TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient’'s Catalog No.

4. Title and Subtitle S. Report Date

TRUCK WEIGHT SHIFTING METHODOLOGY April 1383

FOR PREDICTING HIGHWAY LOADS 6. Performing Orgonization Code

7. Author’s) 8. Performing Organization Report No.

C. Michael Walton, Chien-pei Yu, and Paul Ng Research Report 241-5

9. Performing Orgonization Name ond Address 10. Work Unit No.

Center for Transportation Research

The University of Texas at Austin 1. Contract or Grant Ne.

Austin, Texas 78712-1075 Research Study 3-18-78-241

13. Type of Report and Period Covered

12. Sponsoring Agency Nome and Address

Texas State Department of Highways and Public Interim
Transportation; Transportation Planning Division
P. 0. Box 5051 . 14. Sponsoring Agency Code

Austin, Texas 78763

15. Supplementary Notes

Research Study Title: '"Truck Use of Highways in Texas"

16. Abstract

In recent years, maximum legal truck size and weight limits have become major
issues in the United States. The assessment of impacts due to changes in maximum
limits is an ongoing dynamic problem faced by many highway departments and State
legislatures. It has been difficult to predict future truck weight distribution
patterns as affected by an alternative legislation governing truck weight.
Consequently, it has become implausible to try to forecast precisely the benefits
and costs associated with changes in weight limits,

In the past, various methodologies for projecting truck weight distribution
patterns have been developed. Each methodology makes some contributions to the
assessment of changes in truck weight patterns. However, the precision of
projection and the application of each methodology can yet be improved.

In June 1977, the Texas SDHPT contracted the Center for Transportation
Research to conduct a study into the truck size and weight issue. As a part of the
truck study, a shifting methodology has been developed for the projection of future
truck weight distribution patterns. This methodology can be applied either
manually or by using a series of computer programs. It can be used to predict both
gross vehicle weight and axle weight distributions.

In this report, a brief review of available methodologies and a detailed
discussion of the new methodology are presented. Illustrative applications of
predicting gross vehicle weight and axle weight distributions as a result of
changes in weight limits are presented in the text. Comparison of prediction
results generated by all the available shifting methodologies is also included.

17. Key Words 18. Distribution Stotement
truck, size, weight, motor carrier, No restrictions. This document is
shifting methodology, highway load, fore-| ,yailable to the public through the

casting, load prediction, truck laws and | National Technical Information Service,

regulations, inter- and intra-state Springfield, Virginia 22161.
commerce,

19. Security Classif. (of this report) 20. Security Classif, (of this page) 21. No. of Pages | 22, Price
Unclassified Unclassified 208

Form DOT F 1700.7 (e-69)



TRUCK WEIGHT SHIFTING METHODOLOGY
FOR PREDICTING HIGHWAY LOADS

by

C. Michael Walton
Chien-pei Yu
Paul Ng

Research Report Number 241-5

Truck Use of Highways in Texas
Research Study Number 3-18-78-241

conducted for

Texas State Department of Highways and Public Tramsportation

by the

CENTER FOR TRANSPORTATION RESEARCH
BUREAU OF ENGINEERING RESEARCH
THE UNIVERSITY OF TEXAS AT AUSTIN

April 1983



The contents of this report reflect the views of the
authors, who are responsible for the facts and the
accuracy of the data presented herein. The contents
do not necessarilly reflect the official views or
policies of the Federal Highway Administration. This
report does not constitute a standard, specification,
or regulation.

ii



PREFACE

This is an interim report on Research Project 3-18-78-241, "Truck Use of
Highways in Texas.'" This report represents one element of an ongoing study
to assess the various issues and effects of an increase in truck size and

weight on rural highways in Texas. Various joint interim reports,

231 "Effects of Heavy Trucks on Texas Highways,"

241-2  "An Assessment of Changes in Truck Dimensions on Highway
Geometric Design Principles and Practices,"

241-3 "Operational Issues of Truck Terminals,"

