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Foreword 
A highway department today is classed as a ''big business" and accordingly 
requires the application of advanced management techniques for planning, 
organization, control, and administration. The development and applica­
tion of new tools and new procedures is necessary to enhance efficiency 
of operations and to facilitate the decision-malting process. 

The four papers included in this RECORD are emblematical of the search 
for more effective management methodology with particular respect to fi­
nancial and budgeting operations and to manpower utilization. 

The first paper establishes the need for improved financial reporting 
as expressed by questionnaires completed by the chief administrative of­
ficers of the highway departments. A large number of administrators 
reported that financial reports currently recej,ved by them are of little use 
in making management decisions and that financial reporting can be im­
proved in content, format, and timing. Guidelines are set forth for the 
development of a system of information reports a nd control reports to 
meet the needs and desires expressed by the highway administrators. 
Five distinct methods of presenting financial information are explained 
and illustrated. The author has concluded, however, that each financial 
r eport to management should be specifically tailored to provide in the 
clearest possible manner the essential financial information needed by 
management for its specific purposes. 

In recent years, the techniques of PERT and Critical Path Method have 
been recognized as significantly useful to management in the development 
of an integrated information system. The second paper reports on the ap­
plication of network scheduling procedu.res by the Pennsylvania Highway 
Department. Although the paper is directed primarily to the determina­
tion of cash flow, recognition is gi ven to such ancillary benefits derived 
from the system as more accurate and timely budgets, closer control of 
project scheduling, increased manpower utilization and productivity, and 
reductions in paper work. 

The third paper is primarily directed toward improved manpower uti­
lization. Work sampling techniques are described which may be applied 
to a given function, in this instance the design function, to determine 
engineer-technician ratios, advanced technician-subordinate technician 
ratios, personnel classification development, and staffing patterns. The 
author has concluded that the ta.Icing of work samples and the analysis 
thereof is relatively simple, that the time required is usually less than 
that required for a job audit program, and that the work sample program 
is significantly accurate. 

The "investment analysis" approach to estimating· highway needs es­
tablishes needs from the relationship which exists between travel re­
quirements and highway investments remaining in service. The deter­
mination of investments remaining in service is one of the major tasks 
involved in the use of this approach. The determination is further com­
plicated by the .fact that outdated methods of record keeping and analysis 
have relegated road life studies to be of little use. The fourth paper in 
this RECORD sets forth the methodology developed for the application of 
computer techniques in the performance of investment studies. The 
methods have proved satisfactory in Wisconsin and accordingly provide a 
stimulus for the revitalizing of road life and investment studies. 
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Financial Reporting to Management 
CHARLES H. SPENCER, Professor of Accounting, Graduate School of Business, 

Indiana University 

•IN 1964 more than $12 billion was spent in the United States on costs directly related 
to roads and streets. In at least two instances, a single state's expenditures ap­
proached one billion dollars. Was the money spent prudently and efficiently? Did 
highway users obtain maximum value for their money? Charged with responsibility 
for the great volume and variety of activities suggested by the foregoing figures, the 
highway manager must depend on reports, especially financial reports, to answer these 
questions. 

The degree of administrative emphasis on fiscal matters is evident on all sides, and 
one need only refer to the activities of the Highway Research Board itself during the 
past few years to reinforce the point. Good financial reporting is vital to successful 
financial management. 

IMPROVED FINANCIAL REPORTING NEED 

There is ample evidence to suggest that the art of financial reporting to highway 
management has not kept pace with the greatly expanded highway programs and, there­
fore, with highway managers' requirements and desires. AASHO was keenly aware of 
the need for improved financial reporting and, in 1961, named a task force on financial 
reporting headed by A. H. Lawrence of Michigan to investigate financial reporting 
needs in highway departments and to recommend improvements in reporting proce­
dures. 

By means of questionnaires directed to the chief administrative officers and chief 
fiscal officers of all state highway departments, the task force gathered valuable data 
regarding the strengths and weaknesses of prevailing reporting practices and proce­
dures, as well as many suggestions for improved reporting. A disturbingly large 
number of administrators stated that the financial reports they received were of little 
use to them in making managerial decisions. Their comments suggested that report­
ing could be improved in content, format, and timing. After Lawrence reported the 
findings of his group at the AASHO Convention in 1962, another task force, under the 
direction of Roger R. Shipley of Indiana, was appointed with the assignment of prepar­
ing material on the subject of financial reporting to management which would be suit­
able for incorporation in the AASHO Manual of Uniform Highway Accounting Proce­
dures. 

After examining the available material on the subject, Shipley's task force decided 
that research was needed in at least two areas of the subject: in determining the fi­
nancial reporting needs and desires of highway administrative officals, and in develop­
ing a systematized approach to financial reporting. To perform the needed research, 
the Indiana State Highway Commission, with the support of the U.S. Bureau of Public 
Roads, entered into a research contract with the Graduate School of Business of In­
diana University. The material which follows was developed under this research con­
tract. 

Paper sponsored by Committee on Highway Organization and Administration and presented at the 
45th Annual Meeting, 
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RESEARCH PROCEDURES 

To meet the general objective of the project, which was to develop financial reports 
and reporting techniques which would provide highway officials with better financial 
information for their use in planning, directing, and controlling operations for which 
they are responsible, the project research procedures included: 

1. A review of the existing literature on the subject of financial reporting to man­
agement, from the point of view of both public and private enterprise, to glean any in­
formation applicable to financial reporting in highway departments. 

2. Assembling and evaluating examples of current financial reports to state high­
way management. Tt.ese reports were used to detect desirable as well as inferior re­
porting practices and procedures and to provide data for the development of pilot 
reports with a variety of content, form, analysis, and reporting techniques for use 
later in interviewing highway administrative officials. 

3. Conducting interviews with those interested parties believed to be most able to 
provide data pertinent to the project. The study was based on the premise that high­
way management itself is in the best position to appreciate the type, format, content, 
and timing of financial reports essential to most effective administration. Therefore, 
the investigative emphasis was on detailed, depth type interviews with highway 
administrative officials to obtain their views, preferences, and reactions relating 
to the different types of reports and reporting techniques previously developed. 
No attempt was made develop statistical inferences from the interviewees' re­
sponses. 

4. Conductiug exleusive cu1·1·e::;vurn.lence wlth lmth admini::;trative official!:; to gain 
further information regarding the impressions, problems, requirements, and de­
sires of highway officials relating to financial reporting. This correspondence further 
served to provide all chief administrative officers of state highway departments 
with an opportunity to express their views and spell out their needs in financial report­
ing. Correspondence was also used to clear up points of confusion or misunderstand­
ing, and to serve as a checkback on findings. 

LITERATURE ON FINANCIAL REPORTING 

The review of the literature confirmed the judgment that financial reporting is no 
simple task. Although elaborate, complete financial reporting systems have been de­
veloped for specific business enterprises, the research disclosed no systematized 
examples of financial reporting to management which would be suitable for appli-

-cation to highway reporting. Howeve-r, the literatur-e revealed a-continuaremphasis 
on the fundamentals of good reporting: basic purposes, general reporting principles, 
criteria for a desirable reporting system, and the proper use of a variety of reporting 
media. 

Fundamental Purpose of Reporting 

The fundamental purpose of financial reporting to management is to provide a sound 
basis for management decisions, l.,y showing compliance wiih or deviation from adopted 
programs or approved policies. To accomplish this purpose, financial reports must 
do two things: portray the facts accurately, and motivate whatever management action 
is required. 

The literature emphasized that an effective reporting system must "communicate 
information, " which means a great deal more than merely providing a mass of figures 
for management to unscramble and interpret. 

Repo1·ting Principles 

If reports are to communicate financial facts to management, they must present 
the necessary information in a clear, concise, forceful way, and in time to be of maxi­
mum use. A good report should have the following ten characteristics: 



1. It shall contain all the essential facts of the situation reported, without extra­
enous information or unnecessary detail to waste the reader's time or confuse him. 

2. It shall be presented in a format which allows quick and easy grasp of the es­
sential information, and is expressed in terminology with which the reader is com­
pletely familiar. 

3. It shall permit the executive to concentrate on exceptions by focusing attention 
on comparisons which highlight trends or deviations from targeted performances. 
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4. It shall be timely and, if routine, produced on a regular schedule, so that exec­
utives may expect reports at specific times and rely on them. 

5. It shall be tailored to fit the requirements, personality, preferences, and ca­
pacity of the recipient as to format, amount of backup detail, and other report charac­
teristics. 

6. It shall be designed for eye appeal and easy reading, easy storage for reference, 
and shall be attractively packaged. 

7. It shall facilitate the establishment and maintenance of rapport and communica­
tion in both directions between the reporter and the user. 

8. It shall be distributed only to the executive charged with responsibility for the 
subject matter reported on, thus conserving user time and effort, as well as decreas­
ing the danger that other recipients might take action outside the scope of their author­
ity and responsibility. 

9. It shall be supported by appropriate analysis of the financial information sup­
plied, and shall be accompanied by significant summaries. 

10. It shall be sufficiently useful to justify completely the time and cost involved in 
its preparation and presentation. 

Analysis and Interpretation in Reporting 

The modern capacity for gathering and disseminating financial information has over­
whelmed management's facilities for absorbing it. In this situation, analysis and in­
terpretation are indispensable to complete reporting. No other highway official is in a 
better position than the financial officer to analyze and interpret the financial informa­
tion reported, or to point out the alternatives available within the legal, financial, and 
policy limitations imposed upon the organization. According to the literature, the fi­
nancial officer's report is not ready for submission to management until he has com­
pleted his evaluation of these alternatives and, when needed, his carefully supported 
recommendation for a course of action. 

Management thought patterns involve basic relationships, not figures and statistics 
as such . The core of the analytical process is the establishment of relationships, i.e., 
comparisons. In analysis, a mass of figures is reduced to easily manageable propor­
tions, and condensations of figures are compared with some predetermined acceptable 
standard, such as a budget, a goal, the achievement of previous periods, the achieve­
ment of other highway organizations, or even some preconceived notion of what should 
have been accomplished. The end product of analysis is the expression of valid rela­
tionships in a clear, simple thought or idea. Relationships provide the answer to a 
fundamental question: ''What is the situation, and should something be done about it?" 

Gene;,:;,,J Criteria 

Thi financial officer must know for what purposes highway managers need financial 
information and must provide reports which satisfactorily cover these needs. 

In designing his reporting system, the financial officer must provide for both infor­
mation reports and control reports. He must also distinguish between reporting for 
external purposes and reporting for internal purposes. For internal purposes, report­
ing should be provided along the lines of authority and responsibility as shown by the 
organization chart. Coordination of the reporting system with the organization plan 
will prevent gaps or overlaps in the coverage of reporting by functions, and will per­
mit the reporter to direct to each manager specific information pertaining to that user's 
duties and responsibilities. 



4 

The reporting system should provide for the continuing study of measures for 
evaluating performance, and should have a built-in mechanism for report review and 
change. The system should have sufficient flexibility to handle unusual informational 
requirements. Where absolute accuracy of certain figures is not as important as 
quick preliminary estimates, the reporting system should be geared to provide reliable 
estimates promptly. 

Related reports should be carefully coordinated, and their relationships be made 
clear. The reporting system should be such that the reporter will know the financial 
effects of decisions made as a result of his reports so that he can, in turn, provide re­
ports of the results of these decisions. 

The individual rep(Jrts should be clear and concise. The place to start establishing 
these qualities is in the title of the report. All pertinent facts should be presented in 
such a manner that important data and relationships are clearly set forth and empha­
sized. Insofar as possible, information should flow from one part of the statement to 
the next. Reports should be designed to provide for comparsions-yardsticks for eval­
uation of progress or costs. Excessive detail, which obscures significant facts and 
relationships and may delay report completion to the extent of affecting its timeliness 
for management, must be avoided. Unless the report is to be considered an historical 
record, the figures in it should be rounded to the significant digits, so that the reader's 
mind is not cluttered or encumbered with useless detail. 

In planning report layouts, financial officers should always provide significant sum­
maries. Management should not be expected to make its own summaries. 

In reporting, technical vocabulary and unidentified code designations should be 
avoided whenever possible. The financial officer may be so completely familiar with 
certain terminology and special coding that he may incorrectly assume that all of the 
users of the financial reports will be equally familiar with them. Many persons be­
ginning administrative duties may find financial reports, in their usual form, almost 
incomprehensible. 

Reporting Media 

Effective reporting requires the selection and skillful use of reporting devices which 
will best present the financial information involved. The reporting vehicle chosen 
should make the data clear and should convey ideas smoothly and rapidly. 

Essentially, there are five distinct methods of presenting financial information: (a) 
oral presentations, (b) narrative reports, (c) conventional financial statements, (d) 
tabular presentations, and (e) graphic presentations. Depending on the type of data 
and the purposes of the reports, the financial officer is likely to find that a skillful 
blending of all of these methods will prove-most effective in his reporting. - Each meth­
od has a significant place in financial reporting to highway management; each has cer­
tain merits and defects as a financial reporting medium. 

Oral Presentations. -The reporter will find many situations in which oral reporting 
may be especially appropriate, either by itself or combined with other media. The 
reporter is able, on the spot, to interpret and emphasize significant material, clear 
up questions, and save managers considerable time and effort in studying reports. The 
oraJ report may easily be adapted to fit the ,vishes, interests, and personality of the 
manager involved. Oral reporting fits neatly into the pattern of management by ex­
ception. 

However, oral reporting has certain inherent limitations. It may be time-consuming, 
and scheduling problems may cause reporting delays. Many administrators "want it in 
writing." Regularity in reporting may be difficult, and not all financial officers are 
effective in making oral presentations. 

Narrative Reports . -Certain financial information may be communicated most ef­
fectively in narrative form, especially in situations in which it is desirable to recom­
mend specific action. Narrative memoranda are likely to be very useful in summariz­
ing data and in drawing comparisons, presenting recommendations, and as a followup 
procedure. 
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The narrative report should be presented in a clear, simple style; it must be care­
fully organized and designed to permit the reader to locate the key points quickly, 
without looking back. It must be easy for the reader to grasp the basic outline and 
master the summaries. 

Conventional Financial Statements . -These statements form the backbone of any re­
porting system . They s hould fo llow professionally acceptable accounting principles 
and are designed to present, in summary fashion, the results of operations and the 
situation which has developed from these operations. The statements should be de­
signed for quick comparisons. For greatest usefulness, the data should be organized 
into homogeneous groupings, and should flow smoothly from detail to final summaries, 
so that the user may quickly and easily select information of immediate concern to him. 

Tabular Presentations. -With tables more data may be organized for inclusion in 
reports than is likely to be true if only other forms of presentation are employed. When 
carefully prepared, tabulations are almost indispensable as documentation or backup 
material. 

When included in a report, tabular presentations should contribute significantly to 
the process of analysis and interpretation. The most important task in the construction 
of tables is to arrange the data in such a way that the significant relationships can be 
most easily studied. The reporter must avoid the construction of overly complicated 
tables, because a table must be easy to understand if its purpose of effective presenta­
tion of financial data is to be served. 

Graphic Presentations. -The purpose of graphics is to show comparisons quickly 
in visual form; they should be used chiefly to supplement other forms of presentation. 
In a world oriented to speed and pictorial presentations, well-designed graphics and 
charts lend clarity, appeal, and dramatic impact to financial reports. In general, 
graphic presentations make effective comparisons and contrasts; they are also effec­
tive in attracting and retaining the reader's interest and attention. Thus, the relation­
ships portrayed in charts and graphs are easily grasped, understood, and remembered. 
Problems may be more clearly identified and defined. 

