
approved, saying i t  was a major construction project; New Hampshire then decided 
to build the bridge with state funds and was surprised when the Bureau reconsid- 
ered and approved it for  federal aid. Another New Hampshire example was a 
project to remove a roller-coaster dip which had no passing-sight distance. To 
eliminate the vertical curve required two cuts and one fill. However, a town road 
which intersected the pr imary road a t  the bottom of the dip did not qualify for  
federal  aid, so  the state paid for  reconstructing the intersection, the most costly 
par t  of the project. 

Colorado asks  for  federal aid only when a safety project costs over $1,500. 
Seeking federal-aid money fo r  lesser  projects i s  considered too expensive in tinne 
and effort. 



Discussions with the California Division of Highways revealed that California 
usually does not apply for  federal aid for  spot improvements because of adminis- 
trative delays and costs. Ninety percent of projects to date have cost l ess  than 
$50,000 and have been completed entirely with state funds, 

In s ta tes  where county roads f o r m  a large part  of the Federal-Aid System, 
completion of county inventories of hazardous locations has constituted a difficult 
problem. E.g., of the four s ta tes  dealt with in this study, only in Michigan were 
large portions (26,800 miles) of the Federal-Aid Secondary System on county roads 
[39]. Considerable prodding was required before a l l  counties completed the r e -  
quested inventories by the end of 1966. Aware of their limited staffs and insuffi- 
cient accident records,  the Michigan Highway Department advised al l  counties to 
use engineering judgment in preparing their l is ts  and to use their own funds on 
small  projects [40] . 

The highway departments on the four s ta tes  resent what they considered to be 
the "pressure techniques" used in launching the federal  spot improvement program. 
The highway departments also feel they a r e  unjustly bearing the onus for  local 
economic and political conditions which affect the defining and correcting of high- 
way hazards,  but which a r e  beyond their control. I.e,, in Michigan, according to 
Highway Department personnel, public and private interests ,  especially in ru ra l  
a r eas ,  call  for  more surfacing and more roads, ra ther  than elimination of hazards. 
In New Hampshire, essentially a vacationland of private summer and winter r e so r t s  
backed up by state-owned and -operated attractions such a s  racetracks, liquor 
s tores ,  and recreation a reas ,  Department personnel said there is constant pressure  
to keep highways open for  traffic, especially in summer,  the logical t ime for high- 
way construction. Often what the Highway Department would like to do in acquiring 
more right-of -way, reconstructing, o r  installing guardrails and medians i s  blocked 
by high costs o r  the conservative State Legislature, which convenes only every 
other year .  The Colorado Highway Department attributes many e r r o r s  to pressure  
to get mileage completed and to save money by such techniques a s  eliminating a 
planned grade separation and substituting a curvature which la ter  proved to be 
dangerous. The California Division of Highways points out that many of the roads 
being improved were built 50 years  ago, with features not safe for today's traffic. 
With the funds available, even if the growth of California's auto population had been 
accurately predicted, the highways would s t i l l  have been saturated fas te r  than they 
could be rebuilt o r  corrected. 

All four departments indicate that the highway safety c r i te r ia  contained in the 
AASHO-prepared Yellow Book [3 11, although fine in theory, cannot be implemented 
overnight, and that spot improvement cr i ter ia  must fi t  local geographic, economic, 
and social conditions. New Hampshire highway engineers ask  whether the stan- 
dards now considered desirable might not be rejected a s  out of date in another 
decade, after considerable expenditure to implement them, because of changes in 
automobiles o r  traffic patterns.  

According to highway engineers of the four s ta tes ,  the e r r o r s  decried in me- 
dians, guardrails,  slopes, bridge abutments, and sign posts on the Interstate were 
made under pressure  to get the system completed in the face of rising costs [41]. 
In Colorado the urban elements of the Interstate System were completed f i r s t ,  
a f te r  acquiring only 200 feet of right-of-way instead of the now-standard 300, r e -  
sulting in bridges that a r e  too narrow and abutments that a r e  too close to the 



roadway. In Michigan, median design and width of slopes were modified to fit 
drainage problems and s t i l l  stay within budgets, The New Hampshire budget limited 
the breadth of slopes through mountainous a reas ,  and hazardous features of guard- 
r a i l  and signpost design were not really noticed until the accident pattern growiiig 
out of higher speeds began to develop. 

Most significant of all, maintenance costs on the Interstate System, originally 
predicted a s  low, began rising alarmingly [7, 41, 421. Because the s tates  a r e  r e -  
sponsible for  a l l  Interstate maintenance, the Bureau of Public Roads' contention 
that correction of Interstate hazards fell  into the category of maintenance led to 
delays and squabbles. In Michigan, for example, inability to decide the state and 
county shares  of costs for  median guardrails along high accident-rate sections of 
1-94 between Ann Arbor and Detroit held up installation. The Bureau's recent 
policy change, making available 90- 10 money for "correction of design e r ro r s "  on 
the Interstate System [I83 and crediting portions of these projects to the s tates  ;as 
safety improvements, provided the safety element i s  so identified when the project 
i s  submitted for approval, has benefited a l l  four s ta tes  in making such major 1nt.er- 
state improvements. 

Obviously, the federally sponsored Spot Improvement Program made a l l  four 
s ta tes  more conscious of highway hazards and caused them to expand their own 
programs, however large they had been, under threat of loss of federal-aid appor- 
tionments. However, a l l  four s ta tes  have found it more feasible to use state funds 
on small  spot improvements and to reserve federal aid for  large projects o r  new 
construction. 

COUNTY SPOT IMPROVEMENT PROGRAMS 

The highway system a s  established within each state determines the existence 
of county spot improvement programs. New Hampshire, a s  has been noted, has no 
county roads, and Colorado's county roads a r e  outside the Federal- Aid Highway 
System. The counties make spot improvements on their own roads a s  they see 
fit, out of the total funds apportioned them from the s tate 's  Highway User Fund. 
The Colorado State Highway Department is available to advise them on whatever 
spot improvement programs exist a t  the county level, 

The road nets of the 83 counties of Michigan, in contrast, a l l  include portions 
of the Federal-Aid Secondary System [4]. Just a s  for  normal Federal-Aid Secon- 
dary construction and maintenance, counties make spot improvements under the 
supervision of the State Department of Highway. 

As with other federal-aid secondary projects, and as authorized by the 1954 
Federal-Aid Highway Act [43], the Bureau of Public R.oads, because of i t s  limited 
field staff, has delegated to the Michigan State Highway Department responsibility 
for  reviewing and supervising secondary spot improvements and ensuring that th~e 
required administrative procedures, preliminary engineering, and competitive 
bidding a r e  performed [44]. When a job i s  completed, the Bureau of Public Roads 
conducts an "inspection in depth," a detailed, sheet-by-sheet analysis of all the 
paperwork, followed by a site inspection [45]. 

Two Michigan counties, Washtenaw and Jackson, were selected for  examina- 
tion of their spot improvement programs. Each county has had such a program 
for  several  years  and has an  annual total highway budget of approximately two 
million dollars . Washtenaw County receives about $73,000 and Jackson County 



about $84,000 in annual federal-aid money. Each county spends about $45,000 
annually on spot improvements -over 50 percent of the federal  aid received, How- 
ever ,  both follow state highway department advice and use only their own funds on 
spot improvements [40]. Each county spends about one-third of its annual budget 
on new construction and about two-thirds on maintenance, the latter including the 
amounts spent on traffic-control devices and spot improvements. Both counties 
have small  staffs which a r e  overworked o r  unqualified for  extensive administration, 
so they find i t  best to do small  projects with county money and to create  a bank of 
federal-aid money for  major projects.  For  example, Jackson County recently 
completed a $405,000 project with a three-year accumulation of federal-aid and 
county money set  aside specifically for  this project. 

Officials of both counties said they prefer to do most of their own maintenance, 
including spot improvement work, to avoid the high cost of letting contracts for  
small  projects, The counties could obtain federal aid without letting competitive 
bids, but detailed records and data would be required to show that the county cost 
of doing the project was in line with competitive bidding [44]. The detailed pro- 
cedures required if a county uses  federal aid can be expensive. Fo r  example, 
Jackson County officials described a $300,000 construction project which required 
$1,000 worth of asphalt paving. The material  was hauled in three truckloads from 
an  electronically operated plant which loaded fixed batches with a maximum varia- 
tion of kl00 lb/truckload. Because no weighmen certified the loads before the 
trucks moved off, months of justifying explanations and valuable staff time were 
required to obtain Bureau approval. Paying an  additional $400 in sa la r ies  to have 
a weighman certify that the loader poured $1,000 worth of asphalt would have cost 
l e s s  than the paperwork. 

Both counties have submitted to the State Highway Department their invento- 
r ie  s of hazardous locations on the Federal- Aid Secondary System. Jackson County's 
inventory includes projects varying in cost f rom $75 to $90,000, totalling about 
$175,000. 

In each county, hazardous locations a r e  identified by accident frequency. Each 
County Engineer receives a copy of every accident report f rom the County Sheriff's 
Office. The accidents a r e  then pin-plotted on a map to determine high accident- 
ra te  locations. Correction priority is determined by informal analysis, tempered 
by public reaction, Each county is trying to maintain before-and-after accident 
records for a minimum of one year .  Jackson County's accident records a r e  well 
detailed, even including collision diagrams. However, many counties in Michigan 
do not have the staff to maintain such records.  Washtenaw and Jackson County 
engineers believe i t  will require two o r  three years  of study to understand fully 
the effect, if any, of engineering improvements on the accident rate.  

Washtenaw and Jackson Counties have completed the previously discussed in- 
ventory of signs and signal devices required of each state by Bureau Instruction 
Memorandum 21- 15 [see Appendix 11] . However, the updating of signs and signal 
devices to conform with the Manual on Uniform Traffic Control Devices will take 
time and money. Signs on county roads a r e  numerous and expensive, therefore 
a r e  replaced only as they deteriorate. In Jackson County, the cost of upgrading 
stop signs alone i s  estimated a t  $50,000. Repainting every center line in Jackson 
County once a year  would cost $90,000; this i s  one reason why some blacktop 
roads a r e  not centerlined, At present,  when signs, signal devices, o r  markings 
a r e  replaced, each county applies the latest  standards of the Department of State 
Highways. 



Both the Washtenaw and Jackson County engineers said the cr i ter ia  and stan- 
dards  in the AASHO Yellow Book [31] a r e  not attainable in their counties in the 
foreseeable future. Most of the county road system, whether Federal-Aid or not, is 
limited to a 66-foot right-of-way, typical of roads in s ta tes  which were settled by 
the division of public lands. There is little o r  no public o r  private interest in ex- 
tending the right-of -way just to remove t r ee s  o r  to level slopes to one on six,  Even 
if there were, funds a r e  not available under the present user-tax structure.  

Legal and other social conditions a r e  also unfavorable for  application of Yellow 
Book standards, e.g., growing crops right up to the intersection boundary i s  not 
illegal. In Washtenaw County, standing corn which blocked visibility at intersec- 
tions was cut back through the personal cooperation of crop owners with the County 
Engineer. However, attempts to remove sight-blocking roadside brush with de-. 
foliating chemicals aroused the opposition of nature lovers. Moreover, county 
residents appear to be more interested in obtaining maximum miles of blacktop 
per  tax dollar than in safety. Residents claim that they know their road system 
and that visitors and through traffic should slow down and watch out f o r  roadside 
hazards.  

THE DISPUTE OVER SAFETY STANDARDS FOR SECONDARY ROADS 

The most controversial par t  of the spot improvement program has been i t s  
application to the Federal-Aid Secondary System. At both state and county levels, 
i t  has been attacked a s  impractical [46, 471. The Special AASHO Traffic Safety 
Committee intended their Yellow Book to provide guidelines for  the s tates  to use, 
where practical, to improve highway design standards and safety. It appears,  how- 
ever ,  that the Department of Transportation felt that these guidelines, a s  approved 
by the Bureau of Public Roads, offered a means to deflate increasing cr i t ic ism of 
highway hazards issuing from the Blatnik Committee 129, 481. However, when the 
Bureau of Public R.oads issued Instruction Memorandum 21-11-67 of 19 May 1967 
[see Appendix 11], declaring that the Yellow Book guidelines were in fact required 
standards for  a l l  future construction on the Interstate, Pr imary ,  and Secondary 
Systems, the reaction among the states,  particularly a t  the county level, was con- 
sternation and confusion [47]. During the summer of 1967, construction and r e  - 
pai rs  on the Federal-Aid Secondary System almost came to a halt in many states  
[46, 491. 

A study of the Yellow Book indicates that i ts  recommendations apply mainly 
to the Interstate and Pr imary  Systems. Very little, if anything, i s  said about 
county or  secondary roads, though it i s  known that many highway accidents (prob- 
ably a n  undue portion) occur on secondary roads. Failure of the Bureau of Publlic 
Roads to coordinate the Yellow Book with the Board of County Consultants and the 
National Association of County Engineers, the people who a r e  largely involved in 
the Federal-Aid Secondary System, also appeared to cause resentment [47]. The 
29 June Addenda [see Appendix 11] to Instruction Memorandum 21-11-67, in which 
the Bureau of Public Roads advised that Yellow Book standards applied, where 
practical and feasible, to those Secondary roads with an  average daily traffic of 
750 and a design speed of 50 mph o r  greater ,  did not lessen the furor .  

During the annual AASHO meeting 'at Salt Lake City, 16-20 October 1967, no 
subject was more  hotly discussed than the Yellow Book standards and their appli- 
cation to secondary roads. While the fifty state highway departments seemed 
unanimously to accept the Yellow Book cr i te r ia  as urgently needed for  the Federal-  



Aid Interstate and Pr imary  Systems, they just as unanimously agreed that applying 
them to the Secondary System was unrealistic and economically impossible. 

A typical reaction was that of E. P. Gilgen, Secondary Roads Engineer, Utah 
Department of Highways: 

Utah, which receives a little over $3 million annually for  3,906 miles of 
Federal- Aid Secondary , by spending the required minimum equivalent 
50 percent, o r  $1.5 million, on spot improvements, could not possibly 
ra i se  the Secondary System to "Yellow Book" standards,  especially in 
view of the rising costs of highway construction. Therefore, Utah be- 
lieves more practical and reasonable standards must be applied to the 
Secondary System. 

Frank Vir r ,  speaking for  Kansas, said: 

Kansas has 21,580 miles of Secondary roads, of which only 2.7 percent 
car ry  traffic volumes in excess  of 750 vehicles per  day. If the original 
cr i ter ia  of the Yellow Book standards applied, it would be economically 
impossible to improve the whole system. Instead, Kansas has design 
standards for  Secondary highways of low volume which it i s  felt a r e  per-  
fectly adequate for the time being [51]. 

B. C. Goode, Chief, Bureau of County Aid, Alabama Highway Department, 
summed up majority attitudes: 

Alabama is just a s  anxious a s  any state to improve i t s  roads and reduce 
highway accidents, but everyone seems to forget the original purpose of 
these roads-farm-to-market. As f a r  back a s  1954, the Alabama High- 
way Department, along with other State Highway Departments, adopted 
what were called minimum design standards for county roads, based on 
their current and anticipated traffic figures. Admittedly, the forecast- 
ing was inaccurate, particularly in Alabama, where some of these roads 
a r e  now used by people who work in industrial plants located in  ru ra l  
a r eas .  Limited a s  these standards a r e ,  the Bureau of County Aid has 
had to push constantly to get county governing bodies interested in mak- 
ing county roads safer  for  the motoring public. Making it mandatory 
that a certain percentage of Federal  funds be spent on the Federal-Aid 
System for  safety projects has helped us  overcome much of this r e s i s -  
tance. However, even though a l l  the Yellow Book design cr i ter ia  a r e  
excellent and should be adhered to closely where they can be economi- 
cally justified, where i s  Alabama going to get the funds to manicure the 
entire roadway f rom right-of -way line to right -of -way line ? Is Alabama, 
primarily a ru ra l  state,  expected to spend a l l  of i t s  gasoline and excise 
tax revenue on "x" miles of roads to take care  of drunken drivers ,  
d r ivers  who a r e  fatigued, dr ivers  who do not care  about checking their 
c a r s  against mechanical failure and t i re  failure,  and dr ivers  who do not 
use common sense on the highways? With reasonably good design the 
state could build "x" plus "y" number of miles of needed highways for  
the same cost, and probably eliminate more fatalities. To obtain one-on- 
s ix  slopes in Alabama takes an  average minimum right-of-way of 80 feet ,  
but this requires  getting considerably more costly right-of-way, more 
expensive clearing and grubbing, more costly erosion control, more 
costly drainage s t ructures .  Although we regret  to see  a single life lost 



needlessly, we cannot finance the extremes in design standards of the 
AASHO Yellow Book on our Secondary System [52]. 

S. E .  Farin,  Seventh Regional Federal Highway Administrator, in discussin~g 
the federal interest in ru ra l  roads, pointed out that County Engineers attending the 
July National Association of County Engineers meeting in Detroit discussed the ap- 
plication of the Yellow Book to the county Secondary Systems 1431. Also, the Bureau 
of Public Roads Board of County Engineer Advisors attending this meeting were 
asked to give their impressions a s  to where the standards would be "feasible" and 
"practicable" on the Secondary System, and each state was requested to amend i ts  
secondary road plans to include the features of the Yellow Book "to the maximum 
extent practicable and feasible" in the design of federal-aid secondary projects 
"whereon the average daily traffic i s  a t  least 750 vehicles a t  time of submission of 
program request and the design speed for  the project i s  50 mph o r  greater." 

He also pointed out that, by law, the Bureau's dealings a r e  with the state high- 
way departments and, by law in most cases,  the highway departments must certify 
that secondary projects were selected in cooperation with appropriate local offi- 
cials and the public. 

It appears that part  of the argument over improving secondary roads has i ts  
roots in United States history. A century ago, less  than 25 percent of the popula- 
tion lived in urban areas ,  and 75 percent on fa rms .  Today, on the contrary, the 
urban population is better than 75 percent of the total, and sti l l  rising. While in 
the past there was strong emphasis on the ru ra l  road program to get the fa rmer  
out of the mud, there is now increasing emphasis on expanding the urban road and 
s treet  programs. 

Shifts in population and program emphasis a r e  accompanied by a shift in the 
tax base, which in turn is eventually reflected in the apportionment procedures 
used by al l  s ta tes  in allocating highway funds. These shifts a r e  bound to have con- 
siderable effect on the amount of funds available for  the secondary road system 
[39]. Meanwhile, rura l  residents want to get a l l  the hard-surface mileage possible 
while funds a r e  available [53]. 

URBAN SPOT IMPROVEMENT PROGRAMS 

Federal  implementation of the Spot Improvement Program in urban a reas  i s  
limited to the Urban Extensions of the Federal-Aid Primary and Secondary Sys- 
tems,  which in most towns and cities comprise only a small  part of the overall 
system of s t ree ts  and roads [I]. Because the principal function of the Federal-Aid 
Urban Extension i s  to expedite the flow of through traffic in urban a reas ,  spot im- 
provements on Federal-Aid Urban Extensions a r e  more likely to occur a t  intersec- 
tions with high accident ra tes  [54]. Usually these intersections also have high traf- 
fic volumes and additional traffic complications due to adjacent commercial enter- 
prises.  Typical spot improvements include directional channelization, lane and 
edge-line marking, signalization, additional traffic lanes, left-turn lanes, lighting 
and signing modification, and construction of medians, grade separations, and turn- 
ing loops. The state highway department o r  the county road commission normally 
programs spot improvements on the Federal-Aid Urban Extensions, on which th~ey 
also maintain surveillance and keep accident records [54]. However, the type of 
spot improvement to be made is usually coordinated with the urban jurisdiction 
concerned, particularly if it i s  a large city. 



When approved by the Bureau of Public Roads, an  urban spot improvement 
project, like any other federal-aid project, is the responsibility of the state high- 
way department, although a county road commission o r  the urban government con- 
cerned may do the construction. The community involved pays part  of the state o r  
county matching funds a s  determined by local laws, policies, o r  agreements. 

