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PREFACE 

This report describes research done for the Iowa State Highway 

Commission on the optimum level of traffic weight - regulation enforcement . 

. The work was carried out during the spring of 1968 in preparation 

for submissions of budget requests to the 1968 session of the Iowa State Legi s ­

lature . 

The project was authorized by Mr . J . R. Coupal, Director of Highways , 

I owa State Highway Commission as Research Project HR- 138. It was designated as 

Project 3158- P by Midwest Research Inst i tute . The attached report constitutes 

the total written prou.uct of the work described therein . No other general 

reports were or are planned to be submitted. 

The success of the study was dependent on the close collaboration of 

many Highway Commission personnel, especially Messrs . Dennis Ehlert and Walte r 

Fisher, Director and Assistant Director of Traffic Weight Operations, Mr . Eugene 

Mills, Highway Planning Surveys Engineer, and Mr . Stephen Roberts, Research Enginee r. 

The weight- enforcement agencies of several other states furnished 

additional assistance. 

Within MRI the project was also the product of several people . Mr. 

Walter Benson provided the Senior management and review. Mr. Richard Cuthbert 

developed the overal l logic of the study. Mr . Andrew St . J ohn performed t he 

highway-damage study, a ma j or subsection of the project. Messrs. Marc Semanoff 

and Frank Witte did most of the detailed data analysis and computer programming. 

In addition, Mr. Semanoff in cooperation with Mr . William Park developed the cost 

model, another major subsection of the study. MRI's transpor~ation studies group 

also provided assistance concerning characteristics of the trucking industry . 
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I. SUMMARY 

A. The Problem 

The enforcement of traffic weight and size regulations involves 

both benefits and costs to Iowa. The problem considered in the following 

study was a determination of the level and method of enforcement that would 

yield the greatest net benefits to Iowa. In other words, the objective of 

the study was to determine the "optimUill11 level and method of traffic weight 

and size regulation enforcement for the state of Iowa. 

B. Method of Anal~sis 

The basic a~proach to the problem was to : (1) define the benefits 

and costs of Traffic Weight Operations (TWO); (2) calculate the benefits 

and costs from new levels and methods of TWO; and (3) pick the method 

and level of TWO that maximized the difference of benefits and costs. 

J n step 1, the benefits from TWO were defined as the sum of fines ---l 

and additional license fees collected, the value of the road damage avoided 

and the increased registration revenue. The costs from TWO were defined 

in terms of manpower, e~uipment, and materials utilized. 

In step 2, computer models were developed to permit calculation 

of benefits and costs for a wide variety of inspection methods and levels 

of effort. The models were based on factors such as apprehension probability, 

fraction of the truck population complying with the law, and the average 

loss to Iowa from road damage caused by overweight trucks. 
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In step 3, t he computer model s were applied t o a set of proposed 

enforcement methods and levels of effort. The best resulting level and 

method of enforcement were chosen as optimum. 

In addition to the above cost- effectiveness analysis (Steps 1-3), 

a series of side analyses were carried out to determine the feasibility 

as well as the ' effectiveness of various proposals. The methods used in 

these studies included: operational experiments, sampling of operational 

records, literature searches, surveys of other state TWO operations, visits 

to scale research projects, etc. 

c. Results and Recommendations 

The study has revealed that the Iowa State Highway Commission 

has progressively improved traffic weight operations by the addition of 

resources of 

to the point 

enforcement personnel and conventional weighting equipment 

where t percent of the t~uck§..._on_ Iowa's highways now 

co!!WlY wi~h sta~ we_ight and registration laws. In general further increases 

of this routine would result in increased compliance, but at a cost incom-

mensurate with the benefits. As traffic patterns shift with major improve-

ments in the primary road system, new scale sites may become necessary. 

Increased benefits from TWO can best be realized for the ~ear 

term by the application of newly developed management tools for the allocation 

of reinforcement resources. Technological improvements in weighing and 

surveillance equipment now under development offer promise of further improve-

ments for the long term. 

The conclus i ons and r ecommendations of t h.e study are in the following 

table: -

I-2 



H 
I 

(.N 

Area of Investigation 

Staff Level 

I 

I 
) 

Number of Fixed Scales 

Fixed 
Versus 
Roving 

Manpower Time 
Allocation of 

Day 

Scale 
Location 

SUMMARY OF MAJOR CONCLUSIONS AND RECOMMENDATIONS 

Conclusions Recommendations ard Comments 

Cost/Benefit analysis indicates that No staff changes are needed to 
the optimum staff l evel is 64 field attain desired level. 
traffic weight officers. 

The construction of a new scale site A detailed survey of prospective 
can be justified only when the long scale sites may justify some new 
run benefits are greater than construction. 
the annual operating cost and the 
construction cost. 

Some scale sites do not contribute Some low traffic count sites 
sufficient benefits to meet annual should be abandoned or put to 
oi:;e rati r,g costs . other uses . 

Average fine collected per operating Use of roving patrol should be 
hour for r oving patro l is greater increased. 
than for fixed site operation . 

The fraction of trucks in vio l ation Nighttime enforcement should be 
is significantly greater at night increased . 
than during the day. 

Some fixed scale sites are more Manpower should be allocated to 
effective at enforcement am the fixed scale sites in 
deterrence than oth er sites . proportion to contribut i on 

to the enforcement/deterrence 
effort. 

Report Refere, ces 

Staff level 
Section III -B- 1 
pp . /// -Sf 

Number of Scale Sites 
Sect ion III -B- 3 
pp . 

' 

Fraction of manpower devoted 
to fixed site operation versus 
roving patrol; Section III-B-4; 
DD, 

Manpower allocation by time of 
day; Section III-B-5; pp. 

Manpower all ocation by Scale 
Site; Section III-B-6; 
pp. 
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- - -
Area of Investigation 

Advanced Weighing 
Equipnent 

Administrative/ 
Legal Procedures 

- - - - - - - - - - - - - - -
SUMMARY OF MAJOR CONCWSIONS AND RECOMMENDATIONS ( Cou.: l uded) 

Concl usions Recommendations and Comments Report References 

State of the art of scale research Continue to operate conventional 
does not warrant whol esal e repl ace - scales. Iowa shoul d kee p abreast 
ment of current equipment. of deve l opments in sca le research. 

Use of Fl orida- type remote -weighing Iowa should conduct a feasibility 
equipment may permit operation of study to determine applicability. Use of Advanced Weighing Equipnent; 
two interstate scales by one crew. Feasibil ity has been proven in Section III-B- 7; 

Florida, but s i gnificant differences pp. 
in requirements of Iowa may exist. 

Use of Lee -type scale as a screening Iowa should test feasibility. 
device may make nighttime roving 

I 

patrol s feasib l e . 

RequireJrents for immediate trial De l ayed court appearances shoul d be 
pl aces an undue burden on enforce - adopted as standard procedure to 
ment manpower . el iminate escort of violators to 

court . 

Truck operators appear to use Enforcement schedul es should be 
their knowl edge of T. W. O. practices changed more frequently to prevent 

l.-j;ocedura l and Administrative and schedul es to avoid apprehens ion . viol ators from becoming famil iar JI, 
with them. Impl ementation woul d re - Changes; Secti on III-B- 8; 
quire a computer program for schedul- pp . 
ing or the addition of an admin i stra-
tive assistant, 

I ndivi dual efficiency of roving Roving patrol teams should receive 
,,, 

patrol varies by a factor of 20 uniform training . 
acco rding to experience and trai ning . 

A few compan i es may be committing A multipl e -viol ator ' s file should --~ 
a high percentage of Iowa's annual be computer -maintained and made 
viol ati ons. Current fi l es do not avail ab l e to cognizant judi cial 
give definite information on com - authorities . 
panies involved. 



II. INTRODUCTION 

A. Definition of Problem 

The problem under study was to determine the optimum level and 

method of enforcing traffic weight and size regulations in Iowa . Part of the 

study itself was to formulate definitions of terms like "optimum," "level" 

and "method of enforcing " as applied to traffic-weight operations, T.W.O. 

B. Overall Approach 

The basic approach of the study is described in the followirig steps : 

1 . Determine the benefits to Iowa from traffic -weight operations . 

2. Determine the costs to Iowa from traffic -weight operations. 

3 . Determine the optimum level and method of enforcement as the 

level and method of enforcement that produce a sa tisfactory relation between 

benefits and costs . Specifically, the level and method chosen was that whi ch 

maximized the difference between benefits and costs, i . e . , produced the 

greatest net gain to Iowa . 

C. Study Plan 

The relatively simple basic approach to the problem just outlined 

required a complex plan to implement. Figure l is a block diagram of t he 

study plan . 

t 
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Figure 1 - Research Plan for a Study of the Optimum Level of Enforcement 
of Iowa State Motor Vehicle Size and Weight Regulations 
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The early part of the study was carried out along three major 

parallel paths. The upper path of the diagram began with a literature search . 

Many sources , including several state governments, federal agencies , scal e 

manufacturers, and so on, were contacted . * Information was sought concer ning 

other studies done on traff ic w_eight operations, scal e performance and cost, • 

research on new methods of weighing , re l at i ve effect i veness of various enfor ce -

ment strategies, and economi c forces tending to cause violation of Overweight ~ 
regul ations . The information obtained from this search was not as compl ete a s 

might have been desired, but did provide some insight into the probl em (see 

pp . ). It a l so became quickly establ.i §.hed that the study being done wa s 

prob8:}?ly the fir st of its type . 

The next step was to gather data from the Iowa State Highway Commi s -

sion on the costs of carrying out enforcement operations : terms of the manpower 

and equipment used) salary rates, overhead costs) and equipment -purchase costs . 

Based on the cost information on current operations and the informa-

tion on new equipment, it was possible to formulate the cost of carrying out 

enforcement on varying levels of effort, using new equipment and methods . This 

formulation is called the II cost mode 1. 11 

Meanwhile information was gathered from Iowa sources concerning t ruck 

traffic in I owa, weight regulations) apprehensions , and fines col lected by 

* A l i st of sources contacted is at Appendi x 2 . 
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enforcement officers. These data were analyzed to provide a measure of success 

in enforcement efforts and a means of predicting the probable success of new 

enforcement efforts. This prediction method was formulated as an 11Apprehension 

Model." In addition,from the analysis of enforcement data and an examination of 

the literature on new equipment there was developed a list of "Candidate 

Sys terns," i.e., a group of new inspection methods considered worthy of further 

investigation. Finally, analysis of the apprehension history of the enforcement 

group provided information on the ability of enforcement to deter violations 

from occurring. This information was formulated as a "Deterrence Model" which 

would predict how overweight regulation violators would respond to changes in 

enforcement policy. 

A third major area of the study was to develop a method of measuring 

the benefits from enforcement operations. It was known from the outset that 

one major component of these benefits was the deterrence or prevention of uncom­

pensated road wear or damage by overweight trucks . It was also known that the 

evaluation of the magnitude of potential overweight damage would require an 

extensive substudy by itself . Hence, this part of the effort was begun early 

in the project. Further study of benefits from we igth enforcement indicated 

that the other major benefit besides damage prevention was the fines and regis-

tration fees collected from apprehended violators. It is possible that en­

forcement of the oversize laws prevents a safety hazard, but no data on this 

effect were found to be available. The damage -prevention and fine-collect ion 

benefits were formulated as a function of enforcement efficiency and deterrence 
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efficiency, so that the benefits from new inspection methods could be pre -

dieted. This formulation was called the 11 Benefi t Model. 11 

All the study effort discussed above allowed the study team to 

calculate the benefits and costs from the list of candidate inspection systems 

and thereby determine the optirrn.un level and type of enforcement. The cal cula­

tions were carried out with a computer program which is documented in Appendix 8. 

The program was also used to study the effect of data errors on the results of 

the project, and to locate near optimum but more readily implemented or feasib le 

alternatives. 

The results of the study are outlined below in the discussion of the 

final report format . 

D. Alternatives Examined 

Several alternative methods of enforcement were considered . A full 

list is included in Section III -A-7 of the report. The basic kinds of a lter­

natives open to the inspection force are: 

1. Reallocation of manpower in space or time; 

2. Use of new types of equipment; 

3. Hiring of more/fewer men; 

4 . Purchase of more scales; and 

5. Changes in administrative procedures, such as elimination of 

the practice of immediate arrest and trial of violators. 
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Although the fundamental method of analyzing all of these alternatives 

was in terms of their cost/effectivene'ss) as previously discussed) other methods 

were also used: 

1. Examination of technical feasibility of new equipment; 

2. Consideration of legal/political constraints on changes in 

administrative procedure; 

3 . Direct measurement of performance of various alternatives by 

operational experiment; and 

4. Statistical analysis of performance by sampling of operat ional 

records. 

Some alternative methods of inspection were dismissed because of 

technical or legal infeasibility and their detailed cost-effectiveness analysis 

was not made. 

Several of the results of procedures (3) and (4) are included in 

the report) along with results from the cost-effectiveness analysis. 

E . Scope and Limitations 

Generally speaking) the study accepted without question the legal) 

economic and polit i cal environment in which traffic-weight operations are 

carried out. For example ) there has been some controversy within transporta­

tion circles concerning the "fairest " way to a llocate highway expenses to 

various users suchas the general public and truckers. The study accepted the 

.. 
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current truck registration structure as reasonably reflecting economic realities. 

Similarly, the fine structure of the overweight regulations was accepted without 

further analysis. Such assumptions do not affect the validity of the results 

so much as their r ange of applicability. If the laws relating to fines are 

changed drastically, parts of the study may have to be revised to cover the 

new situation. 

=- /7"" The subject o. nforceffient itself has also been a matter of 

some controversy in Iowa. In the light of this fact, an attempt was made to 

make the analysis as clear-cut and well-defined as possible. The benefits 

attributed to T.W.O. activities were those that could be firmly identified 

and measured. Safety benefits and bridge-damage prevention were not included 

in the formal analysis, and the recommended scale of T.W.O. operations is ------..:..-....:.. __ ..-_________ ...... ~ -- ... __ -

slightly conservative as a consequence. - -
The va lidity of the analysis was not restricted adverse ly by lack 

of data . As might be expected, all the information necessary for the study 

was not readily at hand . However, sampling of operational records, operational 

experiments and other methods of gathering information satisfactorily filled 

the gaps. The report format described below will enable the reader to deter­

mine the source of each piece of data used in the analysis, so that he can 

verify its adequacy for himself. 

However, even complete data often have measurement and other errors 

that are extremely difficult to evaluate. The sensitivity of the conclusions 

of the study to such errors was examined, and forms an important part of the 

report. 
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F. ~~anization of the Report 

The report is organized for use by the Iowa State Highway Commission 

to aid in developing current and future budgetary requirements for traffic­

weight operat ions. 

The Summary gives MRI's concl usions and recommendations for the 

operation of traffic-weight enforcement for Fiscal Year 1969. 

The Body of the Report relates in detail the Results of the study 

and the Methodology for obtaining them. The recommendations made in the 

Summary cannot be properly understood and implemented without full understanding 

of these matters. 

Appendices to the report provide complete data on all of the study's 

technical inputs: computer programs) statistical information) bibliogr aphy, 

etc . Should ISHC personnel need to carry out a similar study for future budget 

requests, all the necessary materials are available. 
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III . BODY OF REPORT 

A. Methodology 

1. Cost Effect iveness Anal~sis 

Background and Assumptions: The basic ob jectives of t he project 

were to (1) find the opt i mum level of ove rweight regulation enforcement by 

using vari ous methods of enforcement; and (2) find ways of i mproving the 

effic i ency of such enforcement methods so that the net benef it to I owa 

would be as great as poss ible. 

The fulfillment of these ob j ectives r equires in turn: 

1. An acceptable clea r definiti on of what is meant by the tenns 

11 t · 11 11b f · t II d II t II l " d t t ff · · ht t · (m '· 0 ) op i mum, ene i, an cos as app i e o 1~ ic we i g opera i ons 1.~ . • • 

2. A means of measuring benefits and c osts of present and alter-

nat ive T.W . O. methods. 

Defi ni t i on of Tenns: Level of enforcement i s taken to mean the 

level of effort put into traffic we i ght operations as measured in tenns of 

manpowe r and equipment . If this level is too l ow, then violations wi ll 

increase, causing excess ive road wea r or other l osses to I owa. If the level 

is t oo high, then the c ost of enforcement may exceed the benefits to the 

state . The enforcement effort results in both benefits (fines c ollected and 

damage prevented) and costs (enforcement officer salari es, equipment costs ) . 

The O£tJmU1!1 level of enforcement for any given method of operation is that 

level resulting in a maximum i n the difference in benefits and costs. 

III-1 



Symbolically, the best level of enforcement, E , is one such that 

~(E) = B(E) - C(E) 

is maximum, where RN(E) is the net revenue or "profit," B(E) is the 

benefit or revenue, and C(E) is the c ost. RN , B , and C are all 

written as being dependent on E. The general situation can be depicted 

graphically as below: 

---B(E) 
$ 

C(E) 

RN(E) = B(E) - C(E) 

Optimum Leve 1. 

E (Level of enforcement) 

Both costs and benefits would probably increase with an expanded level of 

effort, but typically costs continue to rise rapidly while benefits tend 

to increase more slowly because of "diminishing return." For example, the 

initial e~vorcement effort may deter the maj ority of violators, so that most 

of the road-damage prevention possible is a~complished. The best or optimum 

level is the point shown where the distance between the two curves is the 

greatest, since this results in the maximu.m possible difference between costs 

and revenue. 
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Evaluation of Alternatives: Various alternative or candidate 

methods of carrying out weight regulation enforc ement may have different 

cost and benefit curves because of differing efficiencies. Hence, even if 

the optimum level for a given method is employed, it may not result in the 

maximum net benefit or revenue t o I owa because another alternative may be 

intrinsically more efficient. This c omparis on can be shown graphically as 

follows: 

1 

RN(E) 

\Alternative 2 

E (Level of enforcement) 

Alternative 2 is better because it results in g r eater net revenue at its 

optimum level. 

Alternatives cannot be compared fairly unless they are both at 

their best levels. In additi on, such c omparisons should be made only for 

alternatives that are feasible, regardless of their revenue and costs. 

Alternatives involving the use of equipment that is beyond the technical 

sophistication of enforcement officers!/ or of methods that unduly harass 

honest truckers can..~oi be justified in terms of revenue and cost. 

1./ E.g., oscillosc opes and laboratory-type electronic equipment. 
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Measuring Benefits and Costs: The above discussi on provided a 

l ogical framework f o r deciding on the optimum level and means of enforce­

ment given that we have measures of benefits and c osts. These measures are 

provided by what are called cost and benefit models, which are simply mathe­

matical relations predicting .the outc ome of enforcement efforts in terms of 

benefits obtained and costs expended. 

Figure 2 shows the structure of the c ost effectiveness analysis 

used in the study. The c ost and benefit models provide the net revenue, RN (E) , 

to be maximized for each alternative c onsidered. Legal, technical, and other 

practical c onstraints limit the choice of a~ternatives. The best alternative 

is both feasible, and provides the maximu..m net revenue. 

Details on the cost and benefit models are provided in subsequent 

sections of the methodol ogy. It is appropriate t o point out here, however, 

that "Models" of the apprehensi on effort, deterrent effects of apprehension, 

r oad damage due to violation, cost expended by appr ehension, and benefits 

obtained from enforcement are necessary b ecause we mu st predict what will hap­

pen under changes in hypothetical enforc ement policies. We need a model or 

simulation of reality with which t o try out experimental ideas. Experimenta­

tion with real inspection methods, personnel and equipment is usually not 

feasible, or at best, very expensive . Theoretical models c ombined with limited 

ope rational experimentation can often provide relatively quick insight into 

ways of improving even the most c omplex operations. 

J 
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Figure 2 - Overall Logic of The Cost Eff ectiveness Analysis of Weight Enforcement Methods 



2. Benefit Model 

Pur£OS~: The purpose of the benefit model is to provide a means 

of determining the benefits or return to I owa from the I owa State Highway 

Com..rnission ' s Traffic Weight Operations. 

Backg~ound and Assumptions: The state of I owa derives several 

benefi ts from its traffic-weight operations . First of all, there is the 

very tangible and easily measured benefit of the money collected in fines 

and increased registration fees from apprehended weight regulation violators . 

However, since the primary purpose of the enforcing effort is not to collect 

fines but rather to deter violations in the first place, the success of the 
' 

enforcement unit should be measured not only in terms of the money i t actually 

collects but also in texms of the money or other values it saves I owa by 

prevention or deterrence of violations . 

of weight regulations cause two kinds of l osses to I owa. \ 

registration violators withhold from the state their fair share of 

registration fees. Second, overwe i ght violators extract from I owa ' s roads 

a portion of their useful life that is unc ompensated by registration fees. 

Pr evention of such violations results in a real but difficult - to-measure 

L savings to Iowa. 

It is also very possible that overweight or oversize violations 

result in a safety hazard to the I owa motoring public . However, preliminary 

investigation indicated that no valid accident rate statistics were available 

which would allow evaluati on of the magnitude of this hazard. Hence, potential 

safety benefits were not included in the benefits attributed to Traffic Weight 
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Operations. Interpretation of the r esults from the benefit model should 

take this omissi on int o acc ount. 

Measurement of Benefits: In order t o quantify the benefits 

we need the f ollowing notation: 

Let 

the year. 

B = Yearly dollar benefit t o I owa from T.W.O. 

Be = Total fines and registration increases c ollected for the yea~ 

Bp = Total unc ompensated r oad wear and withheld fees prevented for 

Fvf = Fine per violating vehkle apprehended by a fixed site . 

Fvr = Fine per violating vehicle apprehended by a roving patrol. 

fvw = F raction of violators overweight. 

fvt = Fraction of violators conmitting registration violations. 

Lvw = Loss per violator due t o unc ompensated r oad wear . 

Lvt = Loss per violator due t o withheld registration fees. 

Pr = Probability of apprehending a violator during a single trip 

by a fixed site . 

Pr = Prob?bility of apprehending a vi olator during a single trip 

by a r oving patrol. 

T = Nu.~ber of trips per year in I owa by vehicles c overed by 

overwei ght regulations. 

V = Fraction of vehic l e trips made i n violation of one or more ..--
ove ;rwei&);Jt._ regulations . 
~ . 

Vu = Fraction of vehicle trips made in violation of one or more 

overwei~ht regulations if no T.W.O . existed. 
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The total benefit B is the sum of the fines and registration increases 

collected plus the unc ompensated r oa d wear an~ withheld fees that are prevented. 

Symbolically: 

B =Be+ Bp 

Be is given by t he f ollow ing expression : 

Be = TV [ PrFvf + P:rFvrj 

Bp is expressed as follows: 

BP = T(Vu - v) [rvwLvw + fv ,e,Lv,e,] 

Source of Values : The values used f or each tenn in the above 

equation, c"'me from a variety of sources. The sources f or T , Fvf and 

Fvr, fvw and fvi are discussed in Appendix 1, Tabs B, E, and C, respec­

tively. The values used f or Pr and Pr were obtained from the Apprehension 

Submodel discussed in Section 4 of the methodology, combined with some appre­

hension rate data used for calibration purposes as discussed in Appendix 1, 

Tab D. The values used for V were obtained from the Deterrence Submodel 

discussed in Section 5 of the methodology. The values for Lvw were obtained 

fr0m the Road Damage Submodel in Section 6 of the Methodol ogy. The values of 

Lvi for registration violators are discussed in Appendix 1, Tab J. 

Method and Sc o£e of Calculations: The benefit model or equation 

in combination with the various submodels supplying values t o it was coded 

in FORrRAN DT f or the IBM 360 c omputer. Documentation on the program is pro-

vided in Appendix 8 . The program was exercised using inputs describing various 
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alternative or candidate methods of carrying out T.W.O. ' s duties. The 

alternative methods considered are discussed in Section 7 of the Methodology. 

A sample output from the program is at Figure 6 in Section III-B-1, 

p. JI) .3°The various revenue categories shown there are based on the benefit 

equation. The actual fines or registration increa ses collected from appre­

hended violators are shown under t wo colu..rnn headings; one f or fixed sites and 

one f or r oving patrols. The c olumn marked REVENUE DAMAGE PREVEN shows the 

savings t o I owa from unc ompensated r oad wear prevented, and the c olumn marked 

REVENUE REGISTRATION shows the expected savings resulting from deterring 

failure t o pay full registrat i on fees. The figure marked NET REVENUE shows the 

difference of benefit and cost in dollars. The staff l evel at which this dif-

ference is maxi mu..m is best for this particular apprehens i on method . 

' 
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3. Cost Model 

Purpose: The purpose of the cost model is to provide a means of 

determining the expected capital outflow necessary to finance a given level 

of enforcement for the Iowa State Highway Commission Traffic Weight Operations. 

Background and Assumptions : The annual operating budget to be 

expected for T.W. O. is dependent on a given level of enforcement . For example, 

as more enforcement off i cers are employed to enforce the traffic we i ght regu­

lations , the total operat i ng cost or outflow of capital can be expected to 

increase . 

The rate at which the operat i ng cost changes depends mostly on 

variable c ost and to a lesser degree on incremental fixed costs . A vari able 

c ost is defined as those costs which change directly with the level of enforce­

ment . Direct salary expenses for a traffic weight officer compose the lar ge s t 

component of the variable cost . Other variable costs include travel costs , 

a port i on of the miscellaneous budget, and the employer I s share of empl oyee 

benef i ts . 

A fixed c ost, by defini tion, i s a c ost factor which rema i ns 

relatively constant over a range of operating levels. For example, the 

present administrative staff consists of eight persons: a Director of Traff ic , 

an · assistant director of traffic , two permit officers:, a mechani c, and three 

cl erks. 

If the enforcement level i s increased so would the vol ume of 

aQministrative duties. However, the aQminist1~t i ve staff should be able to 

ope rate effectively within a range of volumes. Above this range in work load, 
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which is a functi on of the enforc ement level, additional administrative staff 

would be required. The result would be an incremental increase t o the fixed 

c ost portion of the t otal operating cost. 

The administrative c osts f or the traffic director and his staff is 

a maj or percent age of the t otal fixed c ost. Some of the other fixed c osts 

are data processing, reproduction, electricity, heat, and water, janitorial 

supplies, office supplies and repairs. These c osts do not vary directly with 

changes t o the enf orcement level and are c onsidered fixed costs over a range . 
of manpower . 

The cost of depreciation for fixed-site operations -- scales, building 

structures, and other equipment -- is not included in the operating c ost model. 

As the value of equipment depreciates, it may be desirable to allocate capital 

t o replace this equipment. However, the optimll1!1 staff level is only affected 

by those operating c osts and revenues which change with the level of enforce­

ment. Because depreciation of equipment is not affected by the staff level, 

the depreciation cost is not included in the c ost model. 

Land, from _an ec onomic viewpoint, does not have an ec onomic life; f or 

this reas on, land values do not normally depreciate with time. Therefore, the 

ec onomic value of land is not affected by the enforcement level. Consequently, 

an annual c ost equivalent t o the purchase c ost for land is not included in the 

c ost model. 

In su..rnmary, the c ost model c onsists of tw o types of c osts, variable 

and fixed (s ee Figure 3). The direct salary costs f or traffic weight officers 
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and travel c osts are the maj or va riable c osts. The fixed costs are the 

administrative c osts and a portion of t he mi sc ellaneous budget. The cost 

of land and the depreciation of equipment is not affected by the enforce­

ment level; therefore, these costs are not included in the c ost model. 

Symbolically, the c ost model can be written in the f orm : 

C = CyS + CF 

where C is the annual operating budget f or Traffic We ight Operations, Cv 

is the average annual variable cost ass ociated with the effort of each enforce­

ment officer, S is the number of enforcement officers in the field, and CF 

is the fixed c ost ass ociated with the a~ministrative overhead required t o 

maintain and direct an enforc ement staff of size, S. 

The values used in the study f or the various fact ors of the cost · 

model are developed in Appendix 1, Tab K. 

,, 

, 
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4. AEJ2.rehension Submodel 

Pm·pose: The purpose of the apprehens ion submodel is to mathematically 

relate the probability of apprehending a weight-regulation violator with the 

level and efficiency of weight-enforcement operations. The equation represent­

ing this relation will be used to predict the increase in the apprehension 

probability resulting from increased expenditures on inspection activities. 

Background and Assumptions: The actual search for violators carried 

out by the weight-enforcement force is a complex process involving many factors. 

These factors include: the manpower available, the number and types of scales 

available, the total length of road network under surveillance, the length of 

the trips taken by violators, the concentration of traffic on various areas of 

road network, the efficiency of manpower utilization, and the ability of vio­

lators to detect and avoid inspection sites. The ability to apprehend violators 

as measured by the probability of apprehens ion would be increased by more man­

power, more traffic concentration, better manpower utilization, and so on. On 

the other hand, an increase in the length of road network to patrol or in the 

intelligence activities of the violators would decrease the apprehension prob-

ability. 

The overall approach taken to determine the mathematical relation 

between the apprehension probability and the various factors listed above was 

successive approximation and evaluation. The theoretical model was initially 

very simple, and was gradually incT'EE.Sed in compl exity until it provided an 

' 
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adequate representation of the known facts about Iowa's traffic weight opera-

tions. This method is best understood by following through the actual deriva-

tion of the various forms of the apprehension equation. 

Consider first a simple inspection activity in which there is only 

one inspection method--fixed scales: 

Single Inspection Method - Random Site Location: Let 

D = Days worked per week 

fs = Fraction of sites that can be manned at once 

H = Hours worked per day 

M1 = Length of road under surveillance in miles 

Mr= Trip length in miles 

N = Number of inspection sites 

P = Probability of being caught violating weight regulations 

P1 = Probability of being inspected at a site given that a 

violator passes itj i.e., the probability that the site is 

open 

P
0 

= Probability of being apprehended at any one site 

S = Total staff available for enforcement 

s = Size of crew for each site 

Consider the road under surveillance as one long stretch of length M1 

~ 
Site 

,-........... 
Site 

MI 
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Assume that the inspection sites are randomly located and open at random 

intervals, and that the person making the trip is starting from a random point, 

has no intelligence concerning the operation of the sites, and hence cannot 

deliberately avoid them. Then: the probability of being apprehended at any 

one site= the probability of going by the site times the probability the site 

is open, or 

po= (MT/Mr) fsPI 

but 

fs = [ (s/s )/N] (H/24) (D/7) 

= SHD/168sN 

i.e., the fraction of the sites that can be manned is the number that can be 

manned divided by the total number of sites. The number of sites that can be 

manned is the total staff available divided by the number of crewmen per site, 

reduced by the fractions of a day and week that are worked, e.g., 1/3 and 5/7, 

respectively. Thus: 

po= Mir SHDPr/168MrsN 

The probability of being apprehended at at least one of N sites is given by 

N 
P = 1 - (1-P) 

0 

which can be approximated ( for moderate P 
0

) as 

p = 1 -NP - e o -' ? 
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Hence : 

1----·- ·----·---- ________ N __ , 

P = 1 - [1 - (M,f3HDP1/168MrsN)] 

or approximatelyJ for moderate P0 J 

- (MTSHDPr/ 168Mrs) 
P = 1 - e 

This applies when f < 1 or 
I s 

' 

SHD/168sN < 1 

i.e. J 

l __ S < ( 168sN/HD) 

., 
I 

l 

Thus as long as the sites are not staff- saturatedJ ther e is no val ue 

in increasing N since it does not appear in the above formula* for P. When 

the sites are saturatedJ we have to increase S when we increase N in order 

to gain in P • 

For the saturated region: 

and so 

S = 168sN/HD 

f = 1 
s 

* Increasing the number of sites without adequate manpower to man them simply 
lowers the fraction of time any one site can be mannedJ canceling out any 
increase in P. 
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Therefore : 

po= (M,/Mr )PI 

or 

p = 1 - e- (M~MI )NPI 

Multiple Inspection Methods - Random Site Location: Suppose there 

are two or more methods of inspection, e . g . , fixed site operation and "roving " 

patrols- that differ in manpower allocation, working schedule , probabi l ity of 

inspecting and so on . An effort is normally made to keep the various teams 

from operating in the same geographic area, so that their chances of appre ­

hending a violator are additive , i . e .: 

p =pl + p2 + . . . + PN 

where P1,P2 , ... ,PN are the probabilities associated with each method . 

Currently, there are only two methods of apprehension, fixed sites 

and roving patrol s . Hence, we will refer to Pr and Pf, probabi l ity of 

apprehension by roving patrol and fixed site, respectively. Hence, 

p = pr + pf 

Effect of Nonrandom Site Location : Suppose that fixed sites or 

temporary "roving " patrol sites can be located in high traffic areas, i.e ., 
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we can make the probability of a scale being in a region the same as the 

probability that a trip will be made in the same region. Then the probability 

of a violator going by a site can be significantly increased over the random-

site derived value. We can evaluate the magnitude of this increase in the 

following fashion: 

Divide the total road length into K equal-length subregions . Let 

the probability that a trip will occur in the j th region be Ptj The prob-

ability of being caught by any one scale in the j th region = the probability 

that the scale will be placed in the region times the probability that the trip 

will take place in the region times the probability of going by the site and 

being inspected if both site and violator are in the region. 

Prob(being apprehended in j th' region) = Prob(scale in j th region ) x 

Prob(trip in j th region) x 

Prob(passing scale and being 
inspected )_ 

. c~PI) 2 P~(J) = (Ptj)(Ptj) Mr/K = K(Ptj) (M.r/Mr )Pr 

Since any one site can be in only one region, we can add the probabilities in 

all K regions to obtain the probability of apprehension by one scale: 

where 

K_ [ K 2] [ K 2] 
p~ = ~ P~(j) = K 1-· (Ptj ) (~/Mr )Pr = K -~ (Ptj ) po 

J=l J=l _ J=l 

P' 
0 

is the new nonrandom P
0

• For example, if we can divide the road 

net into two pieces and Ptl = 1 and Pt2 = O, then P~ = 2P0 , i.e., we 
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effectively cut the distance _to be searched by 2. If we divide the road net 

into two pieces with Pt
1 

= Pt
2 

= 0.5, then P~ = P
0

; that is, we gain nothing 

as would be expected. 

Effect of Violator Intelligence Activities: Up until this point we 

have assumed that the violators have had no knowledge of the activities of the 

inspection force. Based on initial discussions with T.W.O. personnel, MRI 

determined that the truckers do have information on scale l ocation and general 

scale-scheduling practices. It was decided that explicit modeling of the 

intelligence activities of the truckers was not feasible. The approach taken 

was to measure the actual apprehension probability achieved by the inspection 

force under current operating policies and under some reasonable alternative 

policies (for example, an increase in "roving patrol '' operations ). This pro?- · 

ability was used to calibrate the apprehension model. Effectively, this means 

rewriting the apprehension model in the form: 

p = 1 -K NP ' - e s o 

and solving the equation for K which is a constant reflecting the "leakage" 

of scale location and scheduling information to potential violators . In 

general, 0 <Ks< l; i.e., there is a degradation in apprehension . The details 

of these calculations are recorded in Appendix 1. 
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Summary : An equation has been developed which relates the prob ­

ability of apprehension of a violator to the scope of the inspection activity 

and to char.acteristics of potential violators . The effects of nearJ.y all 

known factors related to apprehension ar e modeled by their explicit appear ance 

in the probabi l ity of apprehension equation . Hawever , insufficient detailed • 

information exists on the methods used by truckers to acquire information on 

inspect i on activit i es and to thus avoid apprehension . The degradi ng effect of 

such methods on apprehension was measured indirectly and l umped into a con­

stant K in the apprehens i on equat ion. 
s 
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5. Dete rrence Submodel 

Pur£os~: The purpose of the deterrence submodel is t o provide 

a mathematical relation that will predict the vi ~,1ation behavitir of the 

trucking population in Lwa as changes are made in regulation-enforcement 

level and method. 

Backg r ounc:L_and Assu.rnl)t:i,ons: Preliminary investigation quickly 

indicated the general behavior that c ould be expected . The carrying of 

overly large l oads potentially results in an increased profit per run for 

almost any trucker. Y There are practical limitations on the size and · 

nu.rnber of the resulting v i olations: the design maximum l oad of the truck, 

the density of the material being carried, time schedules to be met, and s o 

on. As s oon as regulations are enforced, another fact or c omes into the picture : 

the chance of being apprehended and thus delayed and fined . If the probability 

of being apprehended is significant, the potent ial profits from violations 

bec ome l ess attractive due t o the risks . Even efforts at evading the law can 

be expensive because of the value of tLrne t o the trucker. Exactly who will 

violate the law and when in such circu.rnstances is very dj_fficult t o evaluate. 

In su.rnmary, we can generally expect that violati ons will drop off 

as enforcement is increased, but precise predictions depend on the development 

of statistical informati on in the fields of psychology and ec onomics unavailable 

at present. 

y Some of the ec onomic f orces operating in the trucking industry are 
di scussed in the sourc es indicated in Appendix 2, Bibliography. 
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A Proposed Method of Mea suring Deterrence: Since ec onomic analysis 

did not yield definitive data on deterrence, it was proposed that the effect 

might be observed indirectly by studying the apprehensi on rate'of actual 

traffic weight operations. For example, uifferent states invest widely 

differing amounts in weight-regulation enforcement and hence presu.mably 

achieve various levels of deterrence . Their operational records might shed 

s ome light on the problem. 

An inquiry was made to the Highway Commissi ons of every state 

c oncerning their weight - regulation enforcement . In general, they responded 

generously by providing operational records . However, examination of this 

information, although it yielded s ome useful insights into the problems of 

weight enforcement,Y did not provide useful data on deterrence. The adnunistra­

tive practices, laws, and ec onomics of the various states vary t oo much to 

allow measuring their deterrent effects on a com.man scale . 

The only reas onable alterna tive remaining was t o use the operational 

r ecords of I owa itself to provide data on deterrence. Examination of I owa 

rec ords revealed that over the last several years traffic-weight ope rations 

had greatly increased its probability of apprehending vehicles and hence 

achieved increased deterrence . This fact provides information that can form 

the basis of a deterrence model . 

Calculation of Deterrence From Apprehensi ons: Deterrence is measured 

by V, the fraction of trucks that travel in violation of overweight regulations. 

Assume that the truck traffic, T, and the probability of apprehension, P, 
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are constant. As the f raction of truck trips in violation increases, so 

will the number of app rehensions, A. This is expressed by the following 

relationship: 

A= TV P 

Hence, when the values f or T, A, and P are known, V can be determined; 

V is equal to: 

V=A/TP 

The number of apprehensi ons and traffic were taken f or each year from 1950 -

196 7 from ISHC records. The probability of apprehens i on was determined from 

the number of enf orcement personnel f or those years using the Apprehensi on 

Submodel . 

The details of these calculations are rec orded in Appendix 1, 

Tab C. Figure 4 grBphically depicts the deterrence model. The general shape 

of the curve is as expected: the fracti on of the truck population in violation, 

V, drops quickly as the probability of apprehension, P, increases. 

The data were necessarily extrapolated in the area of higher P's 

than the one obtained in 1967. The regi on shown on the graph at P = 0.05 

and ab ove was obtained by professional judgement of the Captains of the I owa's 

T .W.O . f orce who indicated that 15 to 20 percent of the current violators were 

in vi8lation by accident and would c ontinue t o be so independent of the prob-

ability of apprehensi on. A violator who does not know he is in violation can­
t 

not be deterred. Since the 1968 level of V was approximately 10 percent or 

0 .10, the value at P = 1 would be (0.15-)0.20) of 0.10 or 0.015 - 0.02. 
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6. Road-Damage Submodel 

An unapprehended overweight vehicle operating on a public road does 
I 

damage for :which incomplete compensation is made to the state. Th1s section 

presents a philosophy for defining the uncompensated damage (or c~st )J and 

also the general procedure used to calculate uncompensated costs. 

Philosophy of Definition: Road systems are designed to expedite the 

transport of goods and people with efficiency and safety . These systems serve 

a wide spectrum of users . The equitable apportionment of the system costs 

among users or other beneficiaries is a highly controversial matter. The 

problem of apportionment is complicated by expensive features which make the 

roadway suitable for use by the mixture of passenger and commercial vehicles. 