In the use of graphics, certain principles are very important. The reporter must 
be thoroughly familiar with his data. He must carefully plan the number and type of 
graphics to include, and must be sure that there is a clear and convincing reason for 
each. He must select the graphic type which best fits the reporting job to be done. He 
must have sufficient knowledge of graphic techniques to get the effect he wants. 

The bar chart is a very simple and popular means of making comparisons and illus­
trating relationships, by size, among comparable items. Depending on the reporter's 
purposes, he may use one or more of many variations of the bar chart, such as the 
grouped bar chart, the component bar chart, the subdivided one hundred percent bar 
chart, the paired bar chart, and the deviation bar chart. The column chart (in which 
the bars are arranged vertically instead of horizontally) is another useful reporting 
device. The column chart is more suitable than the bar chart for presenting data run­
ning over a period of time. As in the case of the bar chart, there are many possible 
variations of the column chart which the reporter may find useful. 

The line chart is probably the simplest, best known, and most versatile visual de­
vice for presenting statistical information. When emphasis is to be placed on changes 
over time rather than simply on the quantities themselves, the line chart is unequaled. 
It is useful in presenting estimates and forecasts, and can be used to show cumulative 
amounts over time. Pie charts are frequently used to show the percentage breakdown 
of the components of a total, such as total revenues or total expenditures. Since the 
pie chart possesses more weaknesses than most other graphic forms, it should be used 
sparingly. The most effective device for portraying relationships on a geographical 
basis is the map chart. When data are to be compared and analyzed by geographic 
areas, maps are indispensable. 

In general, graphic aids should be limited to main points, and not applied to side 
issues. They must be simple enough to be readily comprehended, otherwise they will 
not accomplish the reporter's purpose. For best effect, the reporter must strive for 
a satisfactory balance between graphic aids and other devices for the presentation and 
analysis of data. 
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EVALUATION OF CURRENT REPORTING PROCEDURES 

One of the important aspects of the research project was a critical examination and 
evaluation of current financial reporting practices, as evidenced by reports now being 
prepared by state highway financial officers. For this purpose, reports from more 
than three-fourths of the highway departments were reviewed. 

Judging from the principles enunciated in the literature, the impressions of the re­
searchers, and the expressions of opinion of highway administrators, current financial 
reporting practices could be improved in the following important respects: 

1. Enormous quantities of detail should be eliminated. In too many cases reports 
contained an indigestible amount of information spread over too many columns of too 
many pages. 

2. More numerous and adequate summaries should be included with the reports. 
3. The information in the reports should flow so that it would be easy to follow the 

manipulation of the figures across the page to the significant amounts. 
4. There should be much more clarity and consistency in the use of terminology. 

Highly technical terminology should be avoided. In many cases, the terminology em­
ployed was entirely too complicated and, therefore, incomprehensible to management 
personnel. 

5. Far fewer cost accounts should be used, thus conserving operational time and 
eliminating proliferation of detail in reporting. The greater the number of cost ac­
counts used, the greater the inaccuracies in the reports. 

6. Interpretation or evaluation should have been supplied, thus making the reports 
suhmitted much more m,ahle . Tnterpret;:1tinn anrl 1wah1ation were almost completely 
lacking. 

7. More comparative information should be included. When such information was 
included, insufficient use was made of the comparisons. 

8. There should be greater use made of the variety of reporting media, especially 
to provide quick, convincing explanations of financial situations. 

THE ADMINISTRATORS' POINT OF VIEW 

As previously indicated, the chief thrust of the research investigation involved ob­
taining the opinions of highway administrative officials regarding their needs and de­
sires in the area of financial reports. Their views were solicited in both personal in­
terviews and through extensive correspondence. Interviews were conducted with persons 
representing a considerable range of administrative responsibility: from subdistrict 
personnel all the way up the line, including chief administrative officers, members of 
a part-time commission reporting directly to the governor cif the state, and officials 
of the U.S. Bureau of Public Roads. All chief administrative officers of the various 
state highway departments were invited to express their views, by letter, regarding 
financial reporting, and considerable correspondence was conducted with them. 

Administrators' General Observations 

Possiblv the most striking and freauentlv expressed comment was that financial re­
ports shouid not be clutterel with detail, btit should be properly analyzed and summa­
rized for quick assimilation by the administrator. A sampling of such comments is 
presented below. 

Repori·s must be brief, concise, ond reodi ly interpretable to other officials 
in high positions; supporting information is definitely not warranted if I om 
going to rely on the competence of those preparing the reports for me. 

Except when analyzing specific problems, I do not need supporting infor­
mation beyond summary statements .... The data submitted to this office be­
come so voluminous that the detai I cannot be comprehended by one individual. 



There is a tendency to allow financial reporting to become a mere takeoff 
of data-processed records and the resulting summary information forwarded to 
management in a perfunctory manner without comment. 

Voluminous reports transmitted to a chief administra"i'ive officer generally 
do not serve a useful purpose •... The Commissioner should not receive a 
report which is cluttered with extraneous information which may be essential 
to the support of the report but which, per se, is not essential to his grasp of 
the conclusions. 

The problems which top management encounters in attempting to use fin­
nancial statements are too many details, time-consuming analysis required 
to decipher the pertinent information, and implied budgetary problems rather 
than specifics .... 

Excessive detail results in no one paying any attention to the report. 

Detailed reports must be summarized on a single letter-size sheet, with 
supporting evidence available on call, but not attached. 
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Several respondents indicated that a mistake frequently made is to attempt to cover 
too much in a single report; they suggest that it is far better to have several reports, 
each bringing out one or two central facts, and that each should be confined to a single 
page whenever possible. Another point stressed is that management is interested in 
exceptions and problems, and that reports should carry recommendations for correc­
tive action in these cases. 

Certain chief administrative officers made a plea for standardized reporting and 
terminology, which they hoped would lead to greater exchange of data among the various 
states for purposes of better communication, comparisons, and the development of 
standards for operating performance. 

Administrators appeared less united in their preferences regarding oral and narra­
tive reporting. Most administrative officials apparently do not want to rely to any 
great degree on narrative and oral reports. Many believe that such reports should be 
confined to special situations and not included in the reporting routine. One commis­
sioner stated: "Verbal and narrative reporting are not particularly useful unless on a 
specific project or problem area. 11 Another administrator wrote that ''verbal reports 
are acceptable for minor items only, and all major report items should be made avail­
able in writing. 11 Another indicated that verbal and narrative reports have a useful 
function at lower levels only. Several said that short summary statements amplified 
by verbal explanations are helpful. others pointed out that verbal reports are difficult 
to recall if the same information is needed at a later date. One commissioner pointed 
out that narrative comments pertaining to conventional statements should be helpful, 
but should not repeat the obvious. Another suggestion was that a one-page narrative 
report should accompany each quarterly report, presenting in capsule form what has 
taken place during the quarter. 

In general, it appears that most administrators favor the employment of graphics 
to supplement conventional reports and for limited purposes, such as for showing long­
term trends, showing expenditure peaks, helping in predicting exenditures in succeed­
ing years, presentations to legislative committees, training purposes within the high­
way department, comparing expenditures of one period with another or of one district 
with another, and comparisons of actual income and expenditures with budgeted amounts 
for the appropriate period. One administrator stated that graphics were not required 
for his personal consumption, but they were handy items to have in his briefcase to be 
shown to other state officials and for limited or public consumption. In one state "a 
liberal use of graphic presentation provides a descriptive view of our operations in 
prior years and projection estimates for the future. Statistical tables support the 
graphs." 

Most administrators favoring graphics appear to want them used in combination 
with other reporting devices. Statements such as the following were made: 
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We prefer graphic presentations supplemented by terse, explanatory nar­
rative. A busy administrator will carefully examine o meaningful abstract sup­
plemented with graphics and be guided by its message much more than if he 
must wade through a compi lotion of statistics that he does not have time to 
digest. 

Graphs and charts combined with short pointed statements are, I think, the 
most effective method of presenting a status of affairs and circumstances, re­
gardless of the subject matter. 

Graphic i llustrotions accompanying the reports are definitely an assist. 

Graphs a;e very helpful and are easily understood by most people. We 
have experimented with several types of monthly financial reports and are 
now using one which is a combination of current information, statistical data, 
and graph. 

Other administrators stressed the need for research within each highway depart­
ment to find better, easier, and more accurate methods of financial reporting. One 
administrator noted that he must be in a position to interpret financial reports for 
various individuals who may not be very conversant with highway operations or account­
ing procedures. 

In summary, simplicity, brevity, and ease of use appear to be the keys to success­
ful financial reporting to highway administrators. 

Specific Reporting Requirements 

1. Long-Range Planning. Most highway offir.ials stressed the need for good finan­
cial information for long-range planning. The concept of what constitutes an appro­
priate forecasting period appears to vary considerably among administrative officials, 
apparently depending on the situation within the respective states. Although a few ad­
ministrators believe that projections of revenues and expenditures beyond a 5-yr pe­
riod are completely worthless ("conditions change too rapidly"), others were convinced 
that 10- to 15-yr projections are an absolute necessity. One commissioner reported 
that he had required the development of a short-range 12-yr program, which was being 
updated every 2 yr. Several interviewees expressed approval of a model of a 5-yr 
program, revised and updated annually. 

Short summaries and the use of state maps showing locations of projects within the 
long-range program appeared to be very desirable from the administrators' point of 

- - view;- -
2. Budgetary Reports. Few chief administrative officials indicated a significant 

interest in the process of budget formulation, apparently considering budget prepara­
tion as a clerical job within a general policy framework. Almost without exception, 
however, these officials were seriously concerned with budget status reports. In one 
case, the commissioner apparently had successfully delegated budgetary control to a 
subordinate. All of the other administrators were concerned with monthly summaries 
of expenditures against budget for maintenance, administration; and construction, by 
major object. Most of these men emphasized the usefulness of budget status reports 
as an important guide to management. One commissioner reported: 

I arn much concerned with the status of the fiscal year budget which is 
used for monitoring the state's overal I expenditure program. Expenditure 
lags or excesses beyond acceptable li111il~ u1e: cornpured with the amounts 
expected on a time basis and action taken to the extent required. 

Most officials wanted budget status information on a comparative basis. Suggested 
comparisons were: the percentage of funds spent to percentage of budget period elapsed; 
amounts in the current period against amounts for corresponding period of the previous 
year; or estimated expenditures and receipts as presented in the budget against actual 
data. Several men wanted a budget status report shortly after the end of the third 
quarter to compare free balances against fourth-quarter requirements. 
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There were complaints registered that budget status reports were too late in reach­
ing management to be useful and that the reports were broken down into too many minor 
categories. 

3. General Purpose Statements. Interest in these statements centered chiefly in 
revenue and expenditure statements, especially maintenance cost expenditures. Several 
administrators wanted reports of trends of major types of engineering costs, and a 
few found statements of garage and/ or equipment operation revolving funds useful. 
There appeared to be little interest in balance sheets as such, which suggests that fi­
nancial officers have not fully informed administrative officials of the value of such 
statements. 

4. Special Purpose Statements. In this area, interest appeared to center in reports 
reflecting the status of Federal-aid programs. The information needed concerned the 
status of Federal-aid apportionments and obligations, both ABC and Interstate, pro­
gress in programming with the U.S. Bureau of Public Roads, status of Federal-aid 
billing, and amounts available for programming, agreement, and reimbursement. 
Areas of lesser importance in which the administrators expressed interest were proj­
ect control reports to show status of project programs, including the availability of 
funds for construction projects, and various types of inventories. There was little 
mention of debt financing reports, even though debt programs are significant in many 
states. 

5. Unclassified Schedules and Exhibits. Several administrators expressed at least 
mild interest in reports of contract awards, perhaps with some comparative feature 
built in, such as awards for the year to date. Certain subordinate administrators could 
make use of monthly listings of awards, with engineers' estimates. A few administra­
tors liked to receive, at selected times, employment counts, totals of wages and sala­
ries by major classifications, and other information with comparisons on a time basis. 

REPORTS FOR PLANNING, OPERATIONS, AND CONTROL 

State highway department accounting and reporting is unique, both in comparison 
with that of any industry or other governmental organization and within the fifty state 
highway organizations themselves. Because of differences in legislation, personnel, 
geographical and demographic conditions, natural resources, commerce and industry, 
and other factors, no present state highway department and no present state highway 
accounting and reporting system would be suitable, without extensive modification, for 
another state. However, there are many financial circumstances, conditions, and re­
quirements which are common to most of them. 

Based on the results of the research as well as the researchers' background and 
observations, selected examples of financial reporting to highway administrators have 
been developed for presentation in this study. The chief purpose of including these il­
lustrations is to show how the financial data may be presented to management and, in 
certain of the examples, to provide illustrative narrative comment of the type the fi­
nancial officer might choose to include with his reports. It is not the intent, in this 
paper, to discuss or illustrate how the amounts were derived for the exhibits and 
figures included herein. 

Long-Range Planning. -From several examples available to the researchers, a 
sample report- of a long-range program has been developed. Exhibit 1 (Appendix) 
shows the financial picture of an 8-yr program-three years of actual experience as a 
springboard for five years of projected costs and revenues. Figure 1 shows the same 
information in graphic form. In line with the fr~quently made suggestion that summa­
ries should be prepared for the chief administrative official and backup schedules sup­
plied on demand, the researchers prepared a sample schedule, the construction 
component of the 8-yr program (Exhibit lA, Appendix). 

Budgetary Reports. -In addition to financial forecasting, the budget function involves 
the interrelated processes of budget formulation and budget administration. Exhibit 2 
(Appendix) illustrates a biennial budget request form, all of which, except the column 
for Budget Request for the 1965-1967 biennium, is filled out in the financial section 
before routing to the appropriate administrative officer charged with budgetary re­
sponsibility for the budget unit. Exhibit 3 (Appendix) shows a budget status report in-
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Contractual Services 

Other Expenditures .,......... / 

Other General Expenses fl"~ 
Contractual Services ~ 

Division of 1966 
highway dollar 
by object and 
function 

11 

Administration .. 7 ¢ 

Maintenance .. 3H-¢ 
Construction .. 61 ½ ¢ 

Figure 2. Pie chart illustrating relationships among budgetary items. 

oUDGET SUMMARY, F ISCAL YEAR ENDING JUNE 30,l9b6. RATIO OF EACH TTEM TO YEAR'S TOTAL 

>-----------RESOURCES----------~ 

~ REVENUE 

-- FEDERAL AID 

~ OTHER PARTICIPATIONS 

- OTrlER CREDI rs 

- UNAPPROPRIATED 
SURPLUS 

.- AUTHORIZATIONS-------< 

ffillllllllllll CONSTRUCTION 

ffl@@g""® MAINTENANCE 

- ADMINISfRA TION 

Figure 3. Pie chart i I lustrating relationships among budgetary items. 
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volving the financial information for the same budget unit-administration. Most high­
way administrators indicated that the most useful information in a budget status report 
was the comparison of total budget and free balances, together with percentages spent 
or obligated against percentage of the time elapsed in the period. These comparisons 
are facilitated in Exhibits 2 and 3 (Appendix). 

Figures 2 and 3 are pie charts, unrelated to the previously mentioned exhibits, il­
lustrating graphic aids which may be employed to provide at-a-glance relationships 
among budgetary items. These visualizations might be useful for public relations, con­
ferences with officials of other governmental agencies, and legislative committees. 

General Purpose Statements. -To illustrate financial reporting in this category, 
general fund yea1·-end comparative balance sheets are shown in the Appendix as Ex­
hibit 4. Quick comparisons of the general situation at the end of fiscal 1965 may be 
made with that which prevailed at the end of 1964. Included are narrative comments 
which the financial officer might make. 