The highway departments of Michigan, New Hampshire, Colorado, and Califor- 
nia have undertaken numerous spot improvement projects on their Federal-Aid 
Urban Extensions, particularly on U. S. 24 through Detroit, U. S. 3 through Man- 
chester,  U. S. 36 through Denver, and U. S. 50 through Sacramento. Such projects 
o r  programs should not be confused with the previously discussed TOPICS pro- 
gram, under which federal aid is authorized f o r  selected city s t ree ts  o r  roads not 
on the Federal-Aid Pr imary  o r  Secondary Urban Extensions but feeding directly 
into them. TOPICS projects include route marking, lane and edge marking signal- 
ization, and channelization. While contributing to safety, their main purpose i s  to 
expedite traffic flow into the Pr imary  and Secondary Systems [21]. To be eligible 
fo r  aid under the TOPICS program, a community must have completed an urban 
transportation study and have a fully integrated urban transportation program, 
which includes the proposed TOPICS projects. As was previously pointed out, no 
city a s  yet has contracted for  any TOPICS projects. 

SPOT IMPROVEMENT PROGRAMS ON FEDERAL ROADS 

When the Federal-Aid Spot Improvement Program was launched, the Bureau 
of Public Roads initiated a program f o r  highway safety improvements on those 
federa l  roads under the National Pa rk  Service, the Fores t ry  Service, the Corps of 
Engineers, the Bureau of R.eclamation, TVA, etc., by requesting that they initiate 
projects for  roads under their jurisdiction. These agencies get copies of a l l  Bureau 
memoranda. Coordination i s  accomplished through a Federal  Projects  Division in 
the Bureau's Office of Engineering and Operations. 

Although these other federal agencies have been urged to program safety proj- 
ects ,  the status of these projects is not known, according to Bureau personnel, be- 
cause no reporting is required. Usually, however, federal agencies responsible 
f o r  highway construction coordinate design standards with the Bureau's Regional 
or  District Engineer. Generally, the Bureau Division Engineer will arrange for 
the work to be done. F o r  example, in Michigan the Bureau Division Engineer, when 
requested by the Forestry Service, engages private contractors to do construction 
on fores t  roads, and also pays the Michigan Department of State Highways to do the 
engineering and job inspections. 

Because of the small  amount of funds available ($400,000 annually for  forest  
roads in Michigan), it is assumed that spot improvements on these roads a r e  a 
par t  of normal maintenance. 

FIELD ACTIVITIES OF THE BUREAU OF PUBLIC ROADS 

The Office of the Bureau of Public Roads Division Engineer in Lansing, Michi- 
gan, was contacted to learn the procedures and administrative actions required 
f o r  approval of a state spot improvement program. The Bureau Division Engineer 
deals directly with the state highway department in a l l  matters  relating to the 
Federal-Aid Highway System and supporting programs. 



For spot improvement projects on the Federal-Aid Primary System and its; 
Urban Extension, the state highway department must submit detailed plans and en- 
gineer cost estimates,  just a s  for normal construction projects. The highway de- 
partment must detail the entire project, showing the location of the hazard, the 
correction to be made, the cost, and, on a major construction project, what part; is 
specifically related to safety. Urban spot improvement projects must be on an  
Urban Exte l~s io~i  of the Federal-Aid System within communities of 5,000 o r  more. 
It i s  up to the state to work out with the community i ts share of state matching 
funds. All of this admittedly consumes the state highway department's time andL 
money. Federal  funds a r e  obligated only after final approval of the plans. The 
Bureau Division Engineer makes a preliminary inspection of the site,  inspections 
during construction, and a final inspection upon completion of the project. 

Once a project is approved, Title 2 3  authorizes the state to let contracts a s  
provided for in state laws. According to Bureau personnel, this is a routine mast- 
t e r  in Michigan, but it can be complicated in some states.  Illinois law, for  exarn- 
ple, permits a city, a county, o r  the state to prepare plans and let federal-aid clon- 
t racts .  Yet, the Bureau must deal exclusively with the highway department. 

As was previously mentioned, the Michigan Department of Highways has the 
responsibility for reviewing a secondary project in detail to ensure that it i s  a 
safety project, that it i s  so noted on the required forms,  and that the project meets 
justification requirements. These tasks a r e  particularly difficult for  Secondary 
projects in those counties which have not kept adequate accident records for the 
many locations where accidents occur. Accordingly, the Bureau Division Enginleer 
Office tends to be lenient regarding justification for  a county Secondary project. 
Bureau approval of the project means automatic obligation of funds. After approval, 
the Highway Department supervises contract performance and makes s i te  and con- 
struction inspections; the Bureau Division Engineer makes only a final inspection 
when the project i s  completed. 

According to the Bureau Division Engineer, most projects submitted by Michi- 
gan a r e  legitimate and worthwhile. A few fall  into a gray a rea  of maintenance. 
The Yellow Book standards have required considerable revision of safety-desig:n 
cr i ter ia ,  ra ised cost estimates,  and introduced delays. While the Bureau Division 
Engineer urges that the standards aimed fo r  be met, he has to use judgment in 
determining their attainability locally. 

Division personnel doubt that Michigan can a t  this time implement Instruction 
Memorandum 2 1-3-67, 1 February 1967, "Selection of Highway Safety Improvement 
Projects," which calls for  identifying hazardous locations and establishing improve- 
ment priorit ies by a benefit-cost analysis. This i s  complicated and requires a 
much better history of accidents than now exists.  A re-examination of the Michigan 
spot improvement inventories already submitted will delay completion of the pro- 
gram. In their opinion, the Department of State Highways now has neither the per-  
sonnel nor the accident-report data to make the review required. Certainly none 
of the 83 counties, except possibly Wayne, could undertake such a task, 

Regarding the complaints of delays, expense, and paperwork required to get 
safety projects approved, Division Office personnel cited the need to be ready for  
detailed justification of expenditure of federal funds a s  required by federal law be- 
cause the General Accounting Office, if it investigates, i s  prone to make political1 
capital of any e r r o r s  o r  poor judgment exercised in authorizing federal funds. 



Members of Division Office realize that a shortage of trained administrative per-  
sonnel a t  both state and county levels also complicates matters .  Therefore, they 
understand that the t ime and money required to get projects approved often deter-  
mine whether the state and the counties decide to do the job with their own funds. 

THE PROGRAM AS CURRENTLY VIEWED BY THE BUREAU OF PUBLIC ROADS 

As of 30 September 1967, the s tates  had reported a total of 9,353 highway 
safety improvement projects which totalled $758,206,000 in costs,  according to a 
Bureau of Public R.oads internally distributed Quarterly Status Report [55], 6,176 
projects were entirely state-funded a t  a cost of $195,655,000. 3,177 were federal- 
a id projects, costing $562,551,000, of which $275,327,000 was federal-aid money 
and $287,224,000 came f rom state funds. A breakdown of the federal-aid projects 
by state is given in Chart 11. 

The 6,176 state-funded projects average $30,000 per project, and the 3,177 
federal-aid projects average $177,000 each [55]. This difference reflects the fact 
that state-funded projects a r e  small  and major projects a r e  reserved for  federal- 
aid financing. 

The participation ra te  for  federal-aid spot improvement projects i s  now a t  a 
level of 8.7 percent. The Bureau defines participation rate  as the percentage of 
a l l  federal ABC apportionments spent fo r  spot improvement plus an  equal amount 
of s ta te  matching funds. If a l l  state-funded and federal  aid projects a r e  combined, 
the participation rate  is 11.7 percent. The Bureau's goal i s  25 percent for a l l  
states.  

This status report  was the f i r s t  to include a total for entirely state-funded 
projects [55]. However, the Bureau did not break it down state by state because 
not a l l  s ta tes  have reported, and a comparison of s ta tes  was therefore considered 
unfair. It i s  expected that more information will be available in future reports .  

As the above figures indicate, the program has reached a level of over three- 
quarters  of a billion dollars.  The average cost per  project has dropped from 
$188,000 in f iscal  1966 to $177,000 in f iscal  1968 [55]. The Bureau attributes this 
to increased awareness of the need for  cost-benefit analysis. 

Which s tates  a r e  leading and which a r e  lagging in the program is not yet known 
by the Bureau. To determine this  would require evaluation by Regional and District  
Engineers. Examination of Bureau figures indicates the s tates  vary in the number 
of federal-aid projects they have completed o r  have programmed, but the Bureau 
does not know the quality of these projects. 

F o r  example, a s  of 30 September 1967 [see Chart 11] , Kansas had programmed 
the largest  number of projects (233) a t  a total funding of $23,527,000, whereas Ohio 
had programmed 71 a t  almost the same funding, $23,637,000, and Illinois had pro- 
grammed the most money, $69,825,000-about three t imes a s  much as Kansas, 
f o r  204 projects. Bureau personnel said that this lack of spot improvement c r i te r ia  
was one factor that led to approving the Yellow Book recommendations. 

The Bureau, it was said, recognizes that geography and lack of funds limit the 
correcting of a l l  highway hazards; hence the need for  establishing priorit ies.  In 
the opinion of the Bureau, not a l l  hazards require a geometric change in the high- 
way. Speed reductions, restrictions on type vehicles allowed, o r  proper marking 
and signal devices will often suffice. But f i r s t  the s tates  must find out just what 
is happening and where. 



CHART 11. HIGHWAY S A F E T Y  IMPROVEMENT PROGRAM: FIRST QUARTER, 
FISCAL YEAR 1968. From Highway Safety Improvement Projects for F i rs t  Quar- - 

t e r  FY 68, Bureau af Public Roads, Washington, D. C.. November 7, 1967. 



Bureau personnel stated that, until recently, accident reporting at the national 
level was very inaccurate. Accordingly, they did not know where most accidents 
were occurring. For  example, some states  reported a s  Interstate o r  four-lane 
Pr imary  System accidents only those which occurred on the roadway. Others r e -  
ported as Interstate System accidents those that occurred on frontage roads paral- 
leling the system o r  on access  roads leading to it. Many states  do not yet have a 
milepost system fo r  pinpointing accident locations, but all a r e  a t  least  programming 
o r  planning for  one a s  soon as funds a r e  available. 

According to the Bureau, state economic conditions do not always indicate pro- 
g re s s  in highway safety. West Virginia, for  example, was said to have a very fine 
central records system and was the first state to send in its inventory. Some 
states  which have had spot improvement programs fo r  years ,  e.g., California, sub- 
mitted unusually good inventory lists.  Now all state highway departments have a t  
least  a planning organization, and the spot improvement program has caused them 
all to realize the need for  accident-data research  and analysis. 

Originally the Bureau held that the spot improvement program did not apply 
to the Interstate System, and that safety work on the Interstate was "correction of 
hazards due to failure to meet design criteria." It was assumed that the basic de- 
sign concepts for  the Interstate System were safe. The considerable variation 
among the s tates  in building medians, guardrails,  barr icades,  and slopes, as well 
a s  in locating signposts, light posts, and bridge abutments on the Interstate, was 
viewed as a failure of the s tates  to require contractors to meet specifications and 
therefore something which the s tates  themselves had to correct .  In a recent policy 
change [18], the Bureau approved the use of 90-10 money for projects to "correct 
design e r r o r s "  on the Interstate System. 

Some states ,  say Bureau personnel, originally expected that highway hazards 
could be eliminated by one concerted drive. Now a l l  s ta tes  recognize that safety 
improvement resu l t s  only from constant surveillance of highway and traffic condi- 
tions, reviewing of accident repor t s  to see  where hazards exist, and then deter- 
mining, by a benefit-cost analysis, what corrections to make in what order  with the 
money available. The Bureau i s  trying to te l l  the s tates  that an  effective highway 
safety improvement program requires  a sophisticated surveillance system and 
adequate accident data. The Bureau is also hoping that the s ta tes  will apply the 
safety improvement program to their entire road net, not just the Federal-Aid 
System. 



TECHNICAL ASPECTS OF THE SPOT IMPROVEMENT PROGRAM 

METHODOIJOGIES USED 

The determination of hazardous locations and ways to improve road conditions 
in order  to reduce accidents is f a r  f rom an  exact science. Nevertheless, an  evolv- 
ing methodology i s  being practiced to a varying degree among the states.  

Highway locations a r e  normally categorized a s  a specific point on the highway, 
the intersection of two o r  more highways, o r  a length o r  section of highway. High- 
way and traffic engineers define a point a s  one-tenth of a mile o r  less ,  and a section 
as over one-tenth of a mile of highway, wherein highway geometrics and cultural 
and economic features remain constant. 

Hazardous locations have often been identified simply by public o r  private r e -  
action to a spectacular accident o r  one involving prominent o r  influential citizens. 
This unscientific method of identification can be decisive, particularly when news 
media o r  political leaders take an  interest.  In several  s ta tes ,  including Michigan 
and New Hampshire, highway department officials admitted that public opinion does 
influence the progra.mming of some spot improvements. 

Of the recognized rational identification methods, the simplest i s  to tally the 
total number of accidents a t  a specific location to date o r  during a given period of 
time [56]. Jf this number i s  larger  than the number of accidents which occurred 
a t  s imilar  locations, o r  if it exceeds a defined minimum, the location is classified 
as hazardous and singled out fo r  correction. 

A more significant method of identifying hazardous locations is the accident 
ra te  expressed in t e r m s  of total vehicles passing versus total accidents occurring 
a t  a spot, o r  in t e rms  of vehicle miles versus accidents for  a section. Accident 
r a t e s  in excess  of a selected cutoff ra te  identify the location a s  hazardous. 

Another method i s  the number-rate,  a procedure in which the sum of the total 
accident count and the accident rate  i s  compared with an established criterion 1;o 
identify the location a s  hazardous. 

The ra te  quality control method i s  s imilar  to the accident rate  method, except 
that the location i s  considered hazardous only if the accident rate  is significantly 
greater  than the mean accident ra te  for  s imilar  sections o r  locations within the en- 
t i re  state o r  jurisdiction. 

A theoretically more advanced method is a mathematical formula which in- 
cludes such factors a s  traffic volume, number of lanes, and type of accidents. 

The most sophisticated method is correlation of circumstances. This j.s a 
computerized approach involving continuous analysis, taking into account past ex- 
perience with s imilar  accident locations and changes in environment o r  dr iver  
habits. 

As was pointed out ear l ie r ,  the federal  spot improvement program initially 
proposed very broad cr i te r ia  for identifying hazardous locations, namely, a con- 
centration of accidents a t  a location, a record of accident concentrations a t  s imilar  
locations, research  findings, o r  engineering judgment. In 1966, however, after the 
program had become established and a l l  s ta tes  had substantially listed their ha.zard- 
ous locations, the Bureau of Public Roads contracted with R.oy Jorgensen and 



Associates to study the spot improvement program and to develop better c r i te r ia  
fo r  identifying and priority-rating hazardous locations, forecasting resul ts  that 
might be obtained, and determining the costs of improvements which could reduce 
accidents [56]. 

The recommendations of the Jorgensen study were incorporated into Instruc- 
tion Memorandum 2 1-3-67, 1 February 1967, "Selection of Highway Safety Improve- 
ment Projects." [See Appendix 111.1 This memorandum outlines two methods for  
identifying hazardous locations, number rate  and ra te  quality control, the la t ter  
preferred. In either method, hazardous locations must be pinpointed by a mile- 
posting system and must be identified by the incidence of accidents during a mini- 
mum period of one year .  

After hazardous locations a r e  identified, priorit ies for  correction a r e  deter- 
mined by a benefit-cost analysis. The memorandum provides the formulas for  this 
analysis which includes such project costs a s  right-of-way, construction, drainage, 
appurtenances, annual maintenance, and capital recovery based on expected project 
life, a l l  totaled and compared to the benefit o r  saving in the cost of accidents pre-  
vented. In computing costs of accidents, the memorandum uses  National Safety 
Council estimates of average costs a s  follows: 

Fatality $34,400 
Injury 1,800 
Property damage 3 10 

The Bureau of Public Roads expects a l l  s ta tes  to use this benefit-cost method 
of analysis in selecting and programming spot improvements unless they have a 
system that is equivalent o r  better.  So f a r ,  it appears  that only a few states  a r e  
able to o r  a r e  trying to implement the Bureau's methodology. Reportedly Ohio, 
Illinois, and Idaho imploy the number-rate o r  quality control method [19]. How- 
ever ,  in discussions, Jorgensen has said that, in  his opinion, only California, 
Pennsylvania, and Connecticut have the necessary accident statistics to implement 
either method. Because many states  a r e  financing their  spot improvement pro- 
g rams  without federal aid, they apparently have considerable f reedom regarding 
the methodology used. 

California (whose research  efforts and data on spot improvements were ex- 
tensively incorporated into the Jorgensen Study) currently employs an interesting 
alternative method described a s  the "number of accidents versus the cost of the 
safety project" method. California highway personnel believe that they have a 
simple system based on cost per  accident reduced. Specifically, detailed accident 
reports  a r e  fed continuously into a computer system. A monthly printout listing 
accidents and accident concentrations by Engineer District ,  route number, and 
milepost location provides: (1) "a summary of a l l  accidents during the calendar 
year," (2) "a summary of a l l  accidents for each 0.01 miles," (3) an  "indication of 
accident concentrations for  each 0.1 miles," and (4) the ADT at each location. 
Three accidents o r  more per 0.1 mile/year i s  the signal for a detailed investiga- 
tion of the location by the District  Engineer concerned to determine whether high- 
way conditions a r e  a factor [57] .  The location also appears  on a quarterly printout 
of locations with high accident concentration, identified by route number, function 
(ramp, intersection, etc,) ,  and accident type and rate ,  in decreasing order  of f r e -  
quency, in order  to facilitate further observation and study. Depending on the find- 
ings of the District Engineer, the location i s  entered on a Division of Highways 



Status Report, together with recommended improvements. This Status Report i s  
continually reviewed; after the last  entry has been made, signifying completion, of 
improvements, post-correction surveillance i s  maintained for  a year.  

In order  to determine the type of improvement to be made, the Division of 
Highways performs a benefit-cost analysis. However, California uses  cost-of-. 
accident values different from those contained in the Bureau of Public Roads In- 
struction Memorandum. Beginning with figures that Illinois derived in 1958 on the 
direct costs of accidents, California developed i ts  own techniques for determining 
accident costs and for  deciding whether to program spot improvement projects [61]. 
(Direct costs a r e  the money value of damages and losses  to persons and prope:rty, 
that is, a reasonable estimate of the cost of traffic accidents to society. The con- 
siderably larger  National Safety Council cost estimates include such indirect costs 
a s  the estimated loss of future earnings of persons killed o r  permanently disabled.) 

The Illinois figures a r e  the average direct costs for vehicles involved in 
various categories of accidents. California went further and estimated costs of 
accidents on the basis of the number of vehicles involved per accident in California's 
rura l  and urban areas ,  then updated cost values to 1964 prices. In the process,  
California found that more vehicles were involved but fewer persons were killed 
and injured per  accident in urban than in rura l  accidents, and that, numerically, 
more people were killed and injured per  accident in freeway accidents than in ac-  
cidents in urban a r e a s  [58]. As a result ,  California now uses for  benefit calcula- 
tions the average costs of accidents shown in Chart I11 [58]. 

Chart 111, COMPUTED AVERAGE COSTS OF ACCIDENTS: CALIFOR.NIA 

Cost per Reported Accident 
Area Fatal Injury Property Damage - All 

Only - 
Rural $9,700 $2,600 $800 $1,800 

Urban 7,700 2,100 600 1,200 
Total $9,000 $2,300 $700 $1,400 

These include the cost of both reported and unreported accidents and a r e  the unit 
costs per reported accident. Cost values for  reported accidents only and for  r e -  
ported single and multi-vehicle accidents have also been derived [58]. 