241-4  "An Assessment of Recent State Truck Size and Weight Studies,"

and 241-6F "An Assessment of the Enforcement of Truck Size and Weight
Limitations in Texas."
have been published in the past or will be published in the very near future.
The authors would like to express appreciation to the following for
their assistance: Ben Barton, H. D. Butler, and Robert L. Mikulin of SDHPT;
Perry Kent of FHWA; and the people at CTR who made various contributions to
the preparation of this report.
Additionally, the authors would like to acknowledge the guidance, direc-
tion, and support given to the study by the Size and Weights Committee of

SDHPT. That Committee is composed of the following members:

Chairman, Byron C. Blaschke, Chief Engineer, Maintenance and Operations
R. L. Lewis, Chief Engineer, Highway Design
Wayne Henneberger, Bridge Engineer
Phillip L. Wilson, State Planning Engineer, Transportation

Robert W. Townsley, Director, Motor Vehicle Division
C. Michael Walton
Chien-pei Yu

Paul Ng

August 1982

iii



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



ABSTRACT

In recent years, maximum legal truck size and weight limits have become
major issues in the United States. The assessment of impacts due to changes
in maximum limits is an ongoing dynamic problem faced by many highway depart-
ments and State legislatures. It has been difficult to predict future truck
weight distribution patterns as affected by an alternative legislation govern-
ing truck weight. Consequently, it has become implausible to try to forecast
precisely the benefits and costs associated with changes in weight limits.

In the past, various methodologies for projecting truck weight distribu-
tion patterns have been developed. Each methodology makes some contributions
to the assessment of changes in truck weight patterns. However, the precision
of projection and the application of each methodology can yet be improved.

In June 1977, the Texas SDHPT contracted the Center for Transportation
Research to conduct a study into the truck size and weight issue. As a part
of the truck study, a shifting methodology has been developed for the projec-
tion of future truck weight distribution patterns. This methodology can be
applied either manually or by using a series of computer programs. It can
be used to predict both gross vehicle weight and axle weight distributions.

In this report, a brief review of available methodologies and a detailed
discussion of the new methodology are presented. Illustrative applications
of predicting gross vehicle weight and axle weight distributions as a result
of changes in weight limits are presented in the text. Comparison of predic-
tion results generated by all the available shifting methodologies is also

included.

KEY WORDS: truck, size, weight, motor carrier, shifting methodology,
highway load, forecasting, load prediction, truck laws and

regulations, inter- and intra-state commerce
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SUMMARY

One important element in the assessment of impacts due to changes in
legal truck weight limits is the prediction of the shifting of future truck
weight distribution as affected by the change. A number of methodologies
have been developed for this purpose. However, with the availability of more
recent truck weight data, most of these methodologies have been proven inade-
quate. A new methodology, known as the average GVW factor methodology, was
developed. Both the development and the application of this methodology are
discussed explicitly in this report.

The shifting methodology can be applied either automatically by computer
sof tware or manually with the aid of pocket calculators. For the former case,
a series of computer programs was developed for immediate application. The
shif ting methodology, in general, can be divided into two phases; one phase
to predict the average weight for the truck type under the proposed weight
limits and another to shift a typical truck weight distribution curve to a
new position so that the mean of the shifted curve is compatible with the
average truck weight obtained in the first phase.

In predicting the average truck weight, a regression model can be con-
structed over the historical data and estimation performed thereafter.
However, for a prediction of average truck weight affected by changes in
legal weight limits, the expected value issued from the regression model
may be purely a guess.

Based on extensive analyses of historical data and their relationship to
past changes in legal weight limits, a ratio was found to remain quite stable
regardless of the weight limits. The ratio is defined as the average GVW
factor. It is the ratio between the current average GVW and the maximum
practical GVW. An average GVW factor for each type of truck can be found.
This finding is very significant in that once the maximum practical GVW is
derived from the proposed weight limits, it is possible to find the expected

average vehicle weight for the truck type. By applying this expected value

vii
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to the proposed shifting methodology, it may be possible to precisely pre-
dict the weight distribution for the truck type.