Figure 4 (not related to Exhibit 4) shows amounts involving cash resources, dis­
bursements, and cash balances, both estimated and actual, and also illustrates the pos­
sibility of an "open-end" chart, in which data for a succeeding month may be added as 
appropriate. 

Special Purpose Statements. -Exhibit 5 (Appendix) shows the format of an equipment 
operating fund, following which are pointed out the kinds of questions which can be 
answered through a perusal of this statement . Comparative statements of general 
bonded debt and interest are present,ed as Exhibit 6 (Appendix) followed by observations 
indicative of the purpose and usefulness of this type of statement. 

Exhibit 7 (Appendix) clearly discloses the two amounts of Federal-aid funds in which 
many highway administrators have indicated the greatest interest, i.e., (a) the amount 
available for programming, and (b) the unprogrammed balance. 

Exhibit 8 (Appendix) combines the status of the primary program with a forecast of 
unprogrammed balance as of December 31, 1965. Such a report would be updated pe­
riodically. A similar report would be prepared for each class of highway. Inclusion 
in the report of amounts that must be placed under agreement by certain dates lessens 
the possibility of inadvertent lapse of any part of an apportionment. Details regarding 
individual projects would be supplied in a supplementary schedule, either accompany­
ing the summarized form, or available on request, as preferred by the recipient of the 
report. 

Exhibit 9 (Appendix) is a small section of 23 pages of an actual state report listing 
status of Federal-aid appropriations by class of highway, county and project number. 
Highway management personnel who desired to know state-wide totals for each stage of 
Federal-aid as of February 28, 1965, could have found the separate totals of each of 
the above classee of highway on several pages of the original report, but these totals 
apparently were not brought together at any point. 

A condensed summary of the information contained in the original report is given 
in Exhibit 10 (Appendix), which brings together in one place the essential facts the ad­
ministrator needs to know. 

SUMMARY 

Each financial report to management should be specifically tailored to provide in the 
clearest possible manner the essential financial information needed by management for 
its specific purposes: decision-making, planning, or evaluating performance. 

Management personnel should not be expected to be able to detect all the significant 
elements and relationships in a financial statement with the same readiness that a fi­
nancial official would, any more than the latter would be expected to understand the 
intricacies of engineering design. 

Too many financial reports submitted to management obscure the significant data 
by cluttering the report with detail needed by the accounting department but not es­
sential to the recipient. 
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Exhibit 4 

X State Highway Commission 
General Fund 

Comparative Balance Sheets 
June 30, 1964 and 1965 

Increase-Decrease¾-
Assets 1965 1964 Amount Percent 

Current Assets: 
Cash with state treasurer $ 9,864,ooo $10, 069 , 000 $ 205,000* 2.0* 
Cash in bank and on hand 1,721,000 1,498, 000 223,000 14.9 
Receivables: 

Federal aid $ll,432,000 $9,671,000 $1,761,000 18.2 
Due from motor vehicle 

tax fund 1,659,000 1,207,000 452,000 37.4 
Due from other governmental 

units 794,ooo 
Other receivables (less esti-

814,ooo 20,000* 2.5* 

mated uncollectibles: 1965, 
$21,000; 1964, $19,000) 633,000 504 , 000 1292000 25.6 

Total Receivables $142518, 000 $122196, 000 $2,3222000 19.0 
Total Current Assets $26 21032000 $23, 763 ,000 $2 , 340,000 9.B 

Non-current Assets: 
Condemm1t.i nn nApnr.i t.G $ 9,R71tooo $ 9,065,000 * 806, 000 B,9 
Materials and supplies 3,765,000 4,001,000 236, 000II- 5-9* 
Prepaid expenses 612000 77 2000 16,bOOII- 20.B* 

Total Non-current Assets $13,697, 000 $13.2143 1000 $ 5542000 4.2 
Total Assets $39, 800,000 $362906,000 $2,894, 000 7.B 

Liabilities, Reserves and Fund Balance 

Liabili ties 
Vouchers payable $1,769,000 $ 2,066,000 $ 297 ,OOO* 14-4* 
Due to other governmental units 

and funds 1,869,000 955,ooo 914,ooo 95.7 
Contracts payable--retained 

percentage 2-,043.,-000 - - 1,808, 000- 235, 000 -- 13. 0 
Withholding truces payable 964,ooo 988,000 24 , 000·it 2. 4* 
Other liabilities 173,000 213, 000 40, 000* 18. 8* 

Total Liabilities $ 6, 818,000 $6,030,000 $ 788 , 000 13.1 

Reserves and Fund Balance 

Reserve for condemnation deposits $ 9,B71,000 $9,065,000 $ 806, 000 8.9 
Reserve f or inventory 01· rna"teri-

als and supplies 3,765,ooo 4,001,000 236,000* 5-9* 
Reserve for encumbrances 15,691 ,000 16, 703 , 000 1, 012 ,000II- 6.1* 

Total Reserves $29 2327~000 $29,769,000 $ 442, 000A- 1.5* 
Fund Balance $3,655,000 $1, 107, 000 $2, 548, 000 230.1 

Total Liabilities, Reserves 
and Fund Balance $39,800,000 $36, 906, 000 $2, 894, 000 7.8 



Exhibit 4 (continued) 

Example of narrative comment: 

1. The general fund had, at the end of each year, enough cash to pay 
all of its liabilities. 

2. Year-end inventory of materials and supplies declined during 196.5. 
This shows the results of the inventory control plan for reducing 
loss from obsolescence and for minimizing investments in supplies 
and materials. 

3. Total liabilities were more than three-fourths of a million dol­
lars greater at the end of 196.5 than they were a year earlier, 
even though cash greatly exceeded the total of liabilities. 

4. The fund balance increased during fiscal 196.5, indicating that 
not all available funds for the year were used. The fund more 
than "held its own" during 196.5. 

5. Receivables increased during the year to such an extent that an 
investigation for the reason seems in order. (Of all balance sheet 
items, receivables is probably the one most in need of being ana­
lyzed in a supporting schedule. The analysis should,above all, 
show the ages of receivables and indicate known reasons for delay 
in collection.) 

6. Money held by county courts in connection with condemnation pro­
ceedings, and drawing no interest, increased by a sizable amount. 

7. Although free assets, as represented by the fund balance, increased 
by a large percentage, neither of the amounts carried over to the 
following year was excessive. 

19 
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X State Highway Commission 
Equipment Operating Fund 

Comparative Operat i ng Statements 
Fiscal Years Ended June 30, 1964 and 1965 

Exhibit 5 

Increase-Decrease* 
Amount Percent 

Revenues: 
1965 

$4, 017, 340 
566,181 

1964 

$3, 887, 676 
540, 921 

Equiµnent rentals 
Miscellaneous income 

Total Revenues 
Direct Costs: 

Direct labor 
Supervision 
Parts and supplies used 
Fuels and lubricants 
Heat, light and power 
Depreciation of equipment 
Miscellaneous direct costs 

Total Direct Costs 
Excess of Revenues over Direct Costs 
Indirect Costs: 

Administrative salaries 
Depreciation buildings 
Office expense 
Miscellaneous expense 

'l'otal Indirect Costs 
Excess of Revenues over Total Costs 

$4, 583, 521 

$ 652,950 
44,003 

701,718 
982, 823 

21, 666 
2,059,718 

11,418 
$4, 474 , 296 
$ 109, 225 

$ 63,043 
17,332 
3,407 
1,539 

:II 85,321 
$ 23, 904 

$4. 428, 597 

$ 633, 004 
43,218 

695,030 
976,001 

22,734 
1 , 915, 836 

19, 805 
$4 , 305, 628 
$ 122, 969 

$ 61, 071 
17, 332 

!~, 522 
8,392 

$ 91, 317 
$ 31, 652 

$129, 664 3.3 
25, 260 4.7 

$154, 924 3.5 

$19,946 3.2 
785 1.B 

6,688 1.0 
6,822 .7 
1,068* 4.7* 

143,882 7.5 
61387* 42.3* 

$168, 668 3,9 
$ 13,744* 11.2* 

$ 1,972 3.2 

1, 115* 24.7* 
6,853* 81.7* 

$ 5, 996* 6.6il' 
$ 7, 748* 24.5* 

As was stated to be true of a warehouse fund operating statement, such 
a statement of an equipment fund serves as an indicator of trends and con­
ditions, but management must decide by use of supplementary schedules and 
other data, what were the causes and what action, if any, is called for. 

Was the increase in rentals due to greater usage, higher rates, or some 
combination of the two? Is enough being spent on supervision or would a 
larger outlay for this cost bring about a reduction in other costs? Are 
accurate records being kept to show the "down" time of each major piece of 
equipment, to the end of determining the cause ahd suggestei:l remedy? Is 
.max:iJnum value being obtained from retired equipment or is some of it dis­
posed of prematurely? Or, on the contrary, is some equipment being kept 
in service after physical or functional obsolescence has rendered it 
inefficient, in comparison with an available substitute? 

The operating statements which have been illust,rated above are not 
independent parts of the reporting structure of stat e highway departments 
but relate closely to the balance sheet, statement oi" cash receipts and 
disbursemep.ts, and statement of changes in fund balance which are prepared 
for working capital funds, to portray their total activity and financial 
,..nn,H+.-4nn. 



X State Highway Corranission 
Bonded Debt and Interest Group 

Exhibit 6 

Comparative Statements of General Bonded Debt and Interest 
June JO, 1964 and 1965 

(000 1 s omitted) 

21 

Amount Available and to be Provided 
for Payment of Bond Principal and 
Interest 

Increase-Decrease-ll-
1965 1964 Amount Percent 

Bond Principal: 
Amount in debt service fund 
Amount to be provided in future years 

Total Available and to Be Provided 
Bond Interest: 

Amount in debt service fund 
Amount to be provided in future years 

Total Available and to be Provided 
Total Available and to Be Provided for 

Payment of Bonds and Interest 

Bonds and Interest Payable in Future 
Years 

Bond Principal: 
Highway construction bonds 
Highway refunding bonds 

Total Bonds Payable in Future Years 
Interest: 

Highway construction bonds 
Highway refunding bonds 

Total Interest Payable in Future 
Years 

Total Bonds and Interest Payable in 
Future Years 

$ 53,027 
126,973 

$1802000 

$ 8,400 
9,500 

$17,900 

$197,900 

$100, 000, 
80, 000 

$180,000 

$ 12, 500 
5, 400 

$17, 900 

$197,900 

$ 5o,45o $ 2, 577 5.1 
159,550 32 , 577* 20.4* 

$210, 000 $30, 000* 14.3* 

$10,100 $ l ,700il- 16.8* 
13,275 3,775* 28.4* 

$ 23,375 $ 5, 475* 23.4* 

$233,375 $35, 475"* 15'.2* 

$110,000 $10, 000* 9-1* 
100,000 20, 000-II- 20.0* 

$210,000 $30,000 14-3* 

$15,125 $ 2, 625~t 17. 4* 
8,250 2, 85'0* 34.5* 

$ 23,375 $ 5, 475* 23 .4* 

$233 ,375 $35, 475* 15. 2* 

The following observations indicate the nature and purpose of the above statement: 

1 . Alt:1ough having the form of a balance sheet, it does not technically 
qualify as such. It is a summary including some information from a 
statement of debt service requirements and some from a balance sheet 
of a debt service fund which shows amounts and kinds of assets held 
for debt service requirements. This statement should be used in con­
junction with the other two statements mentioned. With no alteration 
of form it can be used to smnmarize the same ld.nd of information 
about a large number of bond issues. 

2. 

3, 

4. 

Amounts to be provided for payment of principal and interest are 
significant for long-range planning of a highway program because they 
reveal the amount of future revenue not available for construction 
and maintenance. 

Statements of this type are sometimes prepared without including 
any information about future interest requirements. This seems to 
detract somewhat from the value of the statement which, when both 
principal and interest are included, conveys a better idea of the 
total cost of highways built by means of debt financing. 

This statement is not a major item in the financial management of 
a state highway department. Its value derives from the fact that it 
smnmarizes in brief form a considerable amount of information about 
the department's long-term debt position and requirements. 
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Exhibit 8 

X State Highway Comnrl.ssion 
Federal Aid Primary Program Status as of July 6, 1965 

With Forecast of Unprogrammed Balance as of December 31, 1965 
(to nearest $1,000) 

Apportionment which must be under agreement prior to 6/30/66 

II II II II 

II II II II 

II II 

II 

11 6/30/67 

11 6/30/68 

$2,no,000 

5,124,000 

Apportionments (including 1966 apportionment) 

Less: Under agreement 

Balance Available for Agreement 

Less: Under P.S. & E, 

Unobligated Balance, July 6, 1965 

Less: Programs approved, Stage 2 

Unprogranmed Balance 

Less: Proposed programs, July 6-August 31, 1965 

Anticipated Unprogrammed Balance, August 31, 1965 

Anticipated 1967 Apportionment in September, 1965 

Estimated New Balance 

Less: Reserve for HPR-PR-1(3) and HPR-1(75) 

Estimated Unprogrammed Balance as of December 31, 1965 

$42,547,000 

37,423,000 

$ 5,124,000 

602,000 

$4,522,000 

2,500,000 

$ 2,022,000 

1,520,000 

$ 502,000 

3,100,000 

$3,602,000 

62,000 

$3,540, 000 

23 
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Cash Flow and Budgeting Using 
Network Scheduling 
BYRON 0. MARSHALL, JR. , Ernst and Ernst, Cleveland 
ANDREW T. STEPHANO, Civil Engineer, Pennsylvania Highway Department 

•PENNSYLVANIA'S Highway Department is, by many measures, a big business. It 
has 18, 000 employees, and a budget of $ 600 million including construction excP.P.rling 
$250 million annually. Current plans are to more than double annual construction ex­
penditures during the next few years. An undertaking of this size, especially if it is 
undergoing such an expansion, requires careful control through systems of the most 
modern design. · 

With the assistance of the accounting and management consulting firm of Ernst and 
Ernst, the Pennsylvania Highway Department has designed and is now completing in­
stallation of its new Network Scheduling System-Project ROADS. The Governor's ex­
panded road program and an increased need for new roads have brought about require­
ments for more exacting financial controls and budgets, careful scheduling and moni­
toring of engineering, and the best possible utilization of scarce highway engineers. 
Network Scheduling is therefore part of an integrated management information system 
which ties together project schedules, mechanized conlrul of right -of -way acquisition, 
current billing and concurrent audit, budgeting, accounting, and cash flow. The rela­
tionship of Network Scheduling to these other areas is discussed in the remainder of 
this paper. 

More specifically, it is the purpose of Network Scheduling to calculate the schedule 
of events for approximately 2, 000 major projects under design and construction. The 
techniques of the Critical Path Method (CPM) and PERT have been adapted for this cal­
culation. (It is assumed in the remainder of this paper that the reader has some famil­
iarity with the terminology of PERT and CPM.) The schedule of events for each project 
produces forecasts of six types of expenditures, as well as projections of forthcoming 
departmental workloads. This information, on a project-by-project basis and in sum­
mary form, is used by Department executives as the basis for the following. 

1. Planning. The Highway Commission provides a list of the road projects to be 
built during the next 6 years, together with priorities. It is necessary to arrange these 
projects into a plan or long-range schedule that either balances expenditures and rev­
enues or indicates necessary borrowings or revenue increases. Simultaneously, man­
power requirements for the plan must match the available manpower, by function and 
skill, or mismatches must be indicated. 

2. Monitoring. Once the long-range plan has been established, progress on each 
project must be monitored to indicate any variances from the plan, how serious these 
variances are, where they are occurring, and what corrective action must be taken. 