In computing benefits, an estimate i s  required of the accident reduction ex8- 
pected to result  f rom a proposed project. This estimate can be made by examining 
past accident reports  to determine the percentage of accidents susceptible to cor- 
rection, or  by using the average percentage accident reduction yielded by similar 
types of improvement projects. Accordingly, California has analyzed and evaluated 
many types of spot improvements to determine what effect they have on accident 
reduction [59]. Fo r  example, in a before-and-after study of 45 flashing beacon 
projects, i t  was found that 75 percent of these installations were followed by r e -  
duced accident r a t e s  (although not a l l  reductions were statistically significant) and 
25 percent by an increase in accidents. However, the flashing beacons studied 
effectively reduced accidents by 80 percent a t  railroad crossings, 40 percent at: 
intersections, and 20 percent of advance-warning beacon installations, for  a com- 
bined average of 30 percent reduction. Assuming a 20-year life for  a flashing 



beacon, the cost reduction per  accident averages about $38.00 [59], In other before- 
and-after studies [59] [see Appendix IV] ,California has analyzed the cost of and 
the results obtained from safety lighting, left-turn channelization, delineation, 
guardrails [36], and pavement grooving o r  serrating [37]. 

As a brief example of the California method, assume that a signalized inter- 
section with a high accident rate  is being considered for  left-turn channelization 
a t  an estimated total construction cost of $19,000, The accident record from 1 
January 1964 to 30 June 1966 shows a total of 11 accidents, none fatal, of which 
four involved injury and 7 property damage only, with a yearly average of 4.4 ac-  
cidents. The accident reports  indicate that many of these 11 accidents involved 
vehicles turning left. As shown in Appendix IV, the average accident reduction for  
left-turn channelization a t  signalized intersections i s  15 percent. Assuming a 
maximum service life of 20 years  for  the modification, the expected accidents 
saved = ( A c c i d e n t d ~ e a r )  X (% R.eduction) X (Service Life) = 4.4 X 0.15 X 20 = 13 
accidents. The cost per  accident saved is $19,000/13 = $1,460. 

To determine whether this project is justified by accident reduction alone, the 
average cost of accidents in the past can be calculated using the cost data shown in 
Chart 111, which reflect both reported and unreported accidents. For  example, 

Average Cost per  Accident = 4($2,100) + 7($600) 
11 = $1,140; 

therefore, the project would appear to be unjustified. 

However, if the accident records showed one fatal and three injury accidents, 
resulting as follows: 

Average Cost per Accident = 
$7,400 + 3($2,100) + 7($600) 

11 = $1,650, 

the project would appear to be justified, since the construction cost per  accident 
saved i s  $1,460. 

Using a cutoff criterion of $1,500, California would list this as a Priority #1 
Safety Project. This example il lustrates the difference that one fatal  accident can 
make in the conclusions drawn where few accidents a r e  involved. The line between 
fatality and injury can be obscure, and not necessarily related to inherent danger 
in the location. The difference may depend on whether o r  not the vehicle occupant 
i s  wearing a seatbelt. 

California studies take cognizance of the fact that not a l l  accidents susceptible 
to correction a r e  indeed eliminated, and some types of project will even increase 
one type of accident while eliminating o r  reducing another. For  example, installing 
traffic signals usually reduces right-angle and approach-turn accidents but increases  
rear-end collisions. 

California studies also point out that knowledge is s t i l l  lacking on what consti- 
tutes a good accident record in a specific location [58], o r  an acceptable one in r e -  
lation to the least  number of accidents to be expected considering such relevant 
factors a s  traffic volume, general ability and sobriety of dr ivers ,  mechanical 
safety of vehicles, weather conditions, and traffic conditions a t  the site. Until 
such data a r e  available, "average" reduction factors must be used with the under- 
standing that they a r e  just educated guesses. 



Finally, California researchers  state that since a small  number of accidents 
a t  a given location can be charged to chance, the question s t i l l  remains how much 
the accident rate  should be allowed to increase before the figure i s  considered 
significant statistically and the hazard corrected. Quite often engineers will ble 
required by social pressures  to make changes before a significant figure is reached. 

The Michigan Department of Highways has a simpler technique for identifying 
and assigning priority to spot improvements. Accident records a r e  fed into el~ec- 
tronic data processing equipment, and the number method i s  used to identify acci- 
dent corrceritrations witlhin each 0.2 of a mile. Accident-concentration cr i ter ia  a r e  
three per  0.2 of a mile in the Upper Peninsula and northern regions of the Lower 
Peninsula, and four per 0.2 of a mile in the remainder of the Lower Peninsula, 
beyond which point the surveillance team investigates, determines causes, and 
recommends corrections. Then a severity point system is applied to each ideriti- 
fied location to determine priority for  correction. In the Michigan system one 
point is assigned for  each property-damage accident, three more (for a total of 
four) for  each accident resulting in injury, and nine additional points (for a totail of 
ten) for  each fatal  accident. A year of observation i s  required for  selection of 
each location. 

Until recently, Michigan highway personnel considered this system to be satis- 
factory, simple to apply, and more realistic than a formula based on accident- 
cost estimates. However, they now find their point system does not reflect the 
difference between some a reas  where accidents a r e  frequently fatal, and the Detroit 
metropolitan area,  where accidents a r e  numerous but less  often fatal. Neither 
does it respond to the public clamor aroused by fatal accidents, a reaction to which 
the Department of Highways i s  sensitive, and which is a serious impediment to the 
prolonged gathering of accident data required for  Bureau of Public Roads methods. 

The Michigan Department of Highways, when analyzing the costs versus bene- 
fits derived from various types of spot improvements, discovered that sanded 
asphalt, a skid-resistant surfacing, had lowered accident ra tes  at  intersections 
considerably. The cost of such surfacing i s  minimal and can be partially charged 
to maintenance when intersections due for  repairs  a r e  resurfaced. Michigan i s  
now making many such improvements. The accident reductions obtained by ski.d- 
resistance of road sections in both California and Michigan tend to support the 
theory that many dr ivers  become involved in accidents through inattention o r  
failure to see  a looming cr i s i s  until i t  i s  too late to stop under normal tire-r0a.d- 
friction circumstances. Further research  in this a r e a  is indicated. 

That a supposedly well-thought -out spot improvement can be disappointing as 
well a s  costly i s  illustrated by a New Hampshire Highway Department experien.ce. 
A work crew, having completed signalization and island channelization a t  a ru ra l  
intersection with a high accident rate ,  stepped aside to observe the timing of th.e 
signals. Just  then a truck rolled down the highway, jumped the island, and wiped 
out the entire installation. Later investigation revealed that the dr iver  was ex-. 
cessively fatigued after taking pep pills. Results of this kind a r e  discouraging to 
highway safety engineers and taxpayers. 

All four s ta tes  reviewed could cite ,spot improvements with which the acciclent 
rate  did not change, or  even increased-indicating either that the role of the hiigh- 
way a s  a causative factor was not fully understood, o r  that the selected "correc- 
tions" were wrong o r  inadequate. 



In summary, it appears that only a few states  a r e  capable of applying the bene- 
fit-cost methodology urged by the Bureau of Public Roads. Methods currently em- 
ployed by some states a r e  sti l l  in a developmental stage and vary greatly in sophis- 
tication and successful application. To apply any benefit-cost system successfully 
to spot improvement requires both understanding of the basic causes of past acci- 
dents and knowledge of the resul ts  to be expected from various types of improve- 
ments. 

TECHNIQUES OF URBAN SPOT IMPROVEMENTS 

With the possible exception of those urban a reas  which contain portions of a 
state o r  county primary o r  secondary urban extension which i s  not part  of the 
Federal-Aid System, the overwhelming majority of urban s t ree ts  and roads a r e  
under the complete control of local governments. Urban s t ree t  and road systems 
and traffic patterns vary in response to geographic, industrial, or  sociological in- 
fluences and rate  of expansion. However, in a l l  urban a reas ,  the exploding auto- 
mobile population has compounded the conflicts between divergent demands such 
a s  parking convenience, pedestrian freedom of movement, fast  public transporta- 
tion and emergency service, rapid delivery of services  and supplies, and avoidance 
of noisy through traffic, especially truck and bus movement on residential s t reets .  

Amid these turbulent environmental conflicts, urban traffic and civil engineers 
a r e  expected to keep traffic moving at a moderate rate  and provide parking space. 
Their task i s  further complicated by urban problems and conflicting economic in- 
te res t s  produced by the very presence of automobiles [60], such a s  distracting 
and sight-blocking advertising; obstacles in the form of buildings o r  utility poles; 
drive-in shops, ca r  washes, restaurants,  and theaters on already overcrowded 
thoroughfares; exorbitant prices for  necessary rights-of-way; and insistence on 
retention of traffic patterns that benefit a few individuals o r  businesses to the 
detriment of the r e s t  of the community [60]. Hence, the approach used in spot 
improvements for  urban a reas  generally differs from that for rura l  highways. 
Urban t raff ic  engineers concentrate on traffic operations, i.e., traffic-control de- 
vices o r  methods of assigning right-of-way, rather than on change of road and 
s t ree t  geometrics [61], 

In large cities generally, traffic engineers have found that sometimes simply 
painting traffic striping o r  pedestrial cross-walks helps identify an  intersection 
and reduces accidents. "Stop" and "yield" signs help on occasion; sometimes 
they do not. According to San Francisco traffic engineers designating one-way 
streets ,  eliminating left-hand turns,  and rigid control of parking, particularly 
elimination of angle parking, prove to be more effective [61]. However, these 
latter procedures often arouse the opposition of local commercial interests [60], 
and some researchers  have noted that one-way s t ree ts  a r e  in themselves a cause 
of accidents due to increased speeding [61]. 

The removal of t rees ,  light poles, curbs,  walls, or  ba r r i e r s  usually i s  not 
considered in making urban spot improvements unless i t  can be shown that these 
objects affect the flow of traffic. It i s  often easier  to let d r ivers  pay for collision 
damage than to fight the interests which control utility poles, signs, o r  property. 
Fo r  example, it is reported that the city of Columbus, Ohio, charges motorists 
for  knocking down light poles, even though the replacement poles a r e  set  further 
back from the roadway. 



Even in the case of new construction, urban traffic engineers will, on occasion, 
compromise traffic salety (against their better judgment) in order  to meet the de- 
mands of vested interests,  For  example, Ann Arbor i s  constructing a new city 
parkway which will contain a built-in hazard in the form of a left-turn intersection 
just beyond the abutme:nt of a major bridge and immediately adjacent to a merging 
entrance ramp. This arrangement resul ts  f rom pressure not to disrupt th.e opera- 
tions of a nearby golf course and racket club. Anri Arbor i s  not unique in such. 
policies o r  practices. 

Spot improvements by means of changes in traffic operations generally require 
rigid enforcement of traffic laws to be effective. In contrast to ru ra l  traffic opera- 
tions, failure to conform with local laws controlling vehicle operation i s  quick:ly 
detected in an urban setting, In addition, many cities, e.g., Detroit and Los Angeles, 
now impose stiff fines on pedestrians for jaywalking or  ignoring traffic signals. 
Such measures can be viewed a s  extensions of o r  part  of a spot improvement pro- 
gram. 

The methodology of programming urban spot improvement projects also dif- 
f e r s  f rom that employed on rura l  roads and highway in the relative significance 
attached to the accident rate  when determining priorit ies for correction [19]. 
Detroit, for example, annually identifies the 2 5  locations with the most accidents. 
Analysis and investigation then follow to determine traffic volumes and decide 
what signalization to use. The l is t  i s  also publicized in the hope that dr ivers  will 
be more cautious a t  these 25 locations and thereby help reduce the accident rate .  
Some of these locations may be on the Federal-Aid Urban Extensions, in which 
case they may eventually be programmed for  correction by the State Highway IDe- 
partment, provided city accident figures coincide with o r  support the Highway De- 
partment findings . 

Portland, Oregon, uses  electronic data processing [62] to identify annually the 
ten intersections with the highest number of accidents [19], However, being in 
the top ten doesn't guarantee priority for improvement. A signalization priority 
rating which considers accident experience as only one factor i s  used to determine 
where improvements a r e  to be made. Accident reductions a r e  considered a by- 
product of the regular signalization program. 

Phoenix, Arizona, also maintains an  annual signalization priority listing which 
compares intersections by a point system based on the number of reducible aclci- 
dents, traffic volume, and the split between the major and the minor s t reet  traffic 
volumes [19]. Analysis i s  then made to determine how many conflict-type acci- 
dents, e.g., left-turn, head-on, vehicle/pedestrian, or  speeding, can be eliminated 
by signalization, assuming reasonable obedience to traffic signals by dr ivers  and 
pedestrians. Only those locations with a high potential for accident reduction by 
signalization a r e  improved. 

b s  Angeles, a s  might be expected, has a very sophisticated computer system 
for identifying accident concentrations a t  intersections and in midblock. A detailed 
list  of cr i ter ia  i s  used to identify accident concentrations by type and rate  (e.g,, 
five o r  more right-angle accidents during the last  twelve months, six o r  more 
right-anglelpedestrian accidents during the past three o r  four years;  five acci- 
dents involving stop-sign violations during a three- to four-year period; five o r  
more driveway, parking, sideswipe accidents in one location in 12 months). Peri-  
odic printouts a r e  made. Prior i t ies  for signal installation a r e  then determined. 



Ann Arbor, Michigan, like most small  cit ies o r  towns, monitors accident lo- 
cations by means of a pin-plot map from which an  annual l ist  of the ten highest 
accident locations i s  prepared. Observation of local practices showed that this 
l ist  does not match correction priorities. Instead, the limited funds available for  
traffic safety improvements have been devoted mainly to signalization and to redi- 
recting traffic through bottlenecks created by two bridges which connect the north 
and south sides of the city, even though, in so  doing, traffic hazards such a s  limited 
sight distance, inadequate warning of side traffic, and confusing head-on situations 
for  nonresident dr ivers  have been created, possibly contributing to the overall ac-  
cident rate .  

In approaching urban spot improvements through traffic operations, traffic 
engineers have made significant progress  in getting their cities and towns to adopt 
voluntarily the cr i ter ia  and standards contained in the Manual on Uniform Traffic 
Control Devices. While the resul ts  of such standardization a r e  not measurable, 
i t  can be assumed that i t  has had a beneficial influence on the national accident 
rate,  a s  compared to the situation prevailing twenty to thirty years  ago when every 
urban a r e a  had i ts  own system to t r ip  the unwary out-of-town driver .  

In summary, it appears that current  practice in  urban a r e a s  i s  to rely mainly 
on the side benefits of improved traffic operations (i.e., traffic control and warn- 
ing devices) to reduce urban accident rates ,  because of the prohibitive cost and 
practical difficulty of making geometric modifications. 

ACCIDENT DATA AND SPOT IMPROVEMENTS 

Execution of a l l  of the aforementioned spot improvement methodologies, whe- 
ther  rule-of-thumb o r  sophisticated, intuitive o r  theoretically justifiable, requires 
a matching system of accident reports  and data analysis. Spot improvements can 
be considered to have four phases, (1) identifying the hazardous location, (2) e s -  
tablishing correction priority, (3) determining what engineering correction to 
make, (4) following up to see what resulted. Even the simplest systems depend on 
adequate accident reports,  properly interpreted. 

There is a sizable l i terature on accident reporting and i ts  relationship to high- 
way safety in general [63]. For  spot improvements, just a s  for other purposes, 
the accident reporting system must be a functional one based on geographic loca- 
tion [64]. It must pinpoint the exact location of an accident and accurately describe 
the conditions under which it occurred, the underlying and the obvious causes,  in 
order  that it can be understood in t e rms  of traffic volumes, circulation patterns, 
and general environmental factors.  With this information, the location can be 
properly evaluated a s  a comparative hazard [65, 661. 

Spot improvement programming also requires a detailed, crit ical,  and con- 
tinuing survey and inspection of existing urban and ru ra l  s t ree ts  and roads, with 
special attention to skidmarks, pavement gouges, vehicle debris,  damage to road- 
side facilities, and other evidence of unreported collisions. The survey must in- 
clude appraisal of existing traffic-control devices for  placement, effectiveness, 
uniformity, legibility by day and night, and maintenance. The survey must partic- 
ularly include hazards which would t rap  the inattentive o r  reckless driver [66]. 

Researchers  point out that the resul ts  of such an  accident reporting and su r -  
veillance system should (1) feed into an  automated centralized data source, pro- 
viding ready access  to data required for a l l  purposes, including enforcement, 



education, licensing, judicial, engineering, inspection, and research needs, (2) be 
augmented by supplemental data sources,  providing for one of the specific purposes 
noted, and (3) be available for analysis by those utilizing the data bank of accident 
records [59, 671. It appears that only with such a system can highway and tra.ffic 
engineers effectively review al l  proposed improvements, new designs, and necv traf- 
fic conditions for  built-in traffic hazards, o r  evaluate the public's comments a.nd 
suggestions regarding objectionable design features [66].  

All proponents point out that a benefit-cost analysis requires continual post- 
accident surveillance and followup, generally for a minimum of one year .  This 
followup, if it i s  to discern the effects of engineering improvements on accident 
ra tes ,  should be accomplished by automatic data analysis which also considers the 
effects of other factors such a s  changes in driving habits, automobile safety irn- 
provements, o r  new approaches to law enforcement [59].  

Conversations with New Hampshire, Michigan, and Colorado State Highway 
officials indicated that these s tates  lack the data to implement a sophisticated 
benefit-cost analysis system at this time. At the county level, it appears the sys-  
tem will continue to consist for  some time of pin-plotting accident locations on the 
county map and noting where large clusters  of pins occur. Indeed, inaccuracies 
and incomplete data in accident reporting prevent application of a benefit - cost 
analysis by most states.  Some researchers  estimate that over two-thirds of t:he 
s tates  don't have the means to report accurately the two most vital factors in 
accidents-where and why [68] ? Jorgensen, in conversation,expressed the belief 
that only California, Pennsylvania, and Connecticut have the accident data to irn- 
plement the methodology he outlined for  the Bureau of Public Roads. However, 
studies indicate that even in California less  than 50 percent of a l l  accidents a r e  
even reported [69] .  

In discussing the hoped-for resul ts  from the memorandum on methodology, 
Bureau of Public Roads staff members admitted few states  can implement sucli a 
procedure now, but they said that the main purpose of the memorandum i s  to high- 
light the need for  a modern system of automobile accident reporting. The Bureau 
believes many states  now a t  least recognize this need. 

In summary, it appears that researchers ,  administrators, and practitione~rs 
of spot improvement programs a l l  recognize that better systems of accident r e -  
porting and data analysis must be developed if spot improvement programs art? to 
attain optimum resul ts  in accident reduction. 

AREAS FOR RESEARCH AND DEVELOPMENT 

The experiences and the progress  attained among the four states reviewed, in 
this study indicate that more research is needed in several  a r eas  before the pi:o- 
gram can attain i ts  intended goal of significantly reducing traffic accidents on the 
nation's highways. The research  a reas  listed a r e  not new, and in fact have been 
under investigation for some time. However, some of the research has been crit i-  
cized a s  unproductive and lacking in new approaches and new ideas [70]. 

The inadequacy of accident reports  a s  they currently exist has already been 
pointed out. It i s  urgent that better ways be found to determine what happened in 
accidents. Of the driver it must be known not just whether legally he was a t  fault 
o r  failed to yield, but what were his mental and physical state, his driving abilities, 
his observations, impulses, reactions, decisions, and successes  o r  failures in 
maneuvering the vehicle. Regarding the vehicle, more.information is needed on 



design characteristics,  makes, models, age, mechanical condition, limitations, and 
function failures and successes.  More detailed information about the highway i s  
needed, such a s  the type, quality, and character is t ics  of pavement, condition of 
maintenance, design characteristics which would limit maneuvers for either vehicle 
o r  dr iver ,  the presence of obstacles o r  debris,  skid-marks, etc. The environment 
needs to be described more precisely to include weather conditions, especially 
gusty winds, visibility, illumination, precipitation, ice, and wetness. 