Another significance of the finding is the relationship discovered
between the steering axle, tandem axle, and GVW distributions. For two
representative types of trucks, 3A and 3-S2, it was found that the relation-
ship of the three weight distribution types can be represented by the axle
configurations. In other words, the tandem axle weight distributions for
3A can be constructed by the algebraic subtraction of the single (steering)
axle weight distribution from the GVW distribution at the specific percent
intervals. It was observed that the steering axle weight distributions for
most of the truck types did not undergo significant changes in the past years.
Based on these findings, it becomes peosslble to predlct tandem axle weight
distribution patterns for vehicles such as 3A and 3-S2. One may obtain a
precise GVW distribution curve for either 3A or 3-S2 from the average GVW
factor and the proposed shifting methodology. Then, by algebraic subtraction,
one may obtain a precise tandem axle distribution for the truck type.

Although the methodology was developed by analyzing Texas data only, the
principles béhind the methodology can be applied to other states. Compared
to other methodologies, the proposed one requires analysis of more historical
data and the shifting procedure is quite time-consuming. However, with
available computer software, this shortcoming can easily be overcome. The
design of better roadway systems is based on precise prediction, and optimum

design should, by no means, be sacrificed in the interest of reducing effort.



IMPLEMENTATION STATEMENT

This report deals with one element of the ongoing study to assess the
various issues and effects of increased truck size and/or weight on the rural
highways in Texas. This element is the methodology of predicting truck
weight distribution patterns as a result of changes in weight legislation.
This report should be used in concert with previous and/or subsequent reports
as a guide in the consideration of the realism of issues surrounding vehicle
size and/or weight limits. The methodology provided in this report will
assist with the estimation of changes in truck weight distribution patterns
associated with different degrees of changes in weight limits. It also pro-
vides a guide to the assessment of truck weight distribution patterns associ-

ated with various degrees of weight violation.
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AASHTO

AGVWF

CTIR

18-KESAL

FHWA

GVW

NCHRP

PMGVWF

PMGVWP

SAW

SDHPT

TAW

DEFINITION OF TERMS AND ACRONYMS

The American Association of State Highway and Transportation
Officials (formerly the AASHO: The American Association of
State Highway Officials)

Average Gross Vehicle Weight Factor

Center for Transportation Research

Eighteen-Kip Equivalent Single Axle Loads

The Federal Highway Administration

Gross Vehicle Weight

The National Cooperative Highway Research Program

Practical Maximum Gross Vehicle Weight (Future)

Practical Maximum Gross Vehicle Weight (Present)

Single Axle Weight

The Texas State Department of Highways and Public Transportation

Tandem Axle Weight
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METRIC CONVERSION TABLE

1 pound force 4.448 newtons

1 kip = 1,000 pounds = 4.448 kilonewtons

1 ton = 2 kips = 2,000 pounds = 8.896 kilonewtons
1 inch = 25.40 millimeters
1 foot = 12 inches = 304.8 millimeters

1 mile = 5,280 feet = 63,360 inches = 1.609 kilometers
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CHAPTER 1. INTRODUCTION

Changes in legal truck weight and size limits always result in a
complicated interaction among highway systems, transport economics,
industry, and society. The issue is a complex problem faced by state
legislatures and highway engineers. Its complexity is due to the fact that
the assessment of impacts of changes involves an interaction of a multitude
of disciplines.

The impacts due to changes of legal weight and size limits may be
quantified in monetary terms, which can be categorized into benefit and
cost components. The major elements of benefit are social (i.e., decreased
consumer prices) and motor freight industry benefits (i.e., decreased oper-
ating costs). The major elements of cost are highway costs, social costs,
and user costs. The highway costs may be subdivided into bridge cost, pave-
ment cost, and maintenance cost. Social costs may be subdivided into costs
of noise pollution, air pollution, vibration, and, most important of all,
the indirect cost of accidents. User costs have the elements of direct cost
of accidents and cost of travel delays. The impact on these economical
elements due to changes of legal vehicle limits can be assessed by studying
the changes in vehicle operating characteristics, which are the initial and
direct result of the legal limit changes. The relationshin between these
elements and the changes of legal vehicle weight limits is shown in Fig 1.