It is important to recognize that the present analysis is not con-

cerned with the subject of road-cost apportionment . Such apportionments may 

be guided by direct benefits, but will also be influenced by indirect benefits 

and policies. In Iowa, part of the ultimate apportiorunent lies in the schedule 

of vehicle -registration fees and fuel taxes . This leads to an important point 

of the philosophy used here. A vehicle operating within both maximum weight 

l imits and its own current registration limit is compensating for road use 

in a way that is acceptable to the state governing and regulatory bodies. 

When a vehicle weight exceeds maximum or registration limits, it is 

using the road in excess of the compensation returned to the state. In evaluat-

ing the excess, or uncompensated use, we will not establish credit for i ndirect 

benefits which may have been considered when the schedule of fees and taxes 
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' were devised. This still leaves the question; what feature (s) and associated 

roadway cost(s) are used by the increment of overweights ? A number of things 

are clearly not used up by the overweight. The right-of-way, a significant 

part of initial road cost, is not affected by the overweight , nor is the ex-

tensive grading to minimize grades and provide long sight distances. 

The item which is clearly used up by the overweight increment is the 

pavement. Some of the pavement life is used, and some additional increment of 

maintenance is probably incurred. Even here, if the vehicle is registered, it is 

legally entitled to use some of the pavement life and maintenance. The increment 

of use above the legal provision is uncompensated, and if evaluated in dollars, 

is an uncompensated cost to the state. The calculation of uncompensated pave-

ment costs is outlined below. 

Unquantified Considerations: A number of probabl\2 uncompensated costs 

arise from overweight-vehicle operations which cann·ot be quantified on the basis 

of currently available knowledge. 

Just as pavement structures have a useful life, so do the steel and 

concrete elements of bridges. Repeated loadings use up this life; increments 

of life-use increase with the load magnitudes . Current design practice is very 

conservative, and should lead to lives of several hundred years for the main 

steel elements.* The increments of life-use are so small that they often lie 

outside the range of direct test and engineering experience. This situation 

* "The Effects of Loadings on Bridge Life," by G.R. Cudney, Michigan Depart­
ment of State Highways, January 1968. 
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is partially refuted by other findings.*· The bridge research in the MSHO 

road tests showed that load distributions both dead (structure weight) and 

live could be significantly different than anticipated) so that some structural 

members loafed while others carried larger loads than anticipated. Also) in 

some few cases the dynamic effects from load motion were larger than is assumed . 
in design practice. The question of bridge life is further confounded by the 

use of older structures which may have been conservatively designed for traffic 

weights and volumes of earlier years . 

In summary) bridge life is shortened by overloads. It is) however) 

not possible to define this life-use and associated uncompensated cost by 

proven methods. This lack of definition arises largely from the incomplete 

state of knowledge about the actual loading and performance of bridge elements. 

Current investigations are attempting to clarify the situation so that economic 

and judicious design can replace possible over-conservatism. 

The overweight vehicle may over-use the road in the sense that it 

prevents timely use of the road by others . In calculations of traffic flow it 

is conventional to treat heavy commercial vehicles as though they were more 

than single passenger vehicles. The equivalent number of passenger vehicles 

depends on road grades and the like. When the commercial vehicle is above 

legal weight) its performance will be reduced) and it will ofer a higher im-

pedance to the traffic flow . The power available is just as important as the 

* "The MSHO Road Test)" Report 4) Bridge Research) HRB Special Report 61D. 
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weight; in fact, the most significant single measure of potential performance 

is the ratio of weight to net horsepower. A vehicle with un§ ersized or poorly 

tuned engine may offer greater tmpedance to traffic flow than the well-pro-

portioned and well-maintained overweight vehicle . 
---~--

'"' 
___ •Low-performance vehicles may increase the accident potential of the 

roadway . Like many accident - related considerations, statistical evidence is 

incomplete . However, it is certain that the presence of low-performance 

vehicles in a mixed traffic flow leads to maneuvers, conflicts, or "friction" 

(a term used by various investigators ) , and the evidence points to a connection 

between these situations and accident potential. Here again, overweight would 

tend to reduce performance and presumably augment the undesirable road sit~ 

L:ions . 

None of the considerations discussed here has been explicitly included 

in the calculations of uncompensated costs arising from overweight vehicle 

operation. Some of these considerations--e . g . , bridge life--might be evaluated 

and included. However, an extensive data-collection and analysis effort would 

be required. Because of the incomplete state of knowledge, these costly results 

would be highly controversial, and when combined with better defined data, 

would cast doubt on the value of the results. For these reasons the explicit · 

uncompensated costs used here have been restricted to the costs associated 

with pavement life and maintenance use. 
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Methodolbgy for Calculating Uncompensated P~vement Costs: A road 

pavement is a structure designed to carry certain numbers, types, and weights of 

axles during its useful life. Each axle which is imposed on the pavement uses 

some of the available life and apparently contributes to the cost of pavement 

maintenance. 

An axle may impose an over-legal load on the pavement because it 

exceeds the maximum permitted load, or because it exceeds proportionately the 

load for which the vehicle is registered. In either case, part of the pavement 

life and maintenance is used without compensation to the state. A dollar 

value can be assigned to the uncompensated use by employing the pavement 

cost and maintenance cost . This section of the report presents the methodology 

used in calculating average uncompensated pavement life and maintenance cost 

per violating vehicle mile. Major data items and distributions are identified. 

The individual items are treated in more detail in the appendices. 

The expression for average uncompensated cost per violating vehicle 

mile can be constructed to start with the smallest element, an axle travel­

ing over a pavement. The axle passage uses some part of the pavement life. 

It is conventional .and convenient to express this life-use in terms of 

t 
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..,, * r efer ence axle applicat i ons W . This equivalent number of reference axle rx 

applications depends on the axle configuration, the pavement , and the load. 

Wrx = Wrx(~onfig., pave ., load) 

If the l oad imposed is over a legal limit two measures of life use are 

associated with its passage. The legal, or compensated, life use is given by 

Wrx ( config ., pave. , legal load). 

And the actual life use is given by 

W (c onfig ., pave. , actual load). 
rx 

The difference is the uncompensated life use in equivalent r eference axle 

applications, 

Wru(c onfig . , pave . , Llegal' Lactual) 

= W (config . , pave ., actual load) rx 

- W (config . , pave. , legal load ) . rx 

Now consider a large number of vehicles, V, with violations in­
v 

valving weight. There will be an associated set of axles which are over 

** legal limits. Each of these axles can be indicated by its propert i e s of 

interest,which are configuration, legal we i ght , and actual weight. All 

axles of like configurati on , legal weight and actual weight can be grouped 

together. One number of axles in a gr oup is A. Thus , there is a sequence 

* The reference axle is a single axle of 18,000 lbs. 

** Not all axl es in these vehicles will be over appropriate legal limits. 
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of these numbers , ea.ch indicated by 

A(config., Llegal' Lactual). 

Each of these numbers can be divided by V to provide v· 

A(config., Llegal' Lactuai) 

vv 

which is the average number of such axles per violating vehicle. 

The average uncompensated life use per violating vehicle, W (pave .), ru 

can now be obtained for a specified pavement. This average is formed by a 

sum in which each axle group contributes a term. The sum is 

Wru(pave.) = L [A/vJ [wruJ 
config.,Llegal'Lactual 

where A= [A(config.,Llegal'Lactuai)]and Wru =[wru(config.,Llegal'Lactuai )] . 

The units of the results are equivalent reference axle applicat:LOns . 

The useful life of the pavement is calculated in equivalent 

reference axle app;tications, Wtr (pave .) . A ratio can be formed 

Wru( pave.) 

_wtr (pave.) 

which is the average uncompensated life fraction used per violating vehicle. 

Subsequent multipJication by C (pave.), the pavement cost per lane mile, 
p 

provides 

C (pave. )= C (pave .) p p 

Wru(pave .) 

Wtr ( pave. ) 

which is the average uncompensated pavement life cost per violating vehicle 

mile . The units are $/(violating vehicle mile ). 
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A parallel development is made for the uncompensated maintenance 

costs. The development and forms differ in two ways . First, the analytical 

forms for equivalent reference axle applications, W , differ from those used rx 

for life calculati ons . (The denominator Wrt (pave .) is unchanged since t he 

total life in r eference axle applications is required .) Second, maintenance 

costs are generally available as yearly costs so that C (pave .) is replaced 
p 

by Cmy (pave. ) · Y. Where Cmy( pave. ) = Yearly maintenance cost per lane mile 

Y = t he number of cal endar years of useful pavement l i f e . 

The pr oduct of these quantities i s , of course , the ma i ntenance cos t per lane 

mile during the pavement useful l ife . 

The average uncompensated pavement maintenance cost per v i olating 

vehic l e mile is then 

C (pave .) = C (pave .) · Y 
m my 

Wrmu (pave. ) 

Wtr ( pave .) 

where W is the average uncompensated maintenance use per violating vehicle . 
r mu 

The units of Wrmu are equi valent reference axle applications . 

As indi cated by the pave ., in parenthesis , the values C (pave .) and 
p 

C (pave .) are calculated f or, and apply t o a specific pavement structure . 
m 

When added they provi de for the specified pavement 

Cp+ (pave .) = C ( pave .) + C (pave .) m p m 

which is the average uncompensated cost , pavement life and maintenance , per 

violating vehicle mile . 

' 
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In order to obtain an average over a road system, it is necessary 

to sum, in proper proportion, uncompensated costs which are incurred by viola-

ting vehicles on all pavements in the road system. The emphasis to be given 

each pavement must account for the road miles of the pavement and the quantity 

of traffic which traverses those miles. The weight factors used here are 

M(pave. ) · W (pave. ) 
F(pave.) = tr 

~ [M(pave .) · Wtr(pave.)] 
pave. 

where M(pave.) = Miles of road in the analyzed system with specified pavement. 

Wtr(pave.) = Number of reference axles which the pavement should carry in 

its useful life. 

* This formulation assigns quantity of traffic according to total traffic for 
which the pavement is designed . An alternate form for the weight factors 
is 

F'(pave. ) = M(pave. ) . [ Wtr (pave. Jf 
L 

pave . 
{M(pave.) · [ Wtr(pave. )]n} 

where the exponent n lies in the range O. ~ n ~ 1.0. A value of n less than 
1.0 has the effect of de-emphasizing roads designed for large traffic life­
times and emphasizing roads des i gned for lesser traffic lifetimes•.. The 
appropriate value of n will generally be less than one since new highway con­
struction is designed for projected traffic which may" not exist yet while 
older roads may be carrying a volume of traffic larger than their deGign basis. 
Then less than one will cause an increase in uncompensated costs. The value 
n = 1. 0 is used in reported numerics and should provide conservatively low 
uncompensated costs. 
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A final sU1nmation provides a system-wide, average-uncompensated-

cost-per-violating-vehicle-mile . The sum employs the weight factors and 

pavement related costs which have been presented. The sum is 

cs = .L [ F(pave .) • cp+m( pave . )] 
pave. 

Consideration in Employment : There is some flexibi l ity i n t he 

definition of violating vehic l es . If violating vehicles are restricted t o 

those which are over legal maximum weights in some respect (as opposed to over­

registration limits ) , then the number V wi l l inc l ude onl y those vehi cl es 
V 

whi ch meet thi s definition . Likewise, the set of axle characteristi cs 

A(config . , Llegal , Lactual) will include only those which were obtained for 

vehicles which qualified as violators . The calculations could a l so be carri ed 

out for vehicles which were over their registration limits . A different val ue 

Vv and set of va l ues A( config . , Ll ega , Lactual ) woul d be extracted f r om 

weight - station measurements and employed. 

To be meaningful , results must be accompanied by statements describing 

the data and definition empl oyed. 
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,. Alternative Enforcement S~stems Considered 

There are many possible ways in which weight enforcement might be 

improved. Based on analysis of information obtained from a variety of sources, 

a list was compiled of such alternative methods or systems of enforcement . .Y 

Figure 5 lists the alternatives considered in the study. The per-

formance achieved by such candidates are discussed in Sections Band C of the 

body of the report . 

.Y See Appendix 2, Bibliography and Data Sources. 

t 
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System 

No. 

1 

2 

3 

4 

5 

6 

7 

- - - - - - - - - - - - - - - - -
Short System Name or Description 

. Present System 

Personnel Expansion/Contraction 

Personnel Expansion & New Fixed Sites 

Addition of Lee Type Inspection Sites 

Major Procedural (Legal?)_ Changes 

Major Equipment Changes & Some 
Proc'edural Changes 

Combination of Best Features 

Full Descri£tion and Comments 

64 men and 31 inspection sites. Fixed stations and some roving 
patrol to cover station by passing and absence of sites in some 
areas. No communication equipment. 

Reliance on current methods and equipment but increase or de­
crease in enforcement personnel. No increase in inspector sites. 

Use of current methods, but expansion of operations by addition 
of proposed sites and increase of staff to man them. 

Use of Lee scales to improve effectiveness of roving patrols. 
Probable increase in roving patrol effort. Lee type scales are 
small load cell type scales imbedded under surface of highway 
to weigh moving trucks. 

Adoption of more random schedules, shorter fixed site operating 
periods, smaller site crews, ~ ed and whoi~sale J?LOGecution, 
radio communications, simpler reciprocity and prorata processing, 
better violator identification. 

Use of Lee Sites, Michigan Sites, automatic data recording, new 
communication equipment, air eyaft, etc., to stretch manpower. 

Use of best features of Systems 1 - 6. 

Figure 5 - List of Candidate Enforcement Systems 



B. Results 

1. Staff Level 

Introduction: As discussed in Section III-A-1, the staff level 

chosen as the best or "optimum" should be based on, at least initially, the 

manning that would produce the maximum benefit to Iowa. The value arrived at 

in this manner should then be reviewed for feasibility of implementation. 

The optimum staff level based on current manpower efficiency is 

considered first. 

Method of Data Acquisition and Analysis : The cost-effectiveness 

methodology developed in Section A was implemented by coding it on a 360/30 

computer, and the inputs were obtained from the sources described in the various 

appendices. The program was run using the traffic conditions forecast for Iowa 

for Fiscal Year 1968 with the current methods of T.W.O. enforcement. The 

benefit and costs to Iowa of operating T.W.O. with staff l eve ls ranging from 

15 - 400 were calculated. The computer results are shown as actually printed 

out in Figure 6. Figures 7 and 8 are graphical displays of the same results. 

Results ; The optimum s~ ~ l _for _!owa T.W. O. , _ using current 

apprehension methods, is 64 men. 

Interpretation of the Results: The interpretation of the above 

results requires a clear understanding of the methodology. Ou.r basic decision 

rule can be stated in this manner; Add one additional man if the additional ----
benefit he contributes is &t least 3,s much as his cost to the system. At a 

staff level of 63 men, one additional man adds s lightly~ benefit than his 
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cost of approximately $9,000 per year. When the staff is 64 men, adding another 

employee would add less than $9,000 benefit . While T.W.O. would continue to 

have a positive net revenue when the enforcement leve l is greater than the 

optimum, the net benefit woul d continually decrease . The opt i mum enforcement 
- -

leve l, 64 men, Y-.telds $4,400, 000 in benefi ts from T.W.O. At a 200-man staff 

leve l , the net revenue woul d be $1 mill ion per year l e ss. 

Figure 8 shows that the percent compliance at the optimum staff l eve l 

of 64 i s about 90 per cent . The fact that the optimum staff l eve l is 64 men 

impl ies that a high degree of compliance ( 90 percent ) can be obtained at a 

commensurate cost of enforcement . On Figure 8, Tota l Revenue vs . Cost, i t can 

a l so be seen that a dollar of investment i n T.W.O. returns a dol l ar in revenue 

at 64 men . Dollars invested beyond 64 men do not bring in a return to cover 

the extra investment . It should be recal led that revenue credited to T.W. O. 

includes pr evention of road damage obtained by compliance wit h the law. Fur-

ther staff increases would improve compliance as shown in Figure 8 , but t he 

cost would not be commensurate with the benefit . 
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2. Sensitivity of Staff Level Results to Data Errors and Assumption 

Introduction: Every method of study is subject to limitations. 

Two major limitations of quantitative analyses are: (1) that they can be no 

more accurate than the data used to make them, and (2) they necessarily must 

make assumptions about the state of the real world that are sometimes only 

partially true. The results of the study,therefore,apply fully only in the 

circumstances postulated in the analysis. 

As long as these two restrictions are kept in mind, there is little 

danger that the results of this or of similar studies will be misinterpreted 

and misapplied. 

In order to give some insight into how sensitive the results of the 

study are to data errors and assumptions, a series of sensitivity analyses 

were prepared. 

Method of Data Analysis: The cost/effectiveness program was modified 

to cycle through a series of values for each major parameter influencing the 

optimum staff level. These included the following: 

a. Apprehension Efficiency (as measured by the Apprehension 

Constant KA) 

b. Deterrence Efficiency (as measured by the Deterrence Constant 

KD) 

c. Average Fine or Registration Increase per Violator Apprehended 

d. Average Loss to Iowa Due to a Violation 
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The effect of apprehension and deterrence efficiency on optimum staff level is 

shown together on Figure 9. The apprehension constant, KA, is a direct measure 

of the efficiency of personnel at apprehending violators . If the efficiency 

of personnel at apprehending violators could be increased by 10 percent, KA 

would increase from 3.3 (10)-4 to 3.63 (10)-4 . This improvement would mean 

that the same apprehension performance could be obtained with five fewer men, 

i.e., the optimum staff level would be 59 men. The optimum staff level is 

fairly sensitive to the efficiency of the operating personnel, as might be 

expected. The optimum staff level has been calculated based on current ef-

ficiency as determined from T.W.O. records, however, and is appropriate for 

this study. 

The other curves on Figure 9 indicate the sensitivity of the optimum 

staff level to deterrence efficiency. The three curves use different values 

of an exponential coefficient to fit to the deterrence data. These parametric 

deterrence curves are shown in Figure 10. The bigger the deterrence constant, 

the more easily would violators be deterred by the threat of apprehension, and 

the fewer men are needed to achieve a satisfactory level of compliance. The 

upper and lower curves represent an arbitrary 20 percent increase and decrease 

in the deterrence constant. These variations produced a variation in manpower 

required of five men. The deterrence constant is one of the parameters prob-

ably most prone to errors because of the indirect method of its calculation 

(Appendix 1, Tab D). However, a 20 percent error would probably be larger than 

anticipated even under these circumstances. 

III-45 



.. 

.... .... 
0 

1/) 

H E 
H 

::, 

H E 
I .... 

ti'>- 0. 

0) 0 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

· 30 

20 

10 

/ v = 0.02 + 0.98 .-134x p 

/ ~V=0.02+0.98e-163xP 

,,, /V = 0.02 + 0.98 e-209 X p 

L __ l ____ _L __ L __ I 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 

Apprehension Constant (1 o-4) 

Figure 9 - Sensitivity of Optimum Staff to Apprehension and Deterrence Efficiency 



1. 0 ------r-----.---~ --~r-----r----.--7 
0.9 

C: 
0 -0 
0 
> 

0.8 

0 . 7 

0.6 

0. 5 

0 . 4 

0.3 

0.2 

·= 0.1 
~ 0 . 09 

~ 0.08 
0 

u 0.07 
0 
'-

IL 0.06 

0.05 

0.04 

0.03 

0 . 02 

~V=0.02+o.98 e-134x p 

~ V = 0. 02 + o. 98 e -163 x P 

✓-

V = 0,02 +0.98 e -209 x P 

0.01 0.07 0.01 0. 02 0. 03 0.04 0.05 0. 06 
Probability of Apprehension 

Figure 10 - Parametric Deterrence Curves 

III -1,7 



---- ---- -- -· --- ---- --------~ 
The effect of variation in average fine on staff size is shown in 

Figure 11 . Data on average fine per violation have been gathered for manJ 

years, with ten's of thousands of cases being handled and accounted for bi 

automated accounting machinery. Thus, it should be anticipated that there 

is little likelihood of errors associated with this number. In addition, 

Figure 11 shows that the optimum staff level is relatively insensitive to 

changes in the average fine. 

The average loss associated with a violation is another parameter 

I 
that was the result of a complex analysis, and is therefore probaply relaj 

tively prone to error. The engineer in charge of developing this figure, 

Mr. Andrew St. John, calculated the average damage per violator per mile 

for the primary system only, and for the primary and paved secondary road 

taken together. The average damage per violation on the primary system 

only is 1:_ll compared to $.42 per violator on the primary and secondary 
> .~o llft.r. - ~.I.. 

roads together. As can be seen on Figure 12, use of $.19 as the average 

damage would reduce the optimum staff level to 43 men.* 

\ 

It is very likely that weight regulation enforcement has some value 
I 

in preventing accidents and bridge damage. These factors were not includJ d 

I 
in the derivation of the $.42 average damage figure because of lack of data. 

Further 
I 

would 
* The study or~ginally considered only the damage to primary roads. 

analysis, however, indicated that neglecting the secondary roads 
I 

have been a major error since these roads also are protected from damage 
from overweight vrhicles by T.w.o. I 

7 
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Addition of these factors into the analysis would have increased the average 

damage figure somewhat. As can be seen on Figure 12, this would in turn have 

increased the optimum staff level. 

Even considering the necessary assumptions and approximations, it is 

almost certainly true that Iowa traffic weight operations have reached a level 

where increased enforcement through personnel expansion is not remunerative. 

Efforts to increase enforcement through more efficient allocation of present 

resources should yield compliance improvements at lower cost. 

' 
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Number of Fixed Scale Sites 

Introduction: Iowa already has made a v'ery large investment in 

fixed scale sites. The state now owns 31 such installations which, if purchased 

at today's prices, would cost in the neighborhood of $5 million. 

Traffic weight enforcement operations are returning to Iowa over 

million a year in benefits. There is little question that Iowa's fixed 

scales are valuable assets. 

~ For this reason alone, an attempt to calculate after the fact an 

"optimum" number of scales would not seem inappropriate . The investment has 

already been made. The question now should be how best to utilize it. 

Manpower Allocation by Scale Site 

Method of Analysis: This section of the report presents a general 

methodology for . the allocation of manpower to individual traffic weight sta-

tions. llir approach is to rank each traffic weight station by the total reve-

nue earned per operating hour, and to allocate manpower to sites in proportion 

to their earning power. Total revenue consists of the fines collected from 

summonses) and an implicit value for road damage and other losses prevented. 

The revenue collected from summonses issued varies considerably 
~o \.".>.__) 

among the @ existing stations) as shown on Figure 13, Recommended Manpower 

Allocation by Scale Site. Seven stations receive $28.40 per s\l.mmons and collect 

$15 to $20 per operating hour. Six other stations average $18.20 per summons 

and collect $10 to $15 per operating hour. There are 18 stations in the 
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REX::OMMENDED MANPOWER ALLOCATION TO TRAFFIC WEIGID' STATIONS 

Recommended 
Traffic Fraction Fines Damage Total Manpm,er 

Weight Per Operating Violating Collected/ Prevented/Hour Contribution Allor:& ti nn 

Station Rank Hour, Th (Vs) Hour($), Fh a) ($).Y, I\ (~Ly 
-~ 246 S 1 39.7 0.032 19.10 17.20 20.23 7 .25 

)Y W >2:53 2 54 . 4 0 . 016 19.00 16 .10 20.21 7 .20 
C!J,.vS P 232 3 27.2 0.020 18 . 80 . 14.20 19. 71 6 . 80 

(Ji, '· 245 N 4 41. 7 b.017 18.20 11.20 19.66 6 . 14 
e,,,.,.. 243 5 27.8 0.021 18.60 1,1.40 19.52 6 . 14 
(J.AJ. 2 39 6) 10,6 , 0 . 037 19. Off 1 15.60 19.28 6.10 

12'. 2-10 7 33 . 3 0.021 15.40 13. 70 16 . 50 ./ 5 . 95 
e,_,. 246 N 8 38 . 5 0.031, 14 . 20 15.20 15,;51 5.45 

'238 9 30 . 8 0 . 015 13. 70 12 . 70 14.80 5 . 40 
+- ; 222 10 36.8 0.019 11. 40 16 . 60 12 . 65 5 . 32 

c,,,..r 244 11 12. 7 Q. 036 12 . 10 -16.40 12.44 / 4. 79 
(J;. .,. 249 N 12 25 . 4 0.027 · 11 . 00 4 . 28 · 11. 67 4 . 76 
f:JfM 226 13 30.8 0 . 013 10.40 12. 70 11.50 < 4.73 
f.v 2 45 S 14 40.3 0 . 01 7 9 . 40 14 . 30 10.80 4 . 44 

~ 2 48 3 15 25 . 0 0.031 9. 50 10.40 10.22 4.38 
229 16 14.8 0.039 9 . 40 12.90 9.7&! 4.16 

Y,e.t. 1L 221 17 39._6 0 . 015 8.00 10.20 9.42 4 . 03 

M,;1,1 223 18 17 . 7 0.038 8.80 5 . 14 9 . 26 3 . 52 

,_')'i~' 250 E 19 16.4 0 . 024 8 . 70 9 . 06 9.22 3 . 4 0 

/V,•14(, 242 20 34 . 8 0.019 7.40 7 .15 8.58 99 . 87 

~(,. 228 21 31.0 0 . 010 7. 40 6 . 72 8.5'7 
.. ~, ( 247 E 22 16.8 0 . 031 7.80 5.97 8 . 29 
u),. 230 a 22.1 0 .024 7. 50 7 . 37 8.21 

'"' v 224 . 24 1 7. 9 0 . 019 7. 40 6 .84 8.01 
oJ;.J,. : ..... 22 7 25 14. 7 0 . 016 7. 40 6.40 7. 92 

:s.,,.t.:i 24 7 W · 26 15 . 7 0.029 7.40 6 . 07 7.86 

5{..,. 250 W 27 13.3 0 . 022 7. 10 5.46 7.54 

•)= 1.,, 234 28 13.6 0 . 031 5.50 5 . 54 5.89 

• 241 29 13.9 0.028 4.80 ·5 . 68 5 .22 

.[ .J237 3Q 13 . 0 0 .013 2 . 80 ., 5 . 3~ 3 . 19 · 

Total 351.46 

Y\.AJ.44...o-U,Ju. u ' -+ f '"'.'4-. LJ. 1,1.h.,... dk "-'l. 1.,4. v-•.. -'-... ~ ~q_;J 
---

y Sum of fines collected and damage prevented per operating hour. 
y Rec ommended manpower allocation is based on fract i on individual site contributes to total contribution. 

Figure l 3 

III- 53 



lowest group, where the average summons is $13.95 and $1 to $10 is collected 

per operating hour. These differences can be attributed to local differences 

in traffic volume, fraction of traffic in violation, and the average fine per 

summons. Figure 13 shows, by station, the expected cash revenue as fines 

collected per operating hour. 

The fixed site scales which Iowa now owns are all part of the system 

of T.W.0. which has encouraged compliance with the law to the point where 90 

percent of the trucks on Iowa's highways obey the laws and regulations per­

taining to registration, weight, and size of vehicle. Each scale station, 

therefore, can be considered to have contributed to the system compliance level 

of 90 percent and also to the local level of compliance as measured at the 

scale site. The local compliance averages 98 percent, and can be calculated 

for each scale from Figure 13 as 1 - Vs . The damage prevention value associ­

ated with each scale is the product of the traffic per operating hour Th, the 

local degree of compliance, (1 - Vs), and the average loss to Iowa per over­

weight or oversize vehicle, 1v (as discussed in Appendix 1, Tabs Land M). 

The total hourly contribution, Eh, of a scale is the sum of the 

damage prevented and fines collected: 

~ = Th1v(l-V) + Fh 

Sample Calculation of Benefits Due to Scale Operation: Station 245N 

has the following characteristics: 
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Fh = $18.20 average revenue collected fr om fines per operating hour. 

L = $0.42 average damage per violator (see Appendix 1). 
·~ 

Th= 41.7 vehicles inspected per operating hour. 

Vs= 0.017, the fraction of vehicles inspected which are in violation. 

% = ThL(l-Vs) + Fh 

.., I'. 

~ = 41.7(0.42)(1-0. 017) + 18.20 .• \ .\ flf• ~o -
t 

L 

% = $35.40 total benefit earned per operating hour for station 245N . 

.,,. 

Results of the Analysis: Similar calculations were performed for 

each fixed-weight station in order to determine the benefits earned. Each 

station was then ranked according to its benefits earned per operating hour. 

Figure 13 presents the results of this analysis. 

Manpower to operate fixed sites is a limited resource. Therefore, it 

is necessary to find the best means to allocate the manpower. 

If manpower is allocated in direct proportion to the revenue 

contribution per hour of a given fixed site, near optirrrum total benefits 

can be attained. This strategy tends to improve revenue in the long run. 

When more manpower is allocated to station 245N, the probability of apprehend-

i;gg a vio~tor who passes this station increases. This policy should cause 

grea,:ter compliance at this station, since truck traffic is sensitive to the 

!increased probability of apprehension. 

)!t 

rDr 

·1fit pr r <u.;11-
v1 ,:( r -e s 4 ~ (f.s. ;JPr ,/c,_u? III-55 
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decline at another station which is now operated fewer hours. The total bene-

fits from enforcement are based on the traffic level} degree of compliance} 

and the average revenue collected from fines at all stations. The net effect 

of the recommended strategy will be to focus the limited number of men where 

they are most needed,without encouraging viol ations in lightly traveled areas . 

The total contribution for each fixed station is also shown in 

Figure 13. There is some question whether the continued oper ation of the last 

11 stations is economically justified; it costs more· to operate each station 

than the station contributes. With the current operating procedure} the direct 

variable cost is $16.30 per operating hour.* An additional $.20 per hour is 

required for heat} electricity} etc.}for atotal operating cost of $16.50 per 

hour. For example} if the operating costs are $16.50 per hour and the site 

collects only $2.80 per hour in fines} then the scale loses $13.70 per hour of 

operation . If the scale is operated 100 _hours per year} this "loss" is $1)370 

which must be offset by the increased compliance. If the traffic is only 13 

trucks per hour and a violation prevention is worth $.42} then a 10 percent 

* Direct variable operating cost per man per year 
Man-hours per man-year 
Average crew on fixed sites 

Average variable operating cost= (8.903) (2. 64 ) 
1)455 

= $8} 903 

1)455 
2.64 

= $16.20 per operating hour. 

,., .. 
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increase in compliance is worth only $.55 per hour or $55 per year. Continued 

operation of the scale in such circumstances does not appear to be worthwhile. 

In Figure 13 we have presented a recommended manpower allocation 

to those stations that had total contribution greater than the operating cost. 

In some cases a station may be operated more than 8 hours during any one day. We 

think this is a feasible and possibly an advantageous strategy in light of our 

findings concerning the higher fraction of violators apprehended during the 

evening hours. 
. cY.).. ..... \ > ... . .. _.{,.., 

At the present time 98 percent of the vehicles which are inspected at 

the traffic weight stations do comply with the law. An important question to 

answer is: what would happen to the compliance on the roads by the 11 weight 

stations whose continued operation is questionable? These stations could be 

operated as locations for roving patrol) thus maintaining the level of com-

pliance through periodic inspections. Although compliance might decline some-

what at these marginal sites) the increased damage to the road would be offset 

by gains in other areas with a higher traffic count.* 

Anoth~r_ alternative would be to reduce the operating cost by reducing 

the necessary CEew size to 2 men. The average hourly operating cost would 

then become $12.30) and the continued operation of all but seven weight stations 

Mould..b_e._j.us.ti:Eied. 

* The present analysis assumes that all roads are equally vulnerable to 
damage. If a site is marginal on a revenue basis) but protects some 
extraordinarily vulnerable roads) it should be given additional consid­
eration for retention. 

III-57 



New Scale Construction: There are two basic factors to be considered 

in evaluation of a proposed scale site: 

a. Cost 

b. l3enefit 

If the cost of a new site exceeds the anticipated benefit, a proposed site 

clearly should not be built. 

The cost of owning a scale site in turn depends on three factors : 

a. Purchase price 

b. Useful life 

c. Cost of capital 

The purchase price is generally a known factor based on a construe-

tion bid. Current estimates run from $80,000 to about $225,000. * 

The useful life of the site is approximately that of the road it 

protects. Twenty years is a good planning figure.· Care should be taken 

wherever possible to anticipate future shifts in traffic patterns which might 

shorten the useful life of a proposed scale. 

Scale construction ties up capital for long periods of time . 

Interest costs effectively increase the purchase oost of a scale. Allowance 

for this effect should be made if it is anticipated that scale construction 

* The cost to Iowa may be reduced in some cases by federal government con­
tributions totaling about 80 percent of the cost . The federal govern­
ment's intention is to protect its investment in the Interstate Highway 
system, so that it contributes only to interstate scales. 
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funds would be borrowed rather than financed out of current taxes. The effec-

tive annual cost to Iowa of owning a scale can be calculated by the formula: 

where 

Cs = Cp/Y 

C5 = Effective annual cost of scale ownership in dollars per year 

Gp= Scale purchase price in dollars 

Y = Useful life of scale in years 

The benefits from owning a scale depend on two factors: 

a. Fines and registration fees collected 

b. Local road damage prevented 

When a scale site is operated, some fines are collected from violators. 

There is no good theoretical way to predict how much money this will be . There 

is a large body of experience from other sites, however. Figure 13 shows the 

fines collected per hour from current sites. In evaluating a new scale the 

best approach appears to be to set the constraint that the fines collected per 

hour must cover the operating cost per hour. Otherwise there would be no value 

in allocating manpower to the scale. This effectively sets a lower limit on 

the traffic going by a proposed site . 

The damage prevented by a proposed scale can be evaluated from the 

improvement in compliance obtained from its presenc~ times the amount of 

traffic in which this improvement is obtained, times the value of compliance 

per trip. The current general level of compliance throughout Iowa is about 
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1 

90 percent. When a site is open the traffic going by it has a compliance of 

about 98 percent. Thus, the new site would produce an improvement in compli-

ance of about 8 percent for the traffic going by when it is open.* ~ 

1, Tabs Land M, it is shown that every truck trip made in Iowa in compliance 

with the regulation saves the state about $.42. -- - - -- -
1LJ.f t1> ..\-"~~<c:v-L\c,t'\<l All of t~e various quantitative factors pertaining to the benefit 
T· .,...,. "'- ✓ 

J. l\( ' .. .. ,.,.. '- ' ,,,,. t \ ' . 

? u..1ivc optal ned from a new scale are combined in the following formulas; 
l,o \ -t 
\ "' ~ 

B' = B'A' 
s h h 

Bt_ = Th~(v-vs) + Fh - co 

co = 16 .50 

If Bt_ is negative, reject the 

scale without further analysis 

where B~ = Annual benefit from new scale 

Bt_ = Hourly benefit from scale operation 

Ah= Annual number of operating hours of new scale 

Th= Traffic going by site per hour 

L = Loss to Iowa from each violation 
V 

* A proposed scale site is not given credit for contributing to the system 
compliance level of 90 percent, but only for the effect it would have in 
increasing compliance above the 90 percent level for the traffic passing 
by the proposed site . 
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V = Current average fraction violating in Iowa 

Vs= Fraction violating at site 

Fh = Fines collected per hour 

f 

C
0 

= Hourly scale operating cost, includes personnel, heat, 

electricity, etc. 

A proposed site should be built if the annual benefit, B~, from 

the scale is significantly greater than its annual cost of ownership, Cs . If 

the annual cost is significantly greater than the annual benefit, the scale 

should not be built. If the annual cost and benefit are nearly equal,the non­

quantitative factors discussed below should be used to make the final decision. 

Some Nonquantitative Factors: If a scale proposal appears doubtful 

on the basis of the above quantitative analysis, the following factors should 

also be given some consideration . 

Roving patrols cannot safely operate on interstate highways . Full 

protection of these roads therefore requires a fixed site . . 

Roving patrols cannot safely operate at night. Operation of fixed 

sites is the only way to protect roads at night. 

The federal government derives a benefit from site operation not 

in_c_lu.de_d 

mile_(:j,ge onlx. 

above benefit calculation which was based on Iowa truck 

Fixed sites may produce some improvement in compliance even when 

they are not open. 
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Example of Application of Methodology: Consider a proposed scale 

with the following characteristics:* • 

Cp = 225,000 

Y = 20 years 

and 

Cs= 225,000/20 = 11,200 dollars per year 

Also 

Ah= 1,500 hours 

Th = 40 

¼- = $.42 

V = 0.90 

vs = o. 980 

Fh = $19.00 

C0 = $16.50 

* These characteristics represent a composite of well located interstate 
scales. 
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Hence, 

• 
~ = 40(0.42)(0.08) + 19.00 - 16.50 = $3.85 per hour 

and 

Bs = (3.85)(1,500 hours)= $5,800 per year 

b~ 

Cs= $11,200 per year 

Since Bs <Cs, it would be recommended that the site should not be built.* 

(Figure 14 shows this method applied to Fiscal Year 1969 proposed scale con­

struction.) 

There are basically three ways that Iowa's return from its fixed 

scale installations can be maintained and improved. First, the operating 

schedules of the scales should be planned as carefully as possible and updated 

frequently to meet changing patterns of traffic and violations. Second, the 

scale installations themselves should not be allowed to become outdated. As 

new equipment and operating procedures are developed, they should be applied 

as soon as feasible. Third, new scales should be built to protect newly con-

structed roads, and scales protecting roads whose traffic has greatly diminished 

should be shut down. As new roads are built in Iowa, traffi_c patterns change. 

* If the federal government would contribute to the construction of this 
scale site, as in the case of some interstate highways, C would be 

s 
reduced to approximately 20 percent of 11,200 to 2,240, and the con-
struction would be economically feasible. 
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ProJt' sed Scale Site 

Interstate Traffic Wei_g_ht Stations 

Fren ' nt Cc-.inty - Construction of weight stati ons and related 
facilities including two buildings and scales adjacent to I - 29 
nc rth of Imia 2 . 

Est i mated Cost= $125,000 

Clarke County - Constructicn of weight stations and related 
facilities including tw o bu ildings and scal es adjacent t o 
I - 35 south of US 34. 

Estimated Cost= $125 , 000 

Worth County - Construction cf weigh stations and related facili ­
ties including two buildings and scal es adjacent t o I-35 n orth 
of Iowa 9 . 

Estimated Cost= $125 , 000 

Primary Traffic Weight Stations 

Woodbury County - Construction of a ,1eigh stati r n and related 
facilities including land and all iterr,s necessary f or a c omplete 
installation adjacent to US 20 near Correcti onville . 

Estimated Cost = $185,000 (less $80,000 already in 65 - 6 7 approp . ) 
$105,000 

Clayton County - Constructis n of a weigh stati::n and related 
facilities including land and all items nec essary f or a c omplete 
ifstallation adjacent t : US 18 near McG r cg ·· r . 

Estimated C"st = $15 0 , 000 

Cerr: G : rd:: County - Constr_;c~ion of a we::.gh station including a 
building, scale , and approach paving adjacent to US 65 north r f 
Mason City. 

Estimated Cost $80,000 

Estimated 
Traffjc 

_p_er H.,ur. 

76 

76 

76 

33 

p 
3,: 

33 

ASSUMPrIONS 

Annual 
$ Benefit 

t o I owa 

9300 

9300 

9300 

2040 

2040 

-2040 

Am11al 
$ Cost 
t o I owa 

6250 

6250 

62 50 

5250 

7500 

4000 

Nr ng ; antltative Factors 

Fu rther consideration 
n ot necessary. 

F•). rt her consideration 
not necessary. 

Fu rtlcei- c onsi.derati:m 
n ot necessary . 

Roving patrol cannot 
operate at night . 

Extra c ompliance may be 
obtained even when scale 
::_ s n ::,t : pen. 

Traffic ·oased on averages of current inters"tate a nd primar:,· scales taken separately and pro,jected over 20 .· ear life . 

P ~rc ,.ase Rec omrr:endat i s n 

Yes 

Yes 

Yes 

No 

11 ::: 

Yes 

Benefit based on following fact ors : Compliance increase,8 percen1; hou.rs operated per year, 1000; l oss prevenced per deterred ,.i.,lator, 42 cents; 
average fine paid oy apprehended violav,r , $26 . 08 . 