3. Budgeting. As a new fiscal vear iuuroaches. the schedule of expenditures as - - ,., - - , 

currently indicated for the new fiscal year becomes the basis for the budget. · These ex-
penditures are outside contractual costs, and are given for each project and in appro­
priate totals for engineering (location, preliminary and final design), rights-of-way, 
utilities relocation, and construction. 

4. Cash Flow. During the fiscal year, cash flow must be predicted on a month-to­
month basis, and any necessary short-term borrowings indicated. 

Paper sponsored by Committee on ~tote Highway Budgeting and presented at the 45th Annual Meeting. 
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There are actually two separate but interrelated systems. First, the Long-Range 
Network (Fig. 1) is used for long-range planning and scheduling, fiscal planning and 
budgeting, and long-range monitoring. This network covers from 4 to 8 yr and includes 
the phases of: (a) location studies, (b) preliminary design, (c) final design, (d) right­
of-way (acquisition during final design, but expenditures during and beyond construc­
tion)( (e) utilities relocation (work and expenditures both before and during construction), 
and f) construction (some expenditul'es afte.r the road is open to traffic). 

The completed Long-Range Network, as used on the computer, has a total of 66 ac­
tivities, nine of which are restraints or dummy activities. This standard network is 
used for all projects. The activities that do not apply to a particular project are elimi­
nated to adapt the network to that project. This network is used to calculate the dates 
of events that are the basis of the expenditure schedules. 

In the type o[ report produced from the Long-Range Network for the purpose of long­
range schedule monitoring (Fig. 2), activity numbers are given in the first three col­
umns, durations (here illustrative only) in calendar days in the fourth column, codes 
for sorting by work unit in the fifth column, and activity descriptions in the center of 
the report. Scheduled activity completion dates are shown next to the right. Actual 
completion dates are shown in the next column, and the result of CPM calculations, 
based on the actual activity completions, are given next. These are compared with 
the scheduled dates and the status, calendar days ahead or behind schedule, is given. 
At the far right, the CRIT symbol appears if the activity is on the critical path. The 
project shown here is partially through preliminary design, and has recently been re­
scheduled, so that there are no actual completion or status entries shown. Long-range 
reports are produced monthly, and summaries showing only the status of each project 
are produced for top management. 

The construction phase is for passive monitoring only, because the contractor has a 
contract with a fixed price and a completion time of so many working days. This por­
tion of the network is not intended to schedule or control the contractor's work. 

The second system, which will not be covered extensively here, consists of a more 
detailed network covering final design only. This phase is the more complex and re­
quires the most careful monitoring if the construction contract is to be let on schedule. 
The Final Design Network contains 100 activities, 20 of which are restraints or dum­
mies. Again, a standard network has been established that can be used for every project 
by eliminating inappropriate activities. This network has two primary functions. First, 
it is used to monitor the progress of projects and to maintain schedules. Second, the 
bulk of the work for the Department in the coming two or so years is concerned with 
projects in final design. Therefore, a good measure of the work facing an operating 
unit or bureau is obtained by separating from each project network the unit's activities, 
using the codes shown in column 5 of Figure 2. These are sorted in chronological 
order to provide the unit with a list of the tasks facing it over the next several years. 
This is the basis for consideration of imbalances in manpower. 

Reports similar to Figure 2 are obtained from the Final Design Network every two 
weeks. Summaries are also produced so that the status of about a thousand final design 
projects can be reviewed quickly, the status of the indicated letting date being the 
prime point of control. 

Establishing these networks is an extremely important part of designing the system. 
They must be truly representative of all the processes. Inasmuch as the remainder of 
the system depends on the network detail, they deserve very careful and detailed con­
sideration. These networks were assembled from extensive interviews with men in all 
agencies, bureaus and operating units. Each knew his own activities quite well, but did 
not necessarily know the details of previous or subsequent activities or the interrela­
tionships with other units. As in many PERT-CPM applications, developing these net­
works helped in many ways to clarify the operations of the Highway Department. Dur­
ing the network research and investigation phase, necessary decisions and policy 
changes were indicated, inconsistencies were revealed, and ways of improving the flow 
of plans were brought to light. The networks became a pictorial manual of operations, 
which was useful as a means for each person to see how his work fitted into the overall 
operation. It was proper that network development should be a large portion of the 
project. 
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In Pennsylvania, as in many states, a location study on a new road, for instance 16 
mi long, considers alternate locations and results in the specification of the corridor 
for the whole road. This length is generally divided into shorter pieces for preliminary 
design, which provides 200-ft/in. drawings (Fig. 3). Again, each preliminary design 
can result in two or more final design sections which are generally 2 to 5 mi long and 
which correspond to the construction sections. In the early stages of planning, the net­
work for preliminary design, final design, and construction is a composite of the net­
works for the several pieces of road in these phases. The network is later made into 
several separate ones for these sections as they are defined. 

In initiating a project, the operating unit for each activity estimates the activity's 
duration. Design consultants are asked for durations of design activities, the U.S. 
Bureau of Public Roads for their approval times, Central Office engineering for their 
reviews, and so on. Although individual estimates can vary in accuracy, it appears 
that the totals are quite adequate and that over- and under-estimates tend to balance one 
another. As historical data are gathered, they will be analyzed for bias in any of the 
estimates. 

Figure 3 shows the overall concept of estimaling future expenditures for each project. 
("Costs" and "expenditures" as used here mean the amounts paid for work done outsid~ 
the Highway Depal'tment, i. e. , for engineering, soils work, construction, right-of -way, 
etc.) It is necessary both to schedule the project and to obtain the estimated expendi­
tures in each category for future quarter-years, including: 

1. Scheduling the project phases, which involves both duration estimates and the 
CPM calculation; 

2. Estimating the total cost in each phase; and 
3. Spreading these costs to the quarter years in which they occur. 

This process leads not only to a long-range project schedule but also to the means 
of loading this schedule against the available funds and of budgeting and controlling ex­
penditures on both a long-range and short-range basis. 

CALCULATING EXPENDITURES FOR A PROJECT 

Expenditure rates for a project are related to the progress of work in each phase, 
and hence to points in the network. In many approaches to the problem of deriving 
costs from PERT-CPM networks, a cost is associated with each activity in the net­
work, and costs are accumulated as individual activities are completed. In dealing with 
one to two thousand highway projects, a more practical approach is to consider that 
costs will be incurred between two events in the network, and that they will follow some 
type of curve between these two events -and between the two points in· time they repre- · 
sent. The reason for this approach is that an activity will incur costs in one of three 
ways: 

1. If it is performed by the Highway Department personnel, the costs are part of 
those of the fixed engineering staff, and hence are period costs, not variable ones, and 
will be so budgeted. 

2. If the activity is performed outside the Department, but not under contract (such 
as BPR reviews) there is no direct cost applicable to the project or to the Department. 

3. The remaining activities are those done under contract (with design consultants, 
or construction contractors), under an agreement (with a public utility for relocation 
work) or under negotiation and legal process (right-of-way). In each of these cases, the 
expenditures are spread over a series of connected activities, and hence must begin 
aft.er a particular activity and end (or rea r.h a c:ertq in point) before the end of another 
activity, following some expenditure curve between. 

Data were gathered on the behavior of expenditures between beginning and ending 
points to be assured that individual deviations from a calculated expenditure curve 
would result in an error of less than one percent of the total quarter's expenditures, 
provided the curves are without serious bias. New records will permit even further 
refinements of the expenditure curves. 
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Figure 3. Typi ca I expenditure schedule. 
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EXPENDITURES 

TO DATE 
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0 

EVENT 125: 
(NOTICE TO PROCEED 
PRELIMINARY DES I GN) 

+ 30 DAYS 

% OF TIME EVENT 195, 
(PRELIMINARY DESIGN COMPLETE) 

+ 30 DAYS 

Figure 4. Expenditure curve, preliminary design. 

A typical expenditure curve is the one for Preliminary Design (Fig. 4). Expenditures 
begin 30 days after the Notice to Proceed to the design consultant (Event 125), they 
proceed linearly, and they are complete 30 days after Preliminary Design is complete 
(Event 195). Knowing the dates of these two events from the network and the total 
preliminary desigl'). costs, the expenditures by quarter year can be calculated. 
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Similarly, expenditures for location studies, final designs and utilities relocation 
are also nearly linear. 

Right-of-way presents a special problem since the bulk of acquisition payments oc­
curs over a relatively short time, and roughly 20 percent of the payments can be ex­
tended over as long as 6 years. Further, Pennsylvania has a new eminent domain law 
which will change the expenditure rate. This curve must remain as an estimate until 
more data are gathered on the effect of the new law. 

Construction costs are the most complex to calculate, primarily because of the con­
struction season. This seasonality is illustrated by the construction workdays shown 
in Figure 5, which is a composite of all 11 districts for a 3 -yr period. This seasonal 
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Figure 5. Seasonality of construction expenditures. 
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Figure 6. Construction expenditure curves. 



pattern differs very little from the northern to the southern parts of the state. Con­
tracts are written and work is completed in terms of work days, and it is necessary 
to convert the calendar time scale to a work time scale using the seasonal curves 
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(Fig. 5). Construction expenditures, now in terms of work days, are consistent in fol­
lowing the several different curves shown in Figure 6. These curves were developed 
by investigating the expenditure histories of 640 contracts. The shape of the expenditure 
curves was strongly dependent on the number of contract work days. The individual 
expenditure curves fell into three closely related groups, 0 to 80, 81 to 140, and over 
141 working days. Expenditures continue beyond the completion of construction because 
of billing and settlement delays, retainage of a certain portion of the fees, and other 
deferred financial settlements. 

In a typical expenditure projection for a project (Fig. 7), detailed costs are given 
for the three phases of engineering, right-of-way, utilities relocation, construction and 
a total in the right-hand column, all of which are used in the planning process. Bud­
geting and planning must be done by district and by system (FAI, FAP, 100% state, 
etc.). Summary reports, totaling expenditures of many projects are therefore pro­
vided by (a) system within district, (b) district (total of all systems), (c) system (total 
of all districts), and (ct) the total state. These summary reports have the same format 
as Figure 7. 

Although the basis of the Highway Department's planning is a 6-yr plan, provision 
is made for obtaining expenditures for 40 quarter years, i.e., 10 years, because ex­
penditures on projects starting within the next 6 years may appear in the tenth year, and 
it may be desirable to extend the planning horizon in the future. 

DEVELOPMENT OF LONG-RANGE PLAN 

The process of developing a long-range design and construction plan begins when 
the Department has (a) a number of projects partially through design or construction; 
(b) a list of projects-the Highway Commission's 6-yr plan-together with a priority 
on eac11 (some of these are new, some partially done); (c) a projection of the money 
available to cover construction, right-of-way, etc.; and (d) the availability of man­
power by type of skill and location. 

The problem resolves itself into arranging the new and existing projects into a sched­
ule that meets as nearly as possible the requirements of staying within available funds 
and manpower and of maintaining the order of priorities. The words "as nearly as pos­
sible" are necessary in stating this problem reasonably, because it is mathematically 
impossible to meet even two of the three conditions of exactly balancing expenditures 
with funding, balancing manpower exactly, and maintaining priorities among projects. 
This is a form of the "job shop scheduling" problem, which is the subject of numerous 
papers, especially in the literature on Operations Research (1). With Pennsylvania's 
2,000 projects to schedule, and some latitude in money, manpower and priority, it is 
very difficult to obtain satisfactory results from techniques such as RAMPS or RSPM 
at the present state of development (2). For the time being, the actual development of 
the schedule is a task to which to appiy "the flexibility and imagination that management 
personnel should possess and use." 

This task is not an easy one, but it is made much more tractable by having the sys­
tem under discussion here, a means of evaluating the results of any particular sched­
ule. The system, in this context, is a simulator. 

The process of forming a long-range schedule, then, consists of taking an appar­
ently reasonable schedule, examining the results, and proposing changes that will come 
closer to the desired goal. This process repeats until a satisfactory plan is obtained . 
This procedure has the elements of cut and try within it, but more importantly, it also 
has the elements of executive judgment, experience and skill. In the next few years as 
experience is gained and the logic of the process becomes more clearly defined, it may 
be possible to mechanize more and more of the planning procedure. 

BUDGETING 

Pennsylvania's fiscal year runs from July 1 to June 30, and it is a requirement of 
the legislature that a budget be presented by November 1 of the previous year. The 
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budget is assembled by Fiscal Management from individual budgets submitted by each 
of the Districts and the Central Office operating units, bureaus, etc. New budgeting 
procedures require each district to be responsible for budgeting the maintenance, con­
struction and engineering for their roads. The cost spreads described previously are 
the basis for budgeting the last two of these items. 

On September 1, the projected costs by project are given to the districts and Central 
Office for budget estimates. County maintenance programs are developed and chan­
neled into the districts for consolidation. This information is all sent to the Bureau of 
Fiscal Management for checking and assembly into a total Highway Depar tment budget 
for submission to the Budge t Secretary (Fig. 8). After review and appr oval, the Budget 
Secretary and the Secretary of Highways present the budget to the Legislature for re­
view. The approved budget is then returned through channels to the Districts and Cen­
tral Office Bureaus. 

In the future, the computer will have both project budget information and data on 
manpower standards, costs, etc. Actual expenditures for payroll, invoices, and ma­
terial usage reports will be put into the system and compared with budget and standards 
to produce a very important control document, the Project Cost Report (Fig. 9). In 
this illustration a construction project in District 1 was budgeted at $48,000. Cost-to­
date is $44,000, the difference of $4,000 showing as cost under budget in the second 
column from the right. However, the work performed has earned $ 42, 000 at standard. 
This shows as a $2,000 cost over standard in the right-hand column. This is an im­
portant control point: the project appears to be under budget, but in reality is lagging 

C O. BUREAU 

PROPOSED 

CURREllT YEAP. 

CENTRAL OFF I CE 

BUREAUS 

BURE.AU OF 
FISCAL MANAGE~!ENT 

BUDGET 

S£CR[TARY 

STAT[ LEGISLATURE 

' -1 
i 
~ 
: 

- - - - -----. .. ..! 
DEPARTMENT OF HIGHWAYS 

A PP ROVED BUDGET 

Figure 8. Budgeting procedure. 
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COMPUTER 

PROJECT COST REPORT 
COST COST 

RESPONSIBLE PROJECT PROJECT TO EARNfO (OVER) UI-.DER 
ORi-AN I ZATION NIJMAER PHASE l'UOGCT DATE STANOi\RD BUDGET STANDARD 

DISTRICT I 763218 COflST $4B,000 $44,000 $42,000 54,000 ($2,000) 

Figure 9. Development of project cost report. 

behind. Only $4,000 remains in the budget, but $6,000 worth of work remains to be 
done. 

CASH CONTROL 

The procedure for projecting the month-end cash position of the Motor License 
Fund is to perform the following calculation for each month do.ring the coming 12 mo: 

Reference Calculation 

l Opening cash 
2 + Motor license fund receipts 
3 + Federal aid reimbursements 

4 = Total available cash 

5 - Other departments' cash 
receipts 

6 - Highway department -
noncontractua I expenses 

7 - Highway department 
contractual expenses 

8 = Closing cash 

aBased on 1964- 1965 fisca I year budget. 

Percent af Totala 

64 
36 

100 

9 

32 

59 

100 

Monthly Projection By 

Previous month or actual 
Fiscal management 
Calculation using cost spreads 

Appropriate department 

Fiscal management 

Cost spread6 

This projection will be made each month, using the actual opening cash figure and 
the most current estimate for the remaining items. Further detail on the foregoing 
items is as follows: 
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1. The first opening cash entry is an actual figure, and the subsequent figures are 
the closing cash figures from the previous month. 

2. Motor license fund receipts, exclusive of federal-aid reimbursements, can be 
fairly accurately projected by the means now employed by fiscal management. 