To evaluate the impact of proposed changes in legal weight limits,
vehicle operating characteristics must be precisely forecast. One of the
major elements in the vehicle operating characteristics is the future truck
weight pattern. The pattern is composed of two components—namely, the
gross vehicle weight (GVW) frequency distributions and axle weight frequency
distributions. The prediction of the GVW distribution directly affects the
assessment of the efficiency of truck operation. For an increase in allowable
GVW, a given quantity of payload can possibly be hauled by fewer vehicles. In
other words, fewer trips may be required as the payload per vehicle increases;

thus, total costs incurred by the truckers might decrease. The prediction of



] SOCIAL

Economy of BENEFITS
Transport . .
Fact » Highway Freight
actors Operations MOTOR FREIGHT
INDUSTRY BENEFITS
- . | Cost of Bridges
VVVVVVVVVVVVVVV »| Bridges and Structures |
Y -
i r _ | Pavements Cost of Roadway e HIGHWAY
COSTS
Legal O[:mlts . Vehicle _ {Transport| _ Maintenance o Cost of
. . Characteristics Demand o Maintenance
Vehicle Weights
\ B - Traffic Noise | Cost of -
™lOperations Generation Noise Pollution
Air Cost of
Pollution ] Air Pellution
) »=Enforcement SOCIAL
COSTS
Vibration - Cost of
Generation o Vibration
Cost of
Safety > Accidents ~
USER
COSTS
Congestion Cost of
& Travel Delays

Fig 1. Influence flow between legal vehicle weight limits, basic elements,
and benefits and costs to highways, users, and society (Ref 15).



axle weight distribution, which has a close relationship with GVW distribu-
tion, directly influences the calculation of highway costs. According to
the methodology suggested by AASHTO in pavement design, a precise prediction
of axle load distribution will yield a better and more efficient pavement
system. Moreover, a precise prediction of axle load distribution will pro-
vide a better estimation of pavement cost and bridge cost as results of

changes in legal weight limits.

AVAILABLE SHIFTING METHODOLOGIES

Since the prediction of future weight distributions is so vital to the
evaluation of impacts due to changes in legal weight limits, a number of
methodologies were developed in the past. The effort was focused on fore-
casting of future truck weight trends precisely so that engineers and plan-
ners ''may adequately assess the impact of such legislation on the economic
vitality of the states and the nation." (Ref 7). The process of predicting
future truck weight trends is known as the shifting procedure. The term
implies that a truck weight frequency distribution curve is shifted from one
position to another as affected by the changes in weight limits. In the past,
four different shifting procedures have been developed by federal or state

transportation agencies:

(1) first FHWA procedure,
(2) second FHWA procedure,
(3) NCHRP procedure, and
(4) SDHPT procedure.

These procedures will be discussed in the next chapter with the evaluations
of their precision and applications.

The impact of a change in legal vehicle size has an influence on the
economic elements similar to that caused by the changes in weight limits.
However, changes in dimensions cannot be easily forecast because of '"the
complexity of possible combinations of dimensions and their relationship to
geometric design, highway operations, safety, etc" (Ref 15).

Thus, in this report, only the procedure for forecasting truck weight
distributions will be presented. The data base for the analysis and research

was provided by FHWA (Ref 11).



DATA BASE OF THE RESEARCH

The Transportation Planning Division of the Texas State Department of
Highways and Public Transportation is responsible for collecting field truck
weight data. These data are then turned over to FHWA, where they are pro-
cessed and summarized into W-tables. These W-tables are generally published
in seven different forms in the annual truck weight survey study report. The
following information is obtained from each table (Ref 17).

e Table W-1. Location and time of operation of each truck weigh

station and the description and the number of vehicles weighed
by type compared to corresponding data from the previous year.

e Table W-1A. Gives the same type of information as W-1, except
that W-1 is based on vehicles weighed, while W-1A is based on
vehicles counted.

e Table W-2. Gives the number and percentage of vehicles of each
type counted at truck weigh station by highway system.

e Table W-3. Gives the number of loaded and empty vehicles counted
and average loads of vehicles of each type counted and weighed at
the stations by highway system.

e Table W-4. Gives the axle weight distribution at various magni-
tudes of different truck types counted and weighed at truck weigh
stations by highway system.

e Table W-5. Gives the distribution of GVW of different types of
vehicles by stations and by highway system.

e Table W-6. This table shows the axle weight, axle spacing, and
gross weight of trucks in violation of State limit based on
AASHTO recommendations.

e Table W-7. Gives the number and accumulative percentage of
vehicles at or below State limit based on AASHTO recommendations.
Based on data provided in W-tables, a study on the shifting procedure was
conducted at the Center for Transportation Research. The shifting procedure
was studied as a part of the research project entitled "Truck Use of Highways
in Texas," which was sponsored by the Texas State Department of Highways and
Public Transportation.