Cost based on purchase price of scale site with no interest rests and a 20 yea r useful life . 

Fig--t re 14 - Applicat ion .:)f Scale Evaluati. rn Me1-: :c1d .::- l 0c,y t o l:JG ~ - 1969 Building Pr :->g l'a1:. 



Scales which formerly protected principal routes of travel may become much 

less important. The only response to this problem,is the gradual relocation 

of Iowa's system of scales. 

In conclusion, we recommend that manpower be allocated to each 

traffic weight station in direct proportion to the demonstrated earning ability 

of the station. In the long run this should provide improved benefits from 

T.W.O. in terms of cash collected from swnmonses, road-damage prevented, and 

increased license r egistration. The continued operation of certain stations 

is questionable unless the cost of an operating hour can be reduced, or the 

stations can be justified as protecting unusually vulnerable roads. Finally, 

the allocation of manpower must be reviewed and updated periodically to re­

flect changes in traffic volume, degree of compliance, and the average fine 

collected per summons. This updating procedure might best be implemented by 

use of a computer program. 
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4. Fraction of Manpower Devoted to Fixed Site Operation versus Roving 
Patrol 2J2.erat ion 

General Method: During the fiscal year of 1967} on the average} 

2--9....._8 tr-_affic wei_ght-enforcement offj.cer,s wer_e_§...eyoted_t o fixed-site operations} 

9.4 men to roving patrol} and 16.~ men were eitQer on vacation.; escorting; 

attending .:3_iaff meeting~ j_Q]'_Qut on sick leave . The present strategy _for.. a 1=.... 

locating manpower is then: 75 percent of the available manpower to fixed-site 

operations and 25 percent to roving patrol. 

Data collected from a sample of T.W.O. operational records for 1967,* 

and shown on Figure 15 in columns 1 and 2, indicated that roving patrol was 

much more effective than fixed sites in the collection of revenue.** 

Based on these results, we decided to conduct an operational experi-

ment to determine the effect of increasing the fraction of manpower devoted 

to roving patrol. 

Our procedure was to condu~t two experiments during successive weeks 

beginning April 18, 1968 . In the first experiment, 50 percent of the available 

manpower was devoted to roving patrol; during the second experiment 75 percent 

of the available manpower was devoted to roving patrol. The results of these 

experiments are shown in Figure 15 in columns 3 - 6. 

* Sampling instructions are documented in Appendix 4. 
~ This includes fines and registration increases collected, but not damage 

prevention credits. 
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Performance M.ix l* Mix 2** Mix 3** . 

75% 25% 50% 50% 25% 75% 
Operational Efficiency Fixed Roving Fixed Roving Fixed Roving 

Summons/O~rating Hour 0.584 0.505 0.576 0.445 0.603 0.517 

Summons/Man Hour 0.223 0.205 0.181 0.172 0.201 0.187 

Average Team Size 2.640 2.460 3.180 2.590 3.000 2.770 

Income/Summons 22. 680 35.810 22.830 36.080 22.500 43.730 

H Cost/Effectiveness H 
H 
1 
0) 

Income/O~rating Hour --._J 13.25 18.08 13.16 16.07 13.57 22.63 

Cost/Operating Hour 14.12 13.34 16.28 13.55 15.36 14. 74 

Net Income/Operating Hour (0.87) 4.74, (3.12) 2.5:; - (1.80) 7.89 

~ 
-+r-"" 
--r-

Net Income/Operating Hour ; 0.548 (.300) 5.47 
For Mix As A Whole .. 
* Based on 1/19 sample of full year 1967 operating statistics 

** Based on l week operational ex~riment 

Figure 15 - Effect of Roving Patrol/Fixed Site Manpower Mix on Operating Statistics 



Results of the Analysis: 

1. Roving patrol was better than fixed 1ite operation in income 

production in all three manpower mixes. 

2. Roving patrol was much more variable in its income production 

per operating hour. Roving patrol varied over a range of $16.07 to 22.63 

while fixed sites varied only from $13.16 to 13.57. 

3. Costs per operati~g hour for both fixed sites and roving patrol 

varied markedly apparently because the crew sizes were not kept constant from 

experiment to experiment . 

4 . Performance of both fixed sites and roving patrols dropped 

markedly during the first week of experimentation (mix 2) and then picked up 

during the second week (mix 3). 

Conclusions : 

1. The results from the sample and operational experiments are not 

sufficient to define an "optimum" roving patrol/fixed site manpower mix. 

2. The operational experiments were not of long enough duration or 

sufficiently well controlled to establish the long term effect of shifts in the 

roving patrol/fixed site manpower mix. _1f1 Eart1 cular the crew s i zes Nere 

allowed to vary in order to meet short term scheduling ~roblems, and there was - - -~·-· -- ~ 

a noticable learning effect during the course of the experimentation. - - _ _,,_,,. -- - - --

3. An improvement probably would result from increased roving patrol, 

but a long term well controlled experiment, will be necessary to establish the 

desired manpower mix. 
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4. The performance of roving patrols is currently highly variable 

and subject to improvement through training and pr~ctice. If care is taken 

to improve roving patrol trainingJ the value of increased roving patrols would 

be enhanced. 

Recommendations : 

1. A long term experi~ t s4ould be carried out by raising roving 

~troll!lanpower to 50% and carefully controlling and observing the resulting 

per:f'_ar;ma n r:e.. 

2. More effort should go into tr_aining of officers i_ri roving~ patrol 

operations. 
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5. Manpower All~cat ion by Time of Day 

Introduction : One potential area of improvement in enforcement 

policy is a better allocati on of manpower by time of day. For example, 

it might be better to devote more manpower to night operations in order 

to apprehend violators who are trying to avoid apprehension by driving at 

night. It could be advantageous to change the time pattern of operation 

by shortening the periods open. For example, an increased apprehension 

rate might result from operating at one site for only 4 hours and then mov-

ing to another site for 4 hours, instead of operating one scale 8 hours 

(as is currently the practice). This section of the report discusses the 

results of investigations into these questions. 

Method of data acquisition: Current practice does not record 

* the time of day at which a violator is apprehended. MRI therefore de -

signed a special form to acquire this information, which is shown in 

Appendix 9. Trucks counted and apprehensions vs. time of day were recorded 

for a two-week operating period in an operational experiment which did not 

otherwise change enforcement policies. 

Method of data analysis: A computer program documented in Appen-

dix 11 accumulated traffic and apprehensions or violations from all scale 

~ 

sites, and grouped them by the time period in which they occurred. The program 

also calculated the "fraction violating" for each time period by dividing 

* However, a code is used to indicate whether the apprehension occurred 
during the day or at night. 

** Generally the time periods wer e 1 hour long, but shorter periods (15 
minutes) were used f or the first hour after a scale opened. 
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the number of apprehensions or violations by the traffic counted. 

Results: The results of the analysis are displayed in two sets 

of graphs as in Figures 16 and 17. 

Figure 16 shows fraction apprehended violating, apprehensions 

per scale hour, and vehicles per scale hour as a function of time of day 

on a 24-hour scale beginning at midnight. 

Truck traffic is heaviest during the middle of the day, and_dr,.ops 

off 

~he_ f_r_-_a_c.tJ.on_of .true.ks in violation t_ollo:x,s_ an......,alrnQ.§J;_:i;:,.ey_erse 

t.ex.n.. . The f r action violating is heaviest at nigp.t _. -~Also shown in 

Figure 16 1:_s the n~~~ of yio~to_I~ PE:! ~our, ~ough statistically:_noisy, 

is rather constant with a slight p_eakin the_d.a,ylight_hours_,_ be -

cause, even though the fraction of violators at night is higher, the 

heavier traffic dur~ g the day offsets this fact, and produces slightly 

more violatqrs per_ ho11r durin l:? the day. 

Figure 17 shows what were called "decay curves" in anticipation 

of a decrease in violations after the scale is opened. As can be seen from 

the fraction-violating curve, there is no significant "decay" or drop-off 
z 

gf fraction-violating after a scale is opened. 

This is an important result, and apparently contrary to the "common" 

belief that truckers warn each other that a scale has just opened . 

Conclusions : 

a. The truckers' attempt to communicate to each other on the road 

that a scale is open has little or no effect on traffic characteristics. 
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The truckers kn_pwjngly_ in _violation avoid routes which have 

fixed sites whenever possible. 

c. The deliberate violators know the schedule of openings of the 

scales, and adjust their own time of travel accordingly ~s evidenced by the 

fact that the fract_ion_ vio:J.,ating is greatest duri:g.g the ni~ t, while the 

level of enforcement is greatest during ..:t_he day. 

Recommendations: It would seem to be possible to boost the enforce-

ment efficiency of Iowa T.W.O. by efforts to decrease the ability of truckers 

to anticipate enforcement activities. These might include: 

a. Increased use of roving patrol, so that the violators cannot 

* plan on easily avoiding apprehension. 

b. Increased use of night operations to deter the running of 

scales at night. As discussed above, this will not result in apprehending 

numerically more violators, but in apprehending and deterring a subgroup of 

violators who try to "run" the scales at night. 

c. More frequent changes in scale scheduling. 

The measures recommended above all have some difficulties associated 

with their implementation. For example, roving patrol is currently unsafe 

at night because of risks of stopping trucks along an unlit road. Hence, 

recommendations (a) and (b) conflict to a certain extent. For this reason, 

it is believed that a maj?r effort to find a safe method of roving at night 

is worthwhile. Two approaches that might be considered are: (1) the use of 

_J 
* As discussed in Section II-B-3. 
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·-----------
advanced in-motion weighing methods to identify probable violators com­

bined with use of public or fixed scales to verify, or (2) portable light­

ing along primary and secondary roads to make night use of conventional 

loadometers . safe and practic_al. 

Fre~uent schedule changes and intermittent shifts in manpower 

are difficult to handle administratively. A computer program should be 

developed to assist the Director of Traffic Weight Operations in carrying 

out this difficult task. This program could be combined with MRI's vio­

lation-analysis programs to warn when the violators are aware of the current 

schedules. 
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6. Use of Advanced Weighing Equipment 

Introduction: Early in the study we decided that use of advanced 

weighing equipment might result in significant improvements in weight-enforce­

ment operating efficiency. Therefore, some research in this area fell within 

the scope of the project contract. 

Since the use of advanced equipment often involves practical problems 

that make achieving theoretical improvements difficult, research on such equip­

ment focused on its feasibility. 

Method of Data Acqu~sitio~: A review was made of the literature, 

including publications of highway-related organizations, trucking associations, 

and so on. A bibliography of this material is in Appendix 2. A letter of 

inquiry was also sent to state organizations responsible for traffic-weight 

operations, concerning their research programs and other activities of interest. 

Finally, field trips were made to two experimental installations as 

discussed below. 

Method of Data Analysis: No experiments on advanced equipment were 

carried out by MRI. The results were obtained by review and comparison of the 

various data sources outlined above. The results discussed below should there-

fore be interpreted only as informed technical opinion. 

Results of the Anal~sis 

Research Programs Under Way: There are research programs going 

on in several states on improved weighing methods. These states include: 

t 
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Texas, Michigan, Pennsylvania, Oregon, New York, and Iowa itself. In addition, 

several foreign governments, including England, Germany, Sweden, and South 

Africa, have programs under way. 

b. Directions of Research: The principal direction that scale 

research is taking is the development of weighing in motion. Equipment has 

been developed that will weigh trucks a~ full highway speeds of 60 - 70 mph. 

Such equipment would be valuable in two respects: it would permit traffic 

surveys to be carried out at a great number of locations without construction 

of expensive ramps, parking facilities, and so on; and it would permit sorting 

out of violators from the general truck population without stopping all vehicles 

and creating waiting lines. 

A second major area of development is scales that require less man-

power to operate. One design permits a single operator to control two inter-

state scales simultaneously. 

Characteristics of sample equipment are discussed in more detail 

below. 

c. State of the Art: No one is known to be using weighing in motion 

for weight-limitation enforcement; however, Germany and Sweden are now using 

dynamic weighing for generating highway-survey data. 

The chief limiting factor on the use of dynamic weighing appears to 

be accuracy. The University of Texas Center for Highway Research has a portable 

scale which can produce gross weight reading with an accuracy of ~10 percent . .Y 

.Y Below speeds of 15 mph dynamic weighing equipment is as accurate as conven­
tional methods, according to Dr. C.E. lee of the University of Texas. 
Dr. Lee was contacted by MRI on a field trip to the University. 



Exact weight distributions of trucks are not available, but it is believed 

that rrany trucks operate relatively close to the legal limits both above and 

below. This means that with ~10 percent accuracy . it would be difficult to 

distinguish violators. 

Dynamic weighing involves the use of electronics with attendant 

maintenance and reliability problems. Michigan has had a site in being for 

over five years, and has not been able to bring it out of the research phase 

and into routine operation . .Y 

Despite these problems, dynamic weighing is regarded as promising 

as witnessed by the many programs that are under way. It is still definitely 

in the research phase, however. 

d. Possible Applications in Iowa: Two possible applications of new 

weighing concepts appear to warrant further investigation by Iowa. 

(1) Florida Remote_Weighing Installation for Eetter Manpower 

Utilization: "The Florida State Road Department has installed a truck weighing 

system by which a vehicle on either side of a divided four-lane highway can be 

weighed from the control house on. one side."'?} The article continues with the 

following description of this system: 

y' The author visited Michigan's experimental installation at Grass Lake, 
Michigan, and discussed the project with Mr. Leo De Vogel, Project Engineer. 

'?} Engineering News-Record, August 6, 1964, "Weighing Station Does Double Duty." 
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"The equipment on each side of the highway comprises two sets 
of three scale platforms. The mechanical lever system of each 
platform has a capacity of 30 tons. One platform is 34 x 10 ft. 
wide; the .others are 10 x 10 ft. The platforms were installed 
end to end. The big platform weighs tandem rear axles of a 
tractor-trailer combination, the middle scale weighs the drive 
axle and the remaining scale the front axle." 

Each platform is connected through a load cell to a separate chart 
digital output (CDO) electronic instrument. Each chart is gradu­
ated 12,000 x 20 lb. (to 12,000 lb. in 20-lb. increments) with five 
automatic ranges to give a total chart reading of 62,000 x 20 lb. 
Automatic ranging is done so rapidly that the weight of each axle 
or tandem can be read on the chart by the time the truck comes to 
a complete stop on the scale platforms. 

If the three indicated weights indicate a possibility of a gross or 
axle overload, the operator can press a "Print" button on the con­
trol panel, which is desk mounted. This results in the printing by 
the adding machine on a ticket or tape of each of the scale weights 
and their sum. These figures are printed out in four seconds. 

Using a switching system controlled from the same panel, the operator 
on one side of the highway can read into the CDO instruments and get 
readout from the adding machine on his side, the weights of a truck 
on the scales on the opposite side. Warning lights mounted on the 
control panel tell the operator if one or more of the truck wheels 
is not positioned properly on the scale platforms. 

During peak traffic periods, the twin control arrangement still re­
quires an operator on each side. Even then, SRD engineers say the 
capability of switching from one side to the other serves a very 
·o.seful purpose. If there is a violation, the patrolman-operator 
takes about 10 minutes to complete his citation ticket. Meanwhile, 
the operator on the far side may switch over and weigh incoming 
vehicles, which otherwise would stack up until the patrolman could 
return to his weighing station. 

In off-peak periods, the switching system allows one operator to han­
dle traffic from both directions with little or no delay. 11 

This system might also be applicable in Iowa with some modifications. For 

example, it would be desirable to add a closed-circuit television-monitoring 

' 
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system to enable the operator to remotely scan vehicle licenses and driver 

papers. Detailed costing information on such a system was not cited in the 

article. Conversion to such a system for an already constructed site would 

probably be about $10,000. This includes about $5,000 to convert the scales 

to remote readout, $4,000 for TV equipment, and some installation expenses. 

Iowa currently uses about five men to operate two interstate scales 1,000 hours 

at a cost of $6 per man-hour. If manpower requirements could be reduced to 

two men, a direct savings of $18,000 per year might be realized. 

(2) Texas (Lee) Dyn~mic Scales for NigQttime Roving Operations: 

Dr. Clyde E. Lee of the University of Texas has developed a portable scale as 

described in the following abridgement of one of his papers: . 

"Lee, Clyde E., ''A Portable Electronic Scale for Weighing Vehicles 
in Motion." Presented at 45th Annual Meeting of the Highway Re­
search Board, Washington, D.C., January 17-21, 1966. Manuscript 
copy consists of 19 pages of text, 9 pages of illustrations, and 
16 references. 

Descriptors: scales; electronic scales; portable electronic 
scales; loadometer; we i ghing vehic les in motion; transducer, 
load; classification, vehicle; Lee, Clyde E. 

A portable electronic scale consisting of a pair of special 
wheel l oad transducers and conventional electronic recording 
instruments and capable of weighing each wheel of vehicles mov­
ing at speeds up to 70 mph has been developed at the Center for 
Highway Research, The University of Texas. The transducers, 
each of which is 50 x 20 in. in plan dimensions and slightly 
over 1 in . thick, utilize resistance strain gages . They are 
simple in design, rugged, portable, and relatively inexpensive. 
Electrical output signals result onl y from loads applied normal 
to the surface of the transducer. The signals are not affected 
by tractive forces, tire contact pressure or area, position of 
the load on the transducer, temperature, nor moisture. Inertial 
effects in the transducer are negligible. 
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Since only 1-1/2 in. of pavement material must be removed, 
the portable scale can be installed in any smooth roadway 
surface including rigid pavements and bridge decks. Initial 
installation requires about 3 hours, but installation at a 
previously occupied site requires only about 30 minutes. 
Pre-mix asphalt has been used quite successfully to fill the 
grout-lined depression left in the pavement when the trans­
ducers are removed. 

Analysis of data on nearly 300 different vehicles, each of 
which was weighed both statically by a conventional loadometer 
and while moving at normal road speed by the portable electronic 
scale, demonstrates that static vehicle weight can be estimated 
from wheel weights obtained by a single pair of transducers on 
the portable electronic scale with precision sufficient for 
planning and design purposes. Variation in the gross vehicle 
weight obtained by the two weighing methods was only about plus 
or minus 10 percent even though individual wheel weights varied 
considerably more than this. A more precise estimate of static 
vehicle weight can be obtained by using several pairs of wheel 
load transducers to sample the dynamic wheel forces at different 
points as the vehicle moves along the traffic lane. 

Engineers with imagination will find many uses for the portable 
dynamic weighing device. It is a new tool for research into 
traffic operations and structural design to include the effects 
of repeated dynamic loads." 

The above described system might be used to make nighttime roving 

patrol operations. Roving patrols are not currently feasible at night because 

of the accident risks associated with stopping a truck in the dark. The Lee 

site could be used as a screening device to select trucks for escort to a 

state-owned fixed site) a commercial scale, or a prepared parking area . The 

trucks would thus not have to be stopped at a busy) unsafe location. 
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Dr. Lee's transducers may be purchased for $1,600, and are available 

commerciallyj however, no standard instrumentation is available for purchase, 

but must be assembled from available devices. 

It is difficult to estimate the potential benefits from the intro-

duction of such a system. In Section III-B-4, it was shown that there is a 

marked increase in fraction violating at night, apparently because of the 

smaller enforcement effort during those hours: A system to make nighttime 

roving patrol operations possible would therefore seem to be a worthwhile 

objective. 

e. Points of Contact: Should Iowa be interested in further pursuing 

research programs in methods of weighing, the following points of contact 

should be useful: 

Dr. C.E. Lee 
The Center for Highway Research 
University of Texas 
Austin, Texas 78712 

Mr. T.W. Jennings 
Assistant State Highway Engineer (Structures) 
State Road Department 
Tallahassee, Florida 3230i 

Mr. Leo De Vogel 
Project Engineer, Grass Lake Project 
Michigan Department of State Highway 
Stephens T. Mason Building 
Lansing, Michigan 48926 

' 
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7. Procedural and Administrative Changes 

Introduction: The main objective of this study is to find the 

optimum level of traffic weight enforcement. Since this level and the 

associated net benefit to Iowa depend on the efficiency of the enforcement 

methods used, a secondary objective of the study is to improve Iowa's 'IWO 

efficiency. 

Based on the quantitative analyses discussed in relation to 'IWO 

elsewhere in this report, our observations of other state 'IWO operations, 

and our general systems experience, MRI does have some suggestions for im­

proving the efficiency of traffic-weight operations in Iowa. 

Dela~d Versus Immediate ProsecutioI!: The practice in Iowa of 

innnediate prosecution may not be necessary. Summonses could be issued and 

violators required to post bond, as is done quite successfully in other 

states such as Michigan. If immediate prosecution is not required, it would 

be possible to reduce the weighing crew size and thus operate more scale 

sites with the same staff. An escost--i.e., one of the weighing crew-­

would not have to take violators to court. Investigation by the Director 

of Traffic Weight Operations indicated that no more weight cases are lost in 

court with delayed appearance than with immediate appearance. Michigan's ex­

perience with bonding is that fewer than 1 percent of the violators forfeit 

bond. 

Computer Analysis of Violation History/Computer Scheduling of 

Scale Operations: Currently it is the responsibility of the Assistant Director 

of Traffic Weight Operations to review when and where violations are occurring, 
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and to recommend appropriate changes in scale schedules. This is a dif­

ficult and time-consuming manual process. We suggest that computer pro­

grams be developed to assist him. These programs would combine routines 

to analyze violation history -with procedures that would allocate :manpower 

properly, with pra~tical limitations (such as limitations on continuous 

night work) being taken into account. The output from the computer would 

be operational schedules and work assignments. The use of such a program 

would permit more frequent change of schedules that should help prevent 

violators from learning scale schedules. 

Inspection Team Training: 'IWO records indicate that some teams 

are much more effective in roving operations than others varying from 0.043 

to 0.985 apprehension per hour. The results of the roving patrol versus 

fixed patrol analysis performed in Section III B-3 indicated that the average 

roving patrol apprehension rate was actually lower than that for fixed sites. 

We recommend that some of the more experienced and successful roving person­

nel be temporarily transferred to the less successful teams and vice versa, 

in order to improve the overall apprehension rate for roving patrols. 

Multiple Violator File: Several states maintain a file of very 

heavy violators. Iowa's violation tape file is printed out for use by the 

Director of TWO, but not much field use seems to be made of the information. 

One problem in dealing with this file that the names of truck owners are not 

uniquely defined. A violator may appear under a dozen different names. Com­

puter analysis of the file to determine the o~mer responsible for violations 
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is therefore infeasible.* It should be possible to maintain a central file 

• of unique owner names associated with their vehicle license numbers. Peri-

odically , a list of major violators could be distributed to inspection teams 

and to courts of jurisdiction. Inspection effort could be focused on repeat 

violators, and judges would be aware of the same information. 

Use of Television Scanners and Remote Weighing Equipment: A com-

bined television scanner and remote weighing equipment that can be used to 

operate two interstate scales simultaneously from one side of the highway 

offers promise in reducing manpower requirements. This should make it pos-

sible to operate both interstate scales with two men. Such a system also 

should alleviate the prorata/reciprocity identification problem by allowing 

scanning of papers by television. 

Sunrrnary - Probable Effects of Proposed Changes: It is difficult to 

predict the cumulative effect of all the above changes. In general, improve-

ments in efficiency will result in more benefit to Iowa from 'IWO. The benefit 

curve in Figure 10 shows that a 10 percent increase in manpower efficiency, 

as measured by the apprehension constant, would result in $18,000 of increased 

revenue per year to Iowa. The cost to attain this increase should be less 

than the revenue that would result. It is believed that each of the above 

procedural changes would cost significantly less than the benefit from improve-

ment in apprehension efficiency. 

* The 1967 Iowa violation file was reviewed by a quick sight check. Com­
panies were found that had received as many as 50 svmmonses in one year. 
Since the probability of apprehension was only 0.015 in 1967 such a 
company might have committed any additional 3,300 violations without 
being apprehended. 
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8. Effect of Traffic Increases 

Introduction: Truck traffic in Iowa is forecast to increase at 

an annual rate of 3 percent for the next several years. The general effect 

of this increase on the present study is that there will be more potential 

violators, and a ~arger apprehension force may be necessary to prevent in-

creased road damage. It should not be anticipated, however, that the recom-

mended or optimum staff level will grow in direct proportion to increases 

in truck traffic. The new trucks will still use the same road network. The 

probability of their being apprehended is a ma.tter of manpower and geography, 

not a function of the number of trucks.* 

Method of Analysis: The cost-effectiveness program was rerun with 

traffic in trips steadily increased from the Fy 1968 value. The program was 

adjusted to print out only the optimum staff level for each traffic volume. 

Results of the Analysis: Figure 18is a graph showing the optimum 

staff level versus traffic. Assuming a 3 percent annual traffic growth rate, 

we see that the requirement for TWO personnel will increase as indicated below.** 

Year O:e_timum Staff 

1968 64 
1973 65 
1978 67 
1983 69 
1988 72 

* Assuming that scales are not so saturated that they fail to inspect all 
passing trucks. 

*~· It is possible that the increases in personnel efficiency obtainable from 
the methods outlined elsewhere in this report will obviate the need for 
some of these manpower increases. 
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Sensitivity of Optimum Staff Level to Traffic Volume: The value 

obtained for optimum staff is dependent upon traffic volume. Since the 

traffic volume figures used in the study were obtained by sampling methods 

as discussed in Appendix I, Tab A, they are subject to statistical errors. 

The table below shows the effect on staff level of possible error in traf-

fie estimates: 

Percent Possib le Error 
in Traffic Estimate 

5 
10 
20 
50 

Resulting Percent Error 
Estimate of Optimum Staff 

Level 

Less than 1 
1 
3 
8 
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9. Comparison of _Selected State Traffic Weight Operations 

f 
Introduction: Traffic-weight operations differ widely from state 

to state. These differences reflect not only varying circwnstances but di-

vergent philosophies of operation. Direct comparison of T.w.o. activities in 

one state with those of another is therefore difficult. Moreover, the relative 

"efficiencies" or "performances " of such operations are nearly impossible to 

evaluate even if such an evaluation had any real meaning. 

However, it is possible that, by examining vari c:us approaches to 

T.w.o., we may obtain some insights into how other states have approached en-

forcement. 

Method of data acquisition: A form l etter was sent to the office 

responsible for T.w.o. in each state. 

Method of data analys!s: Although many of the states did not reply 

in sufficient detail to warrent analysis, 13 of the replies were quite informa-

tive, and provided sufficient indication that Iowa 1 s practices are in line 

with national norms. 

Figure 19 is a table summarizing traffic weight statistics in these 

states. Many comments were also recorded on the "philosophy" of traffic weight 

enforceme nt which will be discussed below. 

Statistica l results: 

Staff. size - The enforcement staff size varied from 42 to 160. 

Of the 13 states, all but one had larger staffs than Iowa. It will be recalled 

from Section III-B-3 of this report that the optimwn staff size depends on 
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Numbe r 
of 

Truck Ope ret ing Fixed 
Registrationsa Budget (Roving ) 

(1963 ) (1967 ) Scales 
X 1000 $ X 1000 (1967 ) 

Arkansas 231 - 15 (22 ) 

Indiana 386 - 29 (104 ) 

Iowa 264 486 3J,. (1 ) 

Kansas 320 - 1 7 ( 4) 

Michigan 406 1 , 400 19 

Mi ssouri 383 1, 000 28 (15 ) 

Nebra ska 1 92 - 16 ( 6.) 

North Iakota 119 - 9 (24 ) 

Oregon 1 76 510 61
1

(30 ) 

Utah 97 - 9 (2 ) 

Virginia 237 - 7 (5) 

Washingt on 2 73 - -

Wi sconsin 272 - -

\ j 

SUMMARY OF TRAFFI C WEIGHT OPERATI ONS 
FOR SELECTED STATES 

Number Number Percent 
of of Viol ations 

Trucks Violations of 
Weighed Apprehended Trucks 

Staff (1967) (196 7) Weighed 
(1967 ) X 1000 X 1000 (1 967 ) 

129 2 , 615 17.Sb o . 67 

- 325 42 , l b 12. 9 

64 800 19 . 0 
f 

i 2 . 4 

42 931 4 .2h I 0.5 

124 3 , 240 10. of 0.3 

160 1, 042 18 . 4h 1. 8 

- 640 6 . 4j 1.0 

81 - l. 8j -

73 600 7. 8m 1.3 

- 904 2. 7f 0 . 3 

80 3, 033 - -

- 2,101 33.sm 1. 6 

- 671 so . --;n 7. 7 

Pe r cent I Number Overl oad ; Percent 
of Vi ol a tions Overl oad 

Overload of· Viol ations 
Viol ation, Trucks from 
Appre r.ended We i ghed Loadometer 

(U6 7) (196 7) Su rvey 

2, 780c 0.1 -
2, 7.jOc i 

o . e i -

7, 500g 0 . 9 6. 1 (1966) 

3, 780c 0 . 4 9. 8 (1366) 

' 11. 3 (196 7) - -

6 ,1 70c 0 . 6 4 . 4 (1967) 

4, 09~ 0 . 6 -

1,630 - -

7, 200 1. 2 -

1,140 0 . 1 -

9, 70~ 0.3 -

3 , 500 0.2 -

9,500° 1. 4 13.0 (1964) 

a Tot a l commercial and pri vate truck registrntions- -Truck Invent ory and Use Survey , 1963 Census of Transportati on . U. S. Dept. of Commerce . 
b Arrests, summonses, a nd -warnings . 
c Ove r load a r rest s. 
d Fi nes, court c osts, and axle overl oad penalties . 
e All f ines except fo r P. S. C. violat i ons. 
f Tot al citations . 
g Summonses is sued . 
h Total arr ests . 
i Fines a nd court costs . 
j Total cases. 
k All revenues , incl udi ng license fees 'and fuel tax . 
1 Number of stationa ry pl atform scal es . 
rn Total violati ons . 
n Liquidated damages a nd fines. 
o Overload &nd over l icensed wei ght. Figure 19 

Amo snt 
of 

Fines 
Cr.arged 

(196- ) 
$ X 1000 

183d 

I 403e 

! 
I 416 

I 167i 

521i 

566 

1 58 

1,134k 

-

62 

soon 

524 

-



several factors, including traffic volume in the state. On a traffic-weight 

enforcement staff per state-trucks-registered basis_. Iowa ranked third lowest 

in the states examined. 

In interpreting this result, it should be noted that in many 

states enforcement personnel have more responsibilities than those in Iowa, 

such as enforcing gasoline tax laws. These states therefore require ~ore man­

power.Y 

Number of scales - The number of fixed scale-sites varied from 7 

4,/ 
to J'l.. Iowa ranked first in nwnber of sites, and first in number of sites per 

trucks registered.~/ Iowa, as well as the other states, use these sites for 

enforcing all kinds of truck regulations including gas-tax laws. The scale 

sites are thus probably used in a more directly comparable na nner than .. is the 

manpower. 

Operating _Budget _ - Iowa ranked lowest, but only four states 

re ported this figure . 

Performance statistics - As previously noted, it is difficult 

to compare state to state performance because of differences in traffic volume 

!/ Iowa, uses an additional 29 personnel for such duties, bringing its total 
inspection force to 93 men. 

~ It is believed that Oregon reported number of scales, not number of scale 
sites, and uses more than one scale per site. Oregon was not counted 
in the above rankings. 
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and otre r factors. However, Iowa achieved the second lowest (best) value of 

percent violations observed by the loadometer survey, a measure of complia nce 

with state weight regulations. This statistic is fairly comparable from state 

to state, since it is based on a common report prepared for the Bureau of 

Public Roads by all state highway commissions. 

Operating practices: 

Enforcement responsibility~ Several states such as Arkansas 

and North Dakota give traffic weight enforcement personnel additional respons­

ibilities. These include gas-tax enforcement, driver's-licence enforcement, 

and even livestock inspection. In some states the responsibility lies with 

the state highway patrol, who, of course, have many other police functions. 

The advantage of such multiple responsibilities is that a man 

who has stopped a truck for one kind of inspection can inspect it more 

efficiently than two me n stopping it at different times. 

However, a disadvantage to this method was cited by members of 

enforcement organizations that believe in specialization such as Iowa and 

Michigan. The more items inspected the more time and knowledge are required. 

It may be inefficient or impractical to canbine responsibilities in Iowa without 

significantly simplifying inspection procedures. A more detailed study of this 

matter should be worth pursuing. 

Fixed vs. rovin~ - All states agreed that both modes of operation 

are necessary. Most states tended toward a larger portion of roying patrol 

than practiced in Iowa. They also usually used a smaller number of fixed sites, 

but operated them 24 hours a day, 7 days a week. 
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Crew size - Several. states such as Michigan and Virginia used 

smaller crew sizes than Iowa for fixed-site operation. Michigan used one 

man, Virginia two, and Iowa 2.5 - 3.0. The third man in Iowa is used primarily 

as a pickup man to take violators to court immediately. Other states eliminate 

this requirement by issuing all delayed-appearance tickets. Out-of-state 

violators post bonds. 

Communication facilities - Several of the states equip their 

stations or cars with special. radios. Michigan also ·authorizes its weight 

officers general police powers. These officers are then useful in state 

emergencies. (they were mobilized and sent to Detroit during recent racial 

disorders there.) 

Site preparation - At least one state, Virginia, prepares 

"cutoffs" beside roads to facilitate roving patrol operations. 

Research programs - Several states, including Texas, Michigan, 

Pennsylvania, Oregon and Iowa itself, have experimented with weighing in 

motion . Results to date have been meager, but appear promising enought for 

work to continue. A separate report on this research is in Section II-B-6 . 

Summari: Other states have some interesting operating practices and 

programs that deserve further examination by Iowa. However, Iowa operations 

seem to compare favorably. 
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10. Average Uncompepsi:i.t~_<i __ P~y~ment Costs per Violating Vehicle Mile 

The calculated values are summarized in Table 1 below. 

TABLE 1 

AVERAGE UNCOMPENSATED PAVEMENT COSTS PER VIOLA.TING VEIITCLE MILE 

I 

Uncompensated 
Costs per 
Violating 

Vehicle Mile 
( $) 

0.002246 

0.012531 

0.021205 

0.001227 

0.00809 

Type 
Violators 

Overweight 

Overweight 

Overweight 

Highway 
S_;y_ste:r# 

Primary 
( 01 and 03) 

Primary 
( 31) 

Secondary 
(paved) 

Overweight and Primary 
over-registra- (01 and 03) 
tion taken 
together 

Overweight and 
over-registra­
tion taken 
together 

Primary 
(01 and 03) 
and secondary 
(paved) 

Comments 

Conservatively low value ob­
tained using high quality pave­
ment emphasis and overload ! 
distribution from well policed 
routes. 

Upper bound value using pave­
ments with emphasis on lighter 
structures and overload data 
from lightly policed route~. 

I 

Average value based on dis + 
I 

tribution of commercial vehi-
' cle types found on seconda~y 

roads. 

Conservatively low value for 
I 

combined violation types. · 

Average value based on dis1 
tribution of truck traffic

1
on 

primary roads (69%) and paved 
secondary roads ( 31%). t ; 

* Classifications obtained from Analysis of Traffic Volume and Weight Study, 

Iowa, 1966, Table W-6. J 
Each entry i n ,Table 1 is derived through consideration of road . 

pavement types, their costs, and the uncompensated use per violating vehicle. 
I I 
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Summary tables which follow indicate the magnitude of these considerations and 

the manner in which they are combined. The tables contain the major items 

which are described under Methodology, Road-Damage Submodel. The more detailed 

considerations and numerics appear in the appendices. 

Tables 2, 3 and 4 show the assembly of the conservatively low value 

for the primary system.* Here, in the class 5 and 6 pavements, the mileage 

(extent factor) is divided equally between the extreme pavement thicknesses. 

Tables 5, 6, and 7 show the assembly of the upper bound value for 

the primary system.** Here, added emphasis is given to the thinner pavement 

structures ; the distribution of violations is taken from a highway section 

with no permanent (enforcement) weight stationj and lower physical properties 

are. used for the rigid pavements. The increase in uncompensated costs here is 

due mainly to the distribution of violations and the emphasis on thinner 

pavement structures. 

Tables 8, ~ and 10 show the assembly of the uncompensated cost value 

for secondary roads. 

The uncompensated cost value for secondary roads is higher than the 

comparable va lue for the primary system. This increase arises primarily from 

* Rigid pavement calculations here used: modulus of rupture-· 650 psi, soil 
coefficient= 150 psi/in, and modulus of elasticity= 4.2 x 106 psi. 

** Rigid pavement calculations used: Modulus of rupture= 500 psi, soil 
coefficient= 100 psi/in,and modulus of elasticity= 4.2 x 106 psi. 

III-95 



the lower structural properties of the secondary pavements. (The low struc-

tural property pavements have a higher cost per re~erence axle served during 

their useful life . ) 

The vehicle distribution by type is changed here to reflect the 

higher proportion of single unit trucks on secondary roads. Associated with 

this change is a reduction in large overweights applied by heavy vehicles. 

The regional factor is reduced here to 1.0. (The value 3.0 is used 

for all primary roads.) The final serviceability index is left at 2.5 although 

design practice in Iowa uses 2.0 as a final value for secondary roads. 

For secondary road rigid pavement the physical properties used are: 

modulus of rupture= 690 psi, soil coefficient= 100 psi/in, and modulus of 

elasticity= 4.2 x 106 psi. The total rigid pavement life calculated in ref-

erence axle applications is reduced by the factor 0.68 to account for the lack 

of sub-base in pavement construction. The corrected life appears in the tables. 