A corollary to the need for  research  on accident-reporting methods i s  the need 
for  research  on the problem of selecting and training accident investigators. What, 
f o r  example, should be the basic qualifications of an accident investigator ? How 
can investigator training be standardized? How can the researcher ,  when deter-  
mining accident causes from reports ,  a s s e s s  individual investigators for  objectivity, 
knowledge, skill ,  available technical aids, or  time of a r r iva l  a t  the accident scene? 

It appears that the problem of data analysis would be greatly simplified if the 
problems of accident investigation and reporting were adequately resolved. Finally, 
although i t  i s  recognized that accident reports  can be computerized and subjected 
to data analysis, ways must be found to perform this function on a regional, co- 
operative, and sharing basis ,  especially if s ta tes  and subordinate governmental 
echelons now without the financial resources a r e  to be included in the overall  pro- 
gram of accident research  and reduction. 

The benefit-cost approach to programming spot improvements, as outlined by 
the Bureau of Public Roads, the Jorgensen study, and others,  does not seem to fit 
the requirements of the rea l  world. Programming dollar savings in accident r e -  
ductions over a ten- o r  twenty-year period seems elusive and unrealistic, espe- 
cially since highway construction costs a r e  rising rapidly each year ,  medical and 
insurance costs a r e  rising, and i t  really cannot be determined what an individual's 
future earnings will be. The analysis i s  even more complicated by the growing 
tendency of individuals to sue for  damages a s  a result  of alleged unsafe o r  hazard- 
ous highway conditions. The method sanctioned by the Bureau of Public Roads 
means little o r  nothing to the public, which i s  prone to make emotional demands 
for  immediate corrective action. Therefore, study i s  needed to find a way to r e -  
late benefit-cost analysis to public understanding and acceptance. It must be borne 
in mind that the target sti l l  i s  a significant reduction in actual deaths and injuries 
in trade for  dollars,  ra ther  than dollars for  dollars,  and within an  observable time 
limit, a s  f a r  a s  the public is concerned [70]. California experiences and philosophy 
suggest an approach. They say, "We install expensive guardrails and median 
ba r r i e r s  on the basis  that we a r e  trading a 25 percent increase in total property 
damage and injuries for a 15 percent reduction in fatalities, and a 16 percent r e -  
duction in multivehicle accidents. We spend $ 2 . 5  million to save 60 lives a year  
by installing guardrails a t  a l l  freeway bridges." This i s  the kind of benefit-cost 
analysis that the public and legislators comprehend. 

The success  of California and Michigan in certain types of spot improvement 
such a s  skid-resistant pavement, pavement serrating, edge lining, and lane deline- 
ation indicate that a potential research  field exists in the development of new ideas 
and approaches for overcoming the dr iver 's  inattention, alerting him either con- 
sciously o r  subconsciously, o r  giving him more opportunity to stop in a given time 
and distance [71-721. Much more could be done, for  example, to corrugate o r  
corduroy shoulders, ramps,  median s t r ips ,  or  lane dividers to a le r t  o r  slow down 
the wandering, drifting, o r  even skidding dr iver ,  and bring him back on course. 



Highway design cr i te r ia  and standards vary even within states.  Research i.s 
neededto determine what highway design character is t ics  seem to be most prevalent 
in highway accidents. Fo r  example, what is the effect of the different design stan- 
dards used in the transition from tangents to curves,  both horizontal and vertical, 
on accident r a t e s  [70] ? Some studies, such a s  one recently conducted by the M:ichi- 
gan Highway Department, indicate that wrong-way dr ivers  on four-lane divided 
highways most frequently enter the wrong-way ramps  a t  diamond intersections,, 
Sections o r  lengths of highways need more study to determine what characteristics 
have a significant influence on accidents. California, for  example, has found that 
a minimum of 1,000 feet of sight distance is needed to spot and evade a wrong-way 
driver  on an  expressway. Does the very costly 30-foot recovery a r e a  with one-on- 
s ix  slope eliminate the accidents claimed [12], o r  does it, a s  Michigan findings 
suggest, induce dr ivers  to exceed the speed l imi t s?  

R.esearch in signing and signal control i s  badly needed a s  evidenced by the 
huge number of intersection accidents, particularly those involving rear-end colli- 
sions. One fruitful a r ea  would appear to be an  in-depth comparison of the European 
international system of signs,  signals, and symbols in color codes with that of the 
Manual on Uniform Traffic Control Devices [8] and their relative effects on acci- 
dent ra tes .  I s  the United States system better,  o r  is it merely assumed to be bet- 
t e r ?  Only the city of Washington, D. C., has started a small  program under Bureau 
of Public R.oads encouragement to study this a rea .  





CONC LUSIONS AND R,EC OMMENDATIONS 

In general, it i s  concluded that the federally sponsored Spot Improvement Pro-  
gram begun in 1964 caused a l l  the s tates  to s t a r t  programs for  eliminating high.way 
hazards o r  to accelerate existing state programs. While the program's full effiects 
on the national highway-accident rate  a r e  presently not measurable, it can 'be a s -  
sumed that, like other nonmeasurable programs such a s  dr iver  training, it has been 
beneficial. It is also concluded that implementation has been hindered by difficul- 
t i es  o r  shortcomings in administration, funding, and methodology. Specific conclu- 
sions and recommendati.ons regarding these a r eas  follow. 

ADMINISTRATION 

State spot improvement programs vary considerably in scope, standards,  and 
progress  attained, but, carefully researched and implemented, have been effective 
in reducing accidents. Highway safety design cr i te r ia  have generally evolved from 
hindsight. Built-in hazards on newly constructed roads and highways must be 
eliminated by better preliminary planning and analysis and adherence to approvred 
cr i ter ia  during construction. 

FUNDING 

Geography, climate, and economic conditions affect state programs for high- 
way funding and construction. 

The federally sponsored Spot Improvement Program was adversely affecte'd 
by unexpected withholding of federal-aid apportionments for highway construction. 

Much time and money would be required to remove o r  correct  every driving 
hazard on the hundreds of thousands of miles of the nation's highways, especially 
on the antiquated secondary roads. Removal o r  correction of most of the highway 
hazards on large portions of the Secondary System would probably require 100 
percent federal funds. However, the number and diversity of programs and inter- 
e s t s  competing for  available federal funds make it highly unlikely that a l l  roads 
on the Federal-Aid System will ever  be modernized'and made hazard-free. 

Because of limited funds and rising highway costs,  it i s  essential  that a spot 
improvement program have a real is t ic  objective of removing the pr imary hazairds 
as evolving traffic patterns continue to develop new hazards.  

ME THODOLOGY 

A methodology for  implementing the Spot Improvement Program is  evolving, 
but many inadequacies in techniques must be overcome: 

Urgently needed a r e  more effective ways to identify hazardous locations, e s -  
tablish correction priorit ies,  and select the most effective, yet feasible, correc-  
tion. 

Incomplete and inaccurate accident data hamper the program a t  federal,  state,  
and local levels. 

Because of inadequate accident reporting, it i s  not yet known what the federally 
sponsored Spot Improvement Program has done to reduce the national highway ac-  
cident record. 



The resul ts  to be expected f rom an individual spot improvement program a r e  
unpredictable, so that progress  in the program can be measured only in  t e rms  of 
the resul ts  obtained from a great number of projects. 

Fluctuations in such variables a s  medical, insurance, and highway construc- 
tion costs, property values, obsolescence, and living patterns have invalidated 
current methods of measuring program success  by predicted dollar savings in 
accidents avoided. 

RECOMMENDATIONS 

In order  to attain more substantial and measurable progress  in accident r e -  
duction, a continued research  and development program i s  recommended in the 
a r e a s  of accident reporting, benef it-cost analysis, highway design, and signs and 
signals, in order  to attain the following objectives: 

(1) An accident reporting system that i s  uniform, accurate,  complete and 
applicable in all jurisdictions, whose output i s  available to a l l  legitimate users .  

(2) A benef it-cost analysis technique that uses  realistic values, is under- 
standable to legislators and the public, and ensures  the selection of the most effec- 
tive spot improvements, 

(3) Design and construction of devices for  effectively alerting inattentive 
dr ivers  about to leave the roadway. 

(4) Elimination of highway design standards and construction practices which 
may contribute to accidents. 

(5) Improved traffic signs and signals for  optimal communication with dr ivers .  

(6) A compilation and synthesis of nationwide "before-and-after" experiences 
with various spot improvements a s  an  aid to the highway and traffic engineering 
profession. 
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APPENDIX I 
DIGEST OF FEDERAL AID FOR HIGHWAYS 

This chronological outline of the growth of federal  participation in the devel- 
opment of the national highway system is based on a review and consolidation o:F 
information from published sources [see references 3, 76, 771 and personal notes 
taken from various highway history sources.  Selected digests of Public Laws i:n- 
dicate the gradual federal  concern for the development of adequate and safe hig:h- 
way systems. 'To keep congressional action in proper perspective, one must bear  
in mind the national economic and social conditions which prevailed when each law 
was enacted. 

Excerpts marked with an  aster isk (*) a r e  especially significant to highway 
safety. 

The central government financed military roads for  use against the Indians. 

1806 

The National (Cumberland) Road connecting the Ohio Valley with the Atlantic Sea- 
board, was financed mainly by the federal  government. This road was built a s  (1) 
a mail route, (2) a passage for  emigrants to the frontier,  (3) a means to cement. 
the two sections politically, (4) an  invaluable aid for  movement of troops and su.p- 
plies. A total of $7,000,000 was appropriated by Congress from 1806 through 
1838. The road was toll-free up to 1838, when the road was given to the s ta tes  
through which i t  passed. Rock surfacing was completed to Columbus, Ohio, and. 
grading to Vandalia, Illinois, by 1838. The National Road is the predecessor of 
the present route U. S. 40 between Wheeling, West Virginia and St. Louis, 
Missouri. Federal  support for  this road was withdrawn due to the rapid growth, of 
the railroads af ter  the Charter  for  the B & 0 (Baltimore & Ohio) Railroad was is- 
sued in 1830. 

No active federal aid participation in roads. 

Office of Road Inquiry established in Department of Agriculture. Beginning of 
systematic federal  aid for  highways. 

1893 

A strong motive fo r  road improvement came from a demand for  ru ra l  f r ee  delivery 
of mail. Congress passed, on an  experimental basis,  the f i r s t  act authorizing ru ra l  
mail  delivery and appropriated $10,000 fo r  this purpose. 

1897 

Office of Road Inquiry initiated construction of short  sections of object-lesson 
roads to demonstrate how good roads should be built. It i s  of interest to note at 
this point that pressure  was directed toward local, state and federal  officials fomr 



r u r a l  roads by the American Wheelman's Association (a group of bicycle enthusi- 
as ts) .  

1901 

Office of Road Inquiry se t  up the f i r s t  laboratory for  testing road materials.  

1904 

Office of Road Inquiry published the f i r s t  road mileage survey ever  made. 

1905 - 
Office of Road Inquiry cooperated with the State of Tennessee in experiments to 
determine whether crude oil could be used a s  a binder for  ear th  and macadam 
roads. 

Public Law No. 336 (Post Off ice Appropriation Act) - 62d Congress (Approved 
August 1912) 

1. A joint committee of Congress was established with five members  each from 
House and Senate, to make inquiry into subject of federal  aid for  construction 
of post roads and report to Congress a t  the ear l ies t  practicable date. 

2 .  $500,000 appropriated: 

a. To be expended by the Secretary of Agriculture in cooperation with the 
Postmaster  General in improving the conditions of roads selected by 
them over which ru ra l  mail  delivery is o r  may be established. 

b. Improvements to be for  the purpose of ascertaining the increase in t e r r i -  
tory which could be served by each ru ra l  mail  c a r r i e r  a s  a resul t  of road 
improvements. 

c. To estimate the possible increase in the number of delivery days in each 
year.  

d. To estimate the amount required in excess of local expenditure (from 
property taxes) for the proper maintenance of post roads,  

e. Estimate the relative savings to the government in the operation of the 
r u r a l  mail  delivery service,  and to local inhabitants in the transportation 
of their products by reason of the improvements of the post roads. 

3. States to furnish two-thirds of the amount spent on the improvement, and 
federal  government one-third. 

4. The Secretary of Agriculture and the Postmaster  General to report  on opera- 
tions of the Act. The report  to cover: 

a. Recommendations relative to a plan for  national aid for  improvement of 
postal roads in cooperation with the s tates  and counties. 

b. Efforts to bring about cooperation among states  to insure uniform and 
equitable interstate highway regulations (first reference to interstate 
highways). 

c. Recommendations on a financing plan other than from the United States 
Treasury.  



5 ,  Under this Act, 425 miles of roads were improved. 

6. Office of R.oad Inquiry renamed Office of Public Roads. This office started tests  
on experimental roads in Maryland and Virginia. 

1916 

Public Law No. 156-64th Congress (Approved 11 July 1916) 

An Act to provide that the United States shall aid the s tates  in the construction of 
ru ra l  post roads. Other provisions of this Act, which represents  the beginning of 
federal aid to roads on a nationwide basis,  included: 

1. Each state must establish an  agency responsible for  the expenditure of the 
federal funds. (For a few states  this was the beginning of their highway de- 
partments-for most others,  including Michigan, state highway departments 
were in existence pr ior  to this date.) 

2. An appropriation of $75,000,000 for  five years  ending 30 June 192 1. 

3. A distribution formula for  the appropriation a s  follows: 

a .  One-third of the funds in the ratio which the a r e a  of each state bears  to the 
total a r e a  of a l l  the states. 

b. One-third of the funds in the ratio which the population of each state bears  
to the total population of a l l  the states,  a s  shown by the latest  available 
federal census. 

c .  One-third of the funds in the ratio which the mileage of rura l  delivery 
routes in each state bears  to the total of a l l  such routes in a l l  the s tates  a t  
the close of the next preceding fiscal year. (The present formula for  dis- 
tribution of federal-aid funds for the primary and secondary systems is 
essentially the same.) 

4. To receive federal aid funds a state highway department must: 

a .  Submit to the Secretary of Agriculture project statements setting forth th.e 
proposed construction. 

b. On approval by the Secretary of Agriculture of a project proposal, furnislh 
surveys, plans, specifications and cost estimates of the project. 

5. Maximum cost per mile to the Federal  government was limited to $10,000 ex- 
clusive of bridges of more than twenty feet of clear span. 

6. The s tates  must construct and inspect projects, with final inspection by the 
Secretary of Agriculture. (This of course would be done by the Office of Public 
Roads as the representative of the Secretary.) 

7. The s tates  must maintain the roads after construction i s  completed. 

8. Secretary of Agriculture was authorized to employ persons to administer the 
appropriations and to construct buildings in the city of Washington and else- 
where. (This is the beginning of the Bureau of Public Roads.) 



Public Law No; 299 -65th Congress (Approved 28 February 1919) 

1. This i s  an  amendment of Public Law No. 156 (1916), as a r e  a l l  of the follow- 
ing Public Laws, 

2. Increased federal-government participation, f rom $10,000 to $20,000 per  
mile. 

3. $200,000,000 additional funds to 30 June 192 1. 

192 1 

Public Law No. 87-6th Congress (Approved 9 November 1921) 

1. This i s  the first authorization for  Public Law No. 156 (1916) and i t s  Amend- 
ments, of which this law is one, to be cited as the Federal  Aid Highway Act. 

2. Preference is to be given to projects that will expedite the completion of an  
adequate and connected system of highways of interstate character.  

3. States must select o r  designate a system of highways not to exceed 7 percent 
of the total highway mileage of the state: 

a .  3/7 of the 7-percent system to be known a s  the pr imary o r  interstate 
highways. 

b. R.emainder of 7-percent system to be known a s  secondary o r  intercounty 
highways. 

c. Not more than 60 percent of federal  aid to be spent on primary system. 

*4. Highway surfaces of a durable type must be used on the pr imary and secondary 
systems capable of meeting existing and probable future traffic needs and 
conditions. (Rock o r  gravel surfaces considered durable a t  this date.) 

5. Federal  aid highways must be toll-free. 

*6. Wearing surfaces must be of adequate width, but not l e s s  than 18 feet, unless 
in the opinion of the Secretary of Agriculture this requirement is impractical. 

*7, Ample right-of -way must be provided. 

8. $20,000-per-mile limitation is increased in proportion to federal  aid. 

*9, The Secretary of Agriculture shall prescribe rules  and regulations for  car ry-  
ing out this  Act, including recommendations to Congress and the state high- 
way departments a s  he may deem necessary for preserving and protecting 
the highways and insuring the safety of traffic. 

*lo. 2.5 percent (maximum) may be spent to administer this Act and to car ry  on 
highway research  and investigative studies. 

1922 

Public Law No. 244-67th Congress (Approved 19 June 1922) 

*I. Bridges as refer red  to the Federa l  Aid Highway Acts include railroad grade 
separations. 

2. Maximum federal participation exclusive of bridges is reduced from $20,000 
to $16,250 per  mile. After 30 June 1923 this amount is further reduced to 
$15,000 per  mile. 



Public Law No. 773-69th Congress (Approved 3 March 1927) 

Use of federal aim i s  allowed in the construction of toll bridges, all tolls to pay the 
cost of the bridge. After the bridge is paid for ,  the tolls shall cease. 

1928 

Public Law No. 458-70th Congress (Approved 21 May 1928) 

1. Federal  aid may be increased on selected projects to 100 percent in those 
s tates  with more than 5 percent unappropriated public lands and nontaxable 
Indian lands. States must spend their federal-aid allotment on other highway 
projects during the fiscal year.  

"2. The planting of shade t rees  along the highways i s  authorized. 

3. Federal  aid may be spent in municipalities of 2500 o r  more if space between 
houses averages more than 200 feet. 

4. No federal aid i s  authorized for  bridges in municipalities of 30,000 o r  more. 

192 8 - 
Public Law No. 493-70th Congress (Approved 23 May 1928) 

(This law i s  not a part  of the Federal  Aid Highway Acts. However, portions of the 
law a r e  of interest,  for they appear to be the f i r s t  references to beautification of a 
federal-aid highway, and to rules  and regulations governing the use of a highway.) 

1. Location and construction of a highway connecting Mount Vernon and the 
Arlington Memorial Bridge a r e  authorized. (The highway commemorates the 
200th birthday of George Washington.) 

*2. The plans and specifications shall include provisions for  the planting of sha'de 
t r ee s  and shrubbery and for  such other landscape treatment, parking, and 
ornamental structures.  

3. The plans must be approved by the U. S. Commission for  the Celebration of 
the Two Hundredth Anniversary of the Birth of George Washington. 

$4. Secretary of Agriculture shall cause the highway to be properly maintained 
and shall issue rules and regulations to govern traffic and the uses  of the 
highway, including limitations on size,  kind, weight, and speed of vehicles. 

Public Law No. 90-71st Congress (Approved 4 April 1930) 

Federal  aid i s  increased to $25,000 per  mile if the 7-percent system (see 1921) 
has been surfaced. (Note: Surfacing could be gravel.) 

1933 

Public Law No. 67-73rd Congress (Approved 14 June 1933) 

$1. An expenditure of $400,000,000 is authorized f o r  emergency construction on 
the federal-aid highway system and extensions to the system into and through 
municipalities. 



a .  States may use funds to pay all o r  any part  of the cost of surveys, plans, 
and highway and bridge construction, including the elimination of hazards 
to highway traffic, such a s  the separation of grades a t  crossings, recon- 
struction of existing railroad grade crossing s t ructures ,  relocation of 
highways to eliminate railroad crossings, widening of narrow bridges and 
roadways, building of footpaths, replacement of unsafe bridges,  construc- 
tion of routes to avoid congested a reas ,  construction of facilities to im- 
prove accessibility and the f ree  flow of traffic, and the cost of any other 
construction that will provide safer  traffic facilities o r  definitely eliminate 
existing hazards to pedestrian o r  vehicular traffic. 

b. No funds may be spent to acquire right-of-way o r  easements for  railroad 
grade elimination. 