In this report, evaluations of several available shifting methodologies
based on the truck weight W-tables published since 1959, up to 1979, are made.
In the eygluations, four vehicle types were considered. The four vehicle
types seiected in the analysis constitute the majority of the payload carry-

ing trucks operating on the Texas highway network. These truck types are
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2D, 3A, 3-S2, and 2-S1-2. Diagrammatical presentations of these four truck
types are provided in Fig 2. With extensive use of GVW distribution and axle
weight distribution data, a new methodology known as the Average GVW Factor
Procedure was developed at the Center. This procedure can be used in pre-
dicting both GVW and axle weight distributions as a result of changes in

legal weight limits.

ORGANIZATION OF THE REPORT

In Chapter 2, the existing shifting methodologies will be discussed
briefly. Based on the contribution of each shifting methodology, a new
shifting procedure was developed. The development of this methodology is
discussed explicitly.

The discussion in Chapter 3 relates to the shifting procedure with
respect to forecasting truck weight distribution after changes in truck
weight limits. A factor known as Average GVW Factor is used to forecast
weight distribution trends under proposed limits. The derivation of this
factor is also discussed.

Within Chapter 4, the application procedure for the shifting method-
ology is presented as an illustrative example.

In Chapter 5, the computer procedure of the shifting methodology is
introduced. Modifications of the methodology to cope with computer applica-
tion are discussed in the same chapter.

In Chapter 6, the application of this shifting procedure in forecasting
axle weight distribution and the 18-kip equivalent single axle load applica-
tions is presented.

Summary and recommendations are provided in the last chapter.



CHAPTER 2. A NEW METHODOLOGY FOR ESTIMATING SHIFTS IN VEHICLE
WEIGHT DISTRIBUTION——AVERAGE GVW FACTOR APPROACH

In light of the materials presented in the previous chapter, a brief
summary of the evaluations of the available shifting methodologies is pre-
sented in the beginning of this chapter. 1In the second half of the chapter,

a modified shifting methodology will be presented.

EVALUATION OF AVAILABLE SHIFTING METHODOLOGIES

The first procedure was published in 1970 by the FHWA in the report
"Manual Procedures for Conducting Studies of the Desirable Limits of Dimen-
sions and Weights of Motor Vechicles" (Ref 16). The procedure estimates
axle weight distribution by resorting to data from states having higher
vehicle size and weight limits. When other states have data for the pro-
posed limits, this procedure may be a useful one, assuming other influences
are similar or not significant. Otherwise, this procedure is not flexible
enough to study size and weight limits that are not found to exist in other
states' size and weight laws (Ref 7).

The second procedure was published in the same report (Ref 16). It uses
existing data to predict weight redistribution under the proposed limits.
This procedure assumes that '"both vehicle empty weights and vehicle payloads
will increase with an increase in gross vehicle weight limits and axle weight
limits" (Ref 7). The procedure does not take into account commodities which
reflect the volume and demand constraints on vehicle usage. Hence, it pro-
jects shifting in the lower portion of the weight distribution curve which
may not occur (Ref 7).

The NCHRP procedure provides more flexibility in adjusting for volume
and demand constraints (Ref 15). In this procedure, ratios of the practical
maximum GVW under present and proposed limits are obtained. Through these
ratios, or multiplying factors, the weight distribution under the present limit
is shifted. The pattern of shift in the NCHRP Shifting Procedure is based on

prior research, which indicates that the GVW distribution is shifted to the



right with an increase in GVW limit or axle weight limit. This pattern is
illustrated in Fig 3. Nevertheless, "this model was based on 1962 truck
weight study data and did not apply to the 1975 weight law change situation"
(Ref 17). The NCHRP model was reviewed during the initial phase of the
Texas truck weight study and modifications were recommended. These recom-
mendations were then incorporated into the SDHPT model (Ref 17).