Tables 11 and 12 show the assembly of the uncompensated cost value 

for over-registration and overweight violators taken together. Table 3 is 

~ 

also applied in this calculation. The overweight values and pavement emphasis 

correspond to those used for the conservatively low uncompensated costs on 

primary systems 01 and 03. The over-registration violators contribute less to 

uncompensated costs than do the overweight violators. As a result, the 

average uncompensated cost per violator mile is reduced. 
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TABLE 2 

AVERAGE UNCOMPENSATED COST PER MILE FOR OVERWEIGHT VEHICLES 
(Primary System 01 and 03) 

Average Cost per Road Extent Contribution to 
Violation Mile & Traffic Dist. State-Wide Average 

Road ( $) Weight Factor ($) 

Class 1 40. 020 0.000 000 7 0.000 028 0 

2 0.595 6 0.000 020 8 o. 000 012 4 

3 0.492 7 0.000 081 0 0.000 039 9 

4 (8 in. pee) o. 005 275 0.108 047 6 0.000 570 0 

5 (8 in. pee) o. 002 578 0.234 707 4 0.000 605 1 

5 (9 in. pee) 0 . 001 568 0.479 735 2 0.000 752 2 

6 (SN= 5) 0.008 047 o. 013 176 5 · 0.000 106 0 

6 (SN = 7) 0.000 807 0 0.164 230 8 0.000 132 5 -
o. 002 246 1 
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TABLE 3 

ROAD EXTENT AND TRAFFIC DISTRIBUTION WEIGHT FACTORS 

Extent Reference Axles Product 
Road Factor X 10- 6 X 10-6 Weight Factor --

Class 1 0.03 0.000 138 0.000 004 1 0.000 000 7 

2 0.01 0.012 800 0.000 128 0 0.000 020 8 

3 0.03 0.016 600 0.000 498 0 0.000 081 0 

4 (8 in. pee) 0.41 1. 619 400 0.663 954 0 0.108 047 6 

5 (8 in. pee) 0.21 6.868 00 1.442 280 0 0.234 707 4 

5 (9 in. pee) 0.21 14.038 000 2.947 980 0 0.479 735 2 

6 (SN = 5) 0.05 1.619 400 0.080 970 0 0.013 176 5 

6 (SN= 7) 0.05 20.184 000 1.009 200 0 0.164 230 8 

6.145 014 1 
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TAFLE 4 

PRIMARY ROAD PAVEME!!l'S, Tl!EIB UNCCMPENSATED USE BY OVERWEIGRI' VEl!ICillS FRCM SYSTEMS 01 AND 03 

I 
Average Uncompen- Average Uncompensated Cost per Mile 

Struc- sated Ref'. Axles Average Uncompensated Fraction per Violating Vehicle 

tural per Violating Used per Violating Vehicle Favement Cost Maintenance Cos t ( overweifl!!t l 
Road No. st.ructural Reference Axles yehicle (overweight) ( overweight} per Lane Mi le per Lane Mile Year Life Ma intena.nce Total 

~ Pavement Coef . No. Duri!JB, Life ~ Maintenance Life Maintenance ,ii (il ilL ,ii .J1L 

l ½ in. invert pene . 0 .20 
7 in. rolled stone 0 .12 cVl3 used) 

0.13762 X 103 0.259 3\ 0.174 73 0.188 49 X 10-
2 - 2 

32 . 986 7,034 l 40 . ceo 0 . 126 97 X 10 17 , 500 277 

2 2 in, aspb . cone. 0.44 
in. bit . tr . soil ag. 0 .22 2 .28 0 . 128 X 105 0 .242 0 0.174 73 1 . 891 X 10- 5 l.365 X 10-5 27,500 277 0.520 0 0,075 6 0 . 595 6 

(2.3 used) 

3 3 in. asph . cone. 0 . 44 
8 in. rolled stone 0 . 12 
2 in . soil - aggr. 0 . 05 2.38 0 .166 X 10

5 0 .240 4 0 . 174 73 l.448 X 10-5 l.053 X 10-5 30, 000 277 0 .434 4 0 , 058 3 0 . 492 7 

(2.4 used) 

H 4 4- in . asph. cone. 0 .44 
6 

0 .148 99 X 10- 6 - 6 
H 8 in . pee 0.40 4.96 l.619 4 X 10 0.241 27 0.174 73 0.107 90 X 10 34, 000 97 0.005 066 0 . 000 209 3 o.oa; 215 

H (5.00 used) (asjil , re-
I surface of w pee ) w 

4 4 in. asph. cone . 0.44 
2.8lxl0

6 - 7 
0. 63 X 10-7 9 in. pee 0.40 5 . 36 0 .244 47 0.174 73 0.87 X 10 34, 000 97 0 . 002 958 0 . 000 012 2 o. OC2 97 

(5.4 used) (asph . re-
surface of 
pee) 

5 8 in. pee 6.868 X 10
6 

0.342 12 0.204 26 0.498 14 X 10 
-7 0.297 41 X 10-7 50, 000 147 0 . 002 491 0 . 000 087 44 o.OC2 578 

5 9 in. pee 14.038 X 106 0.357 09 0 . 197 98 0.254 37 X 10-7 0.141 03 X 10- 7 60, 000 147 0 . 001 526 0 . 000 041 46 o. 001 568 

6 3 in. asph . cone. 0.44 
10 in. asp}.tr.c . stone0.34 

l.619 4 X 10
6 -6 

6 in. soil aggr. 0.05 5.02 0.241 27 0.174 73 0 . 148 99 X 10-6 0 .107 90 X 10 50,000 277 0 . 007 450 0,000 597 8 0 . 008 O<la7 

(5 . 00 used) 

6 4.5 in . asph. conc. 0 . 44 
14 in. asp:l.tr.c.stone0.34 

20 . 184 X 106 0 . 865 69 X 10- 8 
6 in. soil aggr . 0.05 7 . 04 0.255 35 0 .174 73 0 . 126 51 X 10- 7 60, 000 277 0.000 759 l 0 . 000 047 96 0 . 000 807 0 

(7 .00 used) 



' 

I - TABLE 5 

AVERAGE UNCOMPENSATED COST PER MILE FOR OVERWEIGHT VEHICLES 
( Primary ··s ys t~m . 31) 

Road 

Class 1 

2 

3 

4 (8 in. pee) 

5 (8 in. pee) 

5 (9 in. pee) 

I 6 (SN = 5) 

6 (SN = 7) 

Ave-rage Cost per Road Extent 
Violation Mile & Traffic Dist. 

($) Weight Factor 

70.373 9 0.000 000 8 

1.091 64 0.000 026 7 

0.915 08 0.000 103 8 

0.010 67 0.138 341 7 

0.016 23 0.457 926 2 

0.009 85 0.292 496 4 

0.015 73 

0.001 63 

0.026 993 _5 __ 

0.084 110 9 

~II- 100 1 

Contribution t o 
State-Wide Ave-rage 

ill 
0.000 056 3 

0.000 029 1 

o. ooo e95 o 
( 

0.001 476 1 

0.007 432 1 

0.002 8811 

0.000 424 6 

0.000 137 1 

0.012 531 4 



I TABLE 6 

I • 
I 

ROAD EXTENT AND TRAFFIC DISTRIBUTION 
WEIGHT FACTORS FOR UPPER BOUND ON PRIMARY ROADS 

I 
Extent Referenc e Axles Product Complete 

Road Factor - X 10-6 X 10-6 Weight Factor 

Class 1 0.03 0.000 138 0.000 004 1 0.000 000 8 

2 0.01 0.012 800 0.000 128 0 o. 000 026 7 

3 0.03 0.016 600 0.000 498 0 0.000 103 8 

; 4 (8 in. pee) 0.41 1.619 400 0.663 954 0 0.138 341 7 

5 (8 in. pee) 0.32 6.868 00 2.197 760 0 __ O. 451._ 926 _2 

5 (9 in. pee) 0.10 14.038 000 1.403 800 0 0.292 496 4 
I 
I 

6 (SN= 5) 0.08 1.619 400 0.129 552 0 o. 026 993 __ 5_ 

' I 6 (SN= 7) 0.02 20.184 000 0.403 680 0 0.084 110 9 

4. 799 376 1 1.000 000 0 

---------
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- - - - - - - - - - - - - - - - - - -
TAHE 7 

PRIMARY ROAD PAVEMENTS, THEIR UNCCMPENSATED USE BY OVERWEIGHl' VEHI CLE FROM SYSTEM 31 

Mainte-
Aveg . Uncompensated nance 

Struc - Ref . Axles per Vio - Average Uncompensated Fraction Cost per Average Uncompensated Cost per 
tural lating Vehicle ( over - Used per Violating Vehicle Pavement Cost Lane Mile Mile Eer Violating Vehicle 

Road No . St r uctural Reference Axles wt . on sistem 31 . ( overwt . on System 31 } per Lane Mile Year Life Maintenance Tot al 
Class No . Pavement Coef . No . During Life Life Maintenance Life Maintenance m (~2 _ill ($) ...ill... 

1 ¼ i n . i nvert pe ne . 0 .20 
7 i n . r olled stone 0 .12 0 . 89 1.376 2 X 102 0 .537 82 0 .358 72 0 . 390 81 X 10- 2 0 .260 67 X 10- 2 17, 500 277 69 . 651 8 0 . 722 1 70 . 373 9 

( 1.00 used ) 

2 2 in . asph . conc . 0 .44 
7 in . bit .tr . soil ag . 0 .22 2 .28 1 .271 9 X 104 0 . 501 30 I 0 .394 12 X 10- 4 0 .282 03 X 10- 4 2 7,500 277 1.083 83 0 . 007 81 1.091 64 

( 2 . 3 used ) 

3 3 in . asph . cone . 0 . 44 
8 in . rolled stone 0 .12 
2 in . soil aggr . 0 .05 2 . 38 1.641 4 X 10

4 
0 .497 37 I 0 . 303 01 X 10- 4 0 . 218 5 4 X 10- 4 30 , 000 277 0 . 909 03 0 . 006 05 0 . 915 08 

H ( 2 .4 used ) 

H 
H 4 4 in .asph .conc . 0 . 44 
I 

1.619 4 X 106 I 0 . 313 35 X 10- 6 0 .221 51 X 10- 6 
I-' 8 in . pee 0 . 40 4 . 96 0 .507 43 34 , 000 97 0 . 01 0 65 0 . 000 02 0 . 010 67 
0 ( 5 . 00 used ) 
I\) 

4 4 in . asph . conc . 0 .44 
2 . 801 8 X 10- 6 0 .183 71 X 10- 6 - 6 

34, 000 97 0 . 006 25 0 . 000 01 9 in . pee 0 .40 5 . 36 0 .514 71 0 .128 03 X 10 0 . 006 26 
( 5 . 40 used ) 

5 8 in . pee - - 2 . 438 8 X 10- 6 0 . 789 63 0 . 651 79 0 .323 77 X 10- 6 0 .267 25 X 10- 6 50,000 147 0 . 016 19 0 . 000 04 0 . 01 6 23 

5 9 i n. pee - - 5 . 064 3 X 10- 6 0 . 829 53 0 .560 25 0 .163 80 X 10- 6 0 .110 63 X 10- 6 60,000 147 0 . 009 83 0 . 000 02 0 . 009 85 

6 3 in . asph . conc . 0 .44 
10 in . asph . tr . c . stone 0 . 34 

0 .313 35 X 10- 6 
6 in . soil aggr . 0 .05 5 . 02 1 . 619 4 X 106 0 .507 43 0 .358 72 0 .221 51 X 10- 6 50,000 277 0 .015 67 0.000 06 0 . 015 73 

( 5 . 00 used ) 

6 4.5 i n . a s ph . conc . 0 . 44 
14 in . asph .tr . c . stone 0 .34 

6 i n . soil aggr . 0 . 05 7 . 04 20 . 184 X 106 0 .531 75 0 .358 72 0 .263 45 X 10- 7 0 .177 73 X 10- 7 60, 000 277 0 . 001 58 0 . 000 005 0 .001 63 
( 7 . 00 used ) 
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I 
I 

Road -

47,48 

I 44,46,57, 
& 58 

I 56 

j 54 
I 

I 55 (6 in. pee) 

, 55 ( 7 in. pee) 

TA:eLE 8 

AVERAGE UNCOMPENSATED COST PER MILE FOR 
OVERWEIGHT VEHICLES ON SECONDARY ROADS 

Average Cost per Road Extent 
Violation Mile & Traffic Dist. 

($) Weight Factor 

13.081 0 0.000 123 0 

1.727 2 0.001 922 

0.340 1 0.032 752 

0.055 55 0.001 526 

0.008 54 0.291 928 

0.003 81 0.671 749 

lrrr-103 \ 

Contribution to 
State-Wide Average 

ill 
0.001 609 

0.003 320 

0.011139 

0.000 085 

0.002 493 

o. 002 559 

o. 021 205 



"' 
/ 

Pavement 

47, 48 

44, 46, 57 & 58 
I 

I 56 

I 
I 54 I 
I 
1 55 ( 6 in . pc c ) 

i 55 (7 in. pee) 

I 

-1 
TABLE 9 

ROAD EXTENT AND TRAFFIC DISTRIBUTION 
WEIGHT FACTORS FOR SECONDARY ROADS 

Extent Reference Prcx:lu:~ 
I Weight 

3 Factor Axles x 10 X 10 Factor 

0.085 9 0.412 85 0.035 46 0.000 123 
--

---- . 
0.171 6 3.228 5 - 0.554 01 0.001 922 - ·-··-------

- ·--•- - -- --
0.567 4 16.636 9.439 27 0.032 752 

0.004 4 99. 970 0.439 87 0.001 526 

o. 085 8 980. 62 84.137 20 0.291 928 

0.084 9 2280.4 193. 605 96 0.671 749 

288.211 77 1.000 000 
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TAHE 10 

SECONDARY ROAD PAVEMENTS, THEIR UNCCMPENSATED USE BY OVERWEIGHT VEHICLES ON SECONDARY ROADS 

Mainte-
Ave . Uncompensat ed nance Average Uncompensateu :ost per 
Ref . Axl es per Vi o- Average Uncompensated Fraction Cost per Hile per Vi olating Vehicle 
lat ing Vehicle (over - Used per Violating Vehicle Pavement Cost Lane Mi l e ( overweight 1 secondari road ) 

Pavement neference Axles weight 2 secondar z road ) ( overweight 2 secondarz road ) per Lane Mile Year Life i.:aintenance '.i:otal 
Codes Pavement During Life Life Maintenance Life /.la intenance (~) (~) ill_ (~) __w_ 

47,48 Flexible 4 . 128 5 X 102 0 .267 61 0 . 172 29 0 . 648 20 X 10 
- 3 0.417 32 X 10 

- 3 
17 ,ooo 247 11.019 4 2 .061 6 13 .081 0 

SN = 1. 0 

3 .228 5 X 10
3 - 4 

44,46 Fl exibl e 0 .262 51 0 . 813 10 X 10 0 .533 65 X 10- 4 18, 000 247 1.463 6 0 .263 6 1. 727 2 
57 , 58 SN = 1. 5 

1. 663 6 X 104 - 4 
56 Flexibl e 0 .252 92 0 . 152 04 X 10 0 . 103 57 X 10- 4 19, 000 247 0 .288 9 0 . 051 2 0 . 340 1 

SN = 2 . 0 

H 
9. 997 0 X 10

4 .], 0 .235 20 X 10-5 0 . 172 34 X 10- 5 H 54 Flexi b l e 0 .235 14 20, 000 237 0 .047 04 0 . 008 51 0 .055 55 
H 
I SN = 2 . 7 

I-' 
0 
Ul 55 pee 

6 in . 0 . 980 62 X 106 0 . 304 00 0 .316 15 0 .310 00 X 10- 6 0 . 322 40 X 10- 6 25, 000 122 0 . 007 75 0.000 79 0 .008 54 

1. 442 1 X 106 0 .210 80 X 10- 6 0 .21 9 23 X 10- 6 

0 . 68 0 . 68 0.68 

55 pee 
2 .280 4 X 106 

7 in . 0 .303 65 0 .269 99 0 . 133 16 X 10- 6 0 . 118 40 X 10- 6 26,400 122 0 .003 52 0 .000 29 0 . 003 81 

3 .353 5 X 10
6 0 . 905 47 X 10- 7 0 . 805 09 X 10-7 

0 . 68 0 . 68 0 . 68 



Road 

Class 1 

2 

3 

4 (8 in. pee) 

5 (8 in. pee) 

5 (9 in. pee) 

'\ I 6 (SN= 5) 

6- (SN;, -7) -. 
I - ·- -

! 

' ) 

TABLE 11 

AVERAGE UNCOMPENSATED COST PER MILE 
FOR OVER-RIDISTRATION AND OVERWEIGHT VEHICLES 

(Primary Systems 01 and 03) 

Average Cost per Road Extent Contribution t o 
Violation Mile & Traffic Dist. State-Wide Average 

( $) Weight Factor ( $) 

22.02 0.000 000 7 0.000 015 4 

0.3315 0.000 020 8 0.000 006 9 

0.274 2 0.000 081 0 0.000 022 2 

o. 002 802 0.108 047 6 0.000 302 7 

0.001 426 0.234 707 4 0.000 334 7 

0.000 863 0.479 735 2 0.000 414 0 

0.004 463 0.013 176 5 0.000 058 8 

0.000 441 0.164 230 8 0.000 072 4 

0.0012271 
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TABLE 12 

PRIMARY ROAD PAVEMENTSL THEIR UNCCMPENSATED USE BY OVER- RIDISTRATION AND OVERWEIGHT VEHICLES 

Mainte -
Avg. Uncompensated nance Average Uncompensated Cost per 

Struc- Ref . Axles per Vic - Average Uncompensated Fraction Cost per Mile per Violating Veh icle 
tural lating Vehicle Used per Violating Vehicle Pavement Cost Lane Mile (Both overweis;£t and over - res. ) 

Road No . Structural Reference Axles (overwt. & over-res . ) ( overwt . and over-resistration ) per Lane Mile Year Life Maintenance Total 
Class No. Pavement Coef. No . Durins Life Life Maintenance Life Maintenance (i l __ill_ _ill (i) _ill_ 

1 ¾ in. invert.pene. 0 .20 

FLEXM 7 in .rolled stone 0 . 12 0.89 0 .137 62 X 103 0 .140 68 0 .102 48 0 .102 23 X 10- 2 0 . 744 68 X 10- 3 
17,500 277 17 . 89 4 . 13 22 . 02 

FLEXL (1.00 used) 

2 2 in . asph . conc . 0 .44 
7 in . bit . tr . soil 0 .20 2 .28 0 .128 X 10

5 0 .133 6 0 .102 48 1.044 X 10- 5 0 . 800 6 X 10-5 27 , 500 277 0 .287 1 0.044 4 0.331 5 
ag. (2 . 3 used ) 

3 3 in .asph .conc. 0.44 

8 in . rolled stone 0 .12 

2 in . soil aggr. 0 . 05 2 . 38 0 .166 X 105 0 .132 8 0.102 48 0 . 800 0 X 10- 5 0 .617 3 X 10- 5 30,000 277 0 .240 0 0 .034 2 0 .274 2 
(2 .4 used ) 

H 
H 4 4 in.asph.conc . 0 . 44 H 
I 8 in . pee 0 . 40 4 . 96 1.619 4 X 10

6 0 .133 18 0 .102 48 0 . 822 40 X 10- 7 0 .632 82 X 10- 7 34,000 97 0 .002 796 0.000 006 0 . 002 802 
I-' ( 5 .oo used ) (asph . re -
0 
--..] surface of 

pee) 
4 4 i n .asph . cone. 0 . 44 

6 
9 in .pee 0.40 5 . 36 2 . 81 X 10 0 .132 1 0.102 48 0.470 X 10- 7 0.365 X 10- 7 34,000 97 0 . 001 598 0 . 000 004 0.001 602 

( 5 . 4 used ) {asph .re-
surface of 
pee ) 

RIGIM 
6 . 868 X 106 

RIGDL 5 8 in.pee 0 .188 79 0 .122 28 0 .274 88 X 10- 7 0 .178 04 X 10- 7 50,000 147 0 . 001 374 0 . 000 052 0 . 001 426 
9 in . pee 14 . 038 X 106 0 .196 14 0 . 118 67 0 .139 72 X 10- 7 0 . 845 34 x 10-8 60,000 147 0 . 000 838 0 . 000 025 0 . 000 863 

FLEXM 6 3 in . asph cone . 0 . 44 

FLEXL 10 in. asph .tr . c . 0 . 34 
stone 

6 in . soil aggr . 0 . 05 5 . 02 
0 . 632 82 X 10- 7 

( 5 . 00 used ) 1.619 4 X 106 0 . 133 18 0 .102 48 0 . 822 40 X 10- 7 50,000 277 0 . 004 112 0 . 000 351 0 . 004 463 

6 4 .5 in .asph . conc. 0 .44 

14 in . asph . tr .c. 0 . 34 
stone 

6 in . soil aggr. 0 . 05 7 .04 20 .184 X 106 0 .138 99 0 .102 48 0 .688 64 x 10-8 0 . 507 73 X 10- 8 60,000 277 0 . 000 413 0 . 000 028 0 . 000 441 
( 7.00 used ) 



APPENDIX 1, TAB A 

AVERAGE IOWA MILEAGE PER TRUCK TRIP 

Basic Informat ion Source 

1963 Iowa State Highway Commission Loadometer Survey RecordJ:/ 

Form of Data 

Individual trip distances are recorded in miles . The origin and 
destination of e ach t rip and the state of registration of the vehicle are 
recorded in a coded form. 

Method of .Analyzing Data 

The number of vehicles originally surveyed were far more than needed 
for the purpose of estimating a gross average mileage per trip . The records 
were therefore sampled systematicall y using every nineteenth trip . A total 
of 503 tr i ps were sampled. 

For trips within Iowa the trip mileage was simply recorded for each 
trip record. For trips that originated or terminated out of s tate , only 
the estimated portion of the tr i p that occurred within Iowa was recorded. 
The e stimate of mileage in Iowa was made by examining the probable route 
taken on a map of Iowa highways . 

Results of the .Anal_;y:sis 

Tri£ Location 

I owa only 

Part ial out of state 

All 

GENERAL TRUCK POPULATION 

No. of Tr iE_s 

382 

121 

503 

Mile~e 

27 ,623 

29 ,_ 005 

56,628 

Aver age Mi l e age 

72 .3 

240 .0 

112 .3 

~/ 1963 data was most re cent Origin-Destination survey available . I t is 
not believed that average trip mileage would change greatly in a few years. 
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Est:i,mate For the Violator Po~ulation 

'Ihe above average mileage estimate applies to the general population 
of trucks. A mileage figure is also neede d for weight regulation violators. 
'Ihe Loadometer Survey provides no direct information on mileage of violators. 
It was not believed that violators travel greater or l e ss dis t ances than 
non-violators per trip . However, it is possible that violations are more 
frequent per vehicle on out-of-state trucks t han in-s tate trucks . Hence, 
the average distance might be shifted towards the 240- mile tri p distance of 
out-of-s tate vehicles. 

A tape record of all 1967 violations was used t o determine th~ frac­
tion of violations committed by in/out-of-state vehicles as follows :ii 

VIOLATORS ONLY 

Registration Percent of Violators Average Mileage 

Iowa 78 .8 72 .3 

Other 21.2 240 .0 

All 100.0 108. 0 

'Ihe density of violations does not seem to depend significantly on state 
of r egis tration since 108 . 0 is so close to 112 . 3 . ( However, out- of- state 
violators travel abou t thr ee time s farther per violation and t hus may cause 
three times as much road damage per violation.) ( 

1/ 'Ihe program used to proce ss t he tape is at Appendix 6. 
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APPENDIX 1, TABB 

NUMBER OF 'IRUCK 'IRIPS PER YEAR IN IOWA 

Basic Information Sources 

1. ISHC Planning Division: "Estimated Annual Vehicle Miles of 
Travel In Iowa In 1968 By Road System and Vehicle Type ." 

2 . .Appendix 1, Tab A of this Report(Average Iowa Mileage Per Truck Trip ). 

3. ISHC Planning Department: "Registration of Motor Vehicles, 
Trailers, etc . Classified by Vehicle Type" (1967 .Automobile Registration). 

Method of Processin~ Data 

Item 1, supplied an estimate of 1.375 billion truck miles for 1968 -on the primary and secondary rural roads of Iowa. We are interested in 
fiscal year 1968, so that we must correct this figure for a 3 percent annual 
growth rate. 

Now 

T = M/ m 

where: T 
and m 

is number of annual truck trips, M is total annual truck mileage 
is average distance traveled per truck trip . 

Results of Anal~sis 

T = l. 375 (10)9 /112. 3(1.015) 

T = 12.06(10)6 
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APPENDIX 1 , TAB C 

FRACTION OF TRUCK TRIPS IN VIOLATION 

Basic Information Sources 

1. ISHC T.W. O. "Summary of Results of Traffic Weight Operations" 
( Attached ) . 

2. ISHC Planning Department "Analysis of Traffic Volume and 
Weight Study--19 66 " , Table W- 7, p . 67 . 

3. ISHC T.W . O. Communication to MRI : Number of Traffic Weight 
Offic ers by Year (Att ached ). 

4. Appendix 1, Tabs A,B of this Report. 

5. ISHC T.W.O. "Summonses I ssued by Tr affic Weight Officers 
July 1, 1966 t hrough June 30, 1967 (Attached ) . 

6. Tape File of 1967 Violation Records. 

7 . ISHC Planning Department Motor Vehicle Traffic Data . 

Method of Processing Data 

I tem 2 indicated that 6.05 percent of the truck trips in I owc 
wer e made in violation of overweight or oversize regula~ions . I ~em 5 , 
attached below, indicated that out of 19 , 084 summons issued only 7 ,515 or 
39 .4 percent were overwe ight or oversize violation . Hence, a rough estimate 
of t he percent violat ing would be 6 .05 percent /0.394 or 15.5 percent. 
However, an analysis of item 6 indicated t hat about 10 percent of these 
violations be long to both the overweight/oversize category and the regis t ra­
t ion violation category . Hence, 1.5 percent of t he violations would be 
double counted by the above calculation; t he actual percent violat ing in 
1967 was 15.5-1 .5 percent or 14 .0 percent . This is the percent of traffic 
violat ing one or more of t he laws enforced by T.W. O. 
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As explained in Section III A of the r epor t the number of sum­
mons in any given year is pr oportional to the traffic T , the fraction 
violating V , and the probability of apprehension, P. Hence, the change 
of V with P can be obtained by scaling from the number of apprehensions 
and correcting for growth in probability of apprehension, and truck trips 
(measured by registration R) over a number of years. In other words: 

V = KA/PR 

where K = (V'P' R' /A ') 

and V', R', T', and A' are the values for 1967. K = 0 .00324. 

Below is a table showing the results of the se calculations for 
Iowa. 

Estimatea3/ 
Truck~/ 

Summonse~/ Average Regis tration Fraction 
Staff p (thousands) (thousands) Viol ating 

(P) ( R) (A) (V) 
A r ; 

1950 19 0 . 0043 190 , 14 .9 0 .585 
1952 28 0 .0064 205 J . 18.8 0 .465 
1954 42 0 .0096 216 _,.,- 22 . 0 0 . 342 
1956 41 0 . 0094 228 20.4 0 . 308 
1958 46 0 . 0105 238 1· 16.9 0 .218 
1960 45 0 . 0103 248 'a•/ 13.4' / 0 .170 
1962 49 0 . 0112 256 16.2 ...,. 0 .181 
1964 57 0 .0130 282 J 18 .2 ....- 0 .161 
1966 54 0 . 0123 334 J' 21.2 _,.. 0 .166 
1967 56 0 .0128 345 i .; 19.1 - 0 .140 

1/ Item 3 . 
2/ 1967 value taken from Appendix 1, Tab D. Other value s were taken as 

linearly proportional to staff. (Apprehension model is linear for 
small P.) 

3/ Item 7 . 
4/ Item 1 ( Attached below). 
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I-' 
I 

(J) 

SUMMONSES ISSeED BY TRAFFIC WEIGHT OFFI CERS 

July 1, 1966 through June 30, 1967 

Also Completion of Summonses Issued in Prior Period 

Type of Violation 

WEIGHT 
j t?V.Ju. Overload of Registrations ..... . 

Single Axle Overloads ..... .... . 
Two Axle Tandem Overloads ..... . 
Three Axle Tandem Overloads ... . 
Gross Overloads ............... . 

~o¼ Improper Registration ......... . 
i~~ Other Violations .............. . 

Subtotal 

DIMENSIONS 

No . of 
Summonses 

Issued 

3,498 
2,384 
2,263 

11 
1,339 
7,897 

176 

17,568 

$ 

Fine and 
Cour t Costs 

Paid 

39,647 .29 
77,425 .27 
61,516 . 85 
3,390.14 

66 , 906 .27 
118,150.51 

3,567.50 

$ 370,603 . 83 

Width . . . . . . . . . . . . . . . . . . . . . . . . . . 816 $ 13,362 .75 
Length . . . . . . . .. . . . . .. . . . .. . . . . . 626 14,401 . 50 
Height . . . . . . . . . . . . . . . . . . . . . . . . . 16 245 . 00 

$ 

$ 

Increased 
Registrations 

83,168.44 
125 . 00 

75 . 00 
16 ,993.95 

131 .25 

100 , 493 . 64 

Front - End Projection . . . . . ... . . . 58 1,310 . 00 --------'-------------
Sub -Total 1,516 

TOTALS .................... ~84 

Cases prior to July 1, 1966 now complete 
_(4;5tl_ 

Registration increases due to Warnings 

GRAND TOTALS ••..•.•••..... 19,084 

$ 2 9,319.25 

$ 399,923.08 

$ 15,989 . 70 

$415,912 . 78 

$ 8,296.43 
5,199.14 

$ 113,989 .21 



Fiscal Year 

1941-42 
1942-43 
1943-44 
1944-45 
1945- 46 
1946- 4 7 
1947-48 
1948-49 
1949-50 
1950- 51 
1951- 52 
1952- 53 
1953-54 
1954- 55 
1955-56 
1956- 57 

-1957-58 
1958-5 9 
1959- 60 
1960- 61 
1961-62 
1962 - 63 
1963- 64 
1964- 65 
1965-66 
1966- 67 

TOTAL 

July l, 1966 thru June 30, 1967 

SUMMARY OF RESULTS OF TRAFFIC WEIGHT OPERATIONS o\Z 

No . of 
Summonses 

Issued 

8,320 $ 
7 ,820 
7,507 
7,383 

. 10,009 

. 10, 125 
9,784 
9,479 

. 10',505 

. 10 ,474-

. 13 , 324 

. 16,805 

. 15 ,805 

.14, 739 

. 14,444 

. 13, 692 

. )-1,,952' 

. 12 , 565 

. 13 ,3 70 

. 14 ,24 7 

.16, 177 

. 16,819 

.18,196 

.22,796 

.21,213 

.192.084 

Total Paid 
Fines & Costs 

70,270 .55 $ 
49 , 683.66 
54,862 . 80 
64,740 .50 
87,640 . 90 

104,245 . 45 
128,650 .20 
130,715 . 15 
109,543 . 69 
151,887 . 87 
221,364 .06 
272 ,586 . 41 
241 ,039.18 
259,717 .35 
263,134 .82 
256 , 941.42 
279 , 741 .95 
294 ,485 . 66 
340,422 .59 
356 ,523 . 12 
416,031.55 
406,576 . 74 
433,559.23 
525 ,546 . 38 
481 ,548. 21 
415 .i. 912 . 78 

Registr ation 

173 , 685 . 60 $ 
186 , 637 . 40 
157,365 . 11 
154,283 . 41 
183,300 . 08 
174,096 .52 
212,263 . 91 
267,667 .20 
310,810 . 61 
268,225 .35 
268,205 . 32 
341,300 . 55 
314,305.22 
439 , 629 .28 
402,759 . 49 
336,703 .83 
235,956 . 70 
247 , 389 . 00 
136 , 336 . 11 
134,674 . 91 
177 , 444 .87 
238,170 . 56 
214,568 . 07 
183,268 . 66 
168,942 . 41 
113 ,2989. 21 

Cost of 
O_()_eration 

61,559 . 91 
70,040 . 49 
72,598.96 
83,276.37 
81,296 . 99 
82,902 . 94 
85,545.13 
80,454.60 
80,599 .24 
86,467.15 

156,220 . 75 
197 , 862 . 66 
221,700 . 75 
225,392 . 79 
229 , 135 . 08 
236,373.96 
234,867 . 14 
249,217 . 64 
228,584 .23 
332,832 . 70 
342,176.67 
360,704 . 14 
387 , 971.59 
433,650 .39 
477,089 .2 6 
485 2. 668 . 76 

346 ,434 $ 6,417 , 362 .22 $ 5,861,979 .38$ 5,584,190 .29 

NOTE : Figur es shown under "Registration" show only the amount of 
additional regist ration fees paid on vehicles actually found 
to be under registered. 
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Results of the Anal~sis 

The results of the analysis a.re shown graphically in Section III 
A5 of the report. /? llJ 7-~ 

The following function was fitted to the data for calculation 
purposes: 

V = 0.02 + 0.9Se-163 P 
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APPENDIX 1, TAB D 

PROBABILITY OF APPREHENSION 

Basic Information Sources 

1. ISHC T . W. 0 . : "Summary of Results of Traffic We i ght Operations, 
July 1, 1966, through June 30, 1967." 

2. Appendix 1, Tab B of this report. 

3. Appendix 1, Tab C of this report. 

4. ISHC Planning Division: "Volume of Traffic on the Primary 
Road - 1965 . " 

5. Tape File of 1967 violations. 

6. Appendix 1, Tab A of this report. 

7. ISHC Planning Division: "Highway Mileage in Iowa by Surface 
Type, January 1, 1967." 

8. Section III-B-3 of this report. 

Method of Data Analzsis 

Apprehension rate method: One method of determining apprehension 
probability is to determine the number of apprehensions per violating trip. 

For example: In fiscal year 1967, according to item 2, there were 
12.06(10)6 trips of which, according to item 3, 14 percent involved one or 
more violations . Computer analysis of item 5 indicated there were 0 .88 
violators per violation (because of multiple violations by one violator on 
one trip). Item 1 indicated there were 19,084 apprehensions during the 
same period. 

or 

We may assemble these facts as follows: 

Probability of apprehension= Apprehensions/violating trips 

P = ( 19, 004 ) ( o. 00 ) / < 12 • 06 ) c 1 o )6 ( o. 14 ) 
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Results of the Analzsis 

P = 0.0128 for 1967 

A.EJ?.lication of the Results 

From Section III-A-4 of the report we know that P can be re­
lated to staff level, S, by a relation of the following general form:.Y 

p = 1 - e-KAS 

where KA is a lumped constant depending on such fac tors as length of 
trip, number of miles of road being patrolled, etc . We may solve the above 
equation for KA : 

KA= - ln(l-P)/ S 

This method was used to find KA's for conventional fixed sit es and f or 
roving patrols using loadometers for the scheduling and ot her management 
techniques employed in 1967 . 

Site Tze:_ 

Fixed site 

Roving Patrol 

Apprehension 
Constant 

(196 7 ) 

3 .32 (1o r 4 

3. 09(lot4 

These KA values were in turn inserted into the Apprehension Model to 
obtain P's for a range of new S's . 

y Assuming that the size of the staff is not suffi cient to f ully man all 
ava ilable inspection sites. 
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Theoretical Anal;zsis Method 

Another method of estimating P is by theoretically calculating 
KA from the factors known to compose it. 

Hence) 

Under the assumption of r andom scale location: 

p = 1 -
-(MHDPs/168LC )s 

e 

KA= MHDPs/ 168LC 

where M) etc.) are defined in Section III-A-4 of the report as : 

M = trip length of vehicles in violation 

H = hours worked per day 

D = days worked per week 

Ps = probability of inspecting vehicles going by site 

L = length of road under surveillance 

C = crew per site (average ) 

We estimate these values as follows (for 1967 average): 

Par ameter Value Source or Method 

M 108 Item 6 

H 8 Nominal 
D 5 Nomina l 

Ps 1 Assumed (true for fixed sites ) 
L 17) 93 JY Item 7 

C 2 .58 Item 8 

y Rural primary and paved secondary only. 
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Thus KA== 108(8)(5)(1)/168(17,931)(2.58) == 4.33(10)3/7.78(10) 6 . 

KA == 5.56(10)-4 

However, it is known that the inspection sites are not placed randomly, but 
are placed in regions of high traffic density. This effectively boosts P 
and KA by a factor related to the traffic concentration. The more traffic 
is concentrated on a few miles of roads the better the chance of properly 
locating a scale, and the better the probability of apprehension. 

Figure l-D-1 shows the traffic concentration of the Primary Road 
System. This information was processed to produce the graph in Figure l-D-2 
by plotting the fractional cumulative mileage traveled versus the cumulative 
amount of highway used in traveling. 

Figure l-D-3 shows how the information from Figure l-D-2 is proc­
essed to produce Pj's, probabilities that traffic will be located in regions 
1,000 miles in length. The primary road information was combined with in­
formation on secondary roads that added to a truck mileage of 1.15 million 
truck miles per day. 

As discussed in Section III-A-4 of the report and displayed on 
Figure l-D-3, Pj I s can be used to calculate a "boost factor II on the prob­
ability of apprehension calculated using the random site location method. 
This factor for Iowa is 1.41. 

Since the single site probability of apprehension is proportional 
to the apprehension constant KA we can boost KA to 1.41 KA to accom­
modate this effect. 

Results of the Analysis 

The theoretical value for P may now be calculated as 

p == 1 _ e-l.41[(5.56 )(1or
4Js 

or 

p == 1 _ e-1.41(5.56)(10)- 4(39. 2) 
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AVERAGE DAILY TRAFFIC COUNT* 

Total Currrulative 
Section Distance Distance 

Cell Midpoint Lengt h Traveled Traveled 

0 - 49. 9 25 683 . 2 17, 000 17, 00Q 

50 - 99 . 9 75 929 . 6 70, 000 87 , 000 

100 - 199 15 0 1, 900 . 6 280,000 367,000 

200 - 299 250 2 , 925 . 2 733 ,000 1,100,000 

300 - 399 350 1, 093 .1 382 , 000 1,482 ,000 

400 - 499 45 0 724 .4 326,000 1, 808 ,000 

500 - 699 600 1,491. 7 900, 000 2 ,708,000 

700 - 899 800 0 . 0 () c: , 708 , 000 

900 - 1, 099 1, 000 288.9 288 , 900 2,996,900 

TorAIS 10,036.0 2 ,996, 900 

Miles t r ave led in a day - 2 . 997 x 1o6 
Miles traveled in a year - 109 . 0 x 107 

* 1965 I owa Volume of Traffic on Primary Road System. 

Figure l-D-1 - Traffi c Concentration on Iowa Primary Road System 
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Figure 1-D-2, Cumulative Fraction of Mileage Traveled vs. Miles of Primary Road Used 
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PRIMARY 

Cwnulative 
Fraction 
of Miles Fractional 

Mileage Region (J) Traveled Increase= P; :1 
1) 
2 ) 
3 ) 
4) 
5) 
6 ) 
7) 
8 ) 
9 ) 

10 ) 

11) 
12) 
13) 
14) 
15) 
16 ) 
17) 
18) 

0 - 999 . 9 o. 0067 0 . 0067 0 . 000045 
1,000 - 1,999.9 0. 0343 0 . 0267 0 . 001706 
2,000 - 2,999 . 9 o. 07C6 o. 0362 o. 001310 
3,000 - 3,999 . 9 0 .117 o. 0465 o. 002162 
4, 000 - 4,999.9 0.178 0 .0610 o. 00372 1 
5,000 - 5,999 . 9 0 . 239 0.0610 0. 003721 
6,000 - 6,999 . 9 0. 3110 o. 0720 o. 0057CY2 
7,000 - 7,999 . 9 0.4160 0 .1050 0 . 011025 
8,000 - 8,999 . 9 0.5530 0 .1370 0 . 018769 
9,000 - 9,999 . 9 0 . 7230 0.1700 0 . 028900 

PAVED SECONDARY 

10,000 - 10,999 . 9 0 . 7576 o. 0346 0 . 001197 
11,000 - 11, 999 . 9 0 . 7922 0 . 0346 0 . 001197 
12,000 - 12,999.9 0 . 8268 o. 0346 0 . 001197 
13,000 - 13,999 . 9 0 . 8614 o. 0346 0 . 001197 
14,000 - 14 ,999 . 9 o. 8960 0. 0346 0 . 001197 
15,000 - 15,999.9 o. 9306 o. 0346 0 . 001197 
16 , 000 - 16,999 . 9 0 . 9652 0. 0346 0.001197 
17,000 - 17,999 . 9 0 . 9998 o. 0346 0 . 001197 

Cumul ative 
Fraction Mileage Sum Pj Sum PJ 

1. 000 1.000 o. 078258 

Boost Factor = Number of 1, 000 mile segments x sum [ 11 ] 
Boost Factor = 18 x 0.078258 = 1.41 

Figure l-D-3 - Calculation of Boost Factor on Apprehension 
Probability Due to Scale L:ication Along 

High Traffic Density Roads 
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P = 1 - e - 0 . 055 o 

P = 1 - 0 . 9465 

P = 0 . 0530 

It should be noted that the apprehension rate method, which is a 
more direct method, yielded a value of 0 . 012_6 or about ~ ~rc~ of the 
theoretical value based on the apprehension model. 

The difference between the two figures was attributed to the 
"leakage " of information on scale schedules and other enforcement practices 
to violators. This leakage was assumed to be independent of slow changes in 
staff s i ze , so that the apprehension rate calculated value for KA would be 
insensitive to staff size. The leakage rate would change if ways could be 
found to prevent vi olators f rom finding out about enforcement practices . 

/ 

~~ 
\ 

~ 

.~ 
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.APPENDIX l, TAB E 

AVERAGE FINE PER VIOLATING VEHICLE 

Basic Information Sources 

1. Tape file of 1967 Violation Records. 

2 . Sampl e of l 967 scale operation reports. 

Method of Ana l yz ing Data 

A sample was made of T.W.O .' s own 1967 scal e operation reports . 
The instructions for carryi ng out the s ample are at Appendix 8 . The fines 
and/or registrati on increases (both referred to as a "fine " herein) for 
each day ' s operations in the sampl e were recorded . The average fine per 
violat i on was cal culated by ~imply totaling the dollars coll ected and 
dividing by the total viol ations recorded . 