3. Federal-aid reimbursements are related to construction expenditures, and are 
therefore highly seasonal. They are projected on a project-by-project basis, using the 
cost spreads given previously and appropriate percentages based on system, and recog­
nizing the portions of some federal-aid road costs that are financed 100 percent by the 
state . This amounted to 36 percent of the total receipts in 1963-1964; it had been the 
most difficult item to project, and now has a firmer basis. 

4. The total of the foregoing three items. 
5. Other state departments which have substantial cash requirements on the motor 

license fund are the Treasury Department, the Department of Labor and Industry, the 
Department of Property and Supplies, the Department of Public Instruction, the De -
partment of Revenue, the Department of State, and the Pennsylvania State Police. Some 
of these requirements reflect services provided to the Highway Department, and their 
monthly cash requirements will be projected jointly by the two Departments. Others, 
especially the State Police, will provide the figures. 

6. Highway Department noncontractual expenses include all wages and salaries, 
materials, supplies, equipment, rents, capital expenditures and other cash items not 
covered in item 7. Most of these are period costs that are readily projectable by the 
Bureau of Fiscal Management. 

7. Highway Department contractual expenses are payments for construction, right­
of-way acquisition, utilities relocation and engineering, which are obtained by factoring 
the quarterly cost spread figures into monthly figures. This single item accounted for 
59 percent of motor license fund expenditures in 1964-1965, and can account for over 
70 percent in the peak months of October and November. 

8. The closing cash figure for this month becomes the opening cash figure for the 
next month. 

A fairly large share of the cash, both receipts and expenditures, results from the 
cost spread from Network Scheduling. Further, these were the most difficult items to 
project. They have now been put on a realistic basis tied directly to the Department 
work schedule. 

CONCLUSION 

The Network Scheduling System is an essential part of Pennsylvania's plan to build 
more and better roads, faster and at less cost. Specifically, the system will have a 
major role in providing the following advantages. 

1. Close control of project schedules, which will help to produce plans and roads 
on time. 

2. Increased engineering productivity which is necessary in the face of the expanded 
program. A productivity increase of 40 percent is projected and appears reasonable, 
due primarily to a firm plan and tight schedule, with every set of plans resulting in 
a road. 

3. Reductions in paperwork; each of twenty operating units reporting to Network 
Scheduling (Bu1,eau of Management Informa tion Systems) prepares an average of seven 
cards per day on which are reported activity completions and changes. These replace 
several regular reports and numerous special reports. 

4. Accurate and more timely budgets, built on the solid foundation of a firm engi­
neering and construction schedule. 

5. Accurate cash flow projections, also resulting from firm schedules. 

The Network Scheduling System requires five to six technical people for both opera­
tion and further systems design, and four hours per month of IBM 7040 computer time. 
A great deal of work has gone into making the system uncomplicated, efficient, and 
moderate in cost, given the fact that it controls a large, complicated enterprise. 
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Work Sampling Applications to Highway 
Personnel Management 
K. L. BERGSTRALH, Senior Associate, Roy Jorgensen and Associates 

•HIGHWAY agencies need reliable answers to the following questions with regard to 
staffing of highway and bridge design units: How many technicians should be employed 
per engineer? How many beginning level and intermediate technicians should be em­
ployed per advanced technician? Can staffing patterns be developed, in terms of per­
sonnel classifications, based on measured needs for engineers and technicians? 

The objective of this research undertaking was to develop a technique to provide 
answers to the foregoing questions. 

Research projects based on the technique described in this paper were completed 
by the Indiana State Highway Commission, the Virginia State Highway Department and the 
State Road Commission of West Virginia. The specific results of these projects are 
not reported in this paper. Composite and simulated data are used for illustrative pur­
poses. 

TECHNIQUE 

The technique developed in this research is based on work sampling. Any single 
observation of a person at work gives the observer a limited impression of the work 
normally performed by that person. Several observations made over a period of time 
give a more reliable impression of the work performed. The making of a statistically 
valid number of observations provides a statistically reliable indication of the work 
performed. 

The term "work sampling" is used to mean the making of observations of work per­
formed by the persons employed in a given organizational unit. These observations, 
when properly classified and tabulated, can be used to analyze the characteristics of 
the workload and the proportions of the workload attributable to each person or per­
sonnel classification. 

The principal steps involved in work sampling are (a) identifying and coding the work 
and auxiliary activities; (b) determining the number of work samples and the total sam­
pling period required for statistical validity (the sampling plan); and (c) conducting the 
sampling program. 

Work Activities 

The workload of any given design function requires the performance of a wide variety 
of tasks. Because the performance of these tasks contributes directly to the accom­
plishment of the workload, they are called "direct production tasks." 

Direct Production Tasks. -The conduct of a work sampling study requires identifica­
tion of each significant task performed. The way in which these tasks are identified is 
shown in Table 1. Any element of work that can be performed by one person, or by two 
or more persons working together, is shown as a direct production task. 

Auxiliary Activities. -Employees have need to perform certain personal tasks during 
working hours, such as making personal telephone calls, visiting with one another, and 
taking rests. 

Poper sponored by Committee on Highwoy Organizotion ond Administrotion and presented ot the 45th 
Annual Meeting. 
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Organization and direction of a large and complex workload necessarily involves 
other periods of time-loss, such as waiting for assignments, waiting for data, and 
waiting for decisions. 

41 

These activities, because they do not contribute to the accomplishment of the work­
load but are unavoidable in the employment of manpower, are called "auxiliary activ­
ities." 

The extent to which these auxiliary activities must be identified separately is depen­
dent on the objectives of each work sampling study. If one of the objectives, for ex­
ample, is measuring the time spent by the employee force in making personal telephone 
calls, this particular activity must be listed and coded. If the objective is limited to 
analysis of the workload characteristics, these activities not attributable to the work­
load can be grouped under one code, auxiliary activities. There is need to make record 
of these observation, if only to account for the observations made. 

Sampling Plan 

The sampling plan is based on: (a) the calendar period over which work sampling 
should take place, (b) the number of work samples required for satisfactory statistical 
validity, and (c) randomness in the taking of samples. 

Calendar Period. -Work sampling should take place over a period of weeks or months 
considered to be representative of the annual workload. Periods used in the studies on 
which this paper is based spanned 24, 30 and 35 working days. 

Sample Number. -Any person familiar with the science of statistics can calculate the 
number of samples (observations) that should be taken. The total number is based on: 
(a) the level of statistical validity desired, and (b) the frequency with which each vari­
able is expected to occur. 

Random Sampling. -Given the total number of days available for sampling and the 
total number of samples to be taken, tables of random numbers can be used to select the 
days and the times of day during which observations should be made. These days and 
times of day should be made known only to the observers. 

Sampling Program 

The conduct of a work sampling program consists of: (a) having observers make 
observations on the random days and at the random times of day selected, and (b) re­
cording those observations. 

Observers. -Persons selected as observers should be able to glance at an employee 
at any given time and identify the task then being performed. In bridge and road design 
organizations, advanced technicians are usually qualified to perform this function, sub­
ject to a trial run during which they can learn to identify unfamiliar tasks. 

One observer can make the rounds and take the samples for a 30- to 40-employee 
force, usually within a 10- to 12-min period. Another observer should be trained and 
prepared to make the observations on occasions when the first observer is absent or 
otherwise unavailable for this work. 

TABLE 2 

RECORDING OF WORK SAMPLING OBSERVATIONS 

Personnel Observation Number and Code 
Employee 

Class. 
1 2 3 4 5 6 7 

1 3 101 102 102 101 703 101 103 
2 6 403 507 509 302 606 403 403 
3 2 307 308 103 103 401 209 211 
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Recording. -Each observation should be recorded in code. Typical recordings are 
given in Table 2, where four items of data are recorded: (a) name of employee, (b) per­
sonnel classification of employee, (c) number of each observation, and (d) task or activ­
ity being performed by employee at time of observation. 

Each of these items of data is coded for machine sorting and tabulating. 

WORK SAMPLING PURPOSES 

The information obtained from work sampling can be applied to the solution of per­
sonnel classification problems as well as problems of staffing patterns. 

Personnel Classifications 

The tasks performed in a bridge or road design division range in difficulty from 
collating and stapling plan sheets to analyzing design data and developing design stand­
ards and policies. The knowledge, skills and abilities required to perform each of these 
tasks increase in proportion to the increased difficulty and importance of each succes­
sive task. 

Theory. -If the design tasks can, with satisfactory accuracy, be ranked in order of 
difficulty from the simplest to the most complex, and if the proportion of the total work­
load represented by each task can be determined, two possibilities exist: (a) the total 
workload can be divided into groups of tasks and a personnel classification can be created 
to represent each task group, and (b) the recruiting, training and management of man­
power can be guided by these divisions of the workload. 

Data Analysis .. -The design tasks indicated in Table 1 were arranged in order of 
the relative difficulty of performance of each task, by a committee of design engineers 
and technicians. 

20 -
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Figure l. Distribution of direct production tasks;percentageoftotal workload represented by e~ch task; 
typical bridge design division. 



T
A

B
L

E
 

3 

D
IR

E
C

T
 

P
R

O
D

U
C

T
IO

N
 T

A
S

K
 G

R
O

U
P

S
 

B
A

S
E

D
 O

N
 S

IG
N

IF
IC

A
N

T
 D

IV
IS

IO
N

S
 

O
F

 
T

H
E

 
W

O
R

K
L

O
A

D
 

(T
y

p
ic

al
 O

nl
y)

 

T
A

S
K

 G
R

O
U

P
 1

 

11
1 

M
ai

n
ta

in
in

g
 b

id
 s

h
ee

t 
fi

le
 

10
7 

C
o

m
p

u
ti

n
g

 c
o

st
s 

b
y

 s
im

p
le

 f
o

rm
u

la
e 

10
9 

H
an

d
li

n
g

 f
il

es
, 

su
p

p
li

es
, 

eq
u

ip
m

en
t 

11
0 

M
ai

n
ta

in
in

g
 t

im
e
-a

c
ti

v
it

y
 r

e
c
o

rd
s 

T
A

S
K

 G
R

O
U

P
 2

 

21
4 

R
ev

ie
w

in
g

 c
o

n
su

lt
an

ts
' 

fe
e 

v
o

u
ch

er
s 

20
2 

D
ra

w
in

g
 s

im
p

le
 s

k
et

ch
es

, 
la

y
o

u
ts

, 
p

lo
ts

 
20

3 
T

ra
ci

n
g

, 
si

m
p

le
 

20
8 

C
al

cu
la

ti
n

g
 w

at
er

sh
ed

 a
re

a
s 

20
9 

S
ea

rc
h

in
g

 p
la

n
 f

il
es

 f
o

r 
d

at
a 

21
0 

Is
su

in
g

 p
ri

n
ts

 
21

1 
R

ec
o

rd
in

g
 b

ri
d

g
e 

d
at

a 

T
A

S
K

 G
R

O
U

P
 3

 

31
7 

P
ro

c
e
ss

in
g

 n
ew

 m
a
te

ri
a
l 

fo
r 

te
ch

n
ic

al
 f

il
e 

30
2 

D
ra

w
in

g
 s

im
p

le
 s

tr
u

c
tu

re
s 

30
3 

T
ra

ci
n

g
, 

in
te

rm
ed

ia
te

, 
co

m
p

o
si

ti
o

n
al

 
30

4 
D

es
ig

n
in

g
, 

g
eo

m
et

ri
c,

 
si

m
p

le
 

30
6 

C
al

cu
la

ti
n

g
 q

u
an

ti
ti

es
 f

ro
m

 p
la

n
s 

30
7 

M
ak

in
g

 c
o

st
 e

st
im

a
te

s,
 

p
re

li
m

in
a
ry

 
30

8 
C

o
ll

ec
ti

n
g

 h
y

d
ro

lo
g

ic
 d

at
a 

30
9 

S
tu

dy
in

g 
n

ew
 s

p
ec

if
ic

at
io

n
s 

31
2 

P
h

o
to

-c
o

m
p

o
si

ti
o

n
in

g
 o

f 
d

et
ai

ls
 f

ro
m

 p
re

v
io

u
s 

d
es

ig
n

s 
31

3 
R

ev
ie

w
in

g
 s

it
u

at
io

n
 p

la
n

s 
31

5 
O

b
ta

in
in

g
 d

at
a 

fo
r 

sp
ec

ia
l 

st
u

d
ie

s 
31

6 
C

h
ec

k
in

g
 a

n
d

 f
o

ll
o

w
in

g
-u

p
 s

ta
tu

s 
of

 p
la

n
s 

T
A

S
K

 G
R

O
U

P
 4

 

46
4 

D
ra

w
in

g
 g

ra
p

h
s,

 
c
h

a
rt

s,
 

m
ap

s 
40

1 
D

es
ig

n
in

g
 s

im
p

le
 s

tr
u

c
tu

re
s 

40
2 

D
ra

w
in

g
, 

st
ru

c
tu

ra
l,

 
in

te
rm

ed
ia

te
 

40
3 

T
ra

ci
n

g
, 

co
m

p
le

x
 

40
4 

D
es

ig
n

in
g

, 
g

eo
m

et
ri

c,
 

in
te

rm
ed

ia
te

 
40

9 
A

n
sw

er
in

g
 i

n
fo

rm
at

io
n

al
 r

eq
u

es
ts

 
41

0 
A

tt
en

d
in

g
 t

ec
h

n
ic

al
 m

ee
ti

n
g

s 
41

2 
S

tu
dy

in
g 

p
ro

je
ct

 c
o

rr
es

p
o

n
d

en
ce

 
41

3 
M

ak
in

g
 f

ie
ld

 v
is

it
s 

to
 a

ss
is

t 
fi

el
d

 p
er

so
n

n
el

 
45

4 
M

ak
in

g
 p

re
li

m
in

a
ry

 l
ay

o
u

ts
 

T
A

S
K

 G
R

O
U

P
 5

 

51
6 

H
an

d
li

n
g

 t
ec

h
n

ic
al

 c
o

rr
es

p
o

n
d

en
ce

 
50

1 
D

es
ig

n
in

g
, 

in
te

rm
ed

ia
te

 s
tr

u
c
tu

re
s 

50
2 

D
ra

w
in

g
, 

st
ru

c
tu

ra
l,

 
co

m
p

le
x

 
50

4 
D

es
ig

n
in

g
, 

g
eo

m
et

ri
c,

 
co

m
p

le
x

 
50

5 
C

h
ec

k
in

g
 a

n
d

 a
p

p
ly

in
g

 c
o

m
p

u
te

r 
o

u
tp

u
t 

50
7 

M
ak

in
g

 c
o

st
 e

st
im

at
e 

st
u

d
ie

s 
50

8 
M

ak
in

g
 h

y
d

ra
u

li
cs

 s
tu

d
ie

s 
50

9 
In

st
ru

ct
in

g
 a

n
d

 t
ra

in
in

g
 p

er
so

n
n

el
 

51
2 

In
v

es
ti

g
at

in
g

 c
h

a
ra

c
te

ri
st

ic
s 

of
 m

a
te

ri
a
ls

 
51

4 
P

re
p

a
ri

n
g

 r
e
p

o
rt

s,
 

p
ro

ce
d

u
re

s,
 

in
st

ru
ct

io
n

s 
51

5 
E

st
ab

li
sh

in
g

 a
n

d
 m

ai
n

ta
in

in
g

 a
u

to
m

at
ic

 d
at

a 
p

ro
ce

ss
in

g
 s

y
st

e
m

s 

T
A

S
K

 G
R

O
U

P
 6

 

61
3 

S
u

p
er

v
is

in
g

 d
es

ig
n

 w
o

rk
 

60
1 

D
es

ig
n

in
g

, 
st

ru
c
tu

ra
l,

 
co

m
p

le
x

 
61

0 
R

ev
ie

w
in

g
 c

o
n

su
lt

an
ts

' 
p

la
n

s 
61

2 
A

n
al

y
zi

n
g

 a
n

d
 w

ri
ti

n
g

 s
p

ec
if

ic
at

io
n

s 

"" w 



44 

'tl 

"' 0 
,-I 
,-'<I 

'"' 0 
~ 

4-l 
0 

-1-l 
C: 
(1) 
u 

'"' ~ 

30 -

25 ->-

20 -~ 

15 -

10 -~ 

5 -

0 

,-I 
,-I 
,-I 

-:t 
,-I 

N 

Task Groups as Represented by the Highest and Most Difficult 
Task in Each Group 

rigure 2. Distd6ution of the total workload by direct production task groups; typical bridge design 
division. 