The SDHPT shifting model (named after the Texas State Department of
Highways and Public Transportation) is different from the NCHRP model in
the following major areas (Ref 17).

1. Heavily loaded vehicle trips would shift to a higher GVW in propor-

tion to the ratio of practical maximum weight at the future upper
limit and practical maximum weight at the present upper limit.

2. Empty and lightly loaded vehicles would be unaffected by the law
change.

These differences are illustrated in Fig 4. The shifting produced by SDHPT
does not occur immediately, but is introduced at levels which are most likely
to be affected by law changes. The multiplying factors for the SDHPT proce-
dure increase more rapidly than the NCHRP procedure.

Further study of existing truck weight data suggests that both NCHRP and
SDHPT should be challenged for the following reasons:

1. The historical shift pattern shown in Fig 3 is not clearly observed

in the cumulative frequency curves for most vehicle types (Figs 5,
6, 7, 8).

2. With respect to the actual multiplying factors obtained by NCHRP and
SDHPT methodologies, a comparison of the differences between the
actual and predicted factors proved significant (Figs 9, 10).

DEVELOPMENT OF A NEW SHIFTING PROCEDURE

More recent research surrounding the shifting methodology has been
performed at the Center for Transportation Research. The work performed
by Walton, Larkin, and Yu provided some very valuable recommendations for
the improvement of the shifting procedure. In Walton and Larkin's study
(Ref 7), it was observed that the multiplying factors for the 2D and 3A
start increasing at a point at approximately 50 percent of the cumulative
percentage curve, while 3-S2 and 2-S1-2 started from approximately the 33
percent point. The reason cited for such a difference was based on the

observation of the differences in operating characteristics and the types of
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commodities transported. It was stated that the 3-S2 and 2-S1-2 vehicles
are less likely than 2D and 3A to be demand and volume constrained (Ref 7).
In Walton and Yu's study (Ref 13), they concluded that the redistribu-
tion of vehicle weight due to changes in size and weight laws varies from
one vehicle class to another. They also pointed out that a specific highway
class based methodology is preferred to a more general one.
Based on these findings and recommendations, further research to develop

a more precise shifting methodology was pursued.

DESCRIPTION OF THE METHODOLOGY

The new shifting procedure extends the contribution of the previous
shifting models. For instance,
1. Existing data within the state are analyzed and used as a base for
projection as in the second FHWA method.

2. Multiplying factors are used as a means of performing the shifting
as suggested in NCHRP procedure (Ref 15).

3. Initial shifting points in the accumulated percentage are used to

take into account demand and volume constraint considerations
(Ref 7).

4. A vehicle-class based methodology is used (Ref 13).

In addition to these contributions, some additional improvements have also

been incorporated.

1. Most of the accumulated distribution curves of vehicle weight
resemble a normal distribution pattern; therefore, both the mean
and the variance of a curve are used to characterize the truck
weight distribution pattern.

2. Past truck weight distribution data are used for trend analysis.
Figure 11 illustrates that the trend of the mean truck weight did
reflect the changes that occurred in truck size and weight laws
in Texas.

3. More statistical analysis and testing are used in the shifting
procedures.

Before discussing the procedure in more detail, it is worthwhile to

review some of the estimators that are used.
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ESTIMATORS FOR THE SHIFTING PROCEDURE

When the sample size is sufficiently large (e.g., the number of obser-
vations is more than 100), the truck weight distribution data resemble a
normal distribution pattern. Thus it is convenient and accurate to use both
the mean and the variance of each distribution curve as the estimators to
characterize a truck weight distribution curve. 1In Fig 11 the mean truck
weights for four types of vehicles from 1966 to 1979 are shown. The trends
suggest that the usage of mean truck weight as a detector of changes in the
truck weight laws may be justified. For instance, the curves show signifi-
cant jumps between 1974 and 1976. Within the same span of time, the truck
size and weight laws in Texas were changed. Figure 12 shows a set of typical
truck weilght distribution curves for the 3-S2. It indicates that the curves
shifted to the right following the changes in Texas weight laws in 1975.