A computer ana l ys i s of Item l ( s imply tabulating the number of 
violations committed for each viol ator apprehended)~/ indicated that there 
are l.135 violations per viol ator . This fact can be used to determine the 
average amount paid by each violator as follows: 

Results of Ana l ys i s 

Mode of Apprehension 

Fixed Sites 

Roving Patrol 

All 

Percent of 
Apprehensions 

77 . 4 

Average Fine 
Per Violation 

/o wcSt 
23 . 70 

22 .6 r, ' 1
' 37 .50 

100 .0 26 . 80 

1/ The computer program is documented at Appendix 10 . 

Average Finey 
Per Violator.

2 

26 . 95 

42 . 60 

30.40 

~/ Taken equal to l.l35 times the average fine per violation . 
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APPENDIX 1, TAB F 

DISTRIBUTION OF PAVEMENT TYPES AND COSTS IN IOWA 
(Primary System)* 

. Basic Information Sources 

The information on pavement types and costs in the Iowa 
primary road system was obtained from the Iowa State Highway Commission. 
The information was forwarded by Mr . Stephen E. Roberts, Research 
Engineer. 

In a telephone discussion with Mr. Roberts on May 21, 1968, 
two pavement properties were confirmed. The bituminous treated soil 
aggregate is no longer used and current standards provide no structural 
coefficient . A structural coefficient of 0.20 was chosen based on 
the similarity to currently employed cold laid bituminous concrete base. 
Also, it was agreed to treat the asphalt treated crushed stone in 
pavement class 6 as asphalt treated base class I with a structural 
coefficient of 0.34 . 

A majority of the pavement courses are types in current use . 
The structural coefficients for these courses are obtained from "Guide 
for Primary and Interstate Road Pavement Design," Design Department, 
Soils , January 1968. 

Data Processing and Application 

The calculation of uncompensated pavement costs per violating 
vehicle mile requires the following inputs discussed here: 

1 . Pavement structure sufficiently well defined to calculate 
useful life in terms of reference axle applications. 

2 . The number of miles of each pavement structure (or the 
percent of total miles) . 

3. The cost of the pavement per lane mile . 

* Distribution of Pavement Types and Costs for paved secondary roads 
is contained in Appendix 1, Tab M. 
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The pavement structures are well defined by the information 
provided by the ISHC. However, for class number 5 two thicknesses are 
indicated and for class 6 a range of thicknesses is indicated. For 
the class 6 pavements the extremes are used so that there are in the 
distributions two type 5 and two type 6 pavements. The percent miles 
within these classes are presented later in this section. 

A range of costs is given for the class 5 and 6 pavements. 
The extreme values are used. The minimum value is associated with 
minimum thickness and maximum value is associated with maximum thick­
ness.* 

Careful consideration has been given to portland cement 
concrete slabs covered with an asphalt concrete course. In effect, 
these pavements have two lives, first as a rigid pavement with pee 
surface, and then as a flexible pavement with pee base course, From 
this point of view these pavements could be considered as possessing 
a life which is the sum of the two separate lives and a total cost which 
is the sum of original pavement plus asphalt surfacing. In the same 
light one might project current pee pavements as possessing the po­
tential of second life as a flexible pavement. However, not all pee 
pavements will be used since marginal soil support or altered alignment 
and grade requirements may reduce the desirability of the second life. 
Thus at any time the primary road system will contain these pavements 
in their first and second life states. The current state on the Iowa 
primary system is defined by the supplied data. 

It appears that a pee pavement (in first life) should be 
evaluated as a rigid pavement with one useful life. The associated 
pavement cost is for the pee structure, A pavement which consists of 
an asphaltic concrete surface course over an old pee slab should be 
treated as a single life flexible pavement. However, the cost applied 
here should cover only the expense of adding the asphaltic concrete 
surface course. This procedure accounts for the possibility of 
a second pavement life and proportions first and second lives according 
to the state of the highway system. 

The cost of the asphaltic concrete surface course (over pee 
base) is estimated from the data supplied by the ISHC. The current 

* It is recognized that factors other than thickness do affect pavement 
costs. However, for average correlations the chosen assignments 
seem most logical. 
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pee slab pavements cost $100,000 to $120,000 per two lane mile . 
Currently an 8 in . pee base with asphalt surface would cost $168,000 per 
two lane mile . The cost of the asphaltic surface course is taken as 
$68,000 per two lane mile or $34,000 per lane mile . * 

Results 

Two pavement distributions are presented and used in the 
calculations of uncompensated costs per violation vehicle mile . The 
first distribution uses equal a.mounts of the two different pavement 
thicknesses in class nQmbers 5 and 6 . This distribution emphasizes 
thick, high capacity pavements and tends to hold uncompensated costs 
to a minimum . The second distribution contains a higher proportion of 
the thinner pavements and is used in calculations which attempt to 
locate an upper bound on uncompensated costs per violating vehicle mile 
on the primary system . These distributions are given in Table 1-F- l 
together with structure and cost values used . 

The class 4 pavement with 9 in . pee is not used in the 
current system. It has been carried through the calculations to in ­
dicate the second life potential of currently employed 9 in . pee 
pavements . 

* The figure used is the largest of the possible differences . 
However, it is a conservatively low estimate since resurfacing 
requires shoulder and entrance rework . 
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TABLE 1 - F- l 

PAVEMENT CHARACTERISTICS i COST AND DISTRIBUTION IN THE IOWA PRIMARY SYSTEM 

Pavement Decimal Percent of total 
Class Structural Structural Structural Cost per Pr imary miles 

No . Elements Coef . No . lane mile .(!2 Distribution l Distribution 2 

l 1 . 
4 in . invert . penetration 0 .20 0 . 89 
7 in . rolled stone 0 . 12 (1.00 used) 17,500 0 . 03 0 . 03 

2 2 in . asph . concrete 0 . 44 2 .28 
7 in . bitum . treat . soil aggr . 0 .22 (2 . 3 used ) 27,500 0 . 01 0 . 01 

3 3 in . asph . concrete 0 . 44 
8 in . rolled stone 0 .12 2 . 38 
2 in . soil aggr . 0 . 05 (2.4 used) 30,000 0 . 03 0 . 03 

f-' 
I 4 4 in . asph . concrete 0 . 44 4 . 96 34,000 0 . 41 0 . 41 f\) 
f-' 8 in . pee 0 . 40 (5 .00 used) (for asph . 

resurface ) 

4 4 in . asph. concrete 0 . 44 5 .36 34,000 0.00 0 . 00 
9 in . pee 0 . 40 (5. 40 used) (for asph . 

resurface ) 

5 8 in . pee NA NA 50,000 0 .21 0 . 32 

5 9 in . pee NA NA 60,000 0 .21 0 . 10 

6 3 in . asph. conc r ete 0 . 44 
10 in . asph . treat . crush. stone 0 . 34 5 . 02 
6 in . soil aggregate 0 .05 (5 . 00 used) 50,000 0 . 05 0 . 08 

6 4 . 5 in . asph . concrete 0 . 44 
14 in . asph . treat . crush stone 0 .34 7 . 04 
6 in . soil aggregate 0 .05 (7 . 00 used) 60,000 0 . 05 0 . 02 



APPENDIX 1 , TAB G 

PAVEMENT MAINTENANCE COST DATA 
(Primary Roads)* 

Source of Information 

The basic data are obtained from the Statistical and Financial 
Reference ISHC ( 66 - 67) and from the Summary, Maintenance Control Sec ­
tions, ISHC 1966 . 

Data Requirements , Processing and Results 

The data needed are the annual cos t of pavement maintenance 
per lane mile as a function of pavement type . These specific costs 
are used i n the calculation of uncompensated costs per violating 
vehi cle mile. Since maintenance cost data are recorded per roadway 
mile , it is necessary to determine the average number of lanes per 
roadway mile . Then the annual specific cost can be found as 

Annual pavement maintenance 
cost per lane mile 

Annual pavement maintenance cost per mi le 
Average lanes per road mile 

Table 1-G-l presents the (1966) proportions of two- and 
four - lane pavements in the Iowa primary system . 

Portland cement concrete and asphalt pavements constitute 
91 . 9% of two - lane and 99 . 8% of four -lane pavements . Table l - G- 2 
presents average lanes per road miles . Table l - G- 3 presents maintenance 
cos t s per mile . 

* Pavement Maintenance Cost for Paved Secondary Roads are contained 
in Appendix 1 , Tab M. 
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TABLE 1-G-l 

MILES OF TWO- AND ~ PRIMA.RY HIGHWAYS 
(lq6') 

Miles 
Pavement Two - Lane 

3'll-t> 
Portland Cement Concrete 4 , 303 

Asphalt material over pee 
3 , 114 (5'f/~ 

Asphalt 
I 

1 ,5 41 

Other ( ext ens ions omitted) 13 0t T:-..--. v ~ > " 9r.,, ,,.,. . 790 -Z.\\ 

9 ,7 48 

c'f 3 '{-V 

TABLE l-G- 2 

AVERAGE LANES PER ROAD MILE 

i!.: 
Pavement L~ Per Mile 

cement concrete 2.177 

material over pee 2 . 020 

Asphalt over flexible base 2 . 087 

All asphalt 2 . 043 
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Four - Lane 

417 Srr; 

32 ' .'> 2 ( L-' 

70 

...-l"" 0 -
520 
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TABLE l -G- 3 

ANNUAL SURFACE MAINTENANCE COSTS PER MILE 

Pavement Routine S_l)_ecial 

cement concrete 283 (!9 ]ll ---- ' , 
&1:, i Asphalt mat erial over pee 171 

/9 '5 20 - ; qe, Asphalt 313 ~rq 

<3"~8.,.<;0 Asphalt surface treated 1 , 269 272 

Gravel or crushed s tone 625 322 

Extensions (maintained by cities) 891 44 

Costs {.Umife J 
Shoulder s & 

Approa_ches 

391 

396 

226 

116 

36 

22 

Total 

711 

591 

805 

1 , 657 

983 

957 

Only the routine and speci al costs are appropri ate to the 
calculation of uncompensated costs per violating vehicle mile . The sum 
of thes e two quantities i s used together with average lanes per road 
mile to compute the costs in Table l -G- 4 . 

TABLE l -G- 4 

PRIMARY ROADS ANNUAL SURFACE MAINTENANCE COSTS PER LANE MILE 

Pavement Annual Cost Per Lane Mile (dollars) 

Io Portland cement concrete E_o,, Jzo: z ,,-, 7 

Cfo Asphalt material over pee 97 .o ) I q 5: 2- "'z. 

60, Asphalt over flexible base 277 .o ) $71:Z,t>f7 
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APPENDIX 1, TAB H 

DISTRIBUTION OF AXLE WEIGHTS FOR OVER- REGISTRATION 
AND OVERWEIGHT VEHICLES 

Som·ce of Information 

Data used in the development of thes e distributions are taken 
from tabl es in the 1966 Iowa Anal ysis of Traffic Volume and Weight Study . 
The specific tables used are identified in subsequent descriptions of 
procedures . The combined distribution of over-registration and overweight 
vehicles uses the summonses issued by traffic weight officers, Jul y 1, 1966 , 
through June 30, 1967 . 

Required Data 

The data discussed here are used in the cal culation of uncom­
pensated cost per violating vehicl e mile. For each violating group (over­
registration or overweight) the following information on each violating 
axle is required : 

1 . The axle configuration ( s ingle or tandem) 

2 . Tne legal weight 

3 . The actual weight (or amount over legal) 

4 . The average number of such violation axles per viol ating 
vehicle 

Over-Regi stration Vehicles 

The over - regi stration vehicles are those whose gross weights 
exceed the weight for which they are regi stered . They do not incl ude 
vehicl es which are over maximum allowabl e weight limits on a s ingl e axle, 
more than one axle, or on the entire vehicle . 

In order to obtain the four required data items, it is necessary 
to determine the distribution of axle weights for commercial vehicles and 
to assign the over legal weight increment to the axles . The data from 
Table W-4, All Main Rural, are used . Also us ed are the impl ications of the 
"Summonses Issued by Traffic Weight Officers ," July 1, l 966 , through June 30 , 
1967 . 
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The data on summonses show that for overl oad of registrations the 
increased registration per summons is $23 . 78 . Thi s impl ies that the average 
rer, istration increase i s one increment or about 2 , 000 lb .* It follows that 
the average over l egal (registration weight) amount is one- hal f the weight 
increment or 1, 000 l b . This average is used here and is distri buted over 
the axl es of the violating vehicle . 

Axl e we i ght distributions are obtained from Tabl e W- 4 , All Main 
Rural. Each type of vehicle is treated separatel y in initial data process­
ing although in some cases similar types are grouped together . Where axl e 
weights are over l egal maximums the axles are dropped together with associ­
ated weights which constitute the entire vehicl e set . (These el iminated 
axl es and veh i cl es are over maximum weight l imits as opposed to over­
registration vehicles . ) The val ues i n the W- 4 tabl e are cl ass i fied in 
weight ranges . The central val ue of the interval is used for all the axles 
in the indicated range . 

The distribution of axl e weights for each vehicl e type is used as 
a guide for the distribution of the average 1 ,000 l b. over - registrat i on l oad 
among the vehicl e axl es . These ass i gnments are shown wi th other features of 
the data reducti on in Tabl e l-H-1. Distr i butions of Legal and Actual Axle 
We i ghts for Over- Regi stration Vehicl es by Vehicl e Type . 

As shown in Table l - H-1 a l arge proportion of the panel s and 
pickups a r e not capable of viol ating registration weight limi ts . This sit­
uat i on occurs when both axles are in the 2 , 000-lb . range . 

The l ast col umn in Tabl e 1-H-l provides average numbers of the 
i nd i cated axl e per over- registration vehicl e of the type . The next step 
uses the se val ues to generate a distributi on of axle types and weights 
applicabl e to the enti re popul ation of vehi cl es whi ch are over the i r reg­
i strati on weights . The rel at i ve frequencies of over- regi strati on viol ations 
by vehicl e type are obtained from the summonses i ssued by traffic weight 
officers, July 1, 1966, through June 30, 1967 . 

The summarization of summonses by type i ndicates that approxi­
matel y 0 . 218 of the viol ations are for , or i nvol ve, over- registration weight . 
(The val ue 0 . 218 consists of 0 .183 for over- registration directl y pl us 0 . 035 
from other viol ations which invol ve added registration fees . ) 

The distribution of commercial vehicl es by type is obtained from 
the W- 4 tabl e, All Mai n Rural . 

* At we i ghts less than 24,000 lb . the weight and fee i ncrements are not 
uniform . However, most weight increments are 2,000 l b. and the 
average fee increase for 2,000 l b . i s approximatel y $25 . 
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TABLE 1 - H- l 

DISTRIBUTIONS OF LEGAL AND ACTUAL AXLE WEIGHTS FOR OVER- REGISTRATION VEHI CLES BY VEHI CLE TYPE 

Axle~ per 
No. Vehicles Distribution Axle , Axle wt. No . Axles Vehicle of 

Vehicle Vehi2les A.xles Over Eligible for of Weight or Set, (legal ) Available Over- Reg . Indica ted 

~ Weighed Max . Weights Over- Reg . Increase ~ ( lb . L for Over - Reg . Axle Wt . ---D1:.E.e 

Panel & 1,306 0 293 300 lb . on front Single 2 , 000 293 2 , 300 1. 0 

Pickup 700 lb . on rear Single 5 , 000 293 5 , 700 1.0 

2 Axle , 1,045 3 Singl es 1 , 037 300 lb . on f r ont Single 2 , 000 205 2 , 300 0 . 198 
4 & 6 Ti r e 700 lb . on rear Single 5 , 000 832 5 , 300 0 . 802 

Single 5 , 000 484 5 , 700 0 . 467 
Singl e 7 , 500 143 8 , 200 0.138 

Single 10 , 000 251 10 , 700 0 .242 
Sing l e 14 , 000 l37 1 4, 7 00 0 .132 
Single 17 , 000 22 17 ,700 0 .021 

3 Axle 390 14 Tandems 376 300 lb . on front s i ng l e Sing l e 2 , 000 5 2 , 300 0 . 013 

Single Unit 7 00 lb. on t a ndem Sing l e 5 , 000 180 5 , 300 0 . 47 9 

I-' Sing l e 7, 500 42 7 , 800 0 .112 
I Single 10, 000 107 10, 300 0.285 
I\) 
-..J Si n gl e 14, 0 00 42 14, 300 0.112 

Tandem 4, 000 4 4, 700 o.ou 
Tand em 9, 000 153 9,700 0 . 4()7 

Tandem 15, 000 70 15, 700 0 . 186 
Ta ndem 2 1 , 000 35 2 1 , 700 0 . 0 93 

Ta ndem 2 7 , 000 95 2 7 , 700 0 .2 53 
Ta ndem 31, 000 19 31, 700 0 . 051 

Tr actor 169 2 Singles 1 67 200 lb . on front axle Single 5 , 000 165 5 , 200 0 . 988 

Semi t railer 400 l b. on each of Singl e 7 , 500 2 7 , 700 0 . 012 

3 Ax l e oth er s i ngles Singl e 7 , 500 55 7 , 900 0 . 329 
Si ngl e 10, 000 150 10, 400 0 . 898 
Si ngl e 14, 000 102 14, 400 0 . 611 
Singl e 17 , 000 27 17 , 400 0 . 162 

Tractor 647 37 Singl e s 610 200 l b . on front s i ngle Si ngle 5 , 000 313 5 , 200 0.513 

Semitrailer 27 Tandems 500 lb . on tandem Single 7 , 500 180 7 , 700 0 .295 
4 Axle 300 lb. on rear s i ngle Single 10, 000 117 10, 200 0 . 192 

Single 10, 000 304 10, 300 0 . 498 
Single 14, 000 182 14, 300 0 .298 
Single 17 , 000 124 17 , 300 0 .203 
Tandem 4, 000 1 4 , 500 0 . 001G 
Tandem 9, 000 170 9, 500 0 .279 
Tandem 15, 000 ;._37 15 , 500 0 .225 
Tandem 21, 000 141 :?1, 50(' ('.'.231 
Tandem 27 , 0 00 124 27 , 5,:\."' C'.~03 
Tandem 31, 000 37 31, 500 0. l't307 



TABLE l-H- l (Continued) 

Axles per 
No .Vehicles Distribution Axle, Axle wt . No . Axles Vehicle of 

Vehicle Vehicles Axles Over Eligible f or of Weight or Set , (legal ) Availabk CNer - Reg . Indicat-ed 

~ Weighed Max . Weig!:!ts Over- Reg . Increase ~ ( lb. l for Over - Reg . Axle Wt . T:lec 

Tractor 2 ,110 384 Tandems 1, 918 200 lb . on front singl e Single 5 , 000 216 5 , 200 0 . 1126 
Semitrailer 400 lb. on tridems and Single 7 , 500 333 7 , 700 0 . 1736 
5 Axle tandems .(Total 1, 000 lb . Single 10, 000 1, 372 10, 200 o. 7153 

incremental increase Single 14, 000 0 0 
per vehicle .) Tridem 17 , 000 3 17 , 400 0 . 0016 

Tandem 9, 000 623 9, 400 0 .3248 
15, 000 622 15, 400 0.3243 
21, 000 609 21, 400 0 . 3175 
27 , 000 1, 330 27 , 400 0. 6934 
31, 000 649 31, 400 0.3384 

Tr actor 10 3 Tandems 8 100 lb. on front single Sgl & Tdm 5, 000 2 5, 100 0.25 
Semi trailer 200 lb . on t r idems Sgl & Tdm 7 , 500 4 7 , 600 0 . 50 
6 Axle 350 l b . on tandems Sgl & Tdm 10, 000 2 10, 100 0 .25 

Sgl & Tdm 10, 000 5 10, 200 0 . 625 
'- Sgl & Tdm 14, 000 3 14,200 0 . 375 

Tandem 9, 000 1 9, 350 0 . 125 
f--' Tandem 15, 000 4 15, 350 0 . 500 
I 
I\) Tandem 21, 000 4 21, 350 0 . 500 
CD Tandem 27 , 000 7 27 , 350 0 . 875 

Truck & Trail er 152 12 Si ngles 144 For 3 Axl e Single 2 , 000 42 2 , 200 0 . 2916 0 .2884* 

Combinations 200 lb . on front Si ngle 5, 000 36 5, 100 0.2500 0 .2000 

(6, 6 Axle Units 400 lb . on each Single 5 , 000 59 5 , 200 0 . 4097 0.4855 
Omitted) other s i ngle . Single 5,000 11 5 , 300 0 .0764 0 . 0724 

Single 5 , 000 46 5 , 400 0 . 3194 0 .2875 
For 4 Axle Single 7 , 500 9 7 , 600 0 . 0625 0.0500 
200 lb . on fr ont Single 7 , 500 13 7 , 700 0 . 0903 0 . 1548 
300 lb . on other Single 7 , 500 7 7, 800 0 . 0486 0 . 0461 
single and Si ngle 7 , 500 4 7 , 900 0 . 027 8 0 . 0250 
500 lb . on tandem . Single 10, 000 110 10, 200 0 .7638 0 . 64~ 

Si ngle 10, 000 18 10, 300 0 . 1250 0 . 1185 
For 5 Axl e Single 10 , 000 12 10, 400 0 . 0833 0 . 0875 
200 l b . on front Single 14, 000 60 14, 200 0 . 4166 0.3525 
200 lb . on other Single 14, 000 5 14, 300 0 . 0347 0 . 0329 
singles & tridem Single 14, 000 12 14, 400 0 . 0833 0 . 0750 
400 lb. on tandems . Single 17 , ooo 19 17 , 200 0.1319 0 . 1055 

Single 17 , ooo 1 17 , 300 0 . 0069 0 . 0066 

For 5 Axle - 2 Trailer Single 17 , ooo 4 17,400 0 . 027 8 0 . 0250 

100 lb . on front Tandem 4, 000 1 4, 400 0 . 0069 0 . 0119 

200 lb . on each Tandem 4, 000 5 4, 500 0 . 0347 0 . 0329 
other axle . Tandem 9, 000 15 9, 400 0 . 1042 0.1786 



I-' 
I 
f\) 
c.o 

TABLE l -H-1 (Concluded) 

Axles per 
No. Vehicles Distribution Axle, Axle wt. No . Axles Vehicle of 

Vehicle Vehicles Axles Over Eligible for of Weight or Set , (legal ) Available Over- Reg. Indicated 

~ Weighed Max. Weights Over-Reg. Increase ~ (lb.) for Over-Reg. Axle wt. ~ 

Truck & Trailer 512 12 Singles 144 For 5 Axle - 2 Trailer Tandem 9,000 17 9, 500 0 . 1180 
Combinations 100 lb . on front Tandem 15,000 7 15,400 0.0486 
(6, 6 Axle Units ' 200 lb. on each other Tandem 15, 000 7 15,500 0 . 0486 
Qnitted) axle. Tandem 21,000 2 21,400 0 .0139 

(concluded) ( conc l uded) Tandem 21, 000 6 21,500 0.0417 
Tandem 27,000 5 27,400 0 . 0347 
Tandem 27 , 000 2 27,500 0.0139 

* In the original reduction the truck trailer units were treated sep,.rateJ;y- according to vehicle configuration and then combined giving equal empi.asis to 
each configuration. This procedure pr oduced these values f or number of axles per over- registration vehicles of the truck- trailer types. 

0.1119 
0 .0833 
0.0461 
0 . 0238 
0.0395 
0 . 0595 
0.0132 



Table l-H-2 presents the factors discussed above and used in 
developing the weight factor for over-registration vehicles in a sample 
of 1,000 trucks of all types on primary roads. 

The distribution of axle characteristics for over-registration 
vehicles is obtained by applying the weight factors for specific vehicle 
types to the over-registration axle characteristics for the vehicle type. 
This procedure entails multiplying the last columns in Tables l-H-1 and 
l-H-2. The results have been regrouped and several axles with nearly equal 
characteristics have been combined. The results are presented in Table 
l-H-3. 

Vehicles Over Maximum Leg~l Weights 

Maximum legal limits can be exceeded on a single axle, a tandem 
set, an axle group or on the entire vehicle. In order to obtain the four 
required data items, it is necessary to determine the legal weight and 
overweight for each axle (or tandem set) which is in violation. The basic 
data are obtained from the Iowa W-6 tables, 1966. Here the data are given 
for individual, type identified, vehicles with violations in percent over 
state law. Violations are recorded for individual axles, axle groups and 
total weights. 

The first step in processing the data is to determine the primary 
violation type for each vehicle which is indicated with more than one vio­
lation. Four overweight violation types are used, (1) single axle, 
(2) tandem set, (3) axle group (more than tandem), and (4) vehicle gross. 
In selection of a primary violation type the intent is to describe most 
accurately the extra legal axles, their legal loads, and their average. 
The selection rules use the percent over state law values given in W-6. 
The rules are: 

Single axle of tandem in violation--Treat as a single axle. 

Single axle of tandem and tandem set in violation--Treat as 
tandem if tandem percent violation is largest. 

Single(s) in group and group in violation--Use singles if there 
are two or more. Use the one violation single if it is twice or more in 
violation compared to group. 

Group and gross in violation--Use the gross unless gross vio­
lation is one-half or less of group. 
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TABLE l - H- 2 

DEVELOPMENT OF WEIGHT FACTORS FOR OVER- REGISTRATION VEHICLES 

( 4), (2) · (3 ) 
( 3 ) Violations ( 5) (7) , (2 ) · (3) · (5) · ( 6 ) 

Vi olat i on s in Specified Over - Reg . ( 6 ) Over- Reg. Vehicles of (8 ) , (1 )/ L (1 ) 
(1) (2 ) per Vehicle Type per 1,000 Vi olat i ons Other Factor Specified Type pe r Weight Fa ctor fo r 

Vehicle No. in Sample of Specified Trucks of All pe r Total (= 1. 0 if n ot 1,000 Trucks of All Over - Feg . Ve~ i c l es 

~ of 1 , 000 Trucks Type Types Violations indicated) Types of Specified Type 

Panel & 
pickup 2 72 o. 00261 o. 71 0 . 218 293/1306* 0 . 034 7 0 . 00790 

2 axle 154 0 . 0238 3 . 665 0 . 7990 0 .18200 

3 axle 54 0 . 02385 1.288 0 .2810 0 . 06400 

2S1 31 0 . 02666 0 . 826 0 .1512 0 . 03444 

2S2 100 0 . 02833 2 . 833 0 . 6176 0 .14068 

3S2 & 3 364 0 . 0300 10 . 92 2 . 3806 0 .54224 

Truck+ 25 0 . 02316 0 .579 0 .1262 0 . 02874 
trailer ( s ) 
& others ,L( 7) = 4 ,3903 1 . 00000 

* The factor 29371306 accounts for the proportion of these light units which are capabl e of being over registration by having one axle 
above the 2 , 000 lb. cl ass i fication . 
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TABLE l-H- 3 

AXLE CHARACTERISTICS OF OVER-REDISTRATION VEHICLES ON PRIMARY ROADS 

Single Axles Tandem Sets 
Average Number Average Number 

Legal Amount Over of Axl es Per Legal Amount Over of Sets Per 
Weight Legal We i ght Over-Reg . Weight Legal Weight Over- Reg . 
(Kips ) (Kips) Vehicle (Kips ) (Kips) Vehicle 

2 . 000 0 . 200 0 . 0083 4 . 000 0 . 400 0 . 0003 
0 . 300 0 . 0447 0 . 500 0 . 0012 

5 . 000 0 .100 0 . 0057 0 . 700 0 . 0007 
0.200 0 .1877 9 . 000 0 . 400 0 .1812 
0 . 300 0 . 1787 0 . 500 0 . 0425 
0 . 400 0 . 0083 0 . 700 o. 0261 

1--' 0 . 700 0 . 0929 15 . 000 0 . 400 0 .1 782 I 
0l 7.500 0 .100 o. 0014 0 .500 0 . 0330 I\) 

0 . 200 0 .1406 0 . 700 0.0119 
0 . 300 0 . 0085 21. 000 0 . 400 o. 1 728 
0.400 0 . 0142 0 . 500 0 . 0336 
0.700 o. 0251 0 . 700 0 . 0049 

10.000 0.200 0.4335 27 . 000 0 . 400 o. 3673 
0 . 300 0 . 0917 0 . 500 0 . 0289 
0 . 400 0 . 0390 0 . 700 0 . 0162 
0 . 700 0 . 0440 31 . 000 0 . 400 0 .1835 

1 4 . 000 0 . 200 0 . 0101 0 . 500 0 . 0085 
0 . 300 0 . 0500 0 . 700 0 . 0033 
0.400 o. 0272 
0 . 700 0. 0239 

17. 000 0 . 200 0.0030 
0 . 300 o. 0287 
0 . 400 0 . 0082 
0 . 700 0 . 0039 

-------------------



Single and gross in violation--Use the gross unless gross vio­
lation is one-half or less of s ingle. 

Tandem and gross in violation- -Use the gross unless gross vio­
lation is one-half or les s of tandem. 

Single, a separate tandem, and gross all in violation--Use the 
gross unless its percent violation is smaller than the other two taken 
individually. 

After the selection of a primary violation , the primary viol a ­
tion within each vehicle type are listed and grouped in cl asses of 3 per­
cent viol ation increments .* The center value of each class increment is 
assigned for al l class members. 

All violations are converted to singl e and tandem axle form . 
For gross vehicle weight violations the convers i on uses the axle we i ght 
dis tributions found for spec i fic vehicle types in the over-registr ation 
analysis. The l egal weights distributed on the axles are for 3 axl e trucks 
450,000 lb . , and for semi-trailer and trail er units 72,000 l b . The percent 
violation figures are used with these values to obta i n gross overweight in 
pounds. The gross overweight is then divi ded among the axles according to 
the weight di stri butions previ ously determi ned. 

The axle group violations are first converted to gross viol a­
tions by retaining the percent viol ation but reducing the number of vio­
lating axles to one-half the vehicl e axles. The conversion to singl es and 
tandems then follows as a conversion from gross load violation . 

Overweight data from Table W-6 1966 have been processed as de­
scribed above . One data set was obtained from the tables for highway sys­
tem (01) with added data on vehicle types 2D, 3A, 252 and truck-trailer s 
from system (03) . These data should be representative of weight violations 
on the heavil y traveled, highly enforced part of the primary system. The 
axle characteristics are given in Table l-H-4 . 

The weight factor for each vehicle type is found by procedure 
similar to that used for the over-registration vehicles. The distribution 
of types is cbtained from the W-4 table, All Main Rural: the summonses 
issued by traffic weight officers indicate that 0.3143 of the summonses are 

* The 3 percent cl ass interval grouping are not used for the three-axle 
single uni ts where the small s ample (9) and distribution of values 
would be poorly represented by the 3 percent class intervals . Values 
within 3 percent of one another are grouped and averaged for the 
three-axle vehicles. 
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TABLE l-H- 4 

DISTRIBUTIONS OF LED.AL AND ACTUAL AXLE WEIGHT S FOR OVER LED.AL WEIGHT VEHICLES BY VEHICLE TYPE 

(F or Highway Systems 01 and 03 ) 

Vehicle Type 

2A 

3A 

2S2 & 1 

3S2 

No . Vehicles 
in Sample 

4 

9 

49 

201 

Legal Weight 
Axle Type (lb.) 

Single 18 , 000 

Single 13,500 
Single 18,000 
Single 18,000 
Tandem 31,500 
Tandem 32 ,000 
Tandem 32,000 

Single 18 ,000 
Single 18 ,000 
Single 18 ,000 
Single 18,000 
Tandem 32,000 

Single 14, 000 

Number of Axles 
Amount Per Overweight 

Over Legal Vehicle of 
(lb.) Specified Type 

900 1. 0 

500 0 . 333 
300 0.111 

2 ,600 0 .111 
1,200 0 . 333 
1,400 0 . 333 
4,600 0 . 111 

300 0 . 3470 
800 0.1021 

1,350 0.1633 
2 ,400 o. 0204 

500 0 .1429 
l,450 0 . 0816 
2 ,400 0 .1021 
::'. , 400 0 . 020..; 

5,300 0 . 0204 

200 0 .1 791 
650 0 .1692 

1 , 100 o. 0392 
1,500 0.0448 

1 , 950 0 . 0100 
2 , 400 0 . 0050 
:S , 200 0 . 0100 
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No . Vehicles 
Vehi cle ~~ i n Sample 

3S2 (Conc l uded ) 201 

Truck- trailer 
combinations 8 

TABLE l - H- 4 (Concluded) 

Axle Type 

Single 

Tandem 

Single 

Tandem 

Legal Weight 
QE_J 

18 ,000 

29,000 

32 , 000 

7,000 

18 , 000 
29,000 

Number of Axles 
Amount Per Overweight 

Over Legal Vehi cle of 
(lb .) Specified Type 

300 0 . 0945 
800 0 . 0348 

1, 350 o. 0299 
2,400 0.0100 
3,000 0 . 0050 

450 0 .3582 
1,300 0 . 3383 
2 , 200 0 . 0796 
3,000 0 . 0896 
3,900 0.0199 
4,800 0 . 0100 
6,500 0 . 0199 

500 0 .1343 
1,450 0 . 0498 
2 , 400 0 . 0149 
3 , 400 0 . 0348 
4,300 0 .0100 
5,300 0 . 0100 
6,200 0 . 0149 
8 , 200 0 . 005()JE-

10,000 0 . 005QJE-

100 0.5000 
300 0 . 2500 

1, 000 0.6250 
1, 200 0 . 2500 

300 0 .12 50 
400 0 . 5000 

1,300 0.2500 
3,900 o. 6250 
4, 800 o. 2500 

* These two values were omitted in the calculation of the final distribution which was subsequently 
used to obtain a mini mum va l ue for uncompensated life and maintenance use. 



for overweight. The overweight violations from highway system 01 show 386 
viola t ions by 231 overweight vehicles. These data are dominated by the 
four-axle and more, semi- and truck-trailer units, and indicate that for 
these units there are approximately 0.60 weight violating vehicles per weight 
violation summons . These values are used to calculate weight factors as 
shown in Table l-H-5. 

The distribution of axle characteristics for overweight vehicles 
is obtained by applying the weight factors for specific vehicle types to 
the overweight axle characteristics for the vehicle type . This procedure 
entails multiplying the last columns in Tables l-H-4 and l-H-5. The results 
have been regrouped and axles with nearly equal characteristics have been 
combined. The results are presented in Table l-H-6. 

Over-Registration and Overweight Vehicles 

A combined distribution of axle characteristics for over-registra­
tion and overweight vehicles can be formed from tables prepared separately 
for these two violation types . The combined distribution is obtained by 
using revised weight factors for each combination of vehicle type and vio­
lation type. The denominator of the revised weight factor is 4.3903 + 
3.8112 = 8.2015, the number of violating vehicles, over-registration and 
overweight, in the sample of 1,000 trucks of all types. The numerators of 
the weight factors are over-registration or overweight vehicles of the spe­
cified type per 1,000 trucks of all types. These latter quantities are 
listed in column 7 of Tables l-H-2 and l-H-5. 

Vehicle~ Over Maximum Legal Weight Limits on System 31 

An additional distribution is obtained to be used in setting an 
upper bound for uncompensated life and maintenance use per overweight vio­
lating vehicle. The data in Table W-6 for highway system 31 were chosen. 
This highway system conta ins roads which are being replaced by interstates 
so that current traffic runs partially on older roads which may be under­
designed for current usage. In addition, the W-6 data for this system are 
obtained on a road which currently has no permanent enforcement weight 
station. 

The processing of data from the W-6 table parallels that described 
previously except that the we i ght factor for vehicle type is derived directly 
from the overweight data sample. (There is no attempt or need in this case 
to obtain violator frequency for a 1,000 truck sample of all types.) The 
results are presented in Table l-H-7 and l-H-8. 
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TABLE l - H- 5 

DEVELOFMENT OF WEI GHT FACTORS FOR OVERWEI GHT VEHICLES 

(4 ) , (2 ) ,(3) 
Violations 

(3 ) (Total ) in (5 ) ( 6 ) ( 7) , (2 ).(3 ).(5 ).( 6 ) 
Violations Specified Overweight Weight Vio - Overweight Vehicles of 

(1 ) (2 ) Per Vehicle Type Per 1,000 Violations lating Vehicle Specified Type Per 
Vehicle No . i n 1,000 Of Specified Trucks of All Per Total Per Overweight 1,000 Trucks of All 

~ Truck Sample Ty:pe Types Violations Violation Types 

Panel & 272 0 .00261 0 . 71 0 .0000 0 .0000* 
pickup (by in-

ference ) 

2 axle 154 0 .02380 3 . 665 0 .1210 1.00 
(by in- 0 .4440* 
ference ) 

3 axle 54 0 .02385 1 .288 0 .3143** 1.00 0.4048 

2Sl 31 0 . 02666 0 . 8264 1.00 0.2597 

2S2 100 0 . 02833 2.8330 0 .60 0 .5342 

3S2 & 3 364 0 . 0300 10 . 9200 0 . 60 2 .0593 

Truck + 25 0 . 02316 0 .5790 0 . 60 0 .1092 
trailer ( s ) 
& others L (1) = 3 .8112 

* Indicated by the ratio of overweight to l egal weight axles for this type in the W- 4 Table, All Main Rural . 
** Ratio is overweight to total summonses. 