2. Removed per  mile maximum expenditures by the federal  government. 

1934 

Public Law No. 393 (Hayden-Cartwright Act)-73rd Congress (Approved 18 June 
1934) 

'1. Allowed 1 1/2 percent of the amount apportioned for  any year  to any state to 
be used for  surveys, plans and engineering investigations of projects for  future 
construction in such state,  either on the federal-aid highway system and i t s  
extensions o r  on secondary o r  feeder roads. 

2. Reduced federal  aid to those s ta tes  that allowed user  taxes to be diverted to 
other than highway uses  in amounts greater  than those in effect a t  the time 
this Act was passed. 

1936 - 
Public Law No. 768 -74th Congress (Approved 23  June 1936) 

*I,  Provided funds for study and research  of traffic conditions and measures  for 
their improvement. 

*2. Report resul ts  of study and research,  and of the status of uniform motor- 
vehicle traffic laws throughout the country. 

*Public Law No. 272-75th Congress (Approved 8 August 1937) 

(This Public Law i s  not a part  of Federal  Aid Highway System legislation but i s  of 
interest for  i t s  reference to safety.) 

Appropriated funds to be expended by the Secretary of Commerce for the furtherance 
of the work of the Accident Prevention Conference. The Accident Prevention Confer- 
ence works in the broad a r e a  of safety and accident prevention, including the prepara- 
tion and attempts to obtain enactment of uniform vehicle regulations in the United 
States. 

1938 

Public Law No. 584-75th Congress (Approved 8 June 1938) 

"1. Federal  funds may be spent on roadside and landscape development, including 
such sanitary and other facilities as may be deemed reasonably necessary to 



provide for the suitable accommodation of the public, a l l  within the right-of - 
way and adjacent publicly owned or  controlled recreational a r e a s  of limited 
s ize,  and with provision for  convenient and safe access  thereto by pedestria.n 
and vehicular traffic. 

*2. Extra funds appropriated for the elimination of both rail-highway and highway- 
highway grade crossings. 

3 .  Chief of Bureau of Public Roads directed to investigate the feasibility and cost 
of constructing three east-west and three north-south superhighways, the 
study to cover the feasibility of toll charges. 

Public Law No. 780-76th Congress (Approved 5 September 1940) 

Commissioner of Public R.oads directed to investigate the service afforded to traf- 
fic,  population, and lands by a l l  highways of each state,  as determined by state- 
wide surveys. An annual report  must be made to Congress on progress  made in 
classifying the highways into groups composed of roads of s imilar  service impor- 
tance. 

1941 

*Public Law No. 295-77th Congress (Approved 19 November 1941) 

Offstreet parking facilities to improve the flow of traffic on the strategic network 
of highways forming bypasses around and connections into and through cities and. 
metropolitan areas .  These facilities a r e  to be considered highway projects. This 
provision of the law is not to be exercised if widening or  relocating the highway .will 
se rve  the purpose equally well. 

Public Law No. 521-78th Congress (Approved 20 December 1944) 

1. Establish a federal-aid secondary road system outside of and through 
municipalities of less  than 5,000 population. 

2. The selection of the system to be in cooperation with county and local officials. 

3. Establish federal-aid highway system in urban areas .  

4. This law provides funds for what i s  now known a s  the ABC system of highways. 
The law also s tates  the formula for the distribution of federal  funds to the 
three systems given below: 

Federal  Aid Pr imary  (A) 

Federal  Aid Secondary (B) 

Federal  Aid Urban-Primary (C) 

5. Established a National System of Interstate Highways not to exceed 40,000 
miles to connect the principal metropolitan a reas ,  cit ies,  and industrial cen- 
t e r s ,  to serve the national defense, ,and to connect with routes of continental 
importance in Canada and Mexico. This system is a part  of the total Federal 
Aid Pr imary  System. 



6. The 1.5 percent of federal-aid funds authorized by the 1934 Act may be used 
for  surveys, plans, engineering, and economic investigations of projects for  
future construction without state matching funds. 

*7. Traffic control devices only to be used to promote safe and efficient utilization 
of the highways. 

1948 

Public Law No. 834-80th Congress (Approved 29 June 1948) 

1. Law specifies the distribution of total authorized sum for  each fiscal year 
among the ABC systems. 

(A) Primary System 45% 

(B) Secondary System 30% 

(C) Urban-Primary System 25% 

2 .  Funds to be apportioned a s  per Federal Aid Highway Act of 1944. 

3. Public Roads to study the status of the Interstate System with Secretary of 
Defense and National Resources Board. 

1950 

Public Law No. 769-81st Congress (Approved 7 September 1950) 

1. Requires the establishment of a secondary road unit in the State Highway 
Departments. 

2, Bureau of Public Roads transferred from the Department of Agriculture to 
the Department of Commerce. 

*3. Commissioner of Public Roads to ass i s t  in carrying out the action program 
of the President 's  Highway Safety Conference to advance the cause of highway 
and s treet  safety. $75,000 was authorized for this purpose. 

*Public Law No. 413 - 82nd Congress (Approved 25 June 1952) 

Authorized $150,000 annually to be spent on the work of the President 's  Highway 
Safety Conference. 

1954 

Public Law No. 350-83rd Congress (Approved 6 May 1954) 

*I. Secretary of Commerce i s  authorized to engage in research on al l  phases of 
highway construction, reconstruction, modernization, development, design, 
maintenance, safety, financing, and traffic conditions, including the effect 
thereon of state laws, and is authorized to test ,  develop, o r  a s s i s t  in the test-  
ing and development of any material, invention, patented article,  o r  process,  
This research may be carr ied out independently o r  in cooperation with other 
agencies o r  organizations. 

2. The Secretary shall include in the highway research program authorized 
above studies of economic highway geometrics, structures,  and desirable 
weight and size standards for  vehicles using the public highways, and of the 



feasibility of uniformity in state regulations with respect to such standards. 
A report  is to be made to Congress from time to time. (In the year 1954 
President Eisenhower appointed a special committee headed by General L. D. 
Clay to study the current  problems of highway transportation related to the 
national economy and defense, and to make recommendations. From the Cllay 
report was formulated the Federal  Aid Highway Act of 1956.) 

1956 

Public Law No. 627 (Federal-Aid Highway Act of 1956)**-84th Congress 
(Approved 29 June 1956) 

1. This Act declared that it i s  essential  to the national interest to provide for  the 
early completion of the National System of Interstate Highways a s  authorized 
and designated in accordance with Section 7 of the Federal-Aid Highway Act of 
1944, 

2. It i s  the intent of the Congress that the Interstate System be completed a s  
nearly as practicable over a thirteen-year period, and that the entire system 
in al l  the s tates  be brought to simultaneous completion. 

3. Because of i t s  primary importance to the national defense, the name of such 
a system is changed to the "National System of Interstate and Defense High- 
w a y ~ . ' ~  

4. $24,825,000,000 authorized for  the Interstate System over the thirteen-yea]: 
period in addition to previous authorizations and appropriations for  federal- 
aid highways. 

5 .  The funds for the Interstate to be appropriated among the s tates  as follows: 

a. One-half in the ratio which the population of each state bears  to the total 
population of a l l  the s tates  a s  per  the latest Federal  Census, with no stake 
receiving l e s s  than 3/4 of 1% of the appropriated money. 

b. One-half in the manner now provided by law for  apportionment of funds 
for  the federal-aid primary. 

6. The federal share of the Interstate System is 90%) with the state paying lo(%, 
except those s tates  which have federal and Indian lands in excess of 5%. 
These s tates  may obtain up to 95% federal aid on the Interstate System. 

7 .  Geometric and construction standards to be adopted for the Interstate must 
be approved by the Secretary of Commerce in cooperation with the State High- 
way Departments. Standards a r e  to be adequate for  the year 1975. The stan- 
dards a r e  to be applied uniformly throughout a l l  states.  

8. Placed maximum weight and width limitations on vehicles operating on the 
Interstate System a s  follows: 

a. 18,000 lb per one axle 

b. 32,000 lb per  tandem-axle 

** All previous and following highway legislation regarding the federal-aid 
system may be referred to a s  Federal-Aid Highway Acts. 



c. 73,280 lb maximum gross  weight 

d.  96 inches maximum width 

These values not valid if on 1 July 1956 higher values were in effect in a state.  

9. Secretary of Commerce directed to determine desirable maximum dimensions 
and weights of trucks in cooperation with s tates ,  Highway R'esearch Board, 
and others.  

10. Interstate System increased from 40,000 to 41,000 miles. 

11. Federal  Government may acquire right-of-way for  Interstate System if r e -  
quested by state. 

12. R.ight-of-way acquired by the Federal  Government is deeded to the state ex- 
cept for  the outside five feet in those s tates  which do not provide for  control 
of access.  

13. Federal-aid funds available at the request of state highway departments fo r  
purchase of right-of-way, provided actual construction s t a r t s  within five 
yea r s  following the fiscal year in which the request i s  made. 

14, No commercial establishments within the right-of-way of the Interstate 
System. 

15. Airspace and underground space may be used for  parking provided it does not 
interfere with the f ree  flow of traffic. 

16. If a toll road, bridge o r  tunnel, built to Interstate standards, will promote the 
development of an  integrated Interstate System the Secretary of Commerce i s  
authorized to approve the toll facility a s  par t  of the Interstate System, pro- 
vided no federal-aid highway funds a r e  expended except a s  permitted by exist-  
ing laws. (See Federal-Aid Highway Act of 1927.) 

17. Any state highway department submitting plans for  a federal-aid highway proj- 
ec t  involved by-passing o r  going through any city, town o r  village, either in- 
corporated o r  unincorporated, must certify to the Bureau of Public R.oads that 
it has held public hearings, o r  has afforded the opportunity for  such hearings, 
and has considered the economic effects of such locations. If hearings a r e  
held, a transcript of the hearings must be submitted to BPR together with 
certification, 

*18, Highway Safety Study: The Secretary of Commerce is authorized and directed 
to make a full  and complete investigation and study for  the purpose of deter- 
mining what action can be taken by the federal  government to promote the 
public welfare by increasing highway safety in the United States. In making 
such an  investigation and study the Secretary of Commerce shall  give consid- 
eration to: 

a .  The need for  federal assistance to state and local governments in the en- 
forcement of necessary highway safety and speed requirements, and the 
forms such assistance should take. 

b. The advisability and practicability of uniform state and local highway 
safety and speed laws and what s teps should be taken by the federal  govern- 
ment to promote the adoption of such uniform laws. 



c. Possible means of promoting highway safety in the manufacture of the 
various types of vehicles used on the highways. 

d. Educational programs to promote highway safety. 

e.  The design and physical characteristics of highways. 

f .  Such other matters  a s  it may deem advisable and appropriate. 

The Secretary of Commerce shall report his findings, together with such rec-  
commendations a s  he may deem advisable, to the Congress not later than 
March I, 1959. The Secretary of Commerce shall conduct such study and in- 
vestigation under the general authority contained in Section 10 of the Federal- 
Aid Highway Act of 1954, except that the amount expended for  the purpose of 
this section shall not exceed $200,000. (The report requested above is in the 
HSRI Library and i s  catalogued a s  HSRI #01685. The official title of the r e -  
port i s  "The Federal Role in Highway Safety" (1959). The unofficial title isl 
the "Prisk R.eport, ") 

19. Federal-Aid Highway Funds may be used for archeological and paleontologi.ca1 
salvage in compliance with the Act entitled "An Act for  the Preservation of 
American Antiquities, " approved June 8, 1906. 

20. The uses  of photogrammetric methods in mapping may be used to car ry  out. 
the provisions of the Act. Commercial enterprises may be used for such 
services.  

21. To fund the Federal-Aid Highway Systems the Highway R.evenue Act of 1956 
was passed a t  the same time a s  the Federal-Aid Highway Act of 1956. This 
Act imposed taxes on various highway user  products, and required varying 
percentages of these taxes to be deposited in a newly created Highway Trust 
Fund from which appropriations for the Federal-Aid Highway Systems a r e  lto 
be paid. 

1958 - 
Federal-Aid Highway Act of 1958 (Approved 16 April 1958) 

1. Additional appropriations for  the fiscal year 1959 to speed the construction 
of the Federal- Aid Highway Systems. 

2. Increased the federal government's share of the additional appropriation, but 
not to exceed 66 2/3% of the total cost in those states containing unappro- 
priated and unreserved public lands and nontaxable Indian lands exceeding 5 
percent of the total a r ea  of a l l  lands within the state. The remaining 33 1/3% 
of cost is apportioned on the basis  of the a r ea  of the above-named lands to the 
total of the state. In no case will the federal government pay more than 9556 
of costs. 

3. To promote the safety, convenience, and enjoyment of public t ravel  and the 
free flow of interstate commerce and to protect the public investment in the 
National System of Interstate and Defense Highways, it is declared in the 
public interest to encourage and ass i s t  states to control the use of and to im- 
prove a reas  adjacent to the Interstate System by controlling the erection and 
maintenance of outdoor advertising signs, displays, and devices adjacent to 
the system. 



4. The Act declares it to be a national policy that the erection and maintenance 
of outdoor advertising signs, displays, o r  devices within 660 feet of the edge 
of the right-of-way and visible from the main-traveled way of a l l  portions of 
the Interstate System constructed upon any part  of the right-of -way (the entire 
width of which i s  acquired subsequent to 1 July 1956) should be regulated, 
consistent with national standards to be prepared and promulgated by the 
Secretary of Commerce. The Act l imits the standard to four types of signs. 

5. The Secretary of Commerce i s  authorized to enter into agreements with State 
Highway Departments to car ry  out this section of the Act, based on the na- 
tional standards. 

6. If an  agreement is entered into, the federal share of a l l  Interstate System proj- 
ects  in the state will be increased by 1/29',. 

7 .  This Act amends the public-hearing provision of the 1956 Act by requiring 
public hearings to be held in places convenient to those persons concerned. 

Federal- Aid Highway Act (Approved 2 1 September 1959) 

Temporary increase in motor fuel taxes between 1 October 1959 and 1 July 1961. 

1960 

Federal-Aid Highway Act (Approved 14 July 1960) 

R,equires State Highway Departments to erect  informational sign o r  signs a s  pre-  
scribed by the Secretary of Commerce to identify the federal-aid highway project, 
giving the respective amounts contributed by the state and federal governments. 

Federal-Aid Highway Act (Approved 29 June 1961) 

Made an upward adjustment in user  taxes paid to the Highway Trust Fund. 

1962 

Federal-Aid Highway Act (Approved 23 October 1962) 

1. Assistance for displaced families and businesses: 

a .  R.elocation assistance by state highway department for those persons dis- 
placed by acquisition o r  clearance of right-of-way. 

b. Cost of relocation considered a cost of construction. 

c. State not required to pay assistance if not allowed by the laws of the state. 

d. Federal participation limited to $200 per  individual o r  family and $3,000 
for  a business concern. Transportation costs for a business concern a r e  
limited to cost of moving a maximum of 50 miles. 

*2. This Act established the requirement that a continuing comprehensive t rans-  
portation planning process shall be carried on cooperatively by state and local 
communities of 50,000 population, o r  more by 1 July 1965, o r  highway projects 
requesting federal aid will not be approved. 

*3, Required that the Highway Planning and Research Funds (1 1/2% of a stat& 
federal  aid) shall be used only for planning, studies, and research. (See 



Federal-Aid Highway Act of 1934. Much of this money had been used for con- 
struction by many states  prior to this Act.) 

4. An additional 112% of a state apportionment was authorized for  the same pur- 
pose a s  Item 3. 

5. Funds provided in Items 3 and 4 require state matching funds unless the 
Secretary of Commerce determines the interests of the federal-aid highway 
program will be besf; served without matching funds. 

1963 

Federal-Aid Highway Act (Approved 24 October 1963) 

1. Removed the year 1975 a s  the design year,  as specified in the Federal-Aid 
Act of 1956, and substituted 20 years  f rom the date of approval of plans, 
specifications, and cost estimates for a specific project. 

Amended the use of highway planning and research funds (1 1/2% of federal- 
aid appropriation for  a s ta te)  a s  follows: the 1 1/2% funds shall be available 
for  expenditure upon request of the state highway department, with the ap- 
proval of the Secretary, with o r  without state funds, for engineering and 
economic surveys and investigations; for the planning of future highway pro- 
grams and the financing thereof; for studies of the economy, safety, and con- 
venience of highway usage and the desirable regulation and equitable taxation 
thereof; and for  research and development, necessary in connection with the 
planning, design, construction, and maintenance of highways and highway sy $3 - 
tems,  and the regulation and taxation of their use.  (A much more specific 
statement of the possible use of the 1 1/2% funds than had been given in pre-  
vious Acts.) 

Federal-Aid Highway Act (Approved 22 October 1965) 

This Act, better known a s  the Highway Beautification Act of 1965, i s  an expansion 
of the provisions for  control of outdoor advertising along the Interstate System a s  
provided in the Federal-Aid Highway Act of 1958. Main features of the Act: 

1. Requires the States to provide effective means of control of outdoor advertis- 
ing on the Interstate and primary systems by 1 January 1968, which would 
prohibit signs within 660 feet of the right-of-way except for: 

a. Directional and o.ther official information signs. 

b. Signs advertising the sale or  lease of property on which they a r e  located 
o r  activities conducted on such property. 

c.  Signs located in a r eas  zoned industrial o r  commercial under state law, or  
a r eas  used for industrial o r  commercial purposes. 

2. R.equires that nonconforming signs be removed not later than 1 July 1970, o r  
at  the end of the fifth year after they become nonconforming. 

3. Requires just compensation to be paid the sign owners and landowners whose 
property rights would be adversely affected by the program authorized under 
this section. 



4. Continues the one-half of one percent bonus to the s tates  which have signed 
outdoor advertising control agreements with the Department of Commerce 
under authority of Public Law 85-767. 

5. Requires the s tates  to provide effective means of control of junkyards on the 
interstate and primary systems by 1 January 1968 which would eliminate junk- 
yards from within 1,000 feet of the edge of the pavement unless they are :  

a. Effectively screened from view of the main traveled way of the system, or 

b. Located in industrial a reas .  

6. Requires just compensation to be paid junkyard owners whose facilities must 
be removed o r  disposed of, and provide a cost-sharing formula for  screening 
facilities which need not be removed. 

7. Authorizes the approval of landscaping and roadside developments a s  par t  of 
the costs of highway construction. 

8. Provides the equivalent of 3 percent of a state 's annual apportionment for  this 
purpose, without state matching funds. 

9. Requires the Secretary of Commerce to report to the Congress by 10 January 
1967, on the implementation of each of the programs authorized, including a 
detailed estimate of the costs subsequent to the fiscal year ending 30 June 
1967. 

10. Authorizes a total expenditure of $230 million for  2 years,  

1966 

Federal-Aid Highway Act (Approved 13 September 1966) 

* l .  Requires the Interstate System in al l  cases  to be built with a t  least four lanes 
for  traffic. 

2. Authorizes a study of advance acquisition of right-of-way for the federal-aid 
highway systems relative to: 

a .  Provision of adequate time to remove and dispose of improvements located 
on the right-of -way. 

b. Provision for  removal of per sons and business establishments in an equit - 
able manner. 

c. Methods of financing right -of -way purchases from federal funds. 

3. Permi ts  state highway departments to engage private engineering f i rms  to 
ass i s t  in carrying out the provisions of the Federal-Aid Highway Acts. 

4.  R.equires a relocation assistance study which will look into the: 

a .  Need for additional payments or  other financial assistance to displaced 
persons, business concerns, and others due to the location of a federal- 
aid highway. 

b.  Feasibility of constructing, within the right-of-way o r  upon rea l  property 
adjacent to the right-of-way of a federal-aid highway, publicly o r  privately 
owned buildings to aid in the relocation of displaced persons, business 
concerns, etc. 



c.  Cost of such facilities. 

d. Source of funds to pay the portion of the cost of acquiring rea l  property and 
constructing buildings fo r  displaced persons and business concerns. 