From Fig 11, substantial variations are observed in the truck weight distri-
bution for 1978 and 1979. These variations can be confirmed by referring to
Fig 12. The mean GVW increases as the curve shifts to the right and the mean
GVW decreases as the curve moves to the left. Thus, the mean GVW can be used
as an index to detect the direction of shifting of the truck weight distribu-
tion curve.

The other estimator used is the variance of the distribution curves. It
is insufficient to use the mean as the only estimator. This insufficiency is
shown in Figs 13 and 14. Figure 13 shows the plotting of both the mean and
variance of a set of distribution curves for the 3-S2 on the Interstate Rural
Highway System. Figure 14 shows a set of truck weight distribution curves
from the same set of truck weight data. The mean weight curve in Fig 13 does
not suggest any shifting in the truck weight distribution for the period 1966
through 1974. However, in actuality, some amount of shifting did occur, as
is shown in Fig 14. By using just the mean GVW, such shifting trends may go
undetected. However, with the second estimator, the variance of GVW distri-
bution, such a shift is more readily apparent. Thus, the variance 1s requied

as a second estimator.
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DISCUSSION OF THE NEW SHIFTING METHODOLOGY

The shifting methodology is composed of two major parts. The first part
is to analyze the past truck weight trend by studying the patterns of both
the mean and variance of historical truck GVW distribution data. The second
part is the prediction of the future truck GVW distribution. The prediction
may be for a certain year given an existing or a proposed weight law. The
first part of the procedure is discussed in the rest of this chapter. The
second part of the procedure may be done either manually or with computer
application. The manual application of the procedure is discussed in Chapter
4 and the computer application in Chapter 5. At any rate, the mean and vari-
ance of the predicted curve should be compatible with (i.e., within the desir-
able confidence levels) the respective values estimated from the first part

of the procedure.

ANALYSIS OF HISTORICAL TRUCK WEIGHT DATA

At periodic intervals most states submit truck weight survey data to the
FHWA. The survey data are processed and summarized by FHWA, with summaries
of truck weight distribution data formated into W-tables. These W-tables are
the most complete information available on the vehicle weight carried by the
highway system. 1In order to study truck weight trends, the means and the
variances for each year for which data are available must be computed. The
computation procedure (given below) is i1llustrated by the example shown in
Table 1. 1In the example, the data for a 3-S2 truck type operating on Texas
interstate rural highways are used. The data required are the GVW's which
were obtained from the W-5 tables.

Step 1. Enter the GVW distribution intervals in column A; compute

the mid-GVW and enter the values in column B.

Step 2. Enter the number of vehicles weighed in each GVW interval
in column C.

Step 3. Compute the products of values in columns B and C for each
row; enter results in column D.

Step 4. By rows, compute the square of the values in column B, then
multiply the square with values in column C. Enter results
in column E.

Step 5. Find the summations of columns C, D, and E.
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TABLE 1. EXAMPLE OF COMPUTATION OF MEAN AND VARIANCE FOR
TRUCK WEIGHT DISTRIBUTION DATA (3-82, TEXAS
INTERSTATE RURAL HIGHWAYS, 1980)

(&) (B) (©) 01} (E) (B
Truck Weight Accumulated
Distribution Mid- Frequency Percentage
Intervals Point %) (%) BxD B2 x D
0.0-4.0 2.0 0.0 0.0 0.0 0.00
4,0-10.0 7.0 0.0 0.0 0.0 0.00
10.0-13.5 11.75 0.0 6.0 0.0 0.00
13.5-20.0 16.75 0.0 0.0 0.0 0.00
20.0-22.0 21.0 0.5 6.5 10.5 5.25
22.0-24.0 23.0 1.0 0.5 11.5 5.75
24.0-26.0 25.0 2.0 1.0 25.0 25.00
26.0-28.0 27.0 5.5 3.5 94.5 330.75
28.0-30.0 29.0 12.5 7.0 203.0 1,421.00
30.0-32.0 31.0 16.0 3.5 108.5 379.75
32.0-34.0 33.0 20.0 4.0 132.0 528.00
34.0-36.0 35.0 23.5 3.5 122.5 428.75
36.0-37.0 37.0 26.0 2.5 92.5 231.25
38.0-40.0 39.0 29.0 3.0 117.0 351.00
40.0-45.0 42.5 34.0 4.0 212.5 1,062.50
45.0-50.0 47.5 38.0 4.0 190.0 760.00
50.0-55.0 52.5 44.0 6.0 315.0 189.00
55.0~60.0 57.5 53.0 9.0 517.5 4,657.50
60.0-65.0 62.6 61.0 8.0 500.0 4,000.00
65.0-70.0 67.5 73.0 12.0 810.0 9,720.00
70.0-72.0 71.0 83.0 10.0 710.0 7,100.00
72.0~753.0 73.5 87.5 4.5 330.75 1,488.38
75.0-80.0 77.5 95.0 7.5 581.25 4,359.38
80.0-85.0 82.5 97.0 2.0 165.0 330.00
85.0-90.0 87.5 98.0 1.0 87.5 87.50
90.0-95.0 92.5 99.0 1.0 92.5 92.50
95.0-100 97.5 99.5 0.5 48.75 24.38
100.0-105 102.5 100.0 0.5 51.25 25.63
105.0-110 107.5 100.0 0.0 0.0 0.00
110.0-115 112.5 100.0 0.0 0.0 0.00