(8 ) , ( 7) / 'L_ (7) 
Weight Factor For 
Overwe ight Vehi cles 
Of Specified Type 

0 .0000 

0 .1165 

0.1062 

0 . 0681 

0 .1402 

0 .5403 

0 .0287 

1.0000 
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TABLE l-H-6 

AXLE CHARACTERISTICS OF OVERWEIGHT VEHICLES ON PRIMARY ROADS 
(Systems 01 and 03 ) 

Singl e Axles Tandem Sets 
Average Number Average Number 

Legal Amount Over of Axles Per Legal Amount Over of Sets Per 
Weight Legal Weight Overweight Weight Legal Weight Overweight 

(Kips ) (Kips ) Vehicle (Kips ) (Kips ) Vehicle 

7 . 000 0 .100 0 . 0143 29 . 000 0.400 0 .2079 
0 . 300 0.0072 1.300 0.1900 
1.000 0 . 0179 2.200 0 . 0430 
1.200 0 . 0072 3 . 000 0 . 0484 

13.000 0 .500 0:0354 3 . 900 0.0287 
14.000 0 . 200 0 . 0968 4.800 0 . 0126 

0 . 650 0 . 0914 6 .500 0.0108 
1.100 0 . 0215 32.000 0 .500 0.0926 
1.500 0 . 0242 1.200 0 . 0354 
1.950 0.0054 1.400 0.0737 
2.400 0 .0027 2 .400 0 . 0224 
3 .200 0 . 0054 3 .400 0 .0217 

18.000 0.300 0.1151 4.300 0.0054 
0.800 0.0162 4.600 0 . 0118 
0 . 900 0 .1977 5 . 300 0 . 0083 
1.300 0 . 0390 6 .200 0.0081 
2 .400 0.0083 8 .2 00 0.0027* 
2 . 600 0 . 0118 10.000 0.0027* 
3.000 0 . 0027 

* These two contributions were omitted in calculations designed to :provide a minimum 
value for uncompensated life and maintenance use . 
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TABLE l - H- 7 

I DISTRIBUTIONS OF LED-AL AND ACTUAL AXLE WEIGHTS 
FOR OVER LED-AL WEIGHT VEHICLES BY VEHICLE TYPE 

I 
(For Highway System 31) 

Axles per 

I 
Amount Violat ing 

Number of Legal over Vehicle of 
Vehic l e Number of Axle Axles or Weight Legal Specified 

I Type Vehic les ~ Sets (Lb .) (Lb.) Type 

3A 3 Tandem 2 32 , 000 2,400 0 . 6666 

I 
1 5 , 300 0 . 3333 

2S2 & 1 7 Single 4 18,000 300 0.5714 
Tandem 1 32,000 3, 400 0 . 1429 

I 
1 4,300 0 . 1429 
1 5 , 300 0 .1429 

I 
3S2 & 2 - 2 73 Single 12 14, 000 200 0 . 1644 

10 600 0 . 1370 
11 1,100 0 . 1507 

I 5 1,500 0 . 0685 
4 1,900 0.0548 
2 2 , 400 0 . 0274 

I 1 2,800 0 . 0137 
1 5,400 0 . 0137 
1 18,000 1,350 0 . 0137 

I 1 1,900 0 . 0137 
1 2 , 400 0 . 0137 
1 3, 500 0 . 0137 

I Tandem 24 29,000 500 0 . 3288 
20 1, 300 0 .27 40 
22 2,200 0 . 3014 

I 10 3,100 0 . 1370 
8 3, 900 0 .1096 
4 4,800 0 . 0548 

I 2 5,600 0 . 027 4 
2 10, 800 0 . 027 4 
4 32,000 500 0 . 0548 

I 2 1, 450 0 . 0274 
2 2,400 0.0274 
2 3,400 0 . 027 4 

I 3 4,300 0 . 0411 
2 5 , 300 0 . 027 4 
2 7,200 0.027 4 

I 2 9,100 0 . 0274 
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Legal 
Weight 
(Kips) 

14.000 

18.000 

TABLE l-H- 8 

AXLE CHARACTERISTICS OF OVERWEIGHT VEHICLES ON PRIMARY ROADS 
(For Highway System 31 ) 

Single Axles Tandem Sets 
Average Number Average Number 

Amount Over of Axles Per Legal Amount Over of Axles per 
Legal Weight Overweight Weight Legal Weight Overweight 

(Kips) Vehicle (Kips) (Kips) Vehicle 

0.200 0.1446 29.000 0.500 0.289'2 
0.600 0.1205 1.300 0.2410 

1.100 0, 1325 2.200 0.2651 

1.500 0.0602 3.100 0.1205 

1. 900 0.0482 3. 900 0.0964 
2,400 0,0241 4.800 0.0482 

2.800 0.0120 5,600 0.0241 

5.400 0.0120 10.800 0.0241 

0.300 0.0482 32 .ooo 0 .500 0.0482 

1.350 0.0120 1.450 0 .0241 

1. 900 0.0120 2.400 0.0482 

2.400 0.0120 3.400 0.0361 

3.500 0.0120 4.300 0.0482 
5.300 0.0482 
7 .200 0.0241 
9.100 0.0241 
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APPENDIX 1, TAB I 

UNCOMIBNSA'I'ED ROAD I.JFE AND MAINTENANCE USAGE 

Source of Basic Analytical Relationships 

The basic analytical re l ationships are taken from Highway Re ­
search Board Special Report 61E, "The AASHO Road Test, Report 5, Pavement 
Research_," and from two design gu i des . The design guides, prepared by 
the AASHO Committee on Design, are: 11 AASHO Interim Gu i de for the Design 
of Ri gid Pavement Structures, 11 April, 1 962, and II AASHO I nteri m Gui de f or 
the Des i gn of Fl exible Pavement Structu res, 11 October J2, 1 961. 

Fl exibl e Pavement Life Use 

The re l ation between pavement condition, pavement s t ructures , 
a nd l oads carried is given by 

where 

W = _! ( Co-P ) l/~ 
R \ co-Cl p ' 

W = Number of axle applications 

R = Regional factor (to account for environment and environ ­
ment - soil interactions) 

cO = I nitial serviceabil ity i ndex (new pavement val ue) 

4 . 2 in AASHO tests, a value appl icaL l e to Iowa 
pavements 
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p = Pre sent serviceabil ity i ndex (after the W axl e applica­
tions) 

c1 = Final serviceability index in AASHO tests 

= 1. 5 

~ and p are functions wh ich contain the axle configurations , axl e 
weight, and the pavement structural property . 

where 

~ 

p 

= 0 . 4 + 
0 . 081( L +L ) 3 . 23 

l 2 

(Sn+l) S .19123 .23 

= 105 . 93(Sn+l)9 . 36½4 . 33 

( 11 +½)4 . 79 

, and 

11 = Load carried by a singl e axl e or tandem pair (kips)* 

½ = 1. 0 for single axl e ; = 2 . 0 f or tandem pai r 

Sn= Structural number , a property of the pavement gi ven by 

Sn = A_iD1 + ½D2 + A3D3 

D1 , D2 , D3 = Thickness in inches of the surface course , base 
co urse , and s ubbase , respectivel y 

A_i, ½,~=Coefficients of l oad carrying capac ities of the 
courses . 

* 1. 0 kip= 1000 . pounds . 
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Total Life 

When Sn is given or cal culated the total us eful l ife of a 
pavement is cal culated using the equat i on for W . I n this cal cul ation 
(p) is set equal to 2 . 5, the final value for primary roads . According 
to I owa pract i ce the reg i onal factor R is set equal to 3 . 0 for Classes 
I, II and III, and 2 . 0 for Class IV. (The value R = 3 . 0 has been used 
in cal culations for thi s report.) The axl e configuration and load are 
set equal to reference values , Li= 18 .0 and 1 2 = 1. 0 . The resulting 
value of W is written Wtr and is the number of reference axl e l oad 
applications which the pavement should sustai n du ring its useful life . 

Reference Axle Eguivalences 

Wi th the total pavement life availabl e in terms of reference 
axl e applications it is necessary to define life usage by every axle 
in these same units, i.e., reference axl e applications . The equival ence 
value sought i s the number of reference axl e applications wh ich would use 
the same amount of pavement life as one application of the nonreference 
axle . It is given by 

w = rx 
wtr 

wxr 

_ Pr (_4.2 - 2 .~ 

Px \4. 2-1. 5) 

(_1 - l~ 
~ r ~3/ 

Here the subscripts r and x on p and ~ indicate that they are 
evaluated with the reference axl e values and nonreference values 
respectively. 

The value Wrx is a measure of lif e use by the nonreference 
axl e i n terms of refe rence axl e applications . The equation for Wrx 
is applied twice for each viol at ion axl e . In one cal culat i on the l egal 
weight of the axl e is u sed; i n the second calculation the actual weight 
is used. The difference of these two values i s the uncompensated life 
use by t he violation axl e, in units of reference axl e applications . 
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Rigid Pavement Life Use 

The re l ations for the rigid pavement and their applications are 
similar to the flexible pavement case . The fundamental relat i on is 

0 - p u 1/ ~( I )( 4 . 22 - Q. 32pt) w = P _o__ Se a -- ) 

CO - Cl Sca 1 

where as before 

w = Number of axl e applications 

c0 = I nitial serviceability index 

- (but= 4 . 5 for rigid pavements) 

c1 = Termina l serviceabil ity index i n AASHO tests 

= 1. 5 

p = Present serviceability i ndex (after w applications) 

The ~ and p have generally the same forms but different coefficients 
and exponents . 

~ 

p 

= 1. 0 + 
3 . 63 (L +L )5.20 

l 2 

(D2 +1)8 · 46¼ 3 . 52 

105.85(D +l)7.35T,_3 . 28 
= 2 c 

(Li +½)4. 62 
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11 = Axle load or tandem set load (kips) 

12 = 1.0 for singl e axl e ; = 2 . 0 tandem set 

D2 = Concrete slab thickness (inches) 

The factor with Sc, S~ 0, 

material and soil differences between 
test pavements . 

and 0
1 

is used to compensate for 

the analyzed paveme nt and the MSH0 

where 

Pt= Terminal value of serviceability i ndex , = 2.5 for Iowa 
primary roads 

Sc= Modulus of r upture f or concret e (28 day) in the MSH0 
test ( psi) 

= 690 psi 

S~ = Modulus of rupture for concrete (28 day) in analyzed pave-
ment (psi) 

[(E/k)D 3] l/4 
0 

l 12(1-)) - aJ (E'/k' /1
4 

- -
0' f [(E'/k' )½3 l/4 1 12(1-µ2 ) ] - al} (E/k)l/4 

E = Modulus of el ast icity f or concrete in MSH0 test 

= 4.2 X 106 psi 

I 

E = Modulus of elasticity for concrete in analyzed paveme nt 
( psi) 

µ = Poisson's ratio= 0.2 
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a1 = 10 . 0 inches, a load distribution measure 

k = The soil s upport value in the AASH0 test (psi/in) 

= 60 . 0 ps i / in 

k
1 

= Soil support val ue for analyzed pavement (ps i / in) 

Total Life 

Total pavement life i s cal culated 
with L1 = 18 .0 and ½ = 1.0, and p = 2 . 5 . 
Wtr reference axl e applicat io ns . 

Reference Axle Eguival ences 

using the express ion for 
The result is denoted as 

w 

As in the case with f l exible pavement calculations the life used 
by a nonreference axl e is calculat ed in terms of equival ent refe r ence axl e 
appli cat ions. The life use by axl e sub x i s 

wrx = ~tr 
Wtx 

= Pr /2,. 5 - 2 .~ (l/ ~r 

Px ~- 5-1. 5) 
- 1/ ~x) 

where the subscripts r and x indicate the use of reference and non­
reference axle propert i es . 

The equat ion for Wrx is applied twice for each violation 
axle. The actual we i ght i s used in one calcul at ion, the l egal weight in 
the other. The di fference in Wrx values is the uncompensated life use 
in the units (reference axle applications) . 

Load - Maintenance Relations 

There are no explicit data wh i ch identify the re l at ions between 
loads and pavement maintenance costs. There are , however, some data 
wh i ch provide a basis for est imating these re l ationships . In the AASH0 
road t ests the pavements were inspect ed and their states recorded at 
closely spaced intervals. The history of pavement states and the history 
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of load passages were used to derive relations between cracking and load 
applications. Cracking is probably the best single measure of pavement ' 
mainte nance requirements. It is used here to establish the uncompensated 
maintenance use per lane mile 'Which arises from the passage of an over 
l egal axle load. 

Flexible Paveme nt Cracking 

The MSHO road test results indicated that the first appearance 
of class two cracking was related to pavement design, loads, and load 
applications. The class two cracking is likely to require patching or 
sealing and is considered here as an indication of the design-load­
maintenance relationship. 

where 

The relation has the form 

A1 A3 
Ao ( al D1 +8QD2 +a3D3 +a4) IQ 

We=------

(L1 +½)1½ 

We= Number of load applications to first appearance of class 
two cracking. 

(weighted to smooth seasonal variations) 

L1 = Load carried by single axle or by tandem pair (kips) 

L2 = 1.0 for single axle, = 2.0 for tandem pair 

D1 = Surfacing thickness (inches) 

D2 = Base thickness (inches) 

D3 = Subbase thickness (inches) 

The capital and lower case A's were chosen by AASHO investigators to 
fit the test results. 
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Table 1-I-l presents the values of the coefficients. 

TABLE 1-I-l 

COEFFICIENTS FOR FLEXIBLE PAVEMENT CRACKING 

Coefficient Value 

Ao 0.3048Xl05 

A1 7.275 

A2 3.136 

A3 2.947 

al 0.33 

~ 0.10 

a3 0.08 

a4 LO 

The number of reference load applications to class two cracking 
forms the basis for calculating maintenance use. This value is obtained 
using the equation for We with L1 = 18.0 and ½ = 1.0 . The result 
is denoted Wrm. For a nonreference axle the equivalent use of main­
tenance is obtained as the ratio W:nnx· 

wrmx = Wrm 
Wxm 

= (1. o_\ 2. 94 7 (L1x+L2~ 3 .136 

\½x} 19.0} 
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where 

Llx = Nonreference axle load (kips) 

L2x = 1.0 for single nonreference axle 

= 2.0 for tandem nonreference axle set, 

and the reference values 18.0 and 1.0 have been inserted together with 
the exponents . Wrmx is the maintenance use by the nonreference axle x 
in terms of equivalent applications of reference axles. (Notice that 
the parameters relating to the flexible pavement structure cancel out.) 

Application to Maintenance Use 

The equation for Wrmx is applied twice for each violation 
axle. In one calculation the legal load is usedj in the second calcula­
tion the actual load is used. The difference of the resulting values is 
the uncompensated maintenance use in reference axle applications. 

Rigid Pavement Cracking 

The AASH0 road test results provide the following relation 
between cracking and load applications for rigid pavements. 

where 

A 

c' = AoL1V 
~2 

c' = cracking index, linear feet of cracks per 1000 square 
feet of pavement.* 

Li= Axle load or tandem set load (kips) 

W = Number of applications 

* It was noted by the AASH0 investigators that c' = 100 constituted 
a substantial amount of structural deterioration. 

1-49 



D2 = Pavement thickness (inches) 

Ao, A1 , and~= coefficients dependent on the pavement re­
inforcement and axle configuration. 

The relation can be written 

w = [ C I D21½] 1/ 2 
.A()L1A1 

We chose a single axle load of 18.0 kips as a reference and 
any convenient amount of cracking, cl, to form a basis for maintenance 
use. This basis is a number of reference axle applications given by 

wrm = 
[

c 'n~r ] 1/2 ' 

A- L lr 
.. ur lr 

where the subscript r is used to indicate that the values and exponents 
are selected for the single axle, reference load. 

The application of a nonreference axle will promote cracking 
equivalent to some applications of the reference axle. We interpret this 
as equivalent maintenance use. The equivalence is given by 

w 
rmx 

W (½r~½x~ G"L )1/2 L(A1x/2) - rm _ D ·iJx lx - - - 2 - -----,--
wxm Aor 1(A1r/2 ) 

lr 

This is the maintenance use by nonreference axle x in terms of equiva­
lent reference axle applications. The coefficients and exponents depend . 
on pavement and axle configuration as shown in Table 
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TABLE l-I-2 

RIGID PAVEMENT CRACKING COEFFICIENTS AND EXPONENTS 

.Axle 
fl..ol/2 

Al ~ - -
Pavement Configuration 2 2 

--

nonre i nforced single l.995XlO-5 2 . 62 4 .84 

nonreinforced tandem 2 .455Xl0-? 4.38 6 . 33 

reinforced si ngle l.122XlO - 5 2 . 30 3 . 57 

reinforced tandem 4.266Xl0- ? 3 .13 3 .96 

AEJ2.lication to Maintenance Use 

The equation for Wrmx is applied twice for each vio l ation 
axl e . In one calculation the l egal load is used; in the second calcula ­
tion the actual load is used. The difference of the resulting values i s 
the uncompens ated maintenance use in reference axl e applications . 
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APPENDIX 1, TAB J 

AVERAGE LOSS PREVENTED FOR DETERRED REGISTRATION VIOLATORS 

Basic Information Sources 

1. ISHC: "Summary of Traffic Weight Operations for the Period 
July 1, 1966) through June 30) 1967. 

2 . ISHC Planning Division: "Truck and Bus Registration in Iowa 
For 1966 . " 

3. Appendix 1, Tab B of this Report. 

Method of Analyzing Data 

Item 3 indicated that 12. 06 ( 10 )6 truck tr i ps occurred in Iowa in 
1968 . I tem 2 indicated that there were 299,000 vehicles registered in Iowa 
in 1966. 

This implies that 12.09(10)6/326,000 = 37 .0 trips per year were 
taken by the "average" vehic l e}! 

Item 1 indicated that registration violation£/ brought in $100,161 
for 11,395 violations or $8.79 per violation . Once a violator is apprehended 
he must pay the registration increase and cannot pay the increase twice. 
Hence, the most Iowa can lose from such a violation if it goes unapprehended 
for a full year is $8.79/. We prorate this over the 37 .0 trips to obtain an 
average loss per trip of $8.79/37 .0 = $.237 per tr i p . 

Results of Analysis 

Average loss for Iowa per trip of a registration violator= $0 . 237 . 

1/ These are 112.3 mile "average" trips. Shorter trips are more frequent. 
g/ As measured by apprehended registration violators. 
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APPENDIX 1, TAB K 

FIXE D AND VARIABLE COSTS OF ENFORCEMENT 

Bas ic Information Sources 

1. I SHC: "Budget Status Report," July 1, 1966 to July 14, 196 7. 

2. I SHC: "Table of Organization and Manning-Traffic Weight 
Operation," dated January 11, 1968. 

Method of Data Analysis 

Item 2 provided information on the number of men on the T.W.O. 
s taff and their salaries. This was developed into an average salary 
fi gure. 

Item 1 provided information on the other t ypes of expenditures 
necessary to support T.W.O. These were divided according to whether they 
would vary with staff, i.e., whether they were fixed or variable. 

Some cos ts were considered semi-fixed, i.e., would increase in 
s teps once manpower passed certain fixed levels. These are associated 
with hiring more adminis trative pers onnel. 

The calculations and assumptions are displayed in Figure l-K-1. 

Result of Analysis 

Shown in Figure l- K-1, and i n Sect ion III-A- 3 of the Repor t . 
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VARIABLE OPERATING COSTS (Thousands) 

Sal ary (1967 average sal ary and benefi ts for 
enforcement officers) :~/ 

Vehicl e Operation ($104,284 per year (1967)) ; per 
enforcement officer, $104,284/56) : 

Miscellaneous Budget (vari abl e porti on) : 

Total Var iabl e Operating Cost per Enforcement Officer 

FIXED OR SEMI-VARI ABLE OPERATING COSTS (Thousands) 

Current 

$6 . 813 

l . 862 

0 . 228 

$E3 .903 

Enforcement Level 20- 49 50- 90 91-150 151- 210 -- --
Administrat i ve Sal ary :~/ 

Director (1 ) $10 . 70 (1) $10 . 70 (1 ) $10 . 70 ( 1 ) $ 10 . 70 
Assistant Di r ector (1 ) 11. 00 ( l ) 11. 00 (2) 20 .60 ( 2 ) 
Permit Officer (2) 15 . 36 \ ( 2) 15 .36 (2) 15 . 36 (2) 
Stenographer (1 ) 4 . 63 ( 2) 9 . 26 ( 2) 9 . 26 (2) 
Clerk (2) 8 .00 (2) 8 .00 ( 3 ) 12 .00 (4) 
Mechan i c (1 ) 7 , 86 (1 ) 7 .86 (1) 7 . 86 ( 2 ) --

Total Administrative Sal ary $57 .55 $62 .18 $75 . 78 
Miscellaneous Budget 12 . 79 12 . 79 1 2 . 79 -- --
Total Fixed and Semi-Vari abl e 

Operat i ng Costs $70 . 34 $74 .97 $88 .57 ----

17 Average 1967 enforcement l evel = 56 , final staff l evel 1967 = 64 . 
~/ Numbers in parentheses i ndi cate number of administrative personnel 

in each capacity . 

Fi gure l-K-1 - Var i able and Fi xed Operating Costs of T.W. O. 
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APPENDIX 1, TAB L 

AVERAGE 10.SS PREVENTED FOR DETERRED OVERWEIGHT 
AND OVERSIZED VIOLATORS 

Basic Information Sources 

1 . Table 1 , Se ction III-B-10 of this Report. 

2. Appendix 1, Tab A of this Report. 

3. ISHC T.W.O.: "Summonses Issued by Traffic Officers, July 1, 
1966 through June 30, 196 7." 

Method of Data Analysis 

Item 1 indicates that overweight violators cause $0.00809 worth 
of uncompens ated wear per mile of travel. Item 2 indicates that violators 
travel on the average 108. miles. Hence overweight violators cause 
0.00809(108.) = $0.869 damage per trip in violation. 

Item 3 indicates that oversize violators which cause no damage 
make up 20 .5 percent of both oversize and overweight violators taken 
together. 

Hence the weighted average damage for overweight and oversize 
violators is: 

0.869(0.795) + 0(0.205) = $0.690 ~ 7 / 

Results of Analysis 

Average loss for Iowa per trip of an overweight or oversized 
violator= $0.690. 
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APPENDIX 1 , TAB M 

CALCULATIONS FOR UNCOMPENSATED COSTS ON SECONDARY ROADS 

General 

These calculations require the same types of information and 
computations as are required for the primar y roads. The same road life 
and maintenance use relations are applied here. This Tab M presents the 
sources, logic and procedures used fo r the paved secondary roads. 

Distribution of Road Tl£eS and Costs 

A representative sample of secondary road pavements and the 
general characteristics of the pavements were supplied by Mr. Eugene Mills, 
ISHC, in telephone calls . General pavement characteristics are shown in 
Table l -M- 1. 

The structural characteristics f or the flexible pavements are 
assigned and calculated as shown in Table l -M-2. The nearly equal types 
are combined with rounded structural numbers as will be shown in Table l-M-3. 

Pavement Costs 

Guidance in pavement cost is obtained from "Secondary Structures 
Cost Assignment," Table 1 and 2 . These tables refer to 

Trunk Class Codes 1, 2 , 3, 4, 5, and 6 

Feeder Class Codes 1, 2, 3 , and 4 

Local Class Codes 1, 2, 3, and 4 

The average cost for new pavement construction per two-lane mile varies 
from $37,000 to $42,000 . The average for all four cost areas is $39,750. 
Using comparable primary road pavement costs a range of costs per lane mi l e 
is selected as $17,000 to $26,400, as will be shown in Table l-M-3. 
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Code 

44 

46 

47 

48 

54 

55 

56 

57 

58 

TABLE 1-M-l 

SECONDARY ROAD PAVEMENT CHARACTERISTICS 

~ 

asphalt 

II 

fl 

II 

fl 

pee 

asphalt 

II 

fl 

Base+ Surface 

less than 8 in. 

II 

II 

II 

greater than or 
equal to 8 in. 

greater than or 
equal to 8 in. 

II 

II 
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Surface 

road or plant mix> 1.0 in. 

plant mix asphalt> 1.0 in. 

plant mix asphalt< 1.0 in. 

inverted penetration~ 1.0 in. 

road or plant mix> 1.0 in. 

6 in. or 7 in. with no rein­
forcing or sub base 

plant mix asphalt~ 1.0 in. 

plant mix asphalt< 1.0 in. 

inverted penetration~ 1.0 in. 



TABLE l-M-2 

ESTIMATED TYPICAL STRUCTURAL NUMBERS FOR PAVEDi FLEXIBLE SECONDARY ROADS 

Contribution to Structural 
Code No. Structure Coefficient Structural No. Number 

44 & 46 2 in. asph. cone. 0.44 0.88 
4 in. crushed stone 0.12 0.48 
3 in. soil aggr. 0.05 0.15 1.51 

47 i . h 2 in. asp . cone. 0.44 0.22 
4 in. crushed stone 0.12 0.48 
3 in. soil aggr. 0.05 0.15 0.85 

48 1 1 . . t 2 in. inver . pene. 0.20 0.30 
4 in. crushed stone 0.12 0.48 
3 in. soil aggr. 0.05 0.15 0.93 

54 2½ in. asph. cone. 0.44 1.11 
6 in. asph. tr. base II 0.23 1.38 
4 in. soil aggr. 0.05 0.20 2.68 

56 2½ in. asph. cone. 0.44 1.10 
6 in. crushed stone 0.12 0.72 
4 in. soil aggr. 0.05 0.20 2.02 

57 i . h 2 in. asp . cone. 0.44 0.22 
8 in. crushed stone 0.12 0.96 
4 in. soil aggr. 0.05 0.20 1.38 

58 1 1 . . t 
2 in. inver . pene. 0.20 0.30 

7 in. crushed stone 0.12 0.84 
4 in. soil aggr. 0.05 0.20 1.34 
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~r 
Table 7 in the above reference provides estimated annual main -

tenance costs per mile as follows for Trunk and Feeder secondary roads . 

Surface Tzee Cost per Mile J!2 

l paved 325 

2 paved 660 

3 dustless 790 

On primary r oads over one- half of surface maintenance costs go to 
pavement surface work. On secondary roads the fraction should be somewhat 
larger . Seventy-five percent is chosen so that pavement maintenance costs 
per lane mile year are taken as : 

Pavement Cost £er Lane Mile Year 

pee 122 

a sphalt 247 

Table l -M- 3 summarizes the secondary road pavements, extent and 
costs . 

TABLE l -M- 3 

PAVED SECONDARY ROAD PAVEMENTS AND COSTS 

Pavement Costs (~l 
Thickness or Road Fr action Construction Maintenance 

Code No . Str uctural No . Miles of Miles Lane/mile Lane/ (Mile Year) 

47 & 48 SN= 1.0 678 0 . 0859 17 ,ooo 247 

44,46,57, SN = 1.5 1,355 0 . 1716 18,000 247 
& 58 

56 SN = 2.0 4,480 0 .5674 19,000 247 

54 SN = 2 . 7 35 0 . 0044 20,000 247 

55 T = 6 in . 677 0 . 0858 25,000 122 

55 T = 7 in. 670 0 . 0849 26,400 122 
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With the pavement construction costs in Table l -M-3 the average 
cost per lane mile is $19,800, in agreement with the data from secondary 
structures cost assignment. 

Distribution of Axle Weights 

The axle weight data for the primary roads are modified to account 
for the different vehicle mix which is observed on the secondary roads. 
Data from three sources are used to establish the distribution of vehicle 
types on paved secondary roads. The sources are: 

1. "Creston Origin and Destination Traffic Report," Iowa, 1961 
(Data from external station on FAS 807 South, for July average weekday 
traffic, Table 3-1) 

2. "Buena Vista Country Paved Secondary Road Origin and Destination 
Traffic Study," August 1961. (From the table, Vehicle Classification, 
Traffic passing through Buena Vista County Interview Stations , 1961 August 
average weekday traffic). 

3. Telephone conversations with Mr. Eugene Mills, ISHC (From a 
traffic survey with two stations in Polk County and one station in Stafford 
County. These were only counts over a 24-hour period. 

Table l-M-4 presents the data from these three sources. The 
commercial vehicle counts are extracted and compared with data from the 
pr imary system in Table l-M-5. This latter table shows a substantial 
difference in the primary and secondary road traffic. On the primary 
system the single units constitute 48 percent of the total commer cial; on 
the secondary system the single units constitute 91 percent of the total 
commercial. The distribution (from W-4 table) for primary roads is modi­
fied to the secondary distribution as shown in Table l-M-6. The distribu­
tion by type is then used to develop weight factors for overweight vehicles 
on paved secondary roads as shown in Table l-M-7. These weight factors are 
then applied to the overweight axle characteristics for highway systems 01 
and 03. The results are presented in Table l-M-8. 
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TABLE l -M- 4 

VEHICLE TYPE DISTRI BUTION ON PAVED SECONDARY ROADS 

Source 
1 2 3 

No . Vehi cles % of Total No . Vehicles % of Total No . Vehicles 1?_ of Total 

Passenger Cars 5,094 78 . 19 1,009 77 . 85 

Panels & Pickups 690 10 . 59 176 13 .58 

Passenger Cars & Panels 346 91 . 05 5,784 88.78 1,185 91 . 43 
& Pickups 

f--' 2 Axle - 4 Tire 22 1. 70 
I 

m 
f--' 2 Axle - 6 Tire 78 6 . 02 

3 Axle 3 0 .23 

Total Single Unit Trucks 31 8 . 16 652 10 . 01 103 7 . 95 

Buses 3 0 . 05 

4 Axle Semi 1 0 . 08 

5 Axle Semi 2 0 . 15 

Total Semi ' s 3 0 . 79 75 1.15 3 0 .23 

Double Bottoms 5 0 . 39 

Total Multiple Unit Trucks 3 0 . 79 75 1. 15 8 0 . 62 

Total Commer cial 34 8 . 95 730 11.21 111 8 . 56 

Total 380 100 . 00 6,514 100 . 00 :'... ,296 100 . 00 



TABLE l -M- 5 

COMPARISON OF TRUCK TYPES ON SECONDARY AND PRIMARY ROADS 

Source 
1 (secondary) 2 {secondary) 3 ( secondar;y: ) 4 {,t2rimary)* 

% of % of % of % of 
No . Commercial No . Commercial No. Commercial No . Commercial 

Total single unit 31 91 . 18 655 89 . 73 103 92 . 79 4,086 48 . 09 
trucks and buses 

Total semi's and 3 8 .82 75 10.27 8 7 .21 4,410 51 . 91 
I--' multiple units I 
(J) 
I\) 

Total commercial 34 100 . 00 730 100.00 111 100.00 8,496 100 . 00 

* Source No . 4 is the Table W- 4: All Main Rural for 1966 . 



TABLE l-M-6 

DISTRIBUTION BY TYPE ON SECONDARY ROAD 

Calculated 
Number in Factor for Number in 
1000 Truck Conversion 1000 Truck 

Vehicle Sample on to Secondary Sample on 
T~ Primary Road Road Secondary Road 

Panel & 272 91/48 516 
pickup 

2 axle 154 II 292 

3 axle 54 fl 103 

3 axle semi 31 9/52 5 

4 axle semi 100 II 17 

5 and 6 axle 364 II 63 
semi 

Truck & 25 II 4 
trailer ( s ) 
& others 
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I-' 
I 

(J) 
IP-

( 2) 
Calculat ed Number 

( 1) in 1000 Truck 
Vehi cle 

Type s 
Sampl e on Paved 

Panel & 

Pi ckup 

2 axle 

3 axl e 

3 axle semi 

4 axle semi 

Secondarl Road 

516 

292 

103 

5 

17 

5 and 6 axl e 63 
semi 

Truck+ 
trailer( s ) 4 
and other s 

TABLE l -M- 7 

DEVELOPMENT OF WEIGJIT FACTORS FOR OVERWEIGHT VEHI CLES ON PAVED SECONDARY ROADS 

(4), ( 2 ) ·( 3 ) (5) (7 ) , (2) · (3 ) · (5 ) · (6 ) 
(3) Violations (Total) Overwei ght (6) Overwe i ght Vehicl e 

Violations per in Specified Type Violations Weight Violating of Specified Type 

Vehicle of S:peci- Per Thousand Trucks Per Total Vehicl e Per Over- Per Thousand Trucks 
fied Type of All Types Violations Wei~ht Viol ation of All Types 

0.00261 1.34676 0 . 0000 0.0 
(by infer ence )* 

0.02380 6 . 9496 0.1210 1.0 0.84090 
(by infer ence ) 

0.02385 2 . 45655 0 .3143 1.0 0. 77209 

0.02666 0 . 13330 1.0 0.04190 

o . ce833 0 .48161 0 . 6 0.09082 

0 .03000 1.89000 0 . 6 0.35642 

0 .02316 0 . 09264 0 . 6 0 . 01747 

(7) L 2 .1196 

* The inferred va lue s are derived fr om W-4 da ta applied to the primary road vehicl e distribution. 

(8) , ( 7)/2._( 7) 
We i ght Factor f or Over-
we i ght Vehic les of 

Specified Types on 
Seconda r y Road 

0 .0 

0.3967 

0 . 3643 

0.0198 

0.0428 

0 . 1682 

0 . 0082 

1.0000 



'l'ABLE l -M- 8 

CHARACTERISTICS OF OVERWEIGHT VEHICLES ON SECONDARY PAVED ROADS 

Single Axles Tandem Sets 
Average Average 
Number of Number of 

Amount Over Axles Per A:now1 t Over Sets Per 
Legal Weight Legal Weight Overweight Legal Weight Legal Weight Ov t=rweigh L 

(Kips ) (Kips ) Vehicle (Kips ) (Kips ) Vehicle 

7 . 000 0 . 100 0 . 004100 29 . 000 0 . 400 0 . 064349 

0 . 3 00 0 . 002050 1 . 3 ,Xl 0 . 058952 

1 . 000 0 . 005125 2 . 200 0 . 013389 

1 . 200 0 . 002050 3 . 000 0 . 015071 

13 . 500 0 . 500 0 .121312 3 . 900 0 . 008472 

14. . 000 0 . 200 0 . 030125 4 . 800 0 . 003732 

0 . 650 0 . 028459 6 . 500 0 . 003347 

1 . 100 0 . 006694 31.5 1.2 0 . 121312 

1 . 500 0 . 007535 32. 0 0 . 500 0 . 028705 

1 . 950 0 . 001682 1.400 0 . 133180 

2 . 400 0 . 000841 2 . 400 0 . 006876 

3 . 200 0 . 001682 3 . 400 0 . 006726 

18 . 000 0 . 300 0 . 072209 4.300 0 . 001682 

0 . 800 0 . 010223 4 . 600 0 . 040437 

0 . 900 0 . 396700 5 . 300 0 . 002555 

1 . 350 0 . 012018 6 . 300 0 . 005853 

2 . 400 0 . 002555 8 . 200 0 . 000841 

2 . 600 0 . 040437 10 . 000 0 . 000841 

3 . 000 0 . 000841 
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APPENDIX 3 

SAMPLE VIOLATION RECORDS AND CODING INSTRUCTIONS 

This appendix contains a brief outline of the summons data coding 
format used by the ISHC to compile the violations t ape for 1967. A page of 
sample violation records is in~luded as Table 3-1. Each record represents 
80 columns of data from an IBM card, divided as follows: 

Item 1 Columns 1-5, Date summons was issued - day, month, and 
year . 

Item 2 Columns 6-7, Code number of officer issuing summons. 

Item 3 Columns 8-12, The la st five digits of the summons number. 

Item 4 Columns 13-32, Name of the owner of the vehicle in 
violation. 

Item 5 Columns 32-34, Number of the county in which the violation 
was acted upon. 

Item 6 Columns 35-44, Address of the owner of the vehicle. 

Item 7 Column 45, Code number of the violating vehicle type. 

Item 8 Columns 46-47, Code number of the scale at which violation 
was apprehended. 

Item 9 Columns 48-49, Code number of county of origin for Iowa 
registered vehicles , or of state of origin for out of state registrations . 

Item 10 Columns 50-54, License number of the violating vehicle. 

Item 11 Columns 55-56, Code number of type of violation . 

Item 12 Columns 57-66, Amount of fine s a ssessed and fines paid. 

Item 13 Columns 67-70, .Amount of costs paid. 

Item 14 Columns 71-77, License class required, and amount paid 
for license change. 

Item 15 Columns 78-80, Type of completion and date of completion . 
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The computer program, Violation Tape Analysis, documented in 
Appendix 6, analyzed the data on the violation tape to produce information 
on the numbers and fractions of violations that were: 

1. in state and out of state; 

2. overweight and not overweight; 

3. apprehended during the day versus apprehended during 
the night; and 

4. the fraction of violators that received more than one 
summons . 

It is recommended that an owner code be added to the record of 
each violator, so that a file of multiple violators can be maintained by 
the computer. 
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TABLE 3-1 

SAMPLE VIOLATION RECORDS 

0~767274719~AME~ ~ U~ Oc,1LINCCLN 1C82000C762C01? 0 00120004 0 0 173 
2076 7664g919AfJtR !IU<; L lr-.E:S 78LINCCLN l2040BC4358201000010000400 171 

LINES75MEMPHIS 3114JTOU34d201000010000400 173 C776773465EeAMER CHIL~ ~A~ 
ll26A6622221AMER CLLEMAN 
J4-67tl50357Al' ~R CLLLLIC 
03-66t6361l6AMER CY<'\ i'Jf\M Il l 
27367d4405~dA~ER CYA~A MIC CO 
03-6773552CCAMER CYAN □ l'IC 
1ecti7C651541AMER EQUIP 
034677343579Al'ER FAR~ LINE 
05c6762474S4<'\MER fA~I' LINES 
J00673353505A~ER r e □□ 
235677148l7 b Al'Ek FULU~ 
222673 l42414Ai'-ttR FUEL [. St;P 
ld06733534P.7AMER Hl,Mc:S 
06667134743PAl'ER H □ ~ES I~C 
3ll672739e4cAME R LR~ 
15e6cc230C70AMER LSN G 
Jq-67535472CAMER MlLLI~G 
254666225222AMEk MVG [. STG 
C236764429C5AMtR OIL 
11967e451134AMER ~ED BALL TRS 
031676624152AME~ ROALJ E:CUIP 
317676649969A~ER SHUFFLE BOARDS 
J3- 6 I l 5 5 6 C S 5 A M c R S Y f\J TH f:T I C 
172678240870AME:R T & T 
06-67825363SAMCR TbL & l[G 
24866cl33131A~ER TENT [. CAN 
15&666437991Al'E:R TE~T & CA~VAS 
1536t5e2:l66AMER TK REN 
236bbe6304G8<'\~EK TRF [. STG 
lS&o7815&823AMER TRS 
OS367tc4lt7SAMER TRS LINtS 
0766&772a231AMER UNIFOR~ 
15f67155101CAMER VALVt 
062b7C685810AMERICAN u!L 

78LITTLETON 3060NTE7f:6S201CC00100005CO 161 
78SCOTT BLF 3200NOTEMP300130C013000400 174 
78JACKSC~ 3062LP73R23CC10CC010000500 164 
75ALTON 21184012362 □ 0370C0370C0400 472 
llLCHRV 4 1Kl38729103000030000500 174 
77SX C 322YYA61155005752U57520400 174 
llGKLA C 3183N0122782010000100C0400 172 
78CKLA C 3063N0?32~82010,J0010000500 172 
27K C 3 2~09756H2Cl0000100004CC 174 
17ST PAUL 2l22K247672000E40008400400 17?.. 
77MILhAt;KEE 2094Q5EH1C8201000010000400 171 
770 M 323YYA0225301373Cl37300500 174 
06C M 305YYA82892005780057800400 172 
C9~PLS 2082K277168201000010000400 171 
940 M 3 77C0348E401C00010000400 163 
78RALSTC~ 321YYA26903no1100011000400 174 
65CGL 2101f:.PE1158201000010000400 162 
78CASPER 3064RT14ll820100C010000500 171 
75INDPLS 2112J3632C8301000010000400 173 
780MAhA 20c26l62869l004CCOC400050C 171 
78U~IC~ C 3202RP97829201400Cl4000400 173 
16LCUISv 32810813185009251092510400 174 
08K C 2172~2354461ClC000100004CO 171 
OSK C 2172M69503H70 0500005000500J5007C0174 
65LA FCLL 3104K044PX5007179071790400 163 
78LAFCLLETTE3204J433PX82ClC COOlCOC0400 lt4 
78FT WCRTH 1064Kl78938201000010000400 161 
17MLTN 212 8301C00010000400 162 
75C~I 3llll369lL8201C00010000400 174 
78CHI 3201K67b77d2010u0010000400 171 
75B ENTON 3114JX02C282CC5CCCC5000400 162 
l6INDPLS 228lll327F82010C0010000400 173 
77SCARSB 222790066766 871 

LINE:S 78FT WAYNE 306ll9335LS9ClCOCOlOOOOSOC 164 UQU66b6329SOAMcRICAN VAN 
&8-673153El7AMES [. □ ASS 
017661827640AMtS RD 
31167C641105A~F ~ TCCL INC 
19567E246S43~MMONS ~ R 
166665830040AMR TK LEASE 
230671154373A~SDEN CD 
266672447773AMUNELSCN H 
046665832563A~~AY CORP 
C8l612247CS4ANA~OSA CONC PRCD 
OB-6658373S9ANASTASI F 
118675449C77ANCHOR LS~G 
2t4676t42S67Af\JCHOR MTR FRT 
225665628941ANCO MFG SUP 
3Cl672739840A~CERSEN ~ h 
159671452339ANDcRSON [. MANDLE 
310678352716A~DER50N ~KOS 
236667825978ANDE~SCN C 
0396677303c6ANDERSON C B 
09166E218810ANDERSON CL 
2846666262S7ANOERSON C TKG 
12 & 6 f: ff33 5 TI2 ANIJER:iON C Acllf. ·-- · -
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77~ARCUS 3Z3YYA468250029d8029880400 174 
22MC GREGOR 2 220C3GCe6CC500005000400 471 
77C M 3 YYA00732016660166600500 171 
85RCGERS 2140LC19768200500005000400 17? 
78FAlRF 30600ME364820100001C0005CO 162 
06Vl~TGN 2 0602941500368203882 174 
45CRESCC 2 960133510005000050004000501500373 
78ADA 3062J2762le30150CC15000500 163 
16A~APCSA 413530039910005000050004008200750172 
78HARLA~ 20683017292000750007500SOO 164 
97C~AHA 226200~7C5300230C023000400 173 
78WARREN 3202J324CN8201000010000400 172 
78TULSA 2063N4577782Cl000010000500 162 
38CDR FALLS 2 3801872200270C027000400 171 
l6~ILAN 3291KOP1343003885038850400 171 
75AKRON 2117503C79860050C00500040C 174 
71SUTHERLAN0£ 71002242001540015400400 363 
75~AGhER 311407115Y8101000010000400 163 
08GOWRIE 21794030461CCC500C050004000709500161 
78A~ARILLC 3064K382l48201000010000500 162 
75LITCAF ·- 3112KC1633820100CT010000400 164 
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APPENDIX 4 

SAMPLING INSTRUCTIONS FOR OPERATIONAL RECORD SAMPLE 

T.W.O. CostLEffectiveness Data Collection 

Sampling Instructions 

l. Purpose of Sample: To compare the cost/effectiveness of current fixed 
scale and roving patrol T.W.O. work parties. 