Figure 1 shows the percentage of a total bridge division workload represented by 
the direct production tasks given in Table 1. Tasks that individually represent less 
than 0. 2 percent of the total workload are included with the next higher task until 1. 5 
percent of the workload is represented. Task number 107 represents approximately 
0. 3 percent of the total workload. Task numbers 109, 203 and 303, respectively, re­
present 2. 1, 14. 3, and 9. 6 percent of the workload. 

Task Groups. -Using the task distribution shown in Figure 1, minor segments of the 
workload can be combined with major segments to form task groups. Such task groups, 
represenled by the highest and most difficult Lask in each group, are given in Table 3. 
(Tasks representing 0. 2 percent of the workload, or less, have been omitted from 
Fig. 1.) 

Figure 2 shows the distribution of the total bridge division workload by task groups. 
The proportion of the workload attributed to each task group is equal to the sum of the 
proportions attributed to each task within the group as shown in Figure 1. The task 
groups represented by the code numbers are those given in Table 3. 

Personnel Classification. -Each task group can be used as the basis for developing 
a personnel classification. In developing a classification series, allowance must be 
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made for a reasonable overlap between one classification and the next, but the work 
around which a classification is formed should be represented by the highest and most 
difficult task within each task group and by the significant direct-production tasks in 
each group. 

Division of the workload into task group segments, and utilization of the task group 
segments, with guidance concerning the significance of tasks from the work sampling 
results, permit the position classifier to reflect the workload characteristics in the 
classification plan. This reflection is based on reliable data. 

Staffing Patterns and Ratios 

In theory, the work performed in a large and complex organizational unit comparable 
to a design division in a state highway department can be so organized and assigned that: 
(a) engineers can consistently apply themselves to the solution of engineering problems, 
(b) advanced technicians can consistently apply themselves to advanced technician tasks, 
and (c) intermediate and beginning-level technicians can consistently apply themselves 
to intermediate and beginning-level technician work. In practice, there is need for 
flexibility in the assignment of work. 

This section of the paper is devoted to the use of work sampling data in the develop­
ment of staffing patterns. 

Data. -The distribution shown in Figure 2 indicates the following with regard to 
workload characteristics: 

1. Four percent of the workload is attributable to Task Group 1, and 17 percent to 
Task Group 2. 

2. Task Groups 3, 4, 5 and 6 account for 20, 22, 27 and 10 percent of the workload, 
respectively. 

Staffing. -An analysis of the manpower staffing needs on the basis of work sampling 
results is given in Table 4. The percentages of the workload performed by each task 
group have been converted to manpower ratios for each task group. The work attribut­
able to Task Group 6 (10 % of the total workload) has been used as the base. 

In Staffing Pattern One, for every person employed to pe rform work assigned to Task 
Group 6, three persons should be employed to perform work assigned to Task Group 5, 
and two persons, preferably one beginning-level engineer and one advanced technician, 
should be employed to perform work assigned to Task Group 4. 

On the basis of these ratios, five engineers and six technicians should be employed 
in a bridge design manpower unit, provided the workload is uniform from day to day 
with regard to proportion of work attributable to each task group. (The number of units 
required is dependent on the size of the total workload and the amount of work that can 
be produced by a manpower unit. ) 

According to Staffing Pattern Two, nine engineers and eleven technicians can be em­
ployed in a manpower unit in a bridge design division. 

Of the engineers, two should be employed in the highest classification, five should 
be employed in the intermediate classification, and two should be employed in the lowest 
classification. 

The technician distribution provides for three in the highest classification, and four, 
three and one in each of the successively lower classifications. 

The 20-man staffing pattern more accurately reflects the workload distribution than 
does the 11-man staffing pattern, as shown by the 2 percent deviation and the 7 percent 
deviation, respectively. 

Peak Engineering Time. -The analysis in Table 4 assumes that the workload is con­
sistent from day to day with regard to the percentage of work attributable to the engi­
neering level of employment. Should this not be the case, the number of engineers em­
ployed would have to be proportionate to the peak demand or delays which would occur 
in the performance of the engineering phases of the work. 

One study included an analysis of the peaks and valleys of demand for engineering 
time. This single study showed less than a 2-percent range in the time devoted by en­
gineers to engineering tasks as against technician tasks. 
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TABLE 4 

ANALYSIS OF MANPOWER STAFFING NEEDS FOR A DESIGN DIVISION IN TERMS OF WORK 
SAMPLING RESULTS 

Staffing Pattern One staffing Pattern Two 

Workload Cumulative Cumulative 

Task Group Distribution No. of 
Percent Deviation No. of 

Percent Deviation 
per Work of from of from 
Samplinga Persons Force Optimumb Persons Force Optimumb 

('.t) ('.t) (~) 

Task Group 6 10 
Engineer III 9 -1] 2 10 0 

Task Group 5 27 
Engineer II 3 27 -1] 5 25 -2 

Task Group 4 22 
Engineer I n 18 -5 ;} 25 +1 
Technician D 

Task Group 3 20 
Technician C 2 18 -7 4 20 +1 

Task Group 2 17 
Technician B 2 18 -6 3 15 -1 

Task Group 1 4 
Technician A 1 9 -1 1 5 0 

Total engineers 5 9 
Total technicians 6 11 
Total personnel 11 20 

aThe workload distribution to individual task groups con be modified by reforming task groups. 
bThe assumption is made that the deviation will be cumulative. In actual situations, persons in the higher classifications usually per­

form work in each of the lower task groups, causing the deviations to increase over those indicated. Also, any deviation from these 
overages toward temporary increases in the engineering workloads increases the need for engineers in proportion to technicians. 

This one study notwithstanding, the number of engineers indicated as required in 
Table 4 must be considered minimum. Any deviation from the average distribution of 
the workload into task groups must be considered a basis for employment of additional 
engineer8, Lhere being a need Lu 8LaII Lhe urgauiz.aLio11 Lo provide for a uear-peak de­
mand for engineering knowledge and skill. 

SUMMARY 

The objective of this paper was to set forth techniques, based on work sampling, that 
can be used to find answers to manpower management questions. Specific problems 
discussed concerned engineer-technician ratios, advanced technician-subordinate tech­
nician ratios, and personnel classification and staffing pattern development. 

The following can be accomplished through work sampling and analysis techniques: 

1. The tasks that must be performed in the accomplishment of a given workload can 
be defined (the tasks and their relative level of difficulty can be determined readily and 
quite accurately by a small committee of engineers and technicians). 

2. The proportion of the. total workload represented by each task can be determined 
by work sampling. 

3. Given the proportions of the total workload represented by each task, and a work­
able method of task analysis, task groups can be formed to represent significant seg­
ments oI the total workload; each successive task group should require a higher level 
of knowledge, skills and abilities for performance than the next lower task group. 

4. The tasks within each task group, and the knowledge, skills and abilities required 
for their performance, can be used to create personnel classifications; these classifi­
cations will reflect the characteristics of the workload itself and the needs of the man­
power force for the accomplishment of that workload. 

5. The proportions of the workload attributable to each task group can be used to 
guide decision-making concerning the manpower force needed in each personnel classi­
fication, although staffing to meet above-average demands for knowledge and skill may 
be necessary. 
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The taking of work samples and the analysis of work sampling results are a relatively 
simple undertaking. The time required for a work sampling program is no greater than 
that required for a job audit program or a time-sheet analysis program; it is usually 
much less, and significantly more accurate. 



Investment Analysis by Computer Methods for the 
State Trunk Highway System in Wisconsin 

Part I: Methodology for Computing Remaining Investments 

ORRAN BAYCU, Chief of Planning Surveys, Planning and Research Division, 
Wisconsin State Highway Commission 

•THE MAIN purpose of a highway needs study is to determine the magnitude and costs 
of a program needed to overcome deficiencies in a particular highway system and at­
tain adequacy within a desired period of years. 

The so-called "investment analysis approach" establishes needs from the relation­
ship that exists between highway investments remaining in service and travel require­
ments (1). 

One of the major tasks in estimating needs using the investment analysis approach 
is the determination of investments remaining in service. Road life and cost records 
have been the general source of such computations. Difficulties, however, have been 
encountered in the past mainly because of the inadaptability of existing procedures to 
modern computer techniques. 

Outdated methods of record-keeping and analysis have prevented new developments 
in the field of road life and investment studies and have led to the belief that such studies 
are cumbersome and of little value to the highway administrators. 

It is believed that the first step towards the overall revival of road life and invest­
ment studies as a whole is the reevaluation of existing techniques fur Lheir proper i11-
corporation into new computer operations. 

This paper constitutes Part I of a two-part investment analysis for the State Trunk 
Highway System in Wisconsin, undertaken, for the first time, with computer methods. 

Part I of the analysis covers Lhe methodology developed for the automatic computa­
tion of remaining investments, and Part II, which is not included in this paper, com­
prises actual needs estimates using the investment analysis approach. 

The developed procedure given here is an introduction to the computer approach in 
estimating remaining costs in highways, and is intended to replace tedious computations 
now done manually. It is also hoped that this new technique will pave the way for further 
developments. 

Providing that records are properly organized and updated, remaining investments 
can be computed with this new method in a relatively short period of time and with a 
minimum of manpower. 

Using this new procedure, Wisconsin's backlog of more than twenty years in remain­
ing cost records for the State Trunk Highway System has been eliminated, and possi­
bilities have been created for the evaluation of highway needs on a 100% sample basis, 
which otherwise would have been impossible. 

OUTLINE OF METHOD 

The new method mainly calls for the following: 

1. Reorganization of construction and retirement data to include all construction 
cost items dealing with a specific project on a single constr11cti on c;i_rcl, and all pertinent 

Paper sponsored by Committee on Highway Costs and presented at the 45th Annual Meeting. 
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remaining costs after a retirement on a single retirement card. (The old procedure 
required the filling of separate construction and retirement cards for each cost item.) 

2. Automatic grouping of related construction and retirement cards into "road life 
units" which incorporate all original projects and their retirements, and all replace­
ment projects and their retirements, arranged in a chronological order between each 
construction and corresponding retirements. 

3. Machine computation of remaining costs using average salvage values based on 
the method of retirement. 

DETAILED PROCEDURE 1 

Reorganization of Old Records 

The following steps are taken in reorganizing old road life and cost records: 

1. Old records, including construction cards and primary2 retirement cards, are 
corrected and missing data completed as a preparation for their transfer to new Cards 
#8 and 9. (Appendix A shows layout of Cards #8 and 9.) 

2. Old construction and primary retirement data are then transferred to new con­
struction Cards #8 and retirement Cards 19. At this transfer stage: 

(a) All construction cost items dealing with a specific project are automatically 
computed on a single Card #8, grouped under five categories and expressed 
as follows: 

(1) Total 
(2) Surface & Base 
(3) Grading 
(4) Right-of-Way 
(5) Other3 

Construction Costs 

{in dollars) 
(as a percentage of the total) 
(as a percentage of the total) 
(as a percentage of the total) 
(as a percentage of the total) 

(b) A single retirement Card 19 is coded for each primary retirement of a 
specific project reported on a construction Card #8. 

Provision is made on each Card #9 to show the "remaining costs" after each 
retirement, grouped in a similar manner as for construction cards and ex­
pressed as follows: 

(1) Total 
(2) Surface & Base 
(3) Grading 
(4) Right-of-Way 
(5) Other3 

Remaining Costs 

(in dollars) 
(as a percentage of the construction total) 
(as a percentage of the construction total) 
(as a percentage of the construction total) 
(as a percentage of the construction total) 

The computation of these "remaining costs" is discussed later. 

Exception: Only total construction costs are reported for bridges and miscel­
laneous construction {"X'' or "Y" types), and total remaining costs 
for bridges ("X" types). 

1The details outlined in this chapter are worded for punched-card handling machines. Where tape­
oriented machines are used, certain operations given here can be simplified and some of the duplica­
tion in data on various cards can be eliminated. 

2A primary retirement is a direct retirement of a construction which generally involves the retirement 
of mileages and costs. 

31ncludes traffic services, landscape, detours, administration, engineering, and miscellaneous costs. 
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3. Construction Cards #8 and primary retirement Cards #9 are then organized to 
form "road life units and sub-units," which are obtained by grouping all cards pertain­
ing to the same improvement in a chronological order as follows: 

Road Life Unit H 

Sub-Unit #1: Originalimprovement "A" and its retirements 
Sub-Unit #2: First replacement of "A" and its retirements 
Sub-Unit #3: Second replacement of "A" and its retirements 

etc. 

Road Life Unit 11-2 

Sub-Unit #1: Original improvement "B" and its retirements 
Sub-Unit ,//,2: First replacement of "B" and its retirements 
Sub-Unit #3: Second replacement of "B" and its retirements 

etc. 

At this stage all construction and primary retirement cards are assigned "serial and 
sequence Nos." in order to keep them in this "road life unit and sub-unit" order perm­
am~nt.ly. Also, a::; a t.P.mporary measure, "secondary letters" are coded on matching 
construction and primary retirement cards so as to avoid further artificial breakdowns 
of units and enable the automatic computation of secondary retirement Cards #9, which 
is dicussed below. 

Automatic Cornputation of Secondary Retirements4 

The follo·vving method is used for the automatic ccmp1..!ta.tion o! secorrd;:1.ry5 re.ttre­
ment Cards #9, which do not exist in old records: 

1. (a) All construction Cards #8 and primary retirement Cards #9 are sorted in 
the following order: 

Sequence No. 
Serial No. 
County 

(cc 77-80) 
(cc 4-6) 
(cc 2-3) 

(reverse sort) 
(regular sort) 
(regular sort) 

(b) All construction cards are then matched with corresponding primary retire­
ment cards, Cards #8 followed by Cards #9 having identical total construc­
tion costs reported in cc 70-75 #8, and cc 23-28 #9. 

This operation should bring all "sub-units" within "road life units" in the reverse 
order, from latest to earliest years. The main reason is to deal with lengthier 
units, and possibly avoid the handling of small breakdowns throughout the com­
putation, if units were arranged in the regular ascending chronological order. 

2. Using cards as organized above: 

(a) Within each "road life unit" (same codes in cc 2-3 & 4-6 for County & Serial 
No.), and after each primary Card #9, secondary Cards #9 are automatically 
punched, which will have the following information: 

4 This section is intended to cover the automatic creation of secondary retirement Cards #9 for road­
ways (exc I. bridges), in cases where no such data exists (Wisconsin 1912- l 96 l records). Once the 
basic secondary retirement records are established, future secondary retirements can be handled manu­
ally, if so de~ired, and the procedures outlined here (incl. assignment of "secondary letters") are not 
needed. 

5 A secondary retirement is an indirect retirement of a construction, caused by a primary retirement of 
a superseding replacement construction. This type involves the retirement of costs only. 