5 .  Directs that guidelines be set  to minimize possible soil  erosion due to highway 
construction. 

6. Makes it a national policy to preserve wherever possible federal,  state,  and 
local government paryklands and historic sites.  





APPENDIX 11 
DIGEST OF FEDERAL EXECUTIVE ACTION R.ELATING TO 

THE SPOT 1MPR.OVEMENT PR.OGR.AM 

23 March 1964 

President Johnson, by letter,  directed Secretary of Commerce Luther Hodges 
to launch an accelerated attack on traffic accidents by using the Bureau of Public 
R.oads to encourage and ass i s t  state and local governments to develop priority 
safety programs which would give special attention to hazards on high accident 
highways. This safety priority program would be undertaken solely within the 
existing federal-aid program and the resources of the Highway Trust Fund. 

7 April 1964 

The Secretary of Commerce, in a letter to a l l  50 state governors, explained 
his directive from the President and urged the governors, through the federal-aid 
highway program, to reorient their state programs to provide special attention to 
the elimination of hazards on highways with high accident experience. He advised 
that the Bureau of Public Roads had given each highway department a report on 
research into the use of certain control and roadside design improvements for 
safety, emphasized the need for speedy action, and asked them to submit their 
highway safety improvem.ent plans. 

10 April 1964 

The Federal Highway Administrator, by letter to the head of each state high- 
way department, reiterated the message of the President and the Secretary of 
Commerce, pointed out that technical knowledge was available for immediately 
commencing this high-priority program "to reduce extreme accident hazards on 
the highways," and urged them to shift money from other programs and s ta r t  work 
on this program. 

He cautioned that there must be a balanced program and a ~ k n o w l e d ~ e d t h a t  
some states  already have "spot improvement programs" (first use of this expres- 
sion). He also said that studies may be needed if the highway hazards have not 
been identified, that money for such studies should come from Highway Planning 
and Research funds, and that the Bureau's regional and division staffs would keep 
the state highway department advised of the details of the program. 



15 April 1964 

In "Improvement of Highway Accident Locations on the Federal Aid Pr imary  
and Secondary Systems, Rural and Urban," a memorandum to Bureau Regional 
and Division Engineers, the Federal Highway Administrator said Section 109, 
Title 23 USC clearly identified safety a s  one of the basic cr i ter ia  for federal ap- 
proval of highway projects and gave authority for the Bureau of Public Roads to 
give attention to high accident-rate locations. He urged that they take action to 
get State Highway Departments to use substantial portions of federal-aid funds 
for improving conditions at  points or  sections of greater than normal hazard a s  
identified by an above-average frequency of accidents. 

Selected projects should have a potential for accident reduction by appropriate 
engineer work. Pure maintenance projects a r e  not eligible. Within this limitation, 
the Bureau would be a s  l iberal a s  possible in determining eligibility. State high- 
way departments should conduct work in all  dis t r ic ts  or  subdivisions, insofar a s  
the requirement for  high accident experience will permit. 

Improvements must conform to Bureau of Public Roads standards specified 
for  use on federal-aid projects in that state and must follow the same contractual 
procedures a s  other projects. Safety projects must not be combined with o r  
reported a s  par t  of another project but must be identified with the symbol "Sf' on 
forms,  reports ,  and al l  documents relating to each specifically approved safety 
improvement projects. 

The memorandum outlines the project, emphasizes that Interstate Highways 
a r e  ineligible, and gives examples of typical projects. "Before-and-after" doc- 
mentation of projects, including a description of the physical changes made 
(preferably supported by photographs) and later accident experiences, a r e  request- 
ed. Highway Planning and Survey funds may be used in identifying hazardous 
locations. In special cases ,  limited technical assistance i s  available from Wash- 
ington. 

16 June 1964 

Bureau of Public Roads Policy and Procedure Memorandum 21- 15, "Traffic 
Control Devices on Federal-aid Highways" (superseding IM-21-2- 62, 12 January 
1962), citing Section 109 (d), Title 23 USC a s  authority, said the Bureau standards 
for highway signs, markings, signals, and islands a r e  the Manual on Uniform 
Traffic Control Devices of June 1961 and the Manual for  Signing and Pavement 
Marking of the National Systems of Interstate and Defense Highways, 1961. The 
objective sought is uniformity in traffic control devices, specifically on the federal- 
aid system and eventually on a l l  other state and local roads, s t ree ts ,  and highways. 
The Bureau of Public Roads will cooperate with the s tates  in attaining this objective. 
As a necessary f i r s t  step i t  is desired that each state make a detailed inventory 
of a l l  traffic control devices in use. Once the inventory is completed, programs 
can be established for  replacing, updating, or expanding traffic control devices. 



The memorandum outlines procedures for  inventory and for  obtaining Bureau 
approval of s,tate programs. Each state i s  urged to review and update state man.- 
uals to insure conformity with the Manual on Uniform Traffic Control Devices, 
and to submit them to the Bureau of Public Roads for  review and approval. 

1 July 1964 

The Bureau of Public Roads revised Chapter 5, Traffic Control Devices In- 
ventory, of the Highway Planning Program Manual (the original chapter was dateld 
15 November 1963). This revision says the s tates  a r e  generally following the 
1961 edition of the Manual on Uniform Traffic Control Devices a s  jointly written 
by AASHO, I'I'E, the National Committee on Uniform Traffic Laws and Ordinances, 
the National Association of County officials, and the American Municipal Associa.- 
tion of County officials, and the American Municipal Association. Citing Sections 
109 and 131 of Title 23 USC, which prohibit installing on the Interstate System, o r  
any other federal-aid project constructed since 20 December 1944, signs not in 
conformity with approved standards, the chapter says an inventory of traffic con-. 
t ro l  devices existing on federal-aid systems is an essential  f i r s t  s tep towards 
attaining compliance with this legislation. The inventory should be statewide and. 
desirably should include non-federal-aid roads, especially those carrying consid- 
erable volumes of traffic. PPM-21- 15, 16 June 1964, now part  of Volume 20, 
Appendix 4 of the Highway Planning Program Manual, outlines the scope and pro-. 
cedures for  conducting such an inventory. States a r e  asked to report  on present 
conditions based upon the inventory and to report  observed deficiencies in such 
form a s  to facilitate preparation of a program for  adding new devices where 
needed and replacing nonstandard or  defective devices in an orderly and effective 
manner. 

25 November 1964 

The Federal Highway Administrator, in a memorandum to Regional and 
District  Engineers, "Improvement of High Accident Locations on the Federal-Aid 
Pr imary  and Secondary System- Rural and Urban," said that s o  fa r  only 100 "Sf' 
projects had been submitted. He repeated the 15 April cr i ter ia  for  "S" projects: 
(1) the location or  section should have an above-average accident frequency, (2) 
the proposed physical improvements should markedly reduce the accident-induci:ng 
features of the location or  section. Designating ordinary federal-aid projects a s  
"S" is not allowed. States were too slow in reprogramming funds for high-priority 
safety improvements. Regional and district  engineers were urged to prod the 
s tates  into using substantial proportions of federal-aid funds on safety projects. 
(Apparently some states simply redesignated regular projects a s  safety projects 
a s  an easy way to comply.) 

The same memorandum established a new "P" (potential) category of safety 
project. The letter "P1' should precede the word "safety1' on specified forms and 
be used for  projects in which accident cr i ter ia  could not be met due to lack of ac- 
cident records or  insufficient accidents, but where there was a clearly identifiable 
accident potential. The memorandum said, however, that such projects do not fal l  
within the intent of the "S" program because "S" projects offer prospects of a 
reduction in accidents. 



16 December 1964 

The Bureau of Public Roads Region IV Engineer, in a memorandum "Improve- 
ment of High Accident Locations on the Federal-Aid P r imary  and Secondary 
Systems- Rural  and Urban," to District  Engineers in Illinois, Indiana and Ken- 
tucky, Michigan, and Wisconsin, expanded the Federal Highway Administrator's 
memoranda of 15 April and 25 November and again explained "P" and "S" projects. 
The s tates  may not be designating some federal-aid projects "Pfl or  "S" even 
though they meet the c r i te r ia  for  safety projects, either because of the extra  pro- 
gramming effort required o r  because of lack of knowledge o r  intent of the safety 
program. Therefore,  each District  Engineer should review al l  programs for  cases  
where a substandard curvature i s  corrected or  a substandard sight distance is ex- 
tended, largely in the interest of accident prevention and request the State Highway 
Department to correct  the cost breakdown into "P" or "S" projects a s  applicable, 
and to indicate the split designation on applicable forms. (It is assumed that other 
regional engineers issued s imilar  memoranda in order  to get more safety projects 
f rom the states.) 

30 August 1965 

Policy and Procedure Memorandum 21- 16 ("Highway Safety Improvement 
 project^^^), superseding IM 21-2-65, 24 February 1965 ("Highway Safety Improve- 
ment Projects  'ST and 'P1 "), was published in response to the President 's  directive 
of 2 3  March 1964, to establish the Bureau of Public Roads program for  improving 
locations on the federal-aid system identified a s  hazardous because of high acci- 
dent r a t e s  o r  potentially hazardous by virtue of engineering judgment. The 
memorandum combined and repeated a l l  previously announced procedures for 
programming and administering safety designated projects. While s ta tes  might 
prefer to use state funds on small  projects,  reporting of a l l  safetyprojects- 
whether done with o r  without federal-aid funds- was desired. Cri ter ia  for  
selecting safety projects should be one or  more of the following: (1) a concentra- 
tion of accidents a t  the location, (2) a record of accidents a t  s imilar  locations, 
(3) research  findings, (4) engineer judgment. Thereafter,  it should be determined 
that the engineering work would reduce the accident rate.  (By omission of any 
reference to the "Plf designation, it was implied that a project location might be 
designated lfS" without an accident history.) 

The memorandum gave many examples of types of improvement that might be 
made. It  repeated the required procedures, viz., completing an inventory to iden- 
tify the hazardous locations, selecting and scheduling projects on a priority basis  
to ensure completing most if not a l l  by 1 September 1969, programming projects 
in the same way a s  regular federal-aid projects, coding systems,  and reporting 
procedures to be used. It  a lso said projects would not be redesignated a s  safety 
projects if not s o  classified when authorized. It  repeated the desirability of keep- 
ing ' before-and-after " records,  including photographs. 



30 August 1965 

In a covering letter for the preceding memorandum, the Federal Highway 
Administrator reminded Regional and District  Engineers that the safety improve- 
ment prograin did not apply to the Interstate System. He urged them to elicit 
action from those s tates  which had not already started on the program, and to 
encourage diversion to annual programs of federal-aid funds in amounts substan- 
tial enough tu ensure completion of the program in four years ,  a t  the cost of 
deferring other needed construction if necessary. Although completion of their 
inventories should have f i r s t  priority, the s tates  should s t a r t  some programming 
a t  the same time. Explaining that the elimination of "S" and "P" designations 
placed a l l  highway safety projects in the same category, the Administrator direct- 
ed that s ta tes  using their own funds be urged to report  their own projects, including 
the number, type, and total costs of projects. 

25 October 1965 

The Federal Highway Administrator, in a memorandum, "Highway Safety 
Legislation," to Regional and Division Engineers, quoted in full Section 135, Title 
23 USC, enacted 28 August 1965 (Baldwin Amendment), requiring each state to 
have an approved highway safety program by 31 December 1967. He said the 
Office of Highway Safety of the Bureau of Public Roads would be responsible for 
administration of the program and was compiling standards f rom a l l  available 
federal, state,  and local highway associations and professional sources for thor- 
ough study and evaluation in order to establish cr i ter ia  for evaluating state safet:y 
programs. He said no precipitous action was planned in administering Section 
135. 

18 November 1965 

Instruction Memorandum 21- 13- 65 to Regional and Division Engineers cited 
the spotty progress  of the s tates  s o  fa r  in programming highway safety improve- 
ment projects. While i t  was recognized that some states  were using state funds, 
unless state funds so  used were clearly sufficient to correct  each year until 1969 
one-fourth of the hazardous locations existing a s  of 1 September 1965, approval 
of regular federal-aid programs would be deferred until funding for safety improve- 
ment projects was adequate. In some cases  this would require using 25 percent 
o r  more of federal-aid funds on highway safety projects. States must expedite 
the inventory described in Paragraph 5a, PPM 21-16, so  that a measure of the 
amount of state or  federal-aid funds needed for  the safety programs was available. 

30 November 1965 

The Director of Highway Safety, Bureau of Public Roads, in the memoranduni 
"Programming Highway Safety Improvement Projects ,If referr ing to IM 21- 13- 65, 
18 November 1965, informed Regional Engineers that questions had ar isen re -  
garding the use of 25 percent o r  more of federal-aid fund apportionment on 
highway safety projects. This figure was intended to be used a s  a guideline in 
determining whether a state was going to reach the goal of 100 percent completion 
of safety projects by 1 September 1969, regardless  of whether the state used its 



own funds or federal-aid funds- and that 2 5 percent of federal-aid funds should 
be reserved for this purpose unless the state had definitely committed other funds 
for this goal. The November 18 memorandum was not designed to stop other 
programming unless there was reason to believe the state was not going to correct 
one-fourth of the hazardous locations each year. 

23 February 1966 

The Director of Highway Safety, Bureau of Public Roads, in a memorandum 
to Regional and Division Engineers, "Guidelines for Inventory a s  Required in 
PPM-21-16," provided inventory samples from an imaginary state, but advised 
the situation was different in each state depending upon the records available. 
Details on how to inventory, what should be in the inventory, and ways to deter- 
mine priorities were discussed. Once again the states were urged to get going on 
the inventories, but to s tar t  programming before the inventories were completed. 
Regional and Division Engineers were directed to accept the inventories a s  proof 
of intent by the states but not to approve a project until it had been programmed 
in the manner prescribed for all  federal-aid projects. 

1 February 1967 

IM 2 1- 3- 67, "Selection of Highway Safety Improvement Projects ," gave the 
following procedure for selecting safety projects: (a) identify by the actual ac- 
cident history, (b) set priorities for potential for accident reduction in relation 
to the cost of improvement. The memorandum presented recommendations for 
identifying hazardous locations and benefit-cost methodology for setting prior- 
it ies,  together with the mathematical formulae required. 

The states were requested to use the methods described unless they could 
justify an alternate method of equal or  better results in te rms of sound identifica- 
tion and appropriate scheduling, (This memorandum, in effect , eliminated selection 
of a location determined to be hazardous because of similarity with a known high 
accident location, or  because engineer judgment indicated need for improvement. 
It required a review of all  previous inventory lists. For states and counties 
short on experienced personnel or  accident records i t  created a problem. Also, 
it would delay the overall program.) 

13 February 1967 

Instruction Memorandum 21- 7- 67, "Guidelines for 'TOPICSf Program," was 
issued in response to the President's direction to the Secretary of Commerce in 
his 2 March 1966 Transportation Message to increase traffic capacity in urban 
areas.  ("TOPICS" means Traffic Operations Programs for Increasing Capacity 
and Safety.) The memorandum created a Category 2 Federal-Aid Primary System 
within urban areas ,  allowing the use of federal funds for improving the capacity 
and safety of those urban streets  and roads which lead directly to the Federal 
Interstate and Primary System. The states were urged to initiate pilot projects 
a s  test guidelines. 



19 May 1967 

Instruction Memorandum 21- 11- 67, "Safety Provisions for Roadside Features  
and Appurtenances," announced approval of the February 1967 report  of the special 
AASHO Traffic Safety Committee "Highway Design and Operational Pract ices  
Related to Highway Safety1'- and said i t  confirmed the provisions of IM 21- 6-66. 
Plans for  a l l  projects on high-speed highways yet to be contracted must incorpo-. 
r a t e  the safety features presented in  the AASHO report.  Construction projects 
under way must be reviewed and modified by contractual change to incorporate 
these standards,  The standards apply to high-speed highways, a l l  projects on the 
Inter state System and a l l  Federal- Aid P r imary  and Secondary Systems where the 
design speed is 50 mph o r  more. To the extent practicable and feasible, the safety 
features should be applied to projects on pr imary and secondary roads with l e s se r  
design speed. On completed Federal-Aid highways, each state highway department 
should establish an  active corrective program per  the findings of the AASHO 
report ,  especially to cor rec t  features  affecting the safety of the motorist  who 
s t rays  f rom the roadway. The most ser ious existing conditions should be assigned 
highest priority for  correction. Bureau Division Engineers will be l iberal r e -  
garding improvement programs proposed by state highway departments. The 
usual project programming procedures wil l  be followed. Finally, the safety pro- 
visions for  performing construction under traffic conditions must be rigidly 
observed, les t  more hazards be created than eliminated. 

19 Mav 1967 

The Federal Highway Administrator wrote to each state highway department 
head, drawing attention to the AASHO report ,  particularly i t s  recommendations 
dealing with roadside hazards,  and offered to ass i s t  every state highway depart- 
ment in immediate and continuing application of its findings, to provide the highest 
possible level of roadway safety on the federal-aid highway systems. 

29 June 1967 

IM 2 1- 11- 67 ( I ) ,  "Safety Provisions for  Roadside Features and Appurtenances," 
supplemented and clarified the interpretation and application of IM 2 1- 11- 67, 29 
June 1967. In designing al l  projects,  the safety features  of the AASHO Special 
Report, llYellow Book," should be considered to the extent practicable and feasible, 
specifically on the Interstate System and a l l  projects of the Federal-Aid P r i m a r ! ~  
and Secondary Systems where the design speed is 50 mph o r  more and the current  
ADT is 750 or  more. 750 ADT is the AASHO traffic grouping in "Geometric 
Design Standards for Highways other than Freeways," In s ta tes  using c r i te r ia  
of higher ADT1s a t  50 mph the Bureau division engineer may make exceptions. 
In urban a reas  and in a r e a s  of the Secondary System where existing right-of-way' 
l imits the extent to which side slopes can be flattened and roadsides cleared, a 
smooth and obstacle-free roadside must be obtained to the extent feasible in the 
space available and properly designed guardrail  installed to protect against those 
roadside features which cannot be corrected o r  removed. Projects  initiated after 
31 July 1967 and placed under construction pr ior  to 1 January 1968, in accordance 
with the present s ta te  secondary road plan, will be accepted when satisfactorily 
completed. States will be asked to submit a supplement to state secondary road 
plans to  incorporate the applicable provisions of the safety program. 



The program purpose ( (1) to modify designs being prepared, (2) to make 
changes in going construction contracts, and (3) to modify completed projects so  
a s  to remove roadside elements proven hazardous o r  to place protection between 
these elements and the travelled way) can be attained through sound engineering, 
judicious use of public funds, and common sense. 

27 June 1967 

The Federal Highway Administrator, citing a s  authority the Highway Safety 
Act of 1966 and Title 23, Par .  402 (a) USC issued "Highway Safety Program 
Standards," of which three relate to the Spot Improvement Program: 

(a) Identification and Surveillance of Accident Locations 

(b) Highway Design, Construction and Maintenance 

(c) Traffic Control Devices 



Appendix 111 

SELECTION OF HIGHWAY SAFETY IMPROVEMENT PROJECTS 

V.8. tEFSAR'I"Mltl%T OF COMMERCE 

BUREAU 0:: BUL?LIC ROADS 

WASHINGTON, D.C. Zi)Z)B 

INSTRUCTIONAL MEHOMh3UM 21-3-67 
47-03 

SUBJECT: S e l e c t i o n  o f  Highway S a f e t y  Improvement P r o j e c t s  

The e f f e c t i v e n e s s  o f  a program f o r  t h e  improvement o f  hazardous l o c a t i o n s  
on F e d e r a l - a i d  highway sys tems ,  which has been s t a t e d  a s  a  p o l i c y  o f t h e  
Bureau o f  P u b l i c  Roads i n  PPH 21-16, depends on t h e  c a r e f u l  a p p l i c a t i o n  
o f  two procedures,  These a r e :  

(1 )  The i d e n t i f i c a t i o n  of  hazardous l o c a t i o n s  based on a c t u a l  
a c c i d e n t  exper ience  and t h e  exposure t o  a c c i d e n t s ; - a n d  

( 2 )  The s e t t i n g  of  p r i o r i t i e s  among i d e n t i f i e d  p r o j e c t s  based on 
t h e  p o t e n t i a l  f o r  a c c i d e n t  r e d u c t i o n  i n  r e l a t i o n  t o  c o s t  o f  t h e  im?rovement. 