2. Frame or File to be Sampled: Calendar year 1967 file of Form 77l 
"Scale Station Record - Daily Report." 

3. Information to be Recorded from Records: As on enclosed sample infor­
mation sheets. There should be one sheet filled out for each party's 
8-hour period of operation. (There may be several Form 77l's covering 
one such period for busy parties.) Most of the information will come 
from the Form 771 1 s, but it may be necessary to obtain some correspond­
ing data from accounting or other records. 

4. Size of the Sample: Approximately 5 percent (1 out of 19 operating 
periods for every party). 

5. Method of Sampling: Systematic sample of every 19th work period with 
a new random starting point for each work party. 

6. Details of Sampling Procedure: 

A. The records for each party are bound together in a few 
volumes. The procedure below is repeated for each work 
party. 

B. Pick a random starting point for the work party from the 
attached table of random numbers. (Cross off each random 
number as it is used and do not use any number more than 
once.) 

C. Count down to the starting point in the first volume for the 
work party. For example, the first random point is 03; 
therefore, the first party's starting point is 03, i.e., the 
first work period (not Form 771) to be sampled is the 3rd. 
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D. Record all d~ta on the starting point work record (1 or more Form 
77l's) onto a sample data sheet. 

E. Count down 19 more work periods and copy the data on that record. 
Count down 19 more, copy and so on until all records for the work 
party have been counted, e.g., the first party will be represented 
by the 3rd, 22nd, 41st, etc., records, yielding approximately a 
5 percent sample for the calendar year 1967. 

F. Repeat procedures B through F for all other work parties. 

G. If the data on a record are unusable for any reason, simply 
reject the record, count down 19 more and continue. Keep two 
tallies on the number of such rejections, one for fixed sites 
and one for roving patrols. 

H. As of now the only known reason for a large number of rejections 
would be due to unclosed cases which should not be included in 
the sample. If some other major reason for rejections appears, 
or if the rejection rate exceeds 10 percent, please advise MRI. 

7. Also, if for any reason, you do not consider 1967 sufficiently repre­
sentative of current methods of operation, please advise MRI. 

TABLE OF RANDOM STARTING POINTS 

03 17 13 12 09 03 04 05 17 05 

19 15 04 18 12 11 17 19 18 11 

05 10 11 16 06 15 10 16 01 12 

02 14 07 08 01 08 18 02 09 10 

09 02 06 07 14 02 13 06 08 16 

NOTES: 1. Use in any order. 
2. Cross off as used. 
3. Do not use any number more than once. 
4. Use as many as needed, extras are supplied. 
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Scale No. Work Party No. Jq ----

T.W.O. SAMPLE OF DAILY OPERATIONS REPORTS 

1. Mode of Operation: A. Fixed Station ,tf) Roving Patrol (Circle A or B) 

2. A. Date £'-/-6f 
B. Hours of Operation 1A:M to if?M_ 
C. Inactive Periods: a. Lunch to 

b. Administrative to 

c. Other to 

3. A. Number of Personnel on Duty: a. Capt. __ b. Sgt. _L c. Officer_j__ 

B. Number of Man-Hours Charged: a. Capt. __ b. Sgt._j__ c. Officer__x_ 

4. A. Number of Summons Issued L ~W· 
B. Fines Paid 

C. Court Costs Paid 

D. Registration Increases Paid to Iowa ----
5. Out-of-Pocket Expenses: 

A. Mileageat4-1 / 2¢permile f3h C. Public Scale Payment ----
B. Subsistence 1, 10 D. Other 

Comments (weather, etc.) 

Jta, 

f4t~ 
Sample Information Sheet, Operational Record Sample 
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APPENDIX 5 

OPERATIONAL EXPERIMENT SAMPLE DATA SHEE~r 

Background 

Current weight scale traffic count records do not include recording 
traf f ic flow rate by time of the date, but only record total traffic by 
t r uck type for the entire day of operation. 

The attached form was used to gather information on the rate of 
traffi c flow so that an evaluation could be made of the daily manpower 
scheduling practices now used. The data were also used to analyze the 
possible "decay" in truck traffic f'ollowing the opening of' a scale . The 
data we r e processed by the computer program documented in Appendix 11. The 
results of the analysis are discussed in Section IIIB4 of the Report. 
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(.J1 
I 
I\) 

WEIGHT SCALE TRUCK TRAFFIC CO\I'--

Scale Lo cat ion ___ lO_ M_i_· l_e_S_o_u_t_h_o_f_Ty_l_o_n _ __ Scale Number ___ l_6_ -_ 2_4_6_ N_o_r _t _h ____ Hour Period ___ __:8:=-AM=-_-_4-=PM;:_:_ ____ Date __ 3_-_5_-_6_8 __ _ 
8 9AM 19- 10 10- 11 11- 12 12 - 1 1- 2 2 - 3 
0 - 15 16- 30 31- 45 46- 60 2 3 4 5 6 7 

min min hour hour hour hour hour hour min 
Count Viol 

min 
Count Viol Count Viol Count Viol Count Viol _Co_un_ t _Vi_· o_l Count 'iiol _Co_un_ t _V1_· o_l _Co_un_ t _Vi_· o_l Count Vio l 

TT 

TT 

TRK 

TK 

TK 2 

ST 

ST 2 

TT2 - ST2 

TT2 - ST3 

TK - Pup 
Double 
Bottoms 

All Others 

All Busses 

1 

2 2 

3 3 

4 10 

1 

TRK - Pickups, Campers, etc. 

TK - 2 Axle Truck 

TK2 - 3 Axle Truck 

TT- ST - 2 Axle tractor 1 Axle Trailer 

5 

3 

1 

3 

6 

1 

7 

2 6 

4 

2 

3 10 2 

2 

7 

4 

2 

6 

3 

6 

1 

6 17 3 20 1 28 

2 1 1 

1 4 4 

1 

1 

TT- ST2 - 2 Axle Tractor 2 Axle ~~ailer 

TT2 - ST2 - 3 Axle Tractor 2 Axle Trailer 

TT2- ST3 - 3 Axle Tractor 3 Axle Trailer 

TK - Pup - Tk and any Pup Trailer 

1 

1 

3 

1 

3 

25 

2 

1 

1 

2 

4 

4 

4 

3 

33 

1 

2 

b 

3 

2 

1 

5 

15 

1 

1 

3 - 4 
8 

hour 
Count Viol 

2 

4 

6 

1 

1 

B 

2 

1 

TOTAL TOTAL 
Count Viol 

46 

44 

19 

14 

46 

170 

l 

7 

16 

4 

4 

371 

2 

4 

7 

13 



APPENDIX 6 

COMPUTER PROGRAM DOCUMENTATION: VIOIATION TAPE ANALYSIS 

The program IOWA TAPE is written in COBOL and 360 Basic 
As sembly Language and is presented here . The program ,computes the 
numbers and fractions of violations that are: (1) in state and out 
of state; (2) overweight and not overweight; (3 ) apprehended.during the 
day versus apprehended during the night , and (4) the fraction of 
violators that received more than one summons . Input to t his program 
is the T.W . O. violation tape . 
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PAGE 1 

CC00 L0 IOFNTIFICATION OIVISICN. 

000020 PkOGR AM-IO. 1 IOIIATAPE'. 

0 00040 ENVIRONMENT DIVISION. 

000 0 50 CONFI GUR ATION SECTION. 

0 00060 SOURCE-COMPUTER. 

0 0007 0 OB J ECT-COMPUTER. 

IBM- 360 F. JO . 

IBM-3&0 F10. 

000 080 I NP UT-OUTPUT SECTION. 

000090 Fllt -C ONTROL. 

0 G0 L0 0 SELECT INPUT-TAPE ASSIGN TO 'SYS001 1 UTILITY 2400 IJ NIT~. 

000LL0 SE LECT PRINTER ASSIGN HJ •~YS002' UNIT-KECORU 1403 lJ"-jlT. 

001010 DATA DIVISION. 

001020 FILE SECTION. 

001030 FD INPUT-TAPE 

001040 RECOR DI NG MOOE IS F 

001050 BLOCK CONTAINS 20 RECORDS 

001060 RECORD CONTAINS 80 CHARACTERS 

001070 LABEL RECORDS ARE OMITTED 

001080 DATA RECORD IS I NPUT-X. 

002010 01 INPUT-X. 

03 DA TE 

03 DATE-X REDEFlNES DATE. 

05 DAY 

05 FILLER 

03 FILLER 

01 VEHICLE 

PICTURE XI 5). 

PICTURE X. 

PICTURE Xl4). 

PICTURE Xl401. 

PICTURE Xl91. 

002020 

002030 

0 02040 

002050 

002060 

002070 

002080 

CC2090 

002100 

002110 

03 VEHICLE-X REDEFINES VEHICLE. 

05 FILLER 

05 STATE 

05 FILLER 
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PICTURE Xl21. 

PICTURE XX. 

PICTURE Xl51. 



PAGE 2 

\ 

002l2 0 

0 021 30 

002l40 

002 l 50 

0 0 2 l60 

0 02 l 70 

03 VIOLATION 

03 FILLER 

03 FINE 

0 ·1 FILLER 

0 3 CUST 

0 3 FILLER 

PICTURE XX. 

PICTURE X(51. 

PICTURE X(5l. 

PICTURE Xl61. 

Pl C TURE XI 5 I • 

PICTURE Xl3l. 

0030 10 FO PRINTER 

003 020 RECORDING MOO E IS F 

003030 RECORO CONT Al NS l 33 CHARACTERS 

0030,0 LABEL RECORO~ AR E OMITTED 

003050 DATA RECORD IS LINE. 

ll 0 30 6!l 0 1 LINE. 

00 3 l) 70 

003080 

u 3 FILLER PICTURE X. 

03 l PICTURE Xll321. 

004 0 10 ~O RK IN G-STORAGE SECTION. 

0 04020 77 NIGHT - REV PICTURE S9(131V99 

004 030 77 DAY-R E V 

004 04 0 77 BOTH 

0 0 4 0 50 77 WEIGHT 

004 06 0 77 OTHER 

0 0407 0 77 NVIOL 

0040 80 77 INSTATE 

00409 0 77 OUTSTAT E 

004 100 77 NI GHT -NO 

0 0 4110 •77 DAY-N O 

0 041 20 77 TOTAL-VIOL 

0 04130 77 Sl 

004 l 4 0 77 S2 

004150 77 S3 
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PICTURE S91131V99 

PICTURE S9171 

PICTURE S'H71 

PICTURE S9171 

PICTURE S9(7) 

PICTURE S9171 

PICTURE S9(7l 

PICTURE S9171 

PICTURE S9171 

PICTURE S9 I 71 

Pl C TURE X. 

PICTURE X. 

PICTURE X. 

COMPUTATIONAL- 3. 

COMPUTATIONAL-3 

COMPUTATIONAL-3 

COMPUTATIONAL-3 

COMPUTAT IONAL-3 

COMPUTATIONAL-3 

COMP UT AT IONAL- 3 

COMP UT AT IONAL-3 

COMPUTAT IDNAL-3 

COMPUTATIONAL-3 

COMP UT AT IONAL-3 



PAGE 3 

005010 01 RECORD-IDENTIFICATION. 

03 OLD-RECORD. 005020 

005030 05 FILLER PICTURE X(l4) VALUE •xxxxxxxxxxxxxx•. 

005040 03 NEW-RECORD. 

005050 05 DATE-NEW PICTURE XIS). 

005060 05 VEHICLE-NEW PICTURE Xl9l. 

005070 01 DISTX-2 COMPUTATIONAL-3. 

005080 03 DISTX PICTURE S917l OCCURS 100 TIMES. 

006020 01 LINKAGE-DATA 

006030 

006040 

006050 

03 REVENUE-OUT 

03 FINE-IN 

03 COST-IN 

PICTURE S915lV99 COMPUTATIONAL-3. 

PICTURE Xl5). 

PICTURE XI 5). 

007010 01 DETAIL 

007020 

007030 

007040 

007050 

007060 

03 OESX-01 

03 FILLER 

03 DE SX- 02 

03 DESX-03 REDEFINES DESX-02 

03 DESX-04 REDEFINES DESX-03 

PICTURE Xl501. 

PICTURE X(5l. 

PICTURE Zl9)9. 

PICTURE Z17).99. 

PICTURE Zl3l9.9(5l. 

007080 01 LINEX. 

007090 

007100 

007110 

007120 

03 FILLER 

03 I 

03 FILLER 

03 J 

PICTURE X I 5 l • 

PICTURE ll9. 

PICTURE X(5). 

PICTURE Zl7l9. 

008010 PROCEDURE DIVISION. 

008020 

008070 

008030 

0080't0 

008060 

OPEN INPUT INPUT-TAPE, OUTPUT PRINTER. 

MOVE All • • TO LINE. 

MOVE •x• TO Sl. 

MOVE 'X' TO S2. 

MOVE 'X' TO S3. 
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PA GE 4 

OOH O'i O MOV E ZERO TO NV I OL. 

llOdOtlO MO VE ZERO TO BOTH. 

008090 MO VE ZERO TO WEIGHT. 

OOB l OO MOVE ZERO TO OTH FR . 

001:H 10 MOVE ZERO TO INSTA TE . 

008 12 0 MOVE ZERO TO OUT STAT t . 

008 13 0 MOVE ZERO TO NIGHT- RE V. 

0013 14 0 MDV[ ZERO TO DAY- RE V. 

OOH1 50 MOVE ZERO TO NIGHT- NO . 

008160 MO VE ZERO TO DAY-NU. 

008 170 MOVE ZERO TO TOTAL-VIOL. 

PERFORM ZAP VARYING NVI OL FR OM l BY l UNTIL NVI OL > I l lJ • 

MOVE ZERO TO NVIOL. 

GO TC LOOP. 

ZAP. 

MOVE ZERO TD DISTX (NVI OLl. 

00 9010 LOOP. 

009010 

C0 9 04 0 

009 0 50 

0 C9 06 0 

0090 7 0 

OC90 8 0 

0 09 090 

009100 

0 09 110 

0091 20 

00 9130 

RE AD INPUT-TAPE AT ENO PERFO RM BR EAK-V IO LATI ON GO r r: sr nn . 

MOV E DATE TO DATE-NEw. 

MOVE VEHICLE TO VEHICLE- NE W. 

IF NEW-RECORD NOT= OLD-RF CU RO PEP FORM RRE AK-VI OLA TI U~ . 

ADD 1 TO NVIDL. 

IF STATE 

ELSE 

IF VIOLATION 

6-5 

'0 l' 

MOVE I 01 TO S3 

MOVE I I I TO S3. 

I 20 1 OR VIOLATION 

DR VI OLA TI ON 

ADD l TD WEIGHT 

MOVE I y I TD Sl 

' 30 ' OR VI OLATI ON = '4 0 ' 

' 5 0 1 



PAGE 5 

OO<Jl40 

()0<Jl';() 

00..,10,1 

009170 

OOCJ18 ,l 

009190 

009200 

010010 

010021) 

010030 

OlOOolJ 

El SE AOO l TfJ OTHER 

MllVE 'Y' H1 S2. 

MOVE FINE TO FINE-IN. 

"''lVE COST TO COST-IN. 

lNTER LINK AGE. 

ChLL 'TOTALREV' USING LINKAGE-DATA. 

ENTER COROL. 

IF DhY I '0' ADD RFVENUF-OUT TO NIGHT-REV ADD l Tl :-,H~HT -· ;, , 

ELSE' ADD REVENUl::-OUT TO DAY-REV ADO l TO OAY-NI•. 

ADD l TO TOTAL-VIOL. 

GO TO LOOP. 

011010 HREAK-VIOLATION. 

011020 IF S3 = ' I I ADD l TO INSTATE. 

0 l l O 30 IF S3 = IO I ADO l TO OUTS TA TE. 

011040 MOVE 'XI TO S3. 

0 110 50 IF S l = • y' AND S2 = • Y • ADU l TO BOTH. 

011060 ,-.OVE IX' TO S l. 

0 110 70 MOVE IX I TO s2. 

011080 IF NVIOL > 100 MOVE 100 TO NVIOL. 

011090 IF NVIOL > ZERO ADO l TO OISTX INVIOLI. 

011100 MOVE ZERO TO NVIOL. 

MOVE NEW-RECORD TO OLD-RECORD. 

Ol201J STOP. 

01202 0 

012030 

012040 

012050 

012060 

012070 

MOVE ALL I I TO DETAIL. 

MOVE 'TOTAL NUMBER OF VIOLATIONS' TO DESX-01. 

MOVE TOTAL-VIOL TO DESX-02. 

MOVE DETAIL TO L. 

WRITE LINE AFTER O. 

MOVE 1 NUMRER OF INSTATE VIOLATORS' TO DESX-01. 
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012080 

012090 

012100 

012110 

012120 

012130 

012140 

012150 

012160 

012170 

012180 

012190 

013010 

013020 

013030 

013040 

013050 

013060 

013070 

013080 

013090 

013100 

013110 

013120 

013130 

013140 

013150 

013160 

0131 70 

MOVE INSTATE TO DESX-02. 

MOVE DETAIL TO L. 

WRITE LINE AFTER 2. 

MOVE 'FRACTION Of INSTATE VIOLATORS' TO DESX-01. 

ADD INSTATE, OUTSTATE GIVING NVIOL. 

DIVIDE NVIOL INTO INSTATE GIVING DESX-04. 

MOVE DETAIL TO L. 

WRITE LINE AFTER 1. 

MOVE 'NUMBER Of OUT STATE VIOLATORS" TO OESX-01. 

MOVE OUTSTATE TO OESX-02. 

MOVE DETAIL TO L. 

WRITE LINE AFTER l. 

DIVIDE NVIOL INTO OUTSTATE GIVING DESX-04. 

MOVE 'FRACTION OF OUT STATE VIOLATORS' TO DESX-01. 

MOVE DETAIL TO L. 

WRITE LINE AFTER 1. 

MOVE 'TOTAL NUMBER OF VIOLATORS' TO DESX-01. 

MOVE NV[OL TO DESX-02. 

MOVE DETAIL TO L. 

WRITE LINE AFTER l. 

MOVE 'TOTAL NUMBER OF VIOLATIONS' TO OESX-01. 

MOVE TOTAL-VIOL TO DESX-02. 

MOVE DETAIL TO L. 

WRITE LINE AFTER 3. 

MOVE 1 TOTAL NUMBER OVERWEIGHT V[OLATIONS'TO DfSX-01. 

MOVE WEIGHT TO DESX-02. 

MOVE DETAIL TO L. 

WR IT E L IN E A FT ER 1. 

MOVE 'TOTAL NUMBER NON-OVERWEIGHT VIOLATIONS' TO DESX-01. 
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0111 HO 

013190 

0132 00 

014010 

014020 

014 03 0 

014040 

014050 

014070 

014080 

014090 

014100 

014110 

0 14120 

014130 

014140 

014150 

014160 

0 14170 

0 14180 

014190 

014200 

015010 

015020 

015030 

015040 

MOVE OTHER TO DESX-02. 

MOVE DETAIL TO L. 

WRITE LINE AFTER l. 

MOVE 'NUMBER OF VIOLATORS COMMITTING ROTH' TO or<,x-0 1. 

MOVE BOTH TO OESX- 02 . 

MOVE DETAIL TO L. 

WRIT E LINE AFTER l 

SUBTRACT BOTH FROM NVIOL GIVIN G OESX-02. 

MOVE 'NUMBER OF VIOLAT OflS Cn MMITT!NG ONF. TYPF' TD :>f'iX- 1J l. 

MOV t DETAIL TO L. 

WRITE LINE AFTER l. 

MOVE 'NUMBER OF DAY VIOLATION5' TO Of::SX-01. 

MOVE DAY-NO TO DESX-02. 

MOV E DETAIL TO L. 

~RITE LINE AFTER 3. 

MOVE 'NUMAER OF NIGHT VIOLATIONS' TO DESX-01. 

MOVE NIGHT-NO TO DESX-02. 

MDV ~ DETAIL TO L. 

WR I TE LI NE AF TE R l • 

MOVE 'AVERAGE DAY REVENUE ' TO DESX-01. 

DIVI DE DAY-NO INTO DAY-REV GIVING DES X-03 

MOVE DETAIL TO L. 

WRITE LINE AFTER 1. 

MOVE 'AVERAGE NIGHT REVENGE' TO DESX-0 1. 

DIVIDE NIGHT-NO INTO NIGHT-REV GIVING UESX-03. 

MOVE DETAIL TO L. 

WRITE LINE AFTER 1. 

MOVE 'NO OF TICKETS, NO. OF OCCURANCES' TO L. 

WRITE LINE AFTER O. 
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015050 

015060 

015070 

PERFORM DUMP VARYING NVIOL FROM l BY l UNTIL NVIOL > 100. 

CLOSE INPUT-TAPE, PRINTER. 

STOP RUN. 

015oqo DUMP. 

015100 

015110 

015120 

015130 

015140 

MOVE ALL ' • TO LINE X. 

MOVE NVI OL TO I. 

MOVE DISTX (NVr □ LI TO J. 

MOVE LINEX TO L. 

WRITE LINE AFTER 1. 

// EXEC ASSEMBLY 

TOTALREV START 0 

USING *,15 

STM 14,12, 12( 13) SAVE GENERAL REGISTERS 

L 2,011) LOAD ADDRESS OF LINKAGE DATA 

MVC FININl51,412t BRING IN THE AMOUNT OF THE FINE 

MVC FI NOT I 51 , 9 I 2 I BRING IN THE AMOUNT OF LICENSE INCREACE 

MVC BYTElll,FININ MOVE 1ST BYTE INTO WORK AREA 

NI BYTE,X'FO' AND OUT THE ZONE 

CLI BYTE,X 1 D0' 11 OVER PUNCH= FINE PAID BY JAIL 

BE ZEROFINE 

CLI BYTE,X 1 60' 11 PUNCH ONLY= FINE PAID BY JAIL 

BE ZEROFJNE 

CLI BYTE,X'FO' CHECK FOR NUMBER= FINE PAID 

BE FINEPAID 

CLI BYTE,X 1 40 1 CHECK FOR BLANK= FINE PAID, 

BNE ZEROFINE ELSE FINE DISMISSED 

F IN EPA ID CL C FININl5) 1 =C' 
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BE 

MVC 

NI 

CLI 

BE 

CLI 

AE 

CLI 

BE 

CLI 

HE 

CLI 

BE 

CLI 

BE 

CLI 

BE 

CLI 

BE 

ZEROFINE ZAP 

B 

FINEZERO ZAP 

B 

FINElOOO ZAP 

B 

FINE2000 ZAP 

B 

FINE3000 ZAP 

ADOF[NE MV Z 

PAGE q 

ZEROFINE 

BYTEl11,F[NIN•4 

BYTE,X'FO' 

AYTE,X'FO• 

FINEZERO 

BYTE,X'40' 

FINEZERO 

If THE FIHD fl LANK, Nil F I Nf 

RECOVEf{ ZONE OF LAST IHGI T 

F ZONF = 0 I FINE I 999.99 

HYTE,X' 00 1 

FINElOOO 

AYTE,X 1 60 1 

FINElOOO 

BYTE' XI co I 

FINE2000 

AYTE,X'50' 

FINE2000 

BYTE,X'EO' 

FINE3000 

BYTE,X 1 6l' 

F !NE 3000 

A LANK 

11 PlJNCH 

12 PUNCH 

0 PUNCH 

F ZONE 

!()00.00 I FINE I I '• •'I. 19 

?000 .00 I F !NE I 29 ·-19. Cl" 

3000.00 I FINE I 3qqq_qq 

TOTAL,=P'O' 

CHCKCOST 

TOTAL,=P'O' 

AOOFINE 

lE RO T HE TO T AL 

TOTAL,=P' 100000' 

ADDFINE 

TOTAL,=P 1 200000' 

ADDFINE 

TOTAL,=P'300000' 

FININl51,=X 1 COCOCOCOCO' SET ALL ZONES TO C 
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I LA 3,5 

LA 4,FININ+4 CHtCK FuR NUMcRIC FIELO, 

I F l iH. LIJIJP \.LI 0141 ,x•co• IF NOT NUMERIC., SET FINF - ."I K' i 

Ht ZEROFINE 

I CLI 0141,x•cg• 

,l H ZEROFINE 

I ACT~ 4,0 

BC T 3,FINELOOP 

I PACK WORK,FININ 

AP TOTAL,WORK 

I CHCKCOST CLC FINDT,=C' 

RE RETURN 

I MVC AYTEI 1 l 1 FINOT ♦4 

NI EIYTE,X 1 F0 1 

I 
CLI BYTE,X 1 F0 1 

RE COST ZERO 

CL I AYTE 1 X1 40' 

I HE COSTZERO 

CL I AYTE,x•oo• 

I HE COSTlOOO 

CL I BYTE 1 X 1 60 1 

I BE cosnooo 

CLI AYTE,x•co• 

I Bt COST2000 

CL I AYTE,X 1 50 1 

I 
BE COST2000 

A RE TURN 

COSTZ!-'RO ZAP AREA,= P 1 0' 

I 8 ADDCOST 

p /l(;l 10 

I 
I 
I 
I 
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I 
COSTlOOO ZAP AREA,=P' 100000 1 I 

B ADDCOST 

COST2000 ZAP AREA,:P'200000 1 I 
ADDCOST MVZ F I NOT I 5 ) , = X I C OC oc QC oc O 1 

LA 3,5 I 
LA 4,F INOT+4 

COSTLOOP CLI 0(41,X'CO' I 
BL RETURN 

CLI Ol4J,X'C9' 

I BH RETURN 

BCTR 4,0 

I BC T 3,COSTLOOP 

PACK WORK, F INOT 

AP TOTAL,WORK I 
AP TOTAL ,AREA 

RETURN MVC 014,21,TOTAL I 
LM 14, 12.12 (13) 

BR 14 I 
SPACE 

FININ DS CL5 I F INOT OS CL5 

BYTE DS Cll 

I TOTAL DS CL4 

WORK OS CL4 

AREA DS CL4 I 
END 

END OF DATA I 
PAGE 11 I 
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APPENDIX 7 

COMPUTER PROGRAM DOCUMENTATION: FRACTION VIOLATING VS. TIME ANALYSES 

This program, written in FORTRAN IV, provides a distribution of 
truck traffic, summonses issued, and fraction of traffic in violation with 
respect to time of day and as a decay function from the time a station is 
opened . The output is normalized to truck traffic per operation hour, 
summonses issued per operations hour, and fraction of truck traffic in vio ­
lation per operations hour. Input to this program is a tape with data that 
come from Weight Scale Traffic Count. An example of a data sheet is shown 
in Appendix 5. 
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C JOB TITLE TRAFFIC DECAY AND TIMI:: Of DAY MODtL 

C 

C 

C THIS PROGRAM PRUVIUl::S OATA FUR ANALYZING TRAFFIC, SUMMONSl::S ISSUED, 

CANO FRACTION OF TRAFFIC IN VIOLATION. THE DATA IS PRESENTED WITH RESPECT 

C TO TIME OF OAY ANJ AS A DECAY FUNCTION FROM TIME A STATION IS OPENED. 

C THE OUTPUT IS NJRMALIZEO TO TRAFFIC PER OPERATING HOUR, SUMMONSES ISSUED 

C PER OPERATING HUUR, ANU FRACTION OF TRAFFIC IN VIOLATION PER OPERATING HOUR 

C 

C INPUT TO THIS P~OGRAM IS A TAPE OF WEIGHT SCALE TRAFFIC COUNT 

C 

C INPUT-DATA 

SC= SCALt NUMBER C 

C 

C 

C 

C 

IHOUR = MILITARY TIME OF OPENING 

IDUR = HOURS STATICN IS OPEN NOT GREATER THAN 8 

IPARTY= NUM8ER UF CREW PARTY OPERATING SCALE 

DATI:: = DATt OF OBSERVATION 

C !CHECK= LAST DATA CARD 

C 

C A(I,J) = TRAFFIC CGUNT I TRUCK TYPE J TIME CELL 

C B!I,J) = SUMMONSES ISSUEU l TRUCK TYPE J TIME CELL 

C VARIABLE DEFINITIONS 

C ASUM(J) = TOTAL TRAFFIC J TIME CELL 

C BSUM(J) = TUTAL SUMMONSES ISSUED J TIME CELL 

C 

C TIME OF DAY MOUEL 

C ITIME = MILITARY TIME OF DAY 

C TRAFl(ITIMEJ = TOTAL TRAFFIC FOR ITIME 

C· VLTl(ITIME) = TCTAL SUMMONSES ISSUED FOR ITIME 
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C ISAMP(ITIMEl = TCTAL OPERATING HOURS ITIME 

C 

C OECAY MODEL 

C TRAF2(Jl = TOTAL TRAFFIC J HOUR FROM OPENING 

C VLT2 = TOTAL SUMMONSES ISSUED FOR J HOUR FROM OPENING 

C ISAMP2(J) = TOTAL OPERATING HOURS FOR J HOUR FROM OPENING 

C 

C 

C 

DIMENSION TRAFll24l, TRAF2(1ll, VLTll241, VLT2(ll), ISAMP!24l, 

lASUM( lll, !1SUM( lll, A(ll,11), £3(11,lll 

DIMENSION SC(21 

DIMENSION ISAMPZ(ll} 

00 10 J = 1,24 

!STOP = 0 

TRAFl!Jl = 0.0 

ISAMP(Jl = 0 

10 Vl T l ( J) = o.o 

DO 15 J = 1, 11 

TRAF2(JI = O. 

ISAMP2(J l = 0 

15 VlT2iJ) = o.o 

2 0 RE AD ( 12 ) SC , I HOUR , ID UR , I PA RT Y, DATE , IC HECK 

IF IICHECK) 25,25,500 

25 READll2l ((A(I,Jl,BII,Jl,J=l,lll,l=l,111 

TRFFC = O. 

VLT NS -= 0. 

IX = I OUR + 3 

IF (ll-IXI 70,80,80 
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70 IX= 11 

WRITEIJ,77J) SC 

80 CONTINUE: 

C C Al CUL A TE TRAFF IC., SUMM~~Sl:S f SSUED,AND CPERATl~G HOURS FOR UECAY-MOOEL 

lJO 30 J = 1, IX 

ASUM(J) = o.o 

BSUM{J l = O. 

ISAMP21Jl = I SA f'!P Z (JJ + l 

DO 30 I = 1, 11 

ASUM(J) = ASUM (J) + A(l,Jl 

RSU"1(Jl = SSUM (J) + b(I,Jl 

TRFFC = TRFFC + A(l,Jl 

VLT~S = VLT NS + H(l,Jl 

TRAF2(JI = TKAF-2(JI + A(I,J) 

JO VLT2(J) = VLTi(J) + B11,J) 

!TIME = IH CUR + l 

C CALCULATE TRAFFIC, SUMMONSES ISSUED, ANO OPERATI~G HOURS FUR TIME-OF-OAY-MUDEL 

IS AMP( IT IM E i = IS AMP{ ITit-.lE) + l 

DO 4C J = 1,4 

TRAFl(ITlMEl = TRAFl(ITit~El + ASUM(J) 

40 VLTl(lTI~E) = VLTllITIME) + BSUMIJ) 

DO 50 J=5,I X 

ITil"E: = ITIME + l 

lf(24-ITIMEJ 41,42,42 

41 IT IME= 1 

42 TRAF-1 I ITIMI:) = TRAfl( ITIME) + ASUM(J) 

VLTl(ITIME) = VLTlllTIME) + BSUM(J) 

5 0 IS AMP I 1T IM E l = IS AMP { IT IM E) + l 

C WRITE EXCEPTION STATEMENT IF MORE THAN 5 SUMMONSES ARE ISSUED 
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C WITHIN A~Y CATA CELL 

TRADG = VLTNS/TRFFC 

WRITE ( 3 ,750) SC,IHOUR,IDUR,IPARTY, DATE, TRADG 

DO bO J = l,ll 

DO 6 0 I= 1, l l 

IF (Ell,Jl- 5 1 6U,60,66 

66 WRITEU,761) ((All,Jl,B(l,Jl,K=l,llll 

60 CONTINUE 

IST OP = IST fJ P + l 

IFI I STOP - l 8 3l2C,500,500 

C PERFORM SUMMARY CALCULATIONS ANO WRITE ROUTINE FOR TIME-OF-DAY-MODEL 

500 wRlTEl3,73 Ul 

DO 51 0 l = l, 24 

IF (VLTllill 502,5 0 3,502 

502 VIOL = VL Tl I 1 l /TRAF-1 l I l 

GO TO 50 5 

503 VIOL -= O . 

5 0 5 TR AF N l -= T ~ AF 11 I ) / I SAM P I I I 

VIOL~l = VLTl!Il/ISAMP(ll 

510 11.RITE(3,73 5 l I, TRAFNl,VIOLNl, VIOldSAMPlil 

520 WRITE( 3,74 0 ) 

C PERFURM SUMMARY CALCULATICNS AND WRITE ROUTINE FOR DECAY-MODEL 

DO 5 3 C I = l, 11 

IF lVLT2(Ill 522,523,522 

522 VIOL2 = VLT2lll/TRAF2(1l 

GO TO 52 5 

523 VIOL2 = O. 

525 TRAFN2 = TRAF211)/ISAMP2(Il 

VIOLN2 = VLT2(11/ISAMP2(1l 
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~30 1-, K l TE ( .1, 74':>l 1, TRAf- N2 ,V ID LN2,VIOL 2 

LALL EX IT 

700 r UR~AT( 2 2 FJ. Ol 

701 f- UKMAT(2A4,Jl2,i\<t,lll 

730 t-OK~AT(lHl,T31,'Nll R t-'ALllf:D TIMf: OF DAY ;"11J OE L 1 ///,lH ,TlO,'TIMf:', 

l T 2 2 , ' T K A F F I C • , T 4 J , • V I G L A T I C N S ' , T ':l cl , ' ':f; V I U L /\ T I D N S ' , T 8 3 , ' S A MP L E ' / l 

735 FrJr{MAT(lH ,fll,12,T22,Fl0.2,T40,FlC.3,T 60,F8.4,TR0,15l 

740 r0Kt-'AT(lHl ,T3 ':i,'i'iC K~ALIZf:LJ CECAY MOOE:L'///,lH ,TlO, 'TIME',T2 0 , 'TRA 

l FF l C 1 , T 4 3, ' .J l Lll A TI uN S' , T 5 8 , ' ~ VI UL AT I CNS' / l 

745 FORMIIT(lH ,Tll,12,T2 2 ,Fl0.2,T40,Fl 0 .3,Tb0,F8.4l 

7':lO F □ KMATl1 rl~ , 2 A4,Jl5,A4,FL 0 .4/I 

761 FORMAT(lH , 22 F5 . 0 ) 

770 f-URMAT(L :1 ,•OU RATIO, [R RCK ',2A4/l 

END 

EN D ll f- CAT A 
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NLlRMALilt:U T!Mt OF DAY MUDtL 

f IM t: TKAFFIC VICLATIONS .,, VlUL.I\TIUI\IS S A~l-'l F. 

l 2 5. 24 0.4 71 0.0186 j4 
2. l H. 91 o. 62 5 O. 03.H 32 
.3 18. 7 d 0.889 0.0473 27 
4 18. 50 0.464 0.0251 28 
5 20.23 0.767 0.0379 30 
6 2. 5. 08 0.632 0.0252 38 
7 30.62 u. 8 51 (). 02 7 d 47 
d 36.91 0.631 0 .0171 65 
<; 4 t!.. 'J 3 o. 714 0.0168 77 

10 42. 115 l. 024 0. 02 3 Y 8':> 
11 42. 85 0.929 0.0217 98 
lt!. 38. 64 0.790 0 .0204 100 
lJ 39.()7 o. 721 0 .0185 104 
14 33.66 0.680 0.0176 97 
15 39.65 c. 710 0.0179 100 
16 39 .46 0.869 0.0220 84 
l 7 42. 32 0.631 0.0149 65 
l ti "36.92 O. fiOO o.016 3 60 
19 .15 .13 0.538 0.0153 'l2 
2.0 29.43 o. 7'-12 0.0269 ,, 3 
21 3 0 .1 ':> o. 348 0 .0115 46 
n 2 8 .16 0.419 0.0149 43 
23 t!.6. 26 0.677 0.0258 H 
;,4 23 .69 0.538 0 .0221 26 
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NURMALIZEO O~CAY MODEL 

TIME TRAFFIC VIOLATIONS % VlOLATIONS 

1 la. 78 0.208 0.0193 
2 9.37 0.1 <n 0.0210 
3 9.96 0 .180 0.0181 
4 10.67 0.191 0.0119 
5 36.49 0.858 o. 02 3 5 
6 35.76 0.841 0.0235 
7 34. 30 o. 639 0.0186 
8 35.28 0.774 0.0219 
9 35. 2 5 0.811 0.0230 

10 35.06 0.494 o. 0141 
11 29.80 0.488 0.0164 

7-8 



APPENDIX 8 

COMPUTER PROGRAM DOCUMENTATION: COSTLBENEFIT ANALYSES 

The program, Cos t /Benefit Analysis , wr i tten i n FORTRAN D1 is 
presented here. The program determines the net cont ribution (benefit less 
cos t), t he fraction of trips in violation , and t he probabili ty of appr e­
hension for a range of enforcement levels. The program us e s as input a 
card deck t hat describes the initial operat ing chnr nc ter i s tics of the 
sys tem . These include: (1) t raffic level; ( 2 ) i nitial probability of 
apprehension; (3) operating cost data; (4) allocat ion of manpower to fixed 
site operation, roving patrol, and other activity; and (5 ) fraction of 
violators that are overweight, fraction of violator s under- registered, and 
their assoc iated damage costs .~/ 

~/ The program in its present form applies only when t he apprehension 
effectiveness i s manpower limited as discussed i n t he Apprehension 
Submodel, Section III-A-4, of this r eport. 
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C THlS PKLJ..; !{ A,'1 [SA COST - BENEFIT MODE:L FOR THE IOiiA TRAFFIC WfI ,;HT 

C OPtRATIU/\S 5TUOY. THE: PURPOSE OF THI S MODEL IS Tfl OETERMINF 

C ThE N[T Ci..JNTRIAlJTIUN IREVt:NUE LESS CUST) AND LEVEL GF COMPLIANCE: 

C TU THE LAW FOR A KA/\GE OF SfAFF SIZE. 

C TRAt-t-C - AN~UAL TRUCK TRIPS 

C NACT - NdMBt:K Jf- ACTI\/ITIES (FIXE:D, ROVING, OTHER) 

C VCUST - VARIABLt: UPERATICNS COST PER 

C VC1JST - VARI ABLE LlPERATIUNS COST PER MAN 

C VIOL~ - INITIAL PROBABILITY OF APPREHENSION 

C STAFFP(I) - ALLtiCATlCN UF MANP 1J.-JER TC EACH ACTIVITY 

C FINE(!) - AVERAGE REVENUE PER SUMMONS FUR EACH ACTIVITY 

C S T A F t- I ( I l - I N I T I A L ~ A N POW E K FU R IT H AC T IV IT Y 

C PAPP!(!) - INITIAL PROBABILITY OF APPREHENSION FOR 1TH ACTIVITY 

C VIULIIl - F~ACTION TRUCK TRAFFIC IN VIOLATION AS FUNCTinN UF PAPP(I). 