(1) Transferred from each preceding primary Card #9, and as many 
times as there are preceding Cards #9, retirement values for: 

Length Retired 
Year Retired 
Reason for Retirement 
Method of Retirement 

(cc 42-45) 
(cc 46-47) 
(cc 48-49) 
(cc 50-51) 

51 

Note: Where the "length retired" is greater than the construction length, 
it is transferred from the corresponding Card #8, and equals the 
"length constructed" (cc 26-29 #8). 

(2) Transferred from each Card #8 in the succeeding "sub-units," and as 
many times as there are succeeding "sub-units," construction 
values for: 

County 
Serial No. 
Highway Syst. 
Highway No. 

(cc 2-3) 
(cc 4-6) 
(cc 7-8) 
(cc 9-11) 

Administ. Group 
Length 
Type Code 
Year Completed 
Total Cost 

(cc 12) 
(cc 13-16) 
(cc 17-20) 
(cc 21-22) 
(cc 23-28) 

The above transfers are made providing that each set of primary Cards #9 
and construction Cards #8, from which secondary retirement Cards #9 are 
computed, have the same "secondary letters" (cc 75 #9, cc 50-54 or cc 38-
41 #8). If these "secondary letters" are not matched, no secondary retire­
ment card is punched. (This is a temporary measure devised in order to 
avoid further artificial breakdown of units and expedite the computation 
procedure.) 

(b) Also at this stage, all established secondary retirement Cards #9 are 
punched with: 

Code "9" in cc 1, denoting Card Type ¥9 
Code "2" in cc 29, denoting a secondary Retirement Type 

(a primary retirement is coded "1" in this column) 

3. (a) After step 2, all retirement Cards ¥9 (primary and secondary) are sorted in 
the following order: 

Retirement Type 
Year Retired 
Total Cost (Constr.) 
Serial No. 
County 

(cc 29) 
(cc 46-47) 
(cc 23-28) 
(cc 4-6) 
(cc 2-3) 

(b) Then all secondary Cards 19 (code "2" in cc 29) are punched with a perma­
nent Sequenc'.l No. (cc 77-80) which will be equal to: 

(Preceding Card ¥9 Sequence No.) + 3 

4. (a) After step 3, all retirement Cards 4f9 (primary and secondary) are sorted 
in the order of: 

Sequence No. 
Serial No. 
County 

(cc 77-80) 
(cc 4-6) 
(cc 2-3) 

which will put them in the regular ascending chronological order by "road 
life units and sub-unit3." 



52 

(b) Within each "sub-unit" (same values in cc 23-28 for total construction cost) 
a Retirement Factor6 (cc 30-31) is computed and punched on each Card #9 
as follows: 

(1) For retirement Cards #9 (primary and secondary) not preceded by 
prior abandonments or transfers (codes "3" or "4" in cc 50): 

Retirement Factor = Length Retired (cc 42-45) 
Length Cons truct ed (cc 13-16) 

(2) For retirement Cards #9 (primary or secondary) preceded by prior 
abandonments or transfers (codes "3" or "4" in cc 50): 

Ret. Factor Length Retired (cc 42-45) 
Length Const. (cc 13-16) - Lengths Ret. (cc 42-45)7 

Note : If the denominator above is "zero," the retirement Card #9 should 
be disregarded entirely. If the retirement factor computed is 
more than 1. 00, it should be treated as 1. 00. 

General Notes for the Splitting of Cards. -In certain cases, corresponding con­
struction Cards #8 and primary retirement Cards #9, as they exist in the records, have 
to be split in order to make possible the automatic computation of secondary retirement 
curd• outlined above. Delow is a sketch showing the general procedure followed, as 
applied to cards organized in reverse, descending chronological order: 

Sketch of Location Remarks 

#8 ) 
_. _ __ _ _ _#2. _ _ __ _ ... ) No split necessary 

#8 ) 
.. - - - ~ - _{I']_ - - ~ - - ... ) 

No split necessary 

#8 
.. - - - - - _· 2. - - - - - .. 

No split necessary 

#8 

#8 No split necessary 
.... - - -

#8 ) 

- - - _#~ - - "" )\ 

~1 Split 
#8 into 

#8 r t his 
119 ) __,, _______ ,._ 

Split as shown8 

6 
A retirement factor is generally the ratio between the mileage retired and the mileage constructed, 
with the exception that if a portion of the original construction mileage has been previously aban­
doned or transferred out, the denominator in such cases is the mileage remaining after such abandon­
ment or t ronsfa r, rather than the original construction mileage . 

7
Cumulati ve total of a ll preceding Cords #9 (pri mary or secondary) with codes "3" or "4" in cc 50. 

8
Cards spl it into two equal port ions shou ld have at least $ 100 di fference in total construction costs, 
to avoid possible duplications in sorting. 
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Illustrative Example. -The following is an illustrative example for the automatic 
computation of secondary retirement Cards 19. 

The table and sketch below show hypothetical Cards f8 & 9 as organized in the regu­
lar sequence of "road life unit and sub-units," in an ascending chronological order: 

Total 
Card Canstr Year 

Subject Designa- Card Cost Com- Year Sequence 
tion 'fype ($100) lpleted Retired No. -

Construction A A 8 1000 1912 - 0010 
1st Pr.i mary Ret. of A APRl 9 1000 1912 1915 0030 
2nd Primary Ret.of A APR2 9 1000 1912 1950 0050 

Construction B B 8 1500 1913 - 0070 
1st Primary Ret.of B BPRl 9 1500 1913 1930 0090 

Constru~tion C C 8 600 1915 - 0110 
1/) 1st Primary Ret, of C CPRl 9 600 1915 1950 0130 •' ..... .., i::: 

8 ..... :::, Construction D D 800 1920 - 0150 i::: I 
:::, .0 1st Primary Ret.of D DPRl 9 800 1920 1930 0170 ::l 

ff) 

Construction E E 8 1200 1921 - 0190 
1st Primary Ret.of E EPRl 9 1200 1921 1950 021'.l 

Construction F F 8 2000 1930 - 0230 
1st Primary Ret.of F FPRl 9 2000 1930 1950 0250 

Construction G G 8 JOOO 1950 - 0270 

Card Secondary 
Desi~ation Letter9 Sketch of Location Miles 

A a 1.00 
APRl 0.60 
APR2 - o.4o 
B b 1.25 
BPRl 1.25 
C 0.60 
CPRl a 0.60 
D b 0.75 
DPRl 0.75 
E 1.10 
EPRl 1.10 
F 2.00 
FPRl b 2.00 
G 4,10 

1. After the reverse sort and matching of Cards 18 & 9, as explained in step 1 of 
the computation procedure, all cards are arranged in the following manner, in descend­
ing chronological order: 

9 No "secondary letter" is assigned to cards not involved in a secondary retirement. 
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Card 
Designation 

G 
F 
FPRl 
E 
EPRl 
D 
DPRl 
C 
CPRl 
B 
BPRl 
A 
APR2 
APRl 

Secondary 
Letter 

b 

b 

a 
b 

a 

Sequence 
No. 

0270 
0230 
0250 
0190 
0210 
0150 
0170 
0110 
0130 
0070 
0090 
0010 
0050 
0030 

2. In accordance with step 2a of the computation procedure, and starting with the 
fin,t primary n~tirAmAnt c.arc:I FPR.1, RAc.onc:lary rAtirAmAnt c.arc:ls are r.omputec:I and 
punched as follows: 

Carel~ /19 Cai·ds #IJ 
Card Referred to!f Referred to.Y 

Subject Desig- Desig- Secon, Desig- Secon. Remarks 
nation nation Letter nation Lettez 

Na ~o,..,....,,4 !l.,.,r r..o.,.,.t FPP.l b E Se~f"\nt1 .. 1 ott.~,,..c:: nn+, m!:lt.f""h~rl 
~...,- ....... ----...J --- -

1st Second.Ret,of D DSRl FPRl b D b Secondary 1 ettersmatched 
No Secondary Card FPRl b C Second.letters not matched 
1st Second,Ret.of B BSRl FPRl b B b Secondary lettersmatched 
No Secondary Card FPRl b A a Second.letters not matched 

II II II EPRl D b " II " " 
II II " EPRl C ,, II " II 

II II II EPRl B b II II " " 
II II II EPRl A a " II " " 
II II II DPRl C " " " II 

II II II DPRl B b II " II " 
II " II DPRl A a II II " II 

II " II CPRl a B b ,, II II " 
1st Second.Ret.of A ASRl CPRl a A a Secondary letters matched 

No Secondary Card BPRl A a Second.letters not matched -
II II II APR2 - ~o Card #8 following 
II II II APRl - No Card .#8 following 

1/ Codes for cc L2-51 transl"erred f rom p receding pri ma:ry Cards /19 
ii Codes for cc 2 ·28 'transferred from #6 

Card 
Desig-
nation 

ASRl 
BSRl 
DSRl 

S"""eedirur Cards 

Major Data Punched on Secondary Cards 19 

Construction Data 

Tot. Cost 

($1 00) Length Year 

1000 1. 00 1912 
1500 1. 25 1913 

800 0.75 1920 

Relirerne11l Dala 

Length 

0.60 
1. 25 
0.75 

Year 

1950 
1950 
1950 

10Length retired is reduced to match length constructed. 
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3. All retirement Cards #9 are then sorted as explained in step 3a of the computa­
tion procedure, which organizes them in the following order: 

Tot. Constr . 
Card Retirement Retirement Cost Sequence 

Designation Type Year 
($100) No. 

CPRl 1 1950 600 0130 
DPRl 1 1930 800 0170 
DSRl 2 1950 800 Blank 
APRl 1 1915 1000 0030 
APR2 1 1950 1000 0050 
ASRl 2 1950 1000 Blank 
EPRl 1 1950 1200 0210 
BPRl 1 1930 1500 0090 
BSRl 2 1950 1500 Blank 
FPRl 1 1950 2000 0250 

Then, proper Sequence Nos. for the secondary Cards #9 are computed as follows: 

For DSRl 
For ASRl 
For BSRl 

preceding Sequence No. + 3 
preceding Sequence No. + 3 
preceding Sequence No. + 3 

0170 + 3 
0050 + 3 
0090 + 3 

0173 
0053 
0093 

4. Finally, in accordance with step 4 of the computation procedure, all retirement 
Cards #, 9 are sorted in regular sequence by "sub-units" within the given "unit," in an 
ascending chronological order, and then the "retirement factor" for each card is com -
puted as follows: 

Card Se- Lenl'(th Retirement 
Desig- quence Con- Re- Computed 

nation No, structed tired 
Type Method !let i ren-en t Factor 

APRl 0030 1.00 0.60 1 Rec:mst. 0.60.;. 1.00 = 0.60 
APR2 0050 1.00 o.4o 1 Reconst. O.l~O .;. 1.00 = 0,40 
ASRl 0053 1.00 0.60 2 Resurf. 0.60.;. 1.00 = 0.60 

BPRl 0090 1.25 1.25 1 Aband, 1.25 + 1.25 = 1,00 
BSRl 0093 1. 25 1. 25 2 

,._ 
- 1.25 .;.(1.25-1.25)11 

CPRl 0130 0.60 0.60 1 Resurf. 0.60 0.60 = 1.00 

DPRl 0170 o. 75 0.75 1 Resurf. 0.75 0.75 = 1.00 
DSRl 0173 0.75 0,75 2 Resurf. o. 75 0.75 C LOO 

EPRl 021'.) 1.10 1.10 l Reconst. 1.10 1.10 = 1.00 

FPRl 0250 2.00 2.00 1 Resurf. 2.00 .;. 2.00 = 1.00 

11The denominator here being "zero," card BSRl should be entirely disregarded as a secondary retire­
ment card. 
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Au tomatic Computa ti0n of Remaining Costs 

1. All construction Cards #8 and retirement Cards J/,9 (roadways and bridges) are 
sorted by order of: 

Sequence No. 
Serial No. 
County No. 

(cc 77-80) 
(cc 4-6) 
(cc 2-3) 

(This operation should group all construction and retirement cards within "road life 
units.") 

2. It should be made certain that the following have been properly coded: 

Construction Cards #8 Retirement Cards 19 

Card Card 
Subject Columns Subject Columns 

Length Constructed 26--29 Length Constructed 13-16 
Year Completed 57~58 Total Const. Cost ($100) 23 28 
Surf. & Base Cost % 61-63 Retirement Type 29 
Grading Cost % 64-65 Retirement Factor 30-31 
R. 0. W. Cost% 66-67 Length Retired 42-45 
Other Cost% 68-69 Year Retired 46-47 
Total Cost ($100) 70-75 Method of Retirement12 50-51 

3. Keeping all construction and retirement cards as organized in item 1 above, re­
maining cost values derived as follows are automatically computed and punched on re­
tirement cards: 

a) ROADWAYS: 

Remaining Cost % Retired Retirement Remainin' Cost (This Card) 
Co~L It.em Pr~c etliri~ Card From Factor (% ($100) 

! i,lB o r 9 Table App. B - i I ½ 

Surf.&Base % %) X [1- ( %) X ( 

Grading (%) %) X [1- ( %) X ( 

R.O. W. (%) %) X [1-( %) X ( 

Other 

Total 

(%) %) X [1-( %) I ( 

($100) (Corresponding Construction) 

1/ To be punched on Card #9 cc 52-54 
Y To be punched on Card #9 cc 55-56 
3/ To be punched on Card #9 cc 57-58 
4/ To be punched on Card #9 cc 59-60 
~Tobe punched on Card #9 cc 61-66 

($ 

! 
) ] = % 

, I 
=I 

) ] = % y 

)]- % 11 
) ] = % !±I 

) X %) .. $ 

Note: All construction and remaining costs given in percentages are 
expressed in terms of the total construction coat, 

J 

V 

12R.efer to Appendix B for average values used in rPtiring r.n5ts nnn vnrin11s mflthods of retirement. 



b) BRIDGF.S: 

Cost Item 

I 
Total ($100) 

Remaining 
Total Cost 

Preceding Card 
#8 or 9 

% Retired 
From 

Tablei\pp. B 

' ($ ) X [ 1- ( %) ] 

z/ To be punched on Card #9 cc 61-66 

Remaining Tot. Cost 
(This Card) 

($100 ) -,-
$ 
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The following is an illustrative example for a roadway dealing with construction ahd 
retirement cards grouped in one "unit": 

Card Year Year 
Item Subject ~ ComEleted Retired 

I 1 Original Constr, A 8 1941 

.., 
2 Primary Ret. of A 9 1941 1945' 

~ 
.g 

3 Secondary Ret, of A 9 1941 195'0 Cl) 

-+- -
(Caused by Item 5') 

.., -- - - - - -- - -- -
~ Replacement Constr, Al 8 1945' .., 4 

'E (Caused by Item 2) 
=, 
I .g 

5 Primary Ret. of Al 9 1945' 1950 Cl) 

--1--- - - --------- - - - - - - - - -
.., 

6 Replacement Constr, A2 8 195'0 ·a 
"9 (Ce.used by Item 5) 
.D (Still Living) 
~ 

Item Sketch or Location 

1 Original Construction A 10,00 Mi. Card #8 .. .. 
2 P.rimary Retirement of A 9,00 Mi. Gard #9 , .. .. 

I 
3 

I 
f ,.Secondary Retirement of A 8,00 Mi. 