The i d e n t i f i c a t i o n  procedure r s q u i r e s  a n  adequa te  r e c o r d s  sys tem t o  pro- 
v i d e  a c c u r a t e  l o c a t i o n  i n f o r m t i o n  on a c c i d e n t s ,  which can be emrrelaLad 
i n  t u r n  w i t h  t r a f f i c  volumes and geor .e t r i c  f e a t u r e s  of  t h e  highway. The 
p o i n t s  o r  l o c a t i o n s  brought  t o  l i g h t  by t h i s  system must c o n t a i n  i d e n t i f i -  
a b l e  hazards  which lend  rhense lves  t o  e n g i n e e r i n g  c o r r e c t i o n ,  and f i e l d  
i n s p e c t i o n  i s  t h u s  a  n e c e s s a r y  p a r t  of  t h i s  p rocess .  

The i d e n t i f i e d  hazsrdous l o c a t i o n s  rr.ust t h e n  be ranked i n  some o r d e r ,  s o  
t h a t  t h e  most v i t a l  can be t r e a t e d  f i r s t .  The most l o g i c a l  answer,  in 
view o f  t h e  l i m i t e d  funds a v a i l a b l e ,  i s  t o  g i v e  t h e  h i g h e s t  p r i o r i t y  t o  
t h o s e  w i t h  t h e  g r e a h s t  b e n e f i t - c o s t  r a t i o ,  t h u s  a c h i e v i n g  t h e  maxin~um 
r e t u r n  p e r  d o l l a r  i n v e s t e d .  For  t h i s  purpose,  a  method n u s t  be d e c e m i n e d  
f o r  e v a l u a t i n g  t h e  r e s u l t s  of  t h e  improvement proposed,  s o  eIie s a v i n g s  i n  
a c c i d e n t s  rmy be r e l a t e d  t o  t h e  c o s t  of  t h e  improvement. 

T h i s  memorandum p r e s e n t s  ( 1 )  r e c o m ~ ~ n d a t i o n s  f o r  i d e n t i f y i n g  hazardous 
l o c a t i o n s ,  and ( 2 )  a  b e n e f i t - c o s t  methodology f o r  s e t t i n g  p r i o r i t i e s .  

Each S t a t e  i s  reques ted  t o  i n i t i a t e  i n - p r i n c i p l e  t h e s e  two procedures  on 
a t  l e a s t  an annua l  b a s i s .  It i s  recognized t h a t  t h i s  may Bear. i n  sor.le 
c a s e s  an immediate revLe,w and p o s s i b l e  r e v i s i o n  of  p r e v i o u s l y  prepared  and 
submi t ted  i n v e n t o r i e s  of  hazardous l o c a t i o n s .  I n  a 1 1  S t a r e s ,  i t  w i l l  mean 
t h a t  t h e r e  w i l l  e x i s t  a  l o g i c a l ,  comprehensive, and c o n t i n u i n g  b c s i s  f o r  
t h e  s e l e c t i o n  and 2rograming o f  s a f e t y  im~rovement  p r o j e c t s .  3 h ~ - g p e c i P i c -  
t echniques  ~ u t l i n e d  i n  t h i s  memorandum should be used u n l e s s  t h e  S t n t e c ' ? ~  
j u s t i f y  a n o t h e r  method. Any such a l t e r n a t e  ~ e t h o d  mcst demons t ra te  e q u a l  
o r  b e t t e r  r e s u l t s  i n  t e r n s  of sound i d e n t i f i c a t i o n  and a p p r o e r J S e  
schedul ing  of  h i g h - a c c i d e n t  l o c a t i o n s .  

(more) 
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I t  i s  recognized  t h a t  i d e n t i f i c a t i o n  and ranking  o f  hazardous l o c a t i o n s  
a r e  bu t  t h e  f i r s t  s t e p s  o f  t h e  t o t a l  s a f e t y  in'provement program, and t h a t  
i t  i s  from t h i s  o r d e r l y  a r r a y  o f  l o c s t i o n s  t h a t f a  f i n a l  s e l e c t i o n  o f  work 
must be f i ide ,  besed on E i n a n c i a l  c a p a b i l i t i e s ,  e n g i n e e r i n g  judgment, and 
c m y  o t h e r  f a c t o r s .  

Tkqo z l t e r n a t e  methods a r e  o f f e r e d  f o r  i d e n t i f y i n g  hazardous l o c a t i o n s ,  The 
f i r s t  c o n s i d e r s  t h e  ncmber o f  a c c i d e h t s  and t h e  a c c i d e n t  r a t e  a s  c r i t e r i a ,  
and t h e  second u s e s  t h e  a c c i d e n t  r a t e ,  t o  which i s  a p p l i e d  a  s t a t i s t i c a l  
t e s t  t o  de te rmine  whether  o r  n o t  t h e  r a t e  i s  s i g n i f i c a n t l y  h i g h ,  

7,  i n e  f i r s t  method ( r e f e r r e d  t o  h e r e a f t e r  a s  t h e  number - ra te  method) may be ---- -- - .--. --- 
expected -to Yi 'e lh r e a s o n a b l y  good r - e s u l t s ,  Flcwever, t h i s  method i s  n o t  
r e c c ~ n c n d e d  f o r  u s e  u n l e s s  r a p i d  f i e l d  a n a l y s i s  i s  t h e  main o b j e c t i v e  and 
t h e  p r e c i s i o n  o f  t h e  r 2 s u l t s  i s  o f  secondary  importance.  The second method 
' ( r e f e r r e d  t o  h e r e a f t e r  a s  t h e  q u a l i t y  c o n t r o l  method) i s  c o n s i d e r e d  b e t t e r  
and i s  s t a t i s t i c a i l y  sound. T h e r e f o r e ,  i t  i s  recom.ended t h a t  t h i s  mschod 
be used wherever  p o s s i b l e .  - - - - - A .* 

Eoth methods i d e n t i f y  s e c t i o n s  and s p o t s  s e p a r a t e l y .  A s e c t i o n  i s  d e f i n e d  
a s  a  l e n g t h  of  roadway p v e r  0 , l  n i l e  long  p o s s e s s i n g  hcmogeneocs g e o n e t r i c s ,  
t r a f f i c  and c u l t u r e .  ~ ~ e c C t t i o n ~ s ~ ~ ~ s h o u l  be hcmogeneous a s  t o  c r o s s  s e c r i o n ,  
SUrfacC'type, a c c e s s  c o n t r o l ,  2 n d - r u r a l - u r b a n  c ' i ~ a r a c t e r i s t i c s  , .Spots" a r e  
roadway s e c t i o n s  o f  G,1 r : i l e  o r  l ~ . r s ,  I n t e r s e c t i o n s  a r e  s p o t s ,  b u t  a r e  
i d e n t i f i e d  i n  a  s e p a r a t e  s c l ~ e d u l e ,  I n  u r t s n  a r e a s ,  t h e  u s u a l  maximum 
l e n g t h  o f  a  s p o t  should  be t h e  d i s t a n c e  between i n t e r s e c t i o n s  b u t  n o t  
i n c l u d i n g  e i t h e r  i n t e r s e c t i o n .  

The methods o u r l i n e d  h e r e  a r e  d e s c r i b e d  i n  more d e t a i l  i n  t h e  r e p o r t ,  
"Eva lua t ion  o f  C r i t e r i a  f o r  S a f e t y  Improvements on t h e  Highway." 

I n  t h e  number - ra te  method, i o c a t i o n s  a r e  ranked f i r s t  i n  o r d e r  o f  3 e  
n ~ n b e r  of  a c c i d e n t s .  A c u t - o f f  p o i n t  i s  e s t a b l i s h e d  ( u s u a l l y  r e l a c c d  t o  
t ? e  S t a t e w i d e  a v e r a g e )  and t h e  l o c a t i o n s  a r e  re - ranked  i n  t h e  o r d e r  02 
t h e  a c c i d e n t  r a t e .  A second c u t - o f f  i s  e s t a b l i s h e d ,  and t h e  l o c a t i o n s  
above t h i s  v a l u e  a r e  c o n s i d e r e d  t o  be hazardous.  

The s e l e c t i o n  o f  t h e  c u t - o f f - p o i n t s  becomes t h e  c r i t i c a l  d e c i s i o n  i n  t h i s  
n e t h o d .  It i s  n e c e s s a r y  f i r s t  t o  c o n s i d e r  s e p a r a t e l y  s e c t i o n s ,  s p o t s ,  and 
i n t e r s e c t i o n s ,  S t a t e w i d e  o r  a v e r a g e  r a t e s  a r e  c a l c u i a c e d  f o r  each  of  t h e  
t h r e e ,  w i t h  i n d i v i d u a l  r a t e s  c a l c u l a t e d  f o r  urban and r u r a l ,  2 l a n e s ,  4 -or  
Lore  l a n e s  u n d i v i d e d ,  4 -or  more l a n e s  d i v i d e d ,  and freeways.  With h.DT and 
m i l e a g e  f i g u r e s ,  t h e  f o l l o w i n g  formulas can  be  ased t o  de te rmine  elie 
S t a t e w i d e  a v e r a g e s  ( a l l  d a t a  f o r  one y e a r ) .  

(more) 



A (I) Rm = - t M  

where Rm = acc iden t s  per  mi l e  
A = t o t a l  number of acc iden t s  on a  s p e c i f i c  

ca tegory  of roadway i n  the  S t a t e  
M = miles  of each l o c a t i o n  of t h i s  ca tegory  

of roadway 

where Rmvn = acc iden t s  per m i l l i o n  vehic le-mi les  
A = t o t a l  number of acc iden t s  on a s p e c i f i c  

ca tegory  of roadway i n  t h e  S t a t e  
ADT = annual average d a i l y  t r a f f i c  on each 

l o c a t i o n  of t h i s  ca tegory  of roadway 
M = mileage of each s e c t i o n  of roadway of 

t h i s  ca tegory  

(3) Rmv = A (1,000,000) 
365 < ADT 

where Kmv = acc iden t s  per  m i l l i o n  veh ic l e s  
A = t o t a l  number of acc iden t s  on a  s p e c i f i c  

ca tegory  of roadway i n  the  S t a t e  
ADT = annunl average d a i l y  t r a f f i c  on each 

l o c a t i o n  of t h i s  ca tegory  of roadway 

For s e c t i o n s  ( l o c a t i o n s  more than 0.1 mi le  i n  l eng th ) ,  two types  of r a t e s  
a r e  t o  be ca l cu la t ed :  acc iden t s  per mi l e  and acc iden t s  per  m i l l i o n  
v e h i c l e  mi les .  

For s p o t s  ( l o c a t i o n s  0.1 mi le  o r  l e s s  i n  l eng th ) ,  acc iden t  r a t e s  per  
m i l l i o n  veh ic l e s  a r e  t o  be c a l c u l a t e d ,  and abso lu te  numbers of acc iden t s  
recorded.  

For i n t e r s e c t i o n s ,  t h e  same da ta  a r e  developed a s  f o r  o t h e r  spo t  locnt iona .  
However, both acc iden t s  and t r a f f i c  on t h e  cross- road a r e  t o  be inc luded 
i n  the  c a l c u l a t i o n .  The formula becomes: 

where ADT, 5 ADT on the  main road 

ADT, = ADT on the  c r o s s  road 



The cu t -o f f  po in t s  a r e  s e t  a s  follows: 

Second cut -off  I Acc/millfon veh ic l e  miles I Average 
I 

Location Type Measure Use&? Cr i t e r i a*  

S@c t i ons  
F i r s t  cut -off  

Second cut -off  I Acc/million veh ic l e s  I Average 

Acclndle Twice the  average 

Spots 
F i r s t  cu t -o f f  

I n t e r s e c t i o n s  
F i r s t  cut -off  Accidents Twice tho  average 

Second cu t -o f f  ( Acc/mill ion veh ic l e s  ] Average 

* A l l  measures a r e  determined sepa ra te ly  by roadway category  

No, of acc iden t s  

*\"rhe c r i t e r i a  s p e c i f i e d  here  a r e  recormnended but may be 
revised up o r  down i f  t he  S t a t a  can j u s t i f y  such rev i s ions  
on t h e  bas i s  of experience 

Twice the  average 

A recommended refinement involves use of a s l i d i n g  sec t ion .  Thus, i f  t h e  
c r i t e r i o n  (based on twice the  average) i s  10 acc iden t s  per  mi le ,  t h e  high- 
way may be examined f o r  c l u s t e r s  of 10 accidents  wi th in  a length  of one 
mi le  s t a r t i n g  a t  any po in t  on t h e  road. Such searching f o r  c l u s t e r s  can 
be done manually on a s t r i p  map o r  by a computer. 

I n  summary, t h e  number-rate method requ i re s  the  t a b u l a t i o n  of loca t ions  
by opproprLate c l a s s e s  and roadway ca tegor i e s ,  and t h e  a r r a y  of these  
-datn i n  descending order  of number of accidents.-or nccidents  per mile. 
-ThemGray i s - c u t  o f f  a t  a point  i n  some r e l a t i o n  t o  ar, average value ,  and 
t h e  loca t ions  above t h e  cut -off  po in t  a r e  re-arrayed i n  descending order  
of acc iden t  r a t e  u n t i l  a  second cut -off  po in t  i s  reached, The loca t ions  
above t h i s  second cut -off  c o n s t i t u t e  the  l i s t  of hazardous loc."ons, 
which then r e q u i r e  f i e l d  i n v e s t i g a t i o n  t o  suggest  nppropr ia te  improvement. 

QUALITY CONTROL METIIOD 

I n  the  q u a l i t y  con t ro l  method, loca t ions  ( s e c t i o n s ,  spo t s ,  o r  i n t e r s e c t i o n s )  
a r e  identified and nccident  r a t e s  a r e  ca lcu la t ed  f o r  each. Average r a t e s  
a r e  determined ( a s  i n  t h e  number-rate method, except t h a t  only r a t e s  per  
m i l l i o n  veh ic l e s  and per m i l l i o n  vehic le-miles  a r e  r equ i red ) .  These average 
r a t e s  a r e  then used I n  conjunct ion with t h e  exposure a t  each loca t ion  ( i n  
terms of veh ic l e s  o r  vehic le-miles)  t o  t e s t  s t a t i s t i c a l l y  the  r e l i a b i l i t y  
of t h e  s p e c i f i c  r a t e  f o r  the  loca t ion .  I n  t h i s  process ,  a " c r i t i c a l "  r a t e  
i a  determined f o r  each loca t ion ,  and spccifi-c r a t e s  h igher  than t h e  
" c r i t i c a l "  r a t e s  dotom.ine hazardous loce t ions .  

(more) 



The c r i t e r i o n  t h u s  becomes t h e  " c r i t i c a l "  a c c i d e n t  r a t e .  T h i s  i s  d e t e r -  
mined f o r  each  l o c a t i o n  by t h e  formula: 

where Rc = c r i t i c a l  a c c i d e n t  r a t e  
Ra = a v e r a g e  a c c i d e n t  r a t e  on a  s p e c i f i c  

c a t e g o r y  o f  highway, ( f o r  s e c t i o n s ,  
i n  a c c i d e n t s  p e r  m i l l i o n  v e h i c l e  m i l e s ,  
and f o r  s p o t s ,  i n  a c c i d e n t s  p e r  m i l l i o n  
v e h i c l e s )  

M P v e h i c l e  exposure f o r  t h e  s t u d y  p e r i o d  a t  
t h e  l o c a t i o n ,  ( f o r  s e c t i o n s ,  i n  m i l l i o n  
v e h i c l e  m i l e s ,  and f o r  s p o t s ,  i n  m i l l i o n  
v e h i c l e s )  

k = a  c o n s t a n t ,  t h e  v a l u e  of  which de te rmines  t h e  
l e v e l  o f  p r o b a b i l i t y .  The v a l u e  o f  1.5 i s  
s u g g e s t e d ,  b u t  a lower v a l u e  o f  k w i l l  produce 
a  longer  l i s t  by reduc ing  t h e  d i f f e r e n c e  between 
t h e  average  r a t e  and t h e  c r i t i c a l  r a t e .  R v a l u e -  

-of_-k_.belqw 1,s w i l l  a l s o  i n c r e a s e  t h e  proba-  
b i l i t y . . t h n t  -- a r a t e  i s  h i g h  by chance. 

As i n  t h e  number-rate  method, uniform s e c t i o n s  o r  s p o t s  a r e  f i r s t  
i d e n t i f i e d .  A s l i d i n g  s p o t  l o c a t i o n  technique  may a l s o  be used.  

F o r  each  s e c t i o n ,  a n  a c c i d e n t  r a t e  p e r  m i l l i o n  v e h i c l e  m i l e s  i s ' c a l c u l a t e d ,  
t h e  c r i t i c a l  r a t e  i s  c a l c u l a t e d ,  and each i n d i v i d u a l  s e c t i o n  r a t e  i s  com- 
pared w i t h  t h e  c r i t i c a l  r o t e .  Ra tes  above t h e  c r i t i c a l  r a t e  i d e n t i f y  
hazardous s e c t i o n s ,  

For  each s p o t ,  a  s i m i l a r  p rocedure  i s  fol lowed except  t h a t  r a t e s  a r e  i n  
terms o f  a c c i d e n t s  p e r  m i l l i o n  v e h i c l e s .  

F o r  s p o t  l o c a t i o n s  a l o n g  a  highway i n  which ADT v a l u e s  a r e  c o n s t a n t ,  such  
a s  a r e  l o c a t e d  by t h e  s l i d i n g  s p o t  l o c a t i o n  technique ,  a  s i m p l i f i c a t i o n  
of t h e  p r e v i o u s  formula may be used. 

where A, = c r i t i c a l  number o f  a c c i d e n t s  i n  a  c l u s t e r  
M = v e h i c l e  exposure f o r  t h e  s t u d y  p e r i o d  a t  

t h e  l o c a t i o n  i n  m i l l i o n  v e h i c l e s  
R, = gverage  a c c i d e n t  r a t e  i n  m i l l i o n  v e h i c l e s  

f o r  t h e  c a t e g o r y  o f  roadway 
k = a c o n s t a n t ,  f o r  which a  v a l u e  o f  1.5 i s  

recommended 

(more) 



An increment  which s t r a d d l e s  two roadway c a t e g o r i e s  w i l l  be e v a l u a t e d  by 
weigh t ing  two v a l u e s  o f  t h e  average  r a t e  and t h e  exposure and then 
c a l c u l a t i n g  a  mean v a l u e  f o r  each .  

I n t e r s e c t i o n  c a l c u l a t i o n s  should  use  bo th  main road and c r o s s  road  a c c i d e n t s  
and ADT, a s  i n  t h e  number-rate  method. 

C l u s t e r s  w i t h  a  number of  a c c i d e n t s  exceed ing  t h e  c r i t i c a l  number a r e  
i d e n t i f i e d  a s  hazardous s p o t s .  