C VlULF(J) - FRACTION OF VIULAT GKS wITH JTH TYPE VIOLATION 

C DA~AGtlJ) - LJSS OR REVENUE PE~ VIOLATOR WITH JTH TYPE VIOLATION 

C VLJLII)-FRACTION TRUCK TRAFFIC IN VIOLATION AS FUNCTION UF PAPP(!) 

C P A P P Ll - I ,·H T I A L P R O B AG I L I T Y A P P R F H [ N S In N 

C NSITES - NU ,"1BER OF SITES 

DIME/\SIL.Jf\ STAFFP!10) , FINE(l O ), XLNGTH(lO), XMILES(lOl,ICREw(lO), 

X APPK(lOI, FVIUL!lOJ, VICJLFY(lOI, DAMAGE(lOJ, 

X STAFFI(lO), PAPPl(lOl,ISTAFF(lul,FIXEDC(lOl 

DI~ENSION VIOL(SO) 

U!MENSION STAFFSllOl, f'APP(lOI 

INTEGER STAFFN 

PAPP ( 2 I = 0. 

FINEl2 I -= O. 

STAFFP(2) = O. 

RcAO(l,704) !PASS 
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PA '., l 2 

CD 202.J lfIME S = l,IPAS S 

Lil REALJIL,7'Ju) TRAf- FC, PAPPO, NS ITES, NACT , VC UST ,VIOL N 

20 1, [ AillL,lllll (STJ\FFP(II, FIN F IIJ, STAFf-1(1), PAPI-'!(!), I =l,NACT) 

2 ,:' R[ ,\i; (l,7 0':> ) (VlflLFY(II, OAMA Ci:: (11, 

24 RLAll(l,7C6) (I S fAFFIK), FIXl:GC(KI, K 

tJ T Hi::R = 1. 0 - S TAFFP( 1) - S T/IFFP ( 2 ) 

VI UL(l) = 1. 00 

llt:TK =-1\L CJ G((VlilLN - O. O? l/ 0 . ')8 )/PAPP O 

DO ? 0 2 ,) I YE AR = l , 

k.YE A,, = !YEAR -

l, 2 I 

l, 5) 

WRITcl.3,'.!02) TRAFFC,VI OLN,PAPPO , STAF FP (l),STAF FP (Z), OTrlE K 

WRITEIJ, d OO J 

C IN CR E <IS[ LEVEL CF ENf-(]RCf=MEN l S TAf-F N 

CO 200 0 S TAFF~= 1 5 ,4 00 , 5 

PAPPT = 0.0 

SLlF.NFl= 0 . 0 

eEr~F TL = o. 

BE '.~f TZ = O. 

Di::P,, = •) . 

IF (STAF FN - 205 ) 90 1,900 , 90 1 

900 WKIH( .1,HOZ) TRAFF C,VICLN,PAP t>O , S T/\FFP (ll, STAF FP I Z ), UT HE,< 

WKITEIJ,BOO) 

9C l ccr, TI I\Ut 

C CU~PUTE PROBAB ILITY OF APPREHENDING A VIOLATOR PAPP(!) FOR I AC TIVITY 

Dd LZL ,1 I= 1, NACT 

PAPPZ = PAPP! (I) 

AP PK (l) = -(AL OG (l. O - PAPPZ))/STAFFl(I) 

STAFFS(!)= STAF FP(ll * FL OAT(STAFF N > 

1 2 10 PAPP(!)= 1. 0 - EXP (-APPK(ll * S TAF FS (!)) 
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(. 

C COMPUTt FRACTIUN UF TRAFFIC IN VIOLATION AS FUNCTION Of PAPPII). 

DO 1310 I = 1, NACT 

1310 PAPPT = PAPPT + PAPP(!) 

VluLN = 0.02 + 0.98 * EXPI-DETK * PAPPT) 

C 

C CO~PUTE TOT~L OPEKATING COST AS FUNCTION OF STAFF LEVtL. 

C FIXED CUST ~FlXEO DETERMINED FROM TABLE LOOK UP. 

C VARIABLE COST VCOST 15 VARCOST * STAFF LEVEL 

DO 14 2 0 K = l , 5 

IF (STAFFN -ISTAFFIK)) 1410,1410,1420 

1410 SFIXEO = FIXtDC(K) 

GO TO 1430 

1420 CONTINUE 

1430 CUST = VCOST * FLUAT( STAFFN) + SFIXED + DEPR 

C 

C CCMPUTE TOTAL SYSfE~ BENEFITS 

C 

C BENFTl Kl::VENUE FRUM FINES FOR I ACTIVITY. 

C BtNFT2 REVENUE FROM INCREASED REGISTRATION ANO PREVENTED ROAD DAMAGI:: 

DU l6LO I = l, NAC T 

1610 BENFTl = BENFTl + TKAFFC * VIOLN * PAPP(l) * FINEii) 

DO l 6 2 0 J = l , 2 

1620 BcNFT2 = BENFT2 + TRAFFC*DAMAGEIJl*IVIOLll) - VIOLNl*VIOLFYIJI 

SBENFT = BENFTl + ~ENFT2 

C COMPUTE PROFIT 

PROFIT = SBENFT - COST 

C 

SBENFT = SBENFT/1000. 
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COST = COSl /1000. 

PROFIT = PK n FIT/1000. 

fIXEU = TRAFFC * VIOLN * PAPP(l) * FlNE(ll/1000. 

ROVING= T~A rFC * VIOL N * PAPP(2) * FIN E (2)/10 0 0. 

OMAGE = TRAFFC * CAMAGE(l) * (VIOL!ll - VIOLN) * VIOLFY(ll/1000. 

RGTRE = TRAFFC * OAMAGE(2l * (VIOL(ll - VlOLNl * VIOLFY(2)/1000. 

wRITE(3,801) STAFFN, PROFIT,RGTRE, FIXEU, ROVING, OMAGE,S8ENFT, 

X C UST, PAPPT, VlCLN 

2000 CONTINUE 

2020 CONTINUE 

CALL EXIT 

700 FORMAT(ElO.O,FlO.O,llO,IlO,~lO.O,F6.3) 

701 FORMAT(4Fl0.0I 

702 FORMAT(llF7.0) 

7 0 4 FO RM AT ( I 2 ) 

705 FORMAT(4Fl0.0l 

706 FORMAT(51IB,F8.0)) 

8 0 0 FORM AT ( 1 H , ' S T AF F ' , T 1 7 , ' NE T ' , T 2 9 , 1 RE VENUE • , T 4 6 , 1 RE VE 1\1 UE • , T 6 0 , 

X • RE VEN U E 1 , T 7 6 , ' RE VE NU E 1 , T9 6 , • TOT AL ' , T 10 9 , • 0 PER AT I NG ' , T 12 2 , 

X1 P V'/,lH ,T15, 1 REVENUt:: 1 ,T27, 1 REGlSTRATION 1 ,T44, 

X'FIXED SITES• ,T58, 1 RUVING PATROL 1 ,T74, 'CAMAGE PREVEN.',T95, 

x • R 1::: v EN uE • , r 111 , •cos T • 1 n 

801 FORMAT llH ,14,Tl5,F7.0,T29,F7.0,T45,F7.0,T60,F7.0,T75,F7.0,T95, 

X F7.0,Tl11,F7.0,T120,F5.4,Tl29,F5.41 

802 FORMAT(1Hl,T50,'SYSTE:M INPUT DATA 1 /,1H ,T30, 1 TRAFFIC 1 ,FlO.O, 

XT50,'FRACTlON VIOLATING ',F5.3,T77, 'PROBABILITY OF APPt<.EHENSIUN', 

X F5.3/,1H ,T30,'ALLOCATION OF MANPOWER: FIXEC ',F5.3,', ROVING 1 

X,FS.J, ', OTHER 1 F5.3/I) 

ENO 
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APPENDIX 9 

COMPUTER PROGRAM DOCUMENTATION: UNCOMPENSATED 
ROAD MAINTENANCE USE PER VIOLATING VEHICLE 

Two programs, written in FORTRAN, are presented here, FLEXM, and 
RIGDM. Both programs calculate average uncompensated maintenance use per 
violating vehicle. The equations used are presented in Appendix 1, Tab I. 
The computation results are given in average equivalent reference axles 
per v iolating vehicle. FLEXM is used for flexible pavements, RIGDM i s used 
for rigid pavements. 

Both of these programs (and the programs for life use in the 
next appendix) use as part of input the axle characteristics of violating 
vehicles. The programs accept any number of these characteristics up to 
and including 100. Each card in the axle deck contains 

Where 

NAXE, L¢K, L¢v:ER, AXLES 

Format Il, 9X, 3Fl0.0 

NAXE = 1 for single axle,= 2 for tandem set 

L¢K = Legal axle load (Kips) 

L¢VER = A.mount axle load is over legal value (Kips) 

AXLES= Average number of axles with these characteristics 
per violating vehicle 

Input for FLEXM 

The axle defining deck as described above followed by a card 
with 3 in position 1. 

Output from FLEXM 

The contribution from each axle in the deck is printed separately. 
This output appears in six columns. 

9-1 



Column No. 

1 

2 

3 

4 

5 

6 

Value Printed 

Axle type, 1 = single, 2 = tandem set 

Axle legal weight (Kips) 

Amount over legal weight (Kips) 

Number of reference axles equivalent to legal 
weight 

(Number of reference axles equivalent to actual 
weight) - (number equivalent to legal weight) 

Contribution to average uncompensated maintenance 
per violating vehicle in reference axles 

Column 6 is summed and printed as the average uncompensated maintenance 
per violating vehicle in the units reference axles. 

The program listing follows: 
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C F L E X ~ P K C ,:; ~ A M , M R I P k CJ I: CT 3 1 5 8 - P 

IU:AL LlJK,LtJV ER 

CT AN= .5 **2 .94 7 

SUMUN=O.O 

WRlTU:3,101) 

llH rORMAT('l','l.J NCUMPE l~SATEC MAlNTENANCI:, FLEXHlLE PAVEMf:NT' ,/l 

201 REAu( l,1021NAX::,LCK,LOVER,AXLES 

102 fURMtlT(l1,9X,3HO.Ol 

GO TC 11,Zdl,NAXE 

3 WRITE(J,103) SUMU~ 

lJ3 fURMAT(lH0,44HAVE UNCOMPENSATED RE F AXLES PE~ WT VIOL VEH=,El2.5l 

CALL t: XI T 

l C= l. 0 

AXE=l.O 

GU TO 4 

2 C=CT AN 

AXi::=2.0 

4 RUK=C*((L0K+AX [ )/19.0)**3.136 

RUVl:R=C*((LUK+LOVl:R+AXEl/19.0)**3.136 

RUN=ROV ER-R.OK 

RAXUN=RUN*AXL t:S 

SUMUN=SUMUN+RAXUN 

WRITEt3,104lNAXE,LOK,LDVEK,RDK,RUN,RAXUN 

104 FORMAT(lH ,Il,5X,2Fl2.3,3(5X,f::12.51l 

GO TC 201 

END 
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Input for RIGDM 

NTYPE (format Il) (1 for unreinforced pee, 
2 for reinforced) 

Axle deck (as defined previously) 

Card with 3 in position 1. 

Output from RIGDM 

The contribution from each axle in the deck is printed separately. 
This output appears in six columns. 

Column No. 

1 

2 

3 

4 

5 

6 

Value Printed 

Type of axle (1 = single, 2 = tandem set) 

Legal weight for axle (Kips) 

Amount over legal weight (Kips) 

For single axle: the equivalent number of 
reference axles for legal weight 

For tandem sets: (equivalent reference axles). 
1.49 

D2 where D2 is the as yet unspecified 

pavement thickness 

For single axles: (reference axles for actual 
weight) - (axles for legal weight) 

For tandem sets: (reference axles for actual 

) ( ) 
1.49 

weight - axles for legal weight D
2 

(Column 5 value)•(Number of axles of this type, 
legal weight and overweight per violating 
vehicle) 

The entries in Column 6 are swnmed separately for single and tandem axles. 
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The output is 

Avg . uncompensated ref . axles per violating veh icle ( / 
1.49 

SUMI+ SUM2) D
2 

• 

A table of values is printed for sl abs from 4 in. to 12 in. 
The program listing follows: 
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" R 1.; 1),., r ,, , "~" ,\ 1, , , i" P 1 11 r<[-: J 1: c r j 1 '> , 1 - JJ 

kf-1\ L LlJ K ,L , JVl. k 

k L A C ( 1 , l J 1 l -~ 1 Y ! ' L 

l iJ l F ,; >{ )-1 AT ( I l , <. X , j f-= l U • \) l 

SU 1"1 l=J . U 

SU M2 = :j . I) 

\; :J r '.J I 1 , / ) , .\ I Yr ~ 

l 1-; K I T l ( J , 1 · l J ) 

10 2 F- Uiz:1 1\ T (, 1 •,, 1•·,c ,: ,; i ; . r,i •, AT t 1; :" Ar r~r t: f-,1, -.Jcr , 

Cl 1 l f l = i • I 1 '. J • , , !,, ,:· ~ • " / 

C '. Jc I- 2 = 1 • t.' L, '.) r _ - () J ~; L ,; 1: F I 

XPJ\Jl-= 2 . 62 

XPut\2=4.Jd 

XPU/\-1=1. 4 t; 

GC! H J 3 

2 wRITE:(3,l U :i) 

\ ) ; , r-- 1 r ; f t 1 :,. r: i · ; J F r , , r : i , ) 'I v 1::. • , 1 

1 03 F Cl KM A r ( I 1 t ' I u '~c ( ! ,'/ l); r: s /1 TI::.;) fV A I 1\ T EN A i\j C 1 · ' i< i r ,,! I" lJ j, C F I~ ,{ I C I J 0 :1 V c- • I ) 

XPUN l.= '-. JO 

XP lJ f\2-=j. l_ J 

XPLJh ~=O. 3 '; 

CL t F l = 1 • / 1 :I • ,J ,;, * X Pt i ~~ 1 

C(JU--2.= 3. t'3 Ut.' l<; E- ll~*UJ1J l 

j RC AD ( 1 ' 1 ·1 1 } \J /'-. X f , L u K 'Ul V r: 1< 'A X u~ s 

GO T C (2 0 1, 2.Jt ,?. 0 3l,/\AXE 

2C1 WRIH: (.),l 04 ) ~ UM1,S Ufv? , XPCro 

1 0 4 t-U KMA T(l : i tJ , 4SH1\ l/t . lF.JCd ,J\P E:N SAT ED '-{1::-: F Ai<.lt.S Pl::-: ~ 1-,T vr,_i l V[H =,L.U. 

1 ~) , ·5HPLUS ,U 2 .5,341-< il lVItJ ED dY 1;2 r; .ri1 sF :i TO THI: P Ul✓ t:R ,F6.1) 

WR. I Tt ( _;, l C 'J) 

10') FuKM~T (' ,)' ,' ~ l/\ f:'. 1 f-'1CK U f\J C 1J M P R F f /\ XL , . S / ,, T V I :J L V E H • ' ) 
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OU L 0 4 l ="t ,1 2 

1 l 2 = l 

S l lM U:~ = S U\ i l + S L;-i l I iJ c' * * X P U:·~ J 

; ll 4 WR I T t ( J , l r.) 6 l D c.'. , S U 1'-: U 1\ 

l O ti i- Ll I<. M A T ( l -i , -i " , ~ ·~ • 1 , l ':, X , E l 2 • "> ) 

CALL LX If 

20 1 1( UK =C CE Fl *U1K':'"" Xf' LN l 

kll V l:: R=Cn t_ F 1 ,:, ( Lili--. +L ,I Ve :-.. l *"<' XPLJN l 

k G \i = R l~ V t: I~ - k J !< 

k. 1~ X lJ ~; = k L: r,, t.: /\ X L L '.) 

SUM l= SUM l+ t<.l\)l,LJ ,~ 

2 l () ~ ~-I T E U , l J 7 ) I\ AX [ , L L K , LlJV E K , R [J K , t{ U t~ , :::/1 X U '\J 

10 7 I-- U1<.M I\T(' 'd l, SX , 2f--U .J,1( 5X , F: 1 2 . ':> ) l 

bU T C 3 

2 0 2 R U K =C O l::t- 2 * Li J K :x ,:, X ? C N 2 

1-<'.U V t ,{ = lll L f,: ~' ( L: i K + L CV tr{ ) ~• ~' X P (J N .2 

K J ,'J = I-< CV [ t< - n r~ K 

k I\ X L f\ = k U + :, A X L E S 

SU M2 =SU M2 + k t\ XUt·i 

l, U T C 2 1 0 

l:: i'J D 

PAG E 2 
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APPENDIX lO 

COMPUTER PROGRAM DOCUMENTATION: UNCOMPENSATED 
PAVEMENT LIFE USE PER VIOLATING VEHICLE 

The two programs, FLEXL and RIGDL, written in FORTRAN, are 
present ed here. Both programs calculate average uncompensated pavement 
life use per violating vehicle. They also calculate useful life and apply 
it as a basis for calculating average uncompensated life fractions and 
uncompensated maintenance fractions. FLEXL is used for flexible pavement 
calculations; RIGDL is used for rigid pavements. 

Both programs use as part of input a deck describing the violat­
ing axles of violating vehicles. The programs accept any number of these 
axle descriptor cards up to and including 100. Each card in the deck con­
tains 

Where 

NAXE, L¢K, LyWER, AXLES 

Format Il, 9X, 3Fl0.0 

NAXE = 1 for single axle,= 2 for tandem set 

L¢K = Legal axle load (Kips) 

L¢VER = Amount over legal axle load (Kips) 

AXLES= Average number of axles with these characteristics 
per violating vehicle 

Input for FLEXL 

The first version of this program performs the calculations for 
a sequence of pavements with structural numbers separated by uniform in­
crements. The second version calculates for structural numbers which are 
separately listed in input. The second version simply requires additional 
input as indicated in the input list below: 

SNLO, SNHI, SNINC, RFACT 

Format 4 FlO,O 

FMUN 

10 .. 1 



Where 

Format FlO.O 

(Axle descriptor deck as defined) 

Card with 3 in position 1. 

SN (Second version only) 

Format FlO.O 

ICON (Second version only) 

Format Il 

SNLO 

SNHI 

Minimum structural number of calculation 
in first version 

Largest structural number of calculation 
in first version 

SNINC = Increment for advancing structural number 
in first version 

RFACT = Regional factor (used in both versions) 

FMUN = Reference axles equivalent to average uncompensated 
maintenance use per violating vehicle (from 
program FLEXM) 

SN = Structural number for calculation in second 

ICON 

version 

A control number,= 1 causes program to return to 
read another SN value,= 2 causes program exit 
(second version). 

Output from FLEXL 

All the output applicable to one value of structural number is 
printed in sequence. The output is 

Structural number 

Pavement life in reference axle applications 
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~r and Pr values in the life calculation 

The contribution of each axle in descriptor deck 

Average uncompensated life use per violating vehicle 
(in units of reference axle applications) 

Average uncompensated life fraction per violating vehicle 

Average uncompensated fraction of maintenance life used 
per violating vehicle 

The contribution of each axle in the description deck is listed 
in six columns with the following meanings. 

Column No. 

1 

2 

3 

4 

5 

6 

Value Printed 

1 = single axle, 2 = tandem set 

Axle legal weight (Kips) 

Amount over legal weight (Kips) 

Reference axles equivalent to legal weight 

(Reference axles equivalent to actual weight) -
(reference axles equivalent to legal weight) 

Contribution to average uncompensated life use 
per violating vehicle 

The regional factor was omitted in output. It would be a desir­
able addition to the program. 

The program listings follow: 
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C FLEXL PROGRAM, MRl PROJECT 3158-P, ORIGINAL VERSlnN 

Rf<\L LOK(l On),LnVF R (lOO) 

D IMENSI ON NAX E (1 nn J,AXLES(l()()) 

GE TAI OO ~l,ODE2l= 0 .4+CO*l(OD El+DDE1)/0DE21**1. 23 

R HUCUT( □ Ant, O An?l=UAD2**4.33/(0ADl+nAD2l**4.79 

READ( 1,1 0 1 l <;NL O, SNltl,SNlNC, RFACT 

10 1 FOR M AT ( 4 F 1 0. 0 l 

READ!l ,101 )Ff-1UN 

on 2 no r=1,10 0 

READ( 1, 10 2)/\JAX E ( I ),LOKI Il ,L OVER (I) ,AXL ES( Tl 

N=NAX E II) 

GO TO (20 0 , 200,202),N 

102 FORMAT(ll,gX, 3FlO.OI 

202 NDATA=T-1 

GO TO 201 

(DATA R EAD IN C0'-1DLETF, NDATh SET EQUAL TO NO. OF lT EMS 

200 CO NTINllE 

CREGlN OUTER l(J f) P WITH S N VALUE FOR E ACH PASS 

2 0 3 SN=SNLO 

l SUM=O.O 

WRITE(3, 1 0 3lS N 

103 FORMAT (lHl ,45HLIFE USFAGE FLEX IBLE PAVEMENT, STRUCTlJAL Nn .=,F7.2) 

CD=O.OR1/IS/\J+l.Ol**5.19 

OADl=l8. 0 

OAD2=1.0 

BETAR=RET Al OATH , □ ADZ> 

RHOCR=RHOCUT(OAD1,0AD2) 

RHOR=l0.0**5.91*!SN+l.01**9.36*RHOCR 

BET INV= 1.()/ BET AR 

PAGE l 
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W T R = 1 • f , :! '1 6 , "' ,:"' 1 1.. T l \J V * [{ Y I J ti. / '< F /\ C T 

W R I T F ( ~ , l 1 It ) l-H I-'. , µ_ F T i\ R , RH n i{ 

10 4 F r l R ~ "T ( l •-j ) ' ? ? \ i T (7 T .'I I L T Fr ·~ I: F • /\ X L F s = t f.: 1 2 • 5 ' !-, H µ f- T /\ '.1_ = ' E l 2 • 5 ' 5 H <-z ! Ill ,: = ' 

? F t 2 . 5 ,/) 

r: 'l n .,• F NT FR P 1\Jt: 1{ L r 1i p 1•i! TH r,~ff /\X L E n /\ T /\ SET pf o D/\<;S 

;JO 4 (1 1 J = l , ' J I l '. T I\ 

fl. X E = f\J I\ X F I J l 

rJ A !HJK = L f Ji<, (JI 

0 A I ) .'1 CT= f: /\ f) f I K .. I I ) V FY. ( j ) 

,1RA T nK =n . 6 ~ ', (, :l '~* ( f\ [ T l t\; V- 1 . ·) / t1F T A!O ADUK , i\ X f: ) l »< !> ~f! )( i"!, / P H•J(U T ( J f\;) (1 1< , >\ X 

2[ ) 

w K AT n v •.. 1 • : , :, , t ,. ,~ ,:, t P r T 1 v. v - 1 • 1) / o, f- T t,,. 1 r 1 ,., n L\ c T , /\ x r J 1 * RH nr. 1) / PH rir I J T ( r:i "r, 11 c T , 

2 1\ XE l 

rz U\J -= 1✓ 1, . .._ Tf J v- ' ✓ F .-. r I J K 

l.>, l\ )(lJ f\l = t<U \ l * -VL [S (J l 

SI Jlvl= <; t )i'H ~ \X l l~l 

1,/ p IT F ( 3 , l 'l 'i ) i\ ,, Y f' ( J l , ,l /\ !l n K, L C vr P ( J) , \~ QA Tn K , f)._ UN , R /\X I JN 

1 0 5 Fn R~•,H(' ',ll, S X , ? f- 1 2 . 1,3 ( S X, F. l 2 . 5 )) 

4 00 CUN Tl '·! l Jf:: 

;,; f' IT 1- ( 1 , 116 l S U'1 

1 /16 F fl RMA T(l l l ') , 4 7 YL\ VI:- . UNC C1 '-lr>f: ~J S<\ T f" i1 LI FE llS E P FR WT. VT fl L VF H. = , F 1 2 . 

2 S , l A 11 0. f:: FE KE "-J r F A x L E: S . l 

<:; f J '-l= S!JM / 1✓ T O 

wR I T F. ( 3 , l O 7 l ~' JM 

1 0 7 Ft7R "'1,H(l 1-1') , 5 ?H/\ V 1 . l Ji\I[ 17'1 Pf'~)S4 TFD LTF F F i~AC TT m i OF':! ~IT. vT n L V f: H . = 

? , F l 2 . 'i ) 

SUM= F MUl'J / WTP 

WR IT f ( .3 , 11 8 l SU4 

1 08 FnR M/IT(l H'1 , 61H .WL ll r-.! CnMP EN S AT F. [) F RACTI ON ll F MATNT. LIF F P Ef) vi T. V 

PA GE 2 
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C FLcXL f)kJ;>-< .1\/vJ, l'IR. l Pt<O JECT 31 ':id-P 

H t A L L UK I l J J ) , L tJ V I K I l O () ) 

LJI ,V\ENS IU '~ I\IAXL:( l OC ) , AX U:SI 100) 

H tT A I tJU [ l , l JtJ t !. l = 0 • 4 +CL'. * ( (UDE l +LJ 1) [ 2 ) /U D f 2 l * * 3 . 2 3 

RH iK UT ( C ..\ ll l , L. /\ •J2 l = U A t.;2 * *4 • B / ( Ll AO l + 0 A IJ2 l * *4. 7 9 

k l A L: I i , l u l l ';~.LL J , :i :\J I t I , :i ,\J l N C , k F AC T 

1 0 l F C R M A T h H : • • :: l 

Kf ,\ IJ ( l,l Cl l Fi-1!.JfJ 

Dll ? 0 ,.-J I= l, l () l 

Ku\0 I l, 1 Jl l ·u,;,; r· ( I l, L Ci ;( t I l, U iV E;<. ( I l, M<L l::S I fl 

N= [\J AXt(Il 

GL ll ( lU •J,~u -l,.C:()2), fJ 

10 2 HH "'l AT ( I i , J ,( , if 1 : l • ,) ) 

202 N01\Tll=l-l 

GU TC l 

COA T A F:.E I\ .J HJ CUi"'f-' Lt. TL, NlJATA SET t:C:U AL TC NU. t_;f ITEMS 

200 C IJ .~T INU t 

L Li lC.If\ Cl.JTr. r< U JC.J v. lT i7 St'- Vl\L '. Jr. fUR EACf- PASS 

l SU:-4= 0 . Cl 

F<tAL ( l, 1. -J l l _;h, 

1-i R. I T t I I , l C 3 l S i·J 

1.03 hJ 1<:M.H (iHl,.'.t 'JHLlFE i.JSEAGt: FLEX1Rli:: PAVEME :-JT, STRUCTUAL i\JO.=,F7.Ll 

CD=O.J d l/( S\J +l. U )* ·~5 .l ') 

tlA i)l = l d . ; 

UAC 2=1. 0 

tl tTA R= b t.TA(CACl , n AJ..: 2 ) 

k HUCK= KHlJCU T( u Aul , UALJ 2 ) 

RHLJR= l O.J*• ~ . 0 J*(S~+l.O l**4.36*KHOC R 

,_ff T I N V= 1 • 0 / l l TA f{ 

µ A\j E 1 
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~TR=0.62q63**R t: TlNIJ•HH0t{/RFACT 

WR [ T ti 3, 104 l .., TK , L\ E I :\R , '<HOR 

1U4 FORMAT(LHO,Z2HTUTAl L[FE RE F.AXLE ~= , E12..5,6H e tTAR=,fl2.5,5HRHO R=, 

21::1 1.".J,/l 

U.JIJ\~ ENT c:R INNE~\ LO]P h I TH ONE AXLE i)ATA Sf T f-l f. i~ P/\ S S 

DO 40 0 J=l, '-HJATA 

AXl:.=NAXE(J) 

CJ AO CK= LUK (J) 

...,1\1) ACT=U :\CC1<.t-L UVt:k ( J l 

I, ;{ A H JK = J. 6 2 9c 3 * * ( t3 F- TIN v- l. 0 / SE T A I 0 1\ l)U K , :\ XF- ) ) * I< ff GC K / I{ H!J cu T ( u A DO t< , AX 

2. I: } 

Wt<. A TC V = (). 6 2 % J * * ( 13 E T l f'. IJ-1 • 0 / n [T /I ((, A C ACT , AX [ ) ) * I< HU CR/ R HU CUT (0 t\ DA C T , 

2. AXE l 

RUN =h R ATCV-W ~ ATCK 

RAXUN=~UN*AXLES(Jl 

SU i'J.= S~ l" t- K AX :Jf\'. 

l'I K IT [ I 3, 1 05 l I\ AXE:- ( J) , CA DOK , L UV rt< ( J l , WR AT UK, ,UJN, RAX UN 

1 0 'J FU f{;II\ AT ( • 1 , I l , 5 X , 2 F 12. J , 3 ( :i X , [ l 2. 'J ) ) 

400 Cl l ,\JT I NUf: 

wR [TEl3,106lSU'1 

lOo FORMAT(lH0 ,47HAVt:. UNCUMP ENSA Tt U Llf E USE Pt:R WT. VI OL VEH .= ,ElZ. 

25,16Hkt:FtRENCE AXL ES.) 

SUM= SUM/Wl t{ 

w KIT f (.j, l J 7 ) SUM 

10 7 F-URMATl1H0,52HAVl. UNCOMPENSATE D LIFE F-RACTlDN PE ~ WT. VIOL VEH.= 

2.,EU.5) 

SUM=FM UN/ ,H R 

,.,R I T El J , 1 C 8 l SUM 

LOR FOMMAT(lH0,63HAVE. UNCOMPENSATE D FRACTI ON UF MAINT. L[FE PER WT. V 

PAGE 2 

10-8 



llUL. VE.Ii . = , E l Z . 5 1 

U<l AU CC NT K l -, L :\ ;; • f L ,< N f X l S N :. J •~ c X lT 

K t- A iJ { 1 , l O ,?_ ) I L J r~ 

l; t, T L ( 1 , ':> 0 J l , I (. u \J 

'.i il U C I\ L L , X l T 

c~ i) 

P AG!:: J 
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Input for RIGDL 

Where 

Axle descriptor deck 

3 in position 1 

EP, SOILKP, SCP 

Format El0 . 3, 2Fl0 .0 

D2, RMUN, CON 

(not over 100) 

Format Flo .a, sx, El2 .5, FlO . O 

EP = Modulus of elastici ty for concrete (psi) 

SOILKP = Soil support value (psi/in) 

SCP = Concrete rupture modulus (psi) 

D2 = Slab thickness (in.) 

RMUN = Number of reference axles equivalent to average 
uncompensated maintenance use per viol ating 
vehicle (from program RIGDM) 

CON = A control number,= o . on all cards containing D2 and 
RMUN to be calculated,= 1 .0 on OGherwise blank 
card to call program exit . 

Output from RIGDL 

All output for a slab thickness is printed consecutively . The 
output i terns are 

Thickness 

Modulus of elasticity (fails to print because of format error)* 

Modulus of rupture for concrete 

* A simple correction is required. The program is reported here with the 
error since it is desirable to provide documentation on programs 
used, not on revised programs. 

10-10 



Soil support value 

Total pavement life in reference axle applications 

The l3r and Pr used in life calculation 

RMATL, the factor compensating for current material properties 
over AA.SRO test properties 

The individual contributions of violation axles 

The average uncompensated life use per violating vehicle 
(in equivalent reference axles) 

The average uncompensated life fraction per violating vehicle 

The average uncompensated fraction of maintenance life per 
violating vehicle, and the RMUN value on which it is based 

The list of individual axle contributions appears in six columns 
which have the same meanings as in the FI,EXL output. 

The program listing follows: 
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C Rl~Dl PRLlGRAM, Mkl PROJECT 3158-P 

RE Al l LJ K ( 10 0) , l UV E f(( l O O) 

DIME~SIU~ NAXl::(1001,AXLES(lOO) 

Bl::TA(OAD1,0AU2l=l.O+CD*(OADl+OAU2)**5.20/0A02**3.52 

RHOCUT (UAOl ,UA02 l=UAD2**3 .28/ (OADl+OAD2 l **4. 62 

UO 2 0 0 I = l , 1 0 0 

READ( 1, 102)NAXE( I l,LOK( I l ,LOVER (I) ,AXLES( I I 

102 FORMAT(U,9X,3Fl0.0) 

N=NAXE(I) 

GO TO (200,2JO,i02l,N 

202 NDATA=I-1 

GU TO 203 

CAXLE WT DATA ~!::AU IN, !\DATA EQUAL NU. OF DATA ITEMS 

200 CONTINUE 

2 0 3 R EA D ( l , 10 3 ) E P , SU I L KP , SC P 

lOJ FURMAT( El0.3,2Fl0.0) 

DUMl=EP/SOILKP 

OUM2=(0UMl/7.0E+04l**0.25 

DUMl=OUMl/11.52 

CNOW ENTER UUTER LOUP WHERE EACrl PASS USES A VALUE OF PAVEMENT THICKNESS 

600 READ(l,104)02,RMUl\,CON 

104 FORMAT(Fl0.0,8X,El2.5,FlC.O) 

IF (CON)300,300,500 

300 SUM=C.O 

WRITE(3,1051D2,EP,SCP,SOILKP 

105 FORMAT(1Hl,35HLIFE USEAGE, RIGID PAVE. THICKNESS=,F7.2,3HE= ,F12.5 

2/7HSSUBC= ,Fb.2/7HSOILK= ,FB.2) 

- RMATL=( .607638E04*D2*D2*021 **O. 25-10.0 

RMATL=RMATL/{(OUMl*D2*D2*D2l**0.25-10.0) 

PAGE 1 
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RMATL=IRMATL*UUM2*SCP/b9U.l*+3.42 

CU=3.63/(02+l. Ol**8.46 

OAUl=l8. 

OA02 =l. 

KHUCR=KHUCUT(U~Ul,LlA021 

KHUR=l0.0**5.H5*(C2+1.0)**7.35*RHOCUT(OAUl,nAD2J 

RtTAR=R c TAI OACl , OAC 2 ) 

BcTl~V=l.0/~~TAK 

WTR=.66666/** Bt TI~V*RHOR * RM ATL 

WR. IT EI 3,1 06 ) ,d R. , r\ [TAR , R.H OR , kM AT L 

106 FURMAT(lH0 ,12 HTOTAL LIFE= ,E12.'i,11H KE:F. ~XLES,/,7H bE TA f<.= , E12.':>t 

2clH RHLl~= , Ell.5, 9H RMATL= , E12.':>,/) 

C NO w t N Tc R I N '" t ~ L C! (l P ;.. l TH O N E A X U: 0 A T A S LT PE R I) A S S • 

DU 40 0 J-=l, ,-.JLATA 

AX E=N AXE(Jl 

UAL.l OK= LdK(J) 

OAOACT= ll AOUK. +L OV E·k I J) 

WRA TUK =. 666 bo 7 * z- l Ll >: Tl f\lV- l. 0 / 1:3 ET A I Ll A CC K, AXE) l * R hUC R / RHO CUT ( ll A lXl K, AX 

2E I 

~RAT UV = • G o •J fJ 6 7 * ,';. I tH. T I I\ V - 1 • 0 / t3 ET A (fl A C AC T t A X t I l * RHO C I{ / R. HU C U T I O A DA C T 

21AXt:) 

RUN=WRATCV-wKATOK 

RAXL N=RUN*AX LcS(J) 

SUM= ~UM+ RAX UN 

W R lT F.: 13 , 1 J 7 I f\; AX E: I J ) , f"J A OUK , L [J V H ( J ) , WR A T UK , RUN , 1Z A X UN 

107 FORMAT(' 1 ,Il,5X, 2Fl2.3,3(':>X,El2.S)) 

400 CUNT INU E 

lo.RIH13,1 O8 lSUM 

108 FO~MAT(lrl0,47HAVE:. UNCOMPENSATED L[FE USE PER WT. VIOL VEH .= ,E12. 

PAGE 2 
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l. 5 , 1 E ,-1 '-<- 1: ft ,{ L ~- C. r >-1 X L t ::. • l 

S U '-I = <; U ,"! / r1 T K 

1-i I< I T t ( 3 , 1 \) Y l S U :v1 

l ,Jg FU,{ M1\ f( l H!l , ? ':3 H1\ Vt . UtJC(i ;•li-' cf\J SAH: D LIF E F f<A( f! Lt\ f-l t: l< WT. V I ll L. V i:: H . = 

? , t:12 . 5 ) 

S l J IA = k tJ U f\ / \'i f ·< 

I~ K I T l: ( j ' 1 1 () l ~ Ui 1 , ;: M l.J f\ 

11 0 F CRM/1 1 ( iH J , ,, ..l h'\Vt . ui·,Ct1"1P[:JSAH_!l F RAC TI · l'-J ;jt- i'~ AHH . Ll t-=t Pt: 1<. ,-:T. V 

? I lJ L . Vf:1-i . = , i:.U . 'i ,17 1! ~llSUl Lt~ fi l-',UN = , c:U . ':> l 

G;J TO 61lJ 

')() .) CA L L ~X ll 

!-:Nil 
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APPENDIX 11 

IOWA PUBLIC SCALES AVAILABLE FOR USE BY T.W. O. OFFICERS 

Back~ound 

Recommendations concerning possible construction of new scales 
should t ake into account the fact that there are public scales available 
for use by T,W.O. officers. 

MRI r e quested that a survey be made of public scales with a 
capacity of 40,000 lb. and over to determine their number and geographic 
distribution. 

The attached information indicates that there are over 1,500 
public scales compared to the Highway Commission's 31 and that some are 
available in every county. 

T.w.o. officers currently use some of these scales routinely. 
Increased reliance on them is certainly feasible, but not without cost. 
The average charge to Iowa for use of a public scale is approximately 
$1-$2. 

The effective volume handling capacity of public scales is less 
than state scales because officers generally have to escort each vehicle 
to the public scale location. 

One major possible use for public scales would be for night 
time roving patrols as discussed in the Results Section of the report. 
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NUMBER OF SCALES IN EACH COUNTY 
40,000 POUNDS AND OVER 

Adair) - No scales listed in these two counties, but we know there are 
Adam~ scales in these counties. 

Allamakee - 4 
Appanoose - 9 
..Audubon - 7 
Benton - 22 
Black Hawk - 33 
Boone - 15 
Bremer - 11 
Buchanan - 20 
Buena Vista - 23 
Butler - 1 
Calhoun - 21 
Carroll - 23 
Cass - 2 
Cedar - 20 
Cerro Gordo - 44 
Cherokee - 18 
Chickasaw - 18 
Clarke - 2 
Clay - 22 
Clayton - 10 
Clinton - 25 
Crawford - 13 
Dallas - 12 
Davis - 6 
Decatur - 8 

De law are - 10 
Des Moines - 14 
Dickinson - 12 
Dubuque - 25 
Emmet - 16 
Fayette - 22 
Floyd - 11 

Franklin - 8 
Fremont - 5 
Greene - 18 
Grundy -3 
Guthrie - 1 
Hamilton - 10 
Hancock - 21 
Hardin - 19 
Harrison - 27 
Henry - 20 
Howard - 11 
Rumbold t - 22 
Ida - 8 
Iowa - 7 
Jackson - 11 
Jasper - 18 
Jefferson - 8 
Johnson - 19 
Jones - 8 

Keokuk - 8 
Kossuth - 24 
Lee - 19 
Linn - 42 
Louisa - 8 

Lucas - 7 
Lyon - 16 
Madison - 10 
Mahaska - 2 
Marion - 3 
Marshall - 23 
Mills - 9 
Mitchell - 13 
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Monona - 9 

Monroe - 2 

Montgomery - 12 
Muscatine - 24 
O'Brien - 20 
Osceola - 14 
Page - 15 
Palo Al to - 15 
Plymouth - 14 
Pocahontas - 13 
Polk - 48 
Pottawattamie - 22 
Poweshiek - 22 
Ringgold - 2 

Sac - 24 
Scott - 36 
Shelby - 17 
Sioux - 20 
Story - 31 
Tama - 30 
Taylor - 3 

Union - 9 
Van Buren - 11 
Wapello - 13 
Warren - 12 
Washington - 21 
Wayne - 8 
Webster - 35 
Winnebago - 11 
Winneshiek - 7 

Woodbury - 29 
Worth - 9 

Wright - 20 

TOTAL 1,505 
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