11 
Card #9 I 

I 
I I 

I 

4 f ~Replacement Construe tton Al 9,00 hi. IP Gard #8 

I 

5 L ,. Pri ll!a!Z Retirement of Al 8 ,00 ~ti.• Gard #9 
i 
I 
I 

6 t,J!e:elacement Construction A2 8,00 Mi..., Card #8 
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Illustrative Example f3r Remainj n5 Costs Computation 

~ 
1 2 3 4 5 6 

(Card (Card (:::J. rd (Card (::: ard (Card 
t #8) #9) #9) #8) #9) .#8) 

ro 
+' 
<ti 
p 

i:: 
0 

•rl 
+' 
0 e 
+' 
rn 
i:: 
0 

0 

nl 

~ 
A 
+> 
i:: 
Q) 

s 
f 
~ 
si 

Vl~ 
~r:rl 
0 • ol 
f 
:j~ 

I~ 
~~ 

"' ID 
+> 
Ill 
0 
0 

! 
] 

,t 

Len~th 10, 00 10.00 10. 00 9. 00 9,00 .1.00 

Year 1941 1941 1941 19u5 1945 1950 

s. B. ~')St t JO - - 80 - 40 

Gr. Cost% 40 - - 15 - 50 

R,O,W, Cost% 10 - - 0 - 5 

Other Cost % 20 - - 5 - 5 

Total Cost ($100) 10,000 10,000 10,000 5,ooo 5,ooo n,ooo 

net, Ty-pe - 1 (Prlm,) 2(Sec,) - l(Prim.) -
Ret, Factor - 16:88-.o,9o 1~:g§-0.80 - ~:§§-.0.89 -
Length Ret. - 9,00 8,00 - 8,00 -
Year Ret. - 1%5 19~0 - 1950 -
Meth. Ret, - 01 (Reg.) 27 - 27 -
Surf, & B, - JO 100 - 100 -
Grading - 0 100 - 100 -
R,O,W, - 0 50 - 50 -
Other - 10 95 - 95 -
S, B, Cost Rem, % (30) 22 4 (80) 9 (40) 

Or,Col!lt Rem,% (40) 40 8 (15) 2 (50) 

R,O,W, Cost Rem,,: (10) 10 6 (0) 0 (5) 

Other Col!lt Rem, % (20) 18 4 (5) l (5) 

Tot, Col!lt Rem,(,100 ) (10,000) 9,000 2,200 (5,000) 600 (A,ooo) 

* Remaining ooete are separat ely computed for retirement oardl!I within each 
11 eub--unit11

, (Fi~ures in parentheses are not computed, but l!lhow the onee 
punched on oonl!ltruc ti on oards prior to retirements X Ref er to next paite for 
oomputatione), 
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Computation of Remaining Costs for Item 2: 

Remainin~ Cost 1, Retired Retirement Remainin~ Cost (Tlri s Card) 
Cost Item PTecec!:! n! Cara From Factor % (S!oo) 

i #8 ( Item 1) Table AlJp. B l J J 
Surf, & Base (%) (30%) X [ 1-(30%) X (0.90)] • 22% 

Grading(%) (40%) X [ 1- (0%) X (0, 90)] a 40% 

R,0.W. (%) (3..0%) X [ 1- (0%) X (0.90)]= 10% 

Other(%) ( 20%) X [1-(10%) X (0. 90)] • 18% 

Total (i1oo)(Corresponding Construction) ($10,000) X (90%) • 

Computation of Remaining Costs for Item 3: 

RemaininS Cost %Retired Retirement Remaining Cost (,This Card) 
Cost Item Precea:l:n13 Caro From Factor % (!!tooJ 

! /}~(Item ~~ Table App. B 

' ! l + i 
Surf & Base (%) ( 22%) X [ 1-(100%) X (0.80)] • 4% 

Grading (%) (40%) X [ 1-(100%) X (o. Bo)] - 8% 

R,O.W, (%) (10%) X [1-(50%) X (0.80)] • 6% 

Other(%) (18%) X [ 1-(95%) X (0.80)] • 4% 

Total (~100) (Corresponding Construction) (!tl0,000) X ( 22%) • $2,200 

Co!!!Putation of Remainins Costs for Item 5: 

Remaimng Cost j Retired Retirement Remaini~ Coat ( This Card) 
Cost Item Precedin~ Card From F~ctor ($100) 

l JS (Hem !iJ Table App. B ! i i • + 
Surf. & BaH (%) (80%) X [ 1-(100%) X (0.89)] • 9% 
Grading(%) (15%) x [ 1-(100%) X (0,89)] • 2% 

R.o.w. (%) (0%) X [ 1-(50%) X (0.89)] • 0% 

Other(%) (5%) X [ 1-(95%) X (0,89)] • 1% 
Total ($100)(Corresponding Construction) ($5,000) X (12%) • 8600 
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The following summarizes the results obtained for the illustrative example: 

Total Remaining Total Costs ($100,000) 
Year Constr. Jan. 1 of Each Year 

Item Project Const. ~ 1942 1943 191Ji l9h5 19L6 19L7 ]J4d 1949 1950 1951 

1-3 

4-5 

6 

($100,000) 

A 1941 10,0 10, 0 10.0 10.0 10,0 9.0 9.0 9.0 9.0 9.0 2,2 

A l 1945 5.0 5.o 5,0 5.0 5.0 5.o o.6 

A 2 1950 8. 0 s.o 
-- -- -- -- - - -- -- -- - - - -

Total for Unit 10.0 10.0 10,010.0 14.o lh.O 14.0 14.0 14.o 10.6 
-- - - -- -- -- -- -- -- -- --

Note: The computation is started at each construction Card 18 and followed 
through corresponding retirement Cards #9 . Underlined figures are 
obtained from Cards ¥8 & 9, and others are automatic repetitions of 
preceding values. 

4. Total remaining costs for any specific type of road or structure can be computed 
by machine utilizing all "units" involved within that specific type, and totaling by years 
remaining values obtained within each "unit." 

If an analysis is to be made for a particular cost item (surface & base, grading, 
R., o _ W ,; or nthPr) ; all eosts have lo l.Je eonverleu fruiu µen:eulages inlu dollars, within 
each "sub-unit," before the totaling of remaining values for that particular cost item. 
The table below shows this procedure dealing with grading costs applied to the illustra­
tive example given above: 

Existing Data on Cards #8 & 9: 

Item Project 

1-J A 

Year 
Const. 

Grading 
Cos t ,--

4- 5 A 1 

1941 

1945 

1950 

40 

15 

50 6 A 2 

Conversion Into Dollars: 

Year Gr ading 
Item Project Const, Cost 

-- (ltl00,000) 

1-3 

4-5 

6 

A 1941 4,0 

A l 1945 O. 75 

A 2 1950 4,0 

Total for Unit 

Remaining Grading Costs(%) 
,Jan. 1 of Each Year 

1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

15 15 15 15 15 

Remaining Gradin~ Costs ($1001000) 
Jan. I of ach Year 

2 

50 

1942 1943 1944 1945 1946 1947 1948 19"9 1950 1951 

4.o 4,o 4.o 4,o 4.o 4.o 4.o 4.o 4,0 o.8 

- 0,75 0~75 0,75 0,75 0,75 0.1 

4.0 

4.0 4,0 4,0 4,0 4,75 4,75 4,754,754.75 4,9 

CONCLUSIONS 

Wisconsin has reorganized its road life and cost records for the State Trunk Highway 
System in accordance with the new procedures outlined here and will be in a position to 
analyze needs from the standpoint of highway investments remaining in service, as soon 
as work now under way for computer programming is completed. 
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The following conclusions can be drawn, however, based on over two years' experi­
ence in dealing with the new techniques: 

1. The methods outlined in this paper have been proved satisfactory, and it is hoped 
that they will pave the way for the revival of road life and investment studies, abandoned 
by many states due to the high volume of manual work involved. 

2. The procedures given here are adaptable to regular electronic data processing 
machines (accounting type) as well as high-speed tape-oriented computers. 

3. The new techniques will eventually lead to the development of electronic com­
puter methods for the calculation of survivor curves (service and dollar life). 

4. With these new procedures, providing that road life and cost records are updated 
on a continuous basis, investment analyses can readily be made as often as needed by 
highway planners and administrators. 

5. Further research is required for the expansion of the general retirement table 
given in Appendix B, in order to meet the specific needs of various states and yield 
more accurate results. If such a system is developed, retired costs can be expressed 
as a percentage of individual cases rather than over-all averages. 

6. Further research is also needed in order to incorporate depreciation factors into 
the automatic computation of remaining investments as presented in this paper. 
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CODE SHEET - CARD #8 

ROAD LIFE STUDIES - CONSTRUCTION DATA 

Card Type No. rn Bridge No, I I I 
1 39- Ll 

County No. CD 
2-3 I 

I ~ I 
Project No, 

Serial No. I I L- 42-54 

Hwy. Syst. o=i Year Began (or Transferred) [TI 
7- 8 55-56 

Hwy. No Year Completed [I] 
9-11 57-58 

Latest Hwy. No. lit Kind of Improvt, ~ 12-

Adm, Group D Type of Work D 
15 60 

Log Mile From ~ .1 Surface & Base Cost (%) I I I 
1=-20 61- 63 

Log Mile To I -~ Grading Cost (%) [TI 
21-2= 64 -65 

Length (Miles) I ,I I R.o.w. Cost (%) [TI 
26-29 66- 67 

Undiv., Divided D Other Cost (%) [TI 
30 68-69 

Surface w. (ft.) or I I Total Cost ($100) 
Horiz. Cl. (ft. )(Br.) al I I al 

31-33 70 - 75 

Type Code I I I Nature of Costs D 
31.i-37 76 

Bridge No. Type D Sequence No. I I I 
38 77-80 

Remarkst cc so-Su and 38-ul are temporarily used for coding "secondary letters" 

(1912-1961 records) 

63 
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CODE SHEET - CARD #9 

ROAD LIFE STUDIES - RETIBEMENT DATA 

Card Type No. 

From Corresponding Card #8 

County No. 

Serial No, 

Hwy. System 

Hwy, No. (or La.test 
Hwy. No,) 

Adm. Group 

m 
1 

1 I 
L--6 

S9 
19_ti_ I 

g 
Length (Miles) I .1 1 

1)- 16 

Type Code I I I 

Year Completed 

Length Retired (Miles) 

Year Retired 

Reason for Retirement 

Method of Retirement 

Remaining Costs 

Surface & Base(%) 

Grading(%) 

R.o.w. (%) 

Total ($100) 

I .1 ~ 42-4 

I I 
52-sL 

~ 
CD 
57-58 

rr7 
~ 

Total Cost ($100 )! _ -~tl,..,,.....,,i .,......i_,j~ 
2)-28 

Replacement Construction (if any) 

Retirement 
Type Code 1 I I 

Retirement Type 67-70 

Retirement Factor Sequence No. (Repl. 
Card #8) 

I 1 7 
11-1L 

Log Mile From I .1 I 
)2-36 

Log Mile To Sequence No,(This Card) I I d 77-8 

Remarks1 oc 75 is temporarily used for coding "secondary letters" 

(1912-1961 records) 

(Columns 75-76 are reserved for future use) 



Appendix B 
TABLE -SH<liING 

AVERAGE RETIRED COSTS ACCORDING TO METHOD OF RETIREMENT 

Code 
Cost Retired % * 

Method of Retirement SU[f• Other 
(#9 cc50-51) 

Grad. R.o.w. 
Base 

ROADWAYS 

1. Resurfacing: 

[ 10 !/ 10 !/ O' ~/ 25 y 
Old wearing course not altered, 01-02 30 0 0 10 
new course added 60 y 10 -5./ 0 -5./ Sy 
Old wearing course scarified 01 

03-04 65 10 0 25 reworked, new course added 

2. Reconstruction (Sam~ Line & 
Grade): 

Old wearing course and base 
reworked and reused 11-12, 15-lE 70 20 0 35 

Old wearin~ course and base 
torn out, not reused 13-14,19-22 100 20 0 40 

3. Reconstruction (Same"Line, 
New Grade): 

Old wearing course .and base 
torn up and reused 23-24 75 75 0 70 

Old wearing course and base 
25-26 torn out, not reused 100 75 0 75 

4. Reconstruction (New Line & 
Grade): 

Old R.'),W, partially used, 
roadway rebuilt 27-28 100 100 50 95 

Old roadway abandoned or 
transferred 31-32,41-44 100 100 100 100 

5, No New Construction As 
Replacement: 

Old roadway abandoned or 
transferred 33, 45-46 100 100 100 100 

'BRIDGES 

1. Partial Rebuilding 51-53 - - - -
2, Replacement: 

Old structure salvaged and re-
61 - - - -used at new location 

Old structure demolished, 62-63 
abandoned or transferred 71, 81-82 - - - -

J. No New Construction as 
Replacement: 

Old structure demolished, 72-73 
abandoned or transferred 83-84 - - - -

Total 

-
-

-

-

-
-

-
-

-

so 

75 

100 

100 

1/ P.C. Concrete capped with new concrete or resurfaced with bituminous material. 
g/ Resurfacing of gravel an1 stone to similar cy-pe. 
• Percentages given here are within each cost item and reflect over-all estimated 

averages, excluding depreoiation. 
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LIST OF RETIREMENT CODES 
{Card #9 cc 50-51) 

Method of Retirement of Roadways 

1, Resurfacing: 
Old wearing course not altered and new 
wearing course added 
Jld wearing course scarified or partial­
ly reworked and new wearing course added. 

2. Reconstruction along same line and same 
grade which retires a single course 
road type (gravel, concrete, etc.): 

Old course -completely reworked and reused 
Old course torn out and not reused 

3, Reconstruction along same line and same 
grade which retires a multiple course 
road type (surface treated gravel, 
bituminous concrete on gravel or con­
crete, etc.) 

Old wearing course completely reworked 
and reused 
Old wearing course and oid base com­
plete~v reworked and reused 
Old Wt:H:1rlng cuurse torn out and not 
reused 
Old wearing course and old base torn 
out and not reused 

4. Reconstruction along same line but on new 
grades : 
Old wearing course and base (if any) 
torn up and reused 
Old wearing course and base (if any-) 
torn ant. 11nci not. reused 

S. Reconstruction along new line and new grades: 
01 ci ri eht--of- way partially used, but road­
way· completely rebuilt 
Old roadway abandoned 
Old roadway transferred to local road 
systems 
Interstate highway transferred to STH 
system, or vice-versa 

6. No new construction which can be considered 
as replacing the old roadway : 

Old roadway abandoned 
Old roadway transferred to local road 
Ryst.,.ms 
Interstate highway transferred to STH sys­
tem, or vice-versa 

(Replacement 
Same 

Major Type) 

01 

OJ 

11 
13 

lS 

l7 

19 

21 

2) 

2s 

27 
31 

41 

43 

Code 

33 

45 

46 

(Replacement 
Different 

Major Type) 

02 

04 

12 
14 

16 

18 

20 

22 

24 

26 

28 
32 

42 

44 



LIST OF RETIREMENT CODES (Cont'd) 
(Card #9 cc 50-51) 

Method of Retirement of Bridges 

1. Partially rebuilt: 
New superstructure 
New substructure 
Widened 

2. Replacement at same location: 
Old structure replaced but salvaged by removal 
to new location and reused 
Old structure demolished 

J. Replacement at new location: 
Old structure demolished 
Old structure abandoned 
Old structure transferred to local road systems 
Interstate bridge transferred to STH system, or 
vice-versa 

4. No new construction which can be considered as 
replacing the old structure: 

Old structure demolished 
Old structure abandoned 
Old structure transferred to local road systems 
Interstate bridge transferred to STH system, or 
vice-versa 

~rouping of "Method of Retirement" Codes: 

Roadways Codes in Col. 50 

Resurfacing 0 
RP-construction 1,2 
Abandonment 3 
Transfer 4 

Bridges 

Partial Rebuilding 5 
Replacement 6 
Abandonment 7 
Transfer 8 

Code 

51 
52 
53 

61 
62 

63 
71 
81 

82 

72 
73 
83 

84 
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