A t t e n t i o n  i s  d i r e c t e d  t o  t h e  C i r c u l a r  Memorandum d a t e d  A p r i l  1, 1966,  from 
Mr. J, D .  Lacy t o  Regional  and D i v i s i o n  Engineers  e n t i t l e d  "Highway S a f e t y  
Improvement P r o j e c t s  - E v a l u a t i o n  o f  Improvements." T h i s  document p r o v i d e s  
a g r a p h i c a l  s o l u t i o n  t o  a  s i m i l a r  problem, 

SPKCIAL CONSIDERI'?IOSS FOR LOW VOLI?E ROk.3S 

I n  s p a r s e l y  popula ted  S t a t e s  a s  w e l l  a s  i n  some a r e a s  o f  o t h e r  S t a t e s ,  low 
t r a f f i c  volumes a r e  a  problem i n  t h e  i d e n t i f i c a t i o n  of  hazardous  l o c a t i o n s .  
Many s e c t i o n s  o f  r o a d ,  and many i n t e r s e c t i o n s ,  a r e  v e r y  s i m i l a r  i n  d e s i g n  
and o p e r a t i o n .  The o c c u r r e n c e  of  a c c i d e n t s  i s  s u b j e c t  t o  l a r g e  v a r i a b i l i t y ,  
and t h e  t o t a l  number o f  a c c i d e n t s  a t  a  s i n g l e  l o c a t i o n  may be t o o  s m a l l  f o r  
a n a l y s i s .  

It i s  recommcndcd t h e r e f o r e  t h a t  s i m i l a r  l o c a t i o n s  be grouped and e v a l u a t e d  a s  - -- - - - - - - - - - - - - 
one Loc5tion.. 1mprovemcnt p k o j k c t s  a t  such l o c a t i o n s  a r e  u s u a l l y  e a s i e s t  t o  

-*-.. 

j i ~ s t i f y  \41e_n t h e y  d r ~ _ _ l o w - c o ~ ~ t ~ ~ ~ p r o b a b l y  maintenance-type worlc such a s  b rush  
o r  c rop  c l e a r i n g ,  InoFe v i s i b l e  _stop o r  warning s i g n s ,  e t c .  Uniformly a p p l i e d  
improv~rnents  of  a major n a t u r e  must be a b l e  t o  compete on a  t o t a l *  benefi t - -  -- - - - - - - - - - - - - - - -- - -- - - -- - - - - 
cost: b a s i s  w i t h  o t h e r  improvements under coris iderat ion- ,  "-- ."-- ---- ----- 
SETTING PRIORITIES 

The development o f  e l i s t  o f  hazardous l o c a t i o n s  on a  highway sys tem must be  
fol lowed by a  d e c i s i o n  a s  t o  which a r e  t o  be improved f i r s t ,  because i n  few 
i f  ally c a s e s  a r e  funds a v a i l a b l e  t o  do a l l  n e c e s s a r y  work a t  once.  1% 
s c t t i n g  of  -pr>o$cie_s_ - ~ h ~ s - ) ~ ~ ~ e s - ~ h e _  second major-.s t e ~ - . i n - a - s a f e t y  i m p _ r I c ~ y ~  
11ent program. 

I n . t h e  de te rmi .na t ion  of  p r i o r i t i e s ,  two a s p e c t s  of  t h e  problem must be con- 
s i d e r e d .  F i r s t ,  t h e r e  may be a  c h o i c e  o f  improvements p o s s i b l e  a t  a  s i n g l e  
l o c a t i o n ,  and a s e l e c t i o n  must be  made, Second, a  number o f  l o c a t i o n s  may 
have t o  be ranked t o  de te rmine  which i s  t o  be  improved f i r s t ,  

I n  t h e  f i r s t  c a s e ,  when more t h a n  one improvement i s  p o s s i b l e  a t  a  l o c a t i o n ,  
t h e  s e l e c t i o n  should  be made on t h e  b a s i s  of  t o t a l  n e t  b e n e f i t ,  i . e . ,  t h e  
a n t i c i p a t e d  s a v i n g s  minus t h e  c o s t .  

Once t h e  irnprovemcnt f o r  each l o c a t i o n  h a s  becn de te rmined ,  t h e  i n d i v i d u a l  
i c c a t i o n s  should  be ronked i n  o r d e r  o f  b e n e f i t / c o s t  r a t i o ,  i , e , ,  t h e  r a t i o  
o f  t h e  a n t i c i p a t e d  s a v i n g  t o  t h e  c o s t .  

(more) 



ANNUAL COST OF A PROJECT 

The nnnunl c o s t  of  a n  improvement p r o j e c t  i s  t h e  sum of  t h e  c n p i t a l  c o s t s  
expressed  on an annunl  b a s i s  and t h e  change i n  t h e  annua l  c o s t  o f  mointe-  
nonce and o p e r a t i o n s ,  o r  a s  a  formula: 

where C = n e t  average  improvement p r o j e c t  c o s t  
C1,C2,C34€4 = c n p i t a l  c o s t s  f o r  r ight-of-way,  

g rad ing  and d r a i n a g e ,  major 
s t r u c t u r e s ,  and pavement and 
appur tenances  

Kl,K2,K3H4 = c a p i t a l  recovery  f a c t o r s  f o r  known 
i n t e r e s t  r a t e  and s e r v i c e  l i f e  f o r  
K1 ,K2 ,K3-I-K4 r e s p e c t i v e l y  ( s e e  
appendix A )  

M = change i n  annua l  maintenance and 
o p e r a t i o n  c o s t s  

The annua l  c o s t  t h u s  d e r i v e d  i s  used i n  c a l c u l a t i n g  t h e  b e n e f i t - c o s t  r a t i o  
and may a l s o  be used i n  c a l c u l a t i n g  t h e  net: b e n e f i t  o f  t h e  p r o j e c t .  

ANNUAL BENEFITS 

Although a s a f e t y  improvement p r o j e c t  may have b e n e f i t s  i n  t h e  form o f  
reduced o p e r a t i n g  c o s t s ,  reduced d e l a y s ,  o r  i n c r e a s e d  comfort  an8  convenience,  
f o r  t h e  purposes a t  hand, o_n_l~? :~duc t 'Lons  i n  accid-ents w i l l  be c o n s i d e r e d .  

Acc iden t  r e d u c t i o n  b e n e f i t s  a r e  o f  two t y p e s - - d i r e c t  and i n d i r e c t .  The 
d i r e c t  b e n e f i t s  a r e  measurable  i n  terms o f  r e d u c t i o n s  i n  wages l o s t ,  
medica l  c o s t s ,  p r o p e r t y  damage, e t c ,  The i n d i r e c t  b e n e f i t s  a r e  n o t  r e a d i l y  
measurab le ,  i n c l u d i n g  reduced l o s s  o f  p r o d u c t i o n  when an employee i s  
i n j u r e d ,  l e s s e n e d  d i s r u p t i o n  o f  fami ly  l i f e ,  and o t h e r  i n t a n g i b l e s .  No 
a t t e m p t  i s  made h e r e  t o  e s t i m a t e  t h e  i n d i r e c t  b e n e f i t s ,  a l t h o u g h  t h e s e  may 
e q u a l  o r  exceed t h e  d i r e c t  b e n e f i t s .  

The d i r e c t  .---.... c o s t s  o f  - -..--".v-- t r a f f i c  a c c i c l : ~ t s ~ ( a n d  - c ~ n v _ e _ ; ~ e ~ y _ ~ ~ ~ ~ - h ~ ; e f i t ~ - g q ~ n e d - " ~  
'by p r e v e n t i n g  t r a f f i c  a c c i d e n t s )  are,esti-maJ.ell_,% a - - n $ J . ~ n & b a s i . ~ ~ h ~  

- .Nat ional .  S a f e t y  C o u n c i J . ?  fo1Z0'11s; 

F a t a l i t y  - $34,400 
Non-fa ta l  i n j u r y  - $ 1,800 
P r o p e r t y  damage a c c i d e n t  - $ 310 

I f  t h e  S t a t e  hes  a v a i l a b l e  b e t t e r  d a t a ,  presumably more  s i g n i f i c a n t  t o  t h e  
S t a t e , - s u c h  S t n t e  d a t a  shouid  be used r a t h e r  t h e n  t h e  n a t i o n a l  -figures;-- 
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The c a l c u l a t i o n  of bene f i t3  derived from accident  reduction folloal .ng a 
onfe ty  improvement i s  RS 1'0110~~8: 

wllere B = annual bene f i t  i n  d o l l a r s  
ADTA = average t r a f f i c  volume a f t e r  t he  improvement 

. ADTn = average t r a f f i c  volume before the  improvement 

AF = annual number of f a t a l i t i e s  a t  t he  loca t ion  

PF = perccntage reduction i n  f a t a l i t i e s  expected 
and AL and ApD a r e  number of i n j u r i e s  and proper ty  
damage accidents  r e spec t ive ly  
and PI and Ppn a r e  correspor~ding percentage reduc- 
t i o n s  expected. 

The acc ident  f igu res  t o  be i n s e r t e d  i n  the  formula may no t  a l l  be a v a i l a b l e .  - 
p a r t i c u l a r l y ^  the-number of property '  damag6 accidents .  It _ i s  not-_recorn- 
mended t h a t  ossurnptfonsbe made fo r  unreported acc iden t s ,  and a v a i l a b l e  --- .--  - 
da ta  only ~ h o u l d  be used i n  c a l c u l a t i n g  bene f i t s .  - --- - 
--- - 
Because f a t a l i t y  f igu res  a r e  o f t en  small  and n  mat ter  of chance, t he  S t a t e  
may p r e f e r  t o  co~nbine f a t a l i t y  and i n j u r y  t o t a l s  t o  play down t h e  poss i -  
b i l i t y  of  s e l e c t i n g  an improvement p r o j e c t  on the  bas i s  of chance. I n  
t h i s  caue, t he  previous formula becomes: 

where AF1 = annual average number of f a t a l i t f e s  and 
i n j u r i e s  combined a t  t he  loca t ion  

PFI = percentage reduct ion  i n  f a t a l i t i e s  and 
i n j u r i e s  expected 

and Q = 3 4 , 4 0 0 - 1 ~ ( ~ / ~ ) 1 , 8 0 0  
1  + I/F 

where I/F = r a t i o  of i n j u r i e s  t o  f a t a l i t i e s  i n  the  
S t a t e  fo r  t h e  c l a s s  of  highway ( r u r a l  2-lane 
e tc . )  

I f  more than one.improvenent 5s- requi red  a t -  a  s i n g l e  l o ~ a ~ i o n , - t h e - c a l ~ - u ~  
l .ut ion-of &nefAJs must be adjus ted  - -  -- --- t o  --.-. r e f l e c t  t he  ..-------.----- f a c t  t h a t  t he  va lues  
of P ( reduct ion  - .  - ..-- i n -Ycc ipcn~s )  . - must - - . - be - - app l ihd  - - uuccessivaly r a t h n n i  - 

simultaneously, Thus, i f  t he  f i r s t  improvement-will produce a  reduct ion  
of P1 percent ,  and the  second improvement w i l l  produce a  reduct ion  of 
P2 perccnt ,  t h e  occond reduct ion  does riot apply t o  tho  t o t a l  number of 

(more') 



u c c i d c n t s  bu t  r a t h e r  t o  ( 1  - PI) t imes  t h e  o r i g i n a l  a c c i d e n t  t o t a l .  A 
t h i r d  improvement, w i t h  a n  expec ted  r e d u c t i o n  o f  Pg p e r c e n t ,  l i k e w i s e  w i l l  
u f f e c t  ( 1  - PI) (1 - P2) t imes  t h e  t o t a l  number o f  a c c i d e n t s ,  

It i s  e s s e n t i n l  t o  t h e  s u c c c s s  o f  t h i s  b c n e f i t - c o s t  concept  t h a t  t h e r e  be 
u v n i l a b l e  a r e a s o n a b l e  method t o  e s t i m a t e  t h e  vn lues  o f  P, o r  t h e  cxpcc ted  
p e r c e n t a g e  r e d u c t i o n  i n  a c c i d e n t n .  I f ,  a s  t h e  r e s u l t  o f  p r e v i o u s  worlc, t h e  
S t a t e  has  a v a i l a b l e  s u p p o r t i n g  vcilues f o r  P ,  t h e s e  may be used. I n  t h e  
tnore u s u a l  c a s e ,  however, o t h e r  publ i shed  v a l u c s  must be used. Thcse are 
n v a i l a b l e  i n  many p a r t s  o f  t h e  l i t e r a t u r e ,  i n c l u d i n g  T r a f f i c  C o n t r o l  and 
Roadway Elements and E v a l u a t i o n  of  C r i t e r i a  f o r  S a f e t y  Improvements on t h e  

VALI1)ATION OF PREDICTED RESULTS 

?:he e n t i r e  highway s a f e t y  improvement program i s  based on t h e  assumption 
c h a t  a c c i d e n t s  can and w i l l  be reduced by a p p r o p r i a t e  c o r r e c t i v e  e n g i n e e r i n g  
l icnsures .  The methodology proposed h e r e i n  f o r  e s t a b l i s h i n g  p r i o r i t i e s  i s  
Lased on t h e  use  o f  e s t i m a t e d  r e d u c t i o n s  i n  a c c i d e n t s .  There a r e  t h e r e f o r e  
i:vo reasons  f o r  measuring t h e  a c t u a l  r e s u l t s  o f  t h e  improvements mode: 
( 1 )  t o  conf i rm t h e  assumed p o t e n t i a l  of  e n g i n e e r i n g  t o  reduce  a c c i d e n t s ,  
nnd ( 2 )  t o  v a l i d a t e  t h e  e s t i m a t e s  o f  a c c i d e n t  r e d u c t i o n  used i n  t h e  p r i o r i t y  
ncthodology.  

: -g - ip~j iccessary  t l l e r e f o y c _ _ t l a ~ ~ S J ~ t e _ s  establish-a_pr_oce$~c_ee t o  r e c o r d  
clccider?t e x p e r i e n c e  _qfLerer-tte improvement  has Jeen co~np_l,e&-eA, A t  l e a s t  one 
y e a r ' s  e x p e r i e n c e  should  bc accumula ted-be lore  any co_nclusions o r e  d r a m ,  - - -- - -- -- - - - - - 
"hei-after -exper ience  sho_gld b_c-compared j f i f h  t h e  p r e d i d t e d  e x p c r i e ~ ~ c e  ar,d 

.uoed both -to- measure t h e  e f f e c t i v e n e s s  o f  t h e  Jmprovement a n d  t o  e v a l u a t e  
t h e  accuracy  o f  M l e r e _ d i c t i o n  made )e<o-r$ t h e  improvement was undertaken.  -- 

As e x p e r i e n c e  i s  accumulnted from a number of  s i m i l a r  p r o j e c t s ,  t h e  r e n u l t s  
t h o u l d  be ana lyzed  t o  p rov ide  guidance f o r  t h e  f u t u r e  i n  s e l e c t i n g  t h e  
t y p e  o f  improvement t o  be made and i n  r e f i n i n g  the  f o r e c a s t i n g  f a c t o r s  used 
i n  p r e d i c t i n g  r e s u l t s .  

Enc losure  

F. C. Turner  
Act ing  F e d e r a l  Highway 

A d m i n i s t r a t o r  



Enclosure 

TABULATED VALUES FOR THE CAPITAL RECOVERY FACTOR. 



APPENDIX IV 
ACCIDENT REDUCTION FACTORS FOR HIGHWAY SAFETY PRODUCTS 

(From Evaluation of Minor Improvements, Pa r t s  1-5, 
California Dept. of Public Works, Division of Highways, Sacramento, 1967.) 

Average Accident ~ e d u c t i o n ( l )  ignifti) cance Type of Improvement 

New Signals 15% of al l  accidents 

10% of all  accidents Modified Signals 

New Signals with Channeli- 
zation 20% of all  accidents 

Modified Signals with Chan- 
nelization 35% of all  accidents 

Left -Turn Channelization 

a. At signalized inter- 
sections 

b. At non-signalized 
intersections 
1. With curbs and/or 

raised ba r s  
2. Painted channeli- 

zation 

15% of all  accidents 

65% of a l l  accidents 

30% of a l l  accidents 

Flashing Beacons 

a. At intersections 
b. Advance warning 

flashers 
c. R.ailroad #8 flashers 

40% of all accidents 

20% of a l l  accidents 
80% of al l  accidents 

Safety Lighting 60% of night accidents 

Delineation 

a .  Median double yellow 
stripe 

b. Right edge lines 
5% of all accidents 
2% of a l l  accidents 
(Or 25% of ran-off-road accidents) 

c. Reflectorized raised 
pavement markers  

d. No passing s t r ipes  
5% of a l l  accidents 
65% of all accidents 
(Or 85% of passing accidents) 

e .  Reflectorized guide 
markers  

1. At horizontal 
curves 

2. At bridge 
approaches 

30% of al l  accidents 

40% of a l l  accidents 



Q p e  of Improvement 

Protective Guardrail 

a. At bridge ra i l  ends 
b. At bridge p ie rs  and 

abutments 
c. At s teel  sign posts 
d. At embankments 

Pavement Grooving 

Signing 

a .  Curve warning arrows 
b. Advance curve warning 

with advisory speed 
c. 4-way stop 

Median Bar r i e r s  

a. All accidents 
1. Cable ba r r i e r  
2. Blocked-out beam 

ba r r i e r  
b. Fatal  accidents 

1. Cable ba r r i e r  
2. Blocked-out beam 

ba r r i e r  
c. Injury accidents 

1, Cable ba r r i e r  
2. Blocked-out beam 

bar r ie r  
d. PDO accidents 

1. Cable ba r r i e r  
2. Blocked-out beam 

ba r r i e r  

R.econstruction and Miscel- 
laneous 
(Widening, super elevation 
correction, construct 
shoulders, increase curve 
radii, increase sight 
distance, etc.) 

Average Accident Reduction 

40% of E P D O ( ~ )  accidents 

50% of E P D O ( ~ )  accidents 
60% of E P D O ( ~ )  accidents 
20% of E P D O ~ )  accidents 

75% of skidding accidents 
(Or 25% of wet pavement accidents) 

20% of a l l  accidents 
45% of a l l  accidents 
45% of a l l  accidents 
75% of a l l  accidents 

30% increase in accidents 

20% increase in accidents 

35% decrease in accidents 

15% decrease in accidents 

20% increase in accidents 

30% increase in accidents 

40% increase in accidents 

10% increase in accidents 

20% of a l l  accidents 
(or reduction based on study of 
individual accident reports.) 

Signif i- 
cance (1) 



Notes: 

(1) The average accident reduction factors listed above a r e  from the latest 
analyses of approximately 500 "Before and After" reports of past safety improve- 
ment projects. Depending on the number of accidents in each category, the re -  
sults a r e  significant (using the chi square test  a t  the 10% level) o r  not significant:. 
"S" indicates reductions that a r e  significant, and "NS" indicates those that a r e  
not significant. The two "A" notations indicate approximate o r  estimated acci- 
dent reductions. Adequate "Before and After" reports a r e  not now available for 
these two categ0ri.e~. 

(2) EPDO means the equivalent number of PDO* accidents reduced. For  
example, one fatal accident costing $9,700 is equivalent to 19.4 reported PDO 
accidents costing $500 each. The cost per accident reduced for  projects where 
equivalent accident factors a r e  used should be equal to o r  less  than $800 in rura l  
a r eas  and $600 in urban areas .  

(3) The above average accident reduction factors a r e  not used in a l l  cases. 
The study of accident histories a t  individual locations sometimes indicate that 
higher, o r  lower, reduction factors a r e  more appropriate. 

Assigned Priorit ies of Safety Projects --- -- 
Priority #1 Estimated cost per accident reduced equals $0 to $1,500, o r  the 

average cost of past accidents exceeds the estimated cost per 
accident reduced. 

Priority #2 Estimated cost per  accident reduced equals $1,501 to $5,000. 

Priority #3 Used where engineering judgment indicates a potential accident 
savings, but the accident history does not support a f i r s t  o r  sec- 
ond priority. Priority #3 is usually limited to projects costing 
a total of $15,000 o r  less.  

Priority #4 An operational improvement project to improve traffic flow, r e -  
duce congestion, and/or to reduce accidents where the estimated 
cost per  accident reduced exceeds $5,000. This i s  considered 
a non-safety project. 

* Property damage only. 