I = 100.00 % = 5,509.00 L = 338,814.25

- 2
Meaw = 23399 | 55.00; vanrance - 338281425 (5,509)2/100

100 - l-i?’.;zgv

STANDARD DEVIATION = 18.79
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Step 6. Compute the mean GVW using

2 (Column D)

Mean GVW % (Column C)

Step 7. Compute the variance:

D
con ) - K s Lgon

%{(Column C) - 1

Variance =

With all the available truck GVW weight data, compute the mean and vari-
ance for each year and plot both values versus time. Once the curves have
been plotted, specific trends of GVW means and variances may be realized. An
example for the 3-82 truck type is shown in Fig 13. Although the figure
suggests possible trends with respect to mean and variance, no specific
regression model has been developed for the analysis.

The importance of a shifting methodology is not based on its ability to
predict the new weight distribution within the span of the same weight laws.
Rather, the major concern of a methodology is its capability to predict changes
in distribution trends under proposed weight laws. 1In Fig 11, it is shown that
for each type of truck there were two significant deviations in 1960 and 1975.
These deviations or "jumps" could not have been predicted through extrapolation

of previous trends.
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CHAPTER 3. A SHIFTING PROCEDURE TO INCORPORATE INFLUENCES
DUE TO CHANGES IN TRUCK WEIGHT LIMITS

From a detailed study of the average vehicle weight trends as replicated
in the Texas data, some conclusions were drawn:
1. Within the span of same truck weight laws, the average GVW for

each truck type did not change abruptly. Rather, the changes
over a period of time were gradual.

2. Correlation among the four major trucks (i.e., 2D, 3A, 3-S2, and
2-S1-2) was studied; however, no significant correlation on the
average GVW among the four truck types was observed.

3. The average GVW factor is defined as the ratio between the average
GVW and the practical maximum GVW allowed by current weight laws
for a specific truck type. The variation of this ratio throughout
the years for a specific truck type is virtually insignificant.

DERIVATION OF AVERAGE GVW FACTORS

Among the three findings, the most significant one is the third item.
Tables 2, 3, 4, and 5 show the average truck weights and ratios with respect
to the practical maximum GVW for 2D, 3A, 3-S2, and 2-S1-2, respectively.

The ratio can be expressed mathematically as

Average GVW _ Average GVW

Factor Practical maximum GVW

For each type of truck, a linear regression analysis was applied to determine
the relationship between the average GVW and the practical maximum GVW. In
the regression, the independent variable was the practical maximum GVW and
the dependent variable was the average GVW. The regression model had no

constant term; 1t can be expressed as

Y = AX,

where Y Average GVW,
X = Practical maximum GVW, and
A = Coefficient.
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TABLE 2. RELATIONSHIP OF AVERAGE GVW AND PRACTICAL MAXIMUM
GVW FOR 2D, TEXAS INTERSTATE RURAL HIGHWAYS

Average Practical

Legal Maximum Average

GVW GVW GVW
Year (kips) (kips) Factor
1960 12.39 24,60 0.50
1961 12.55 24.60 0.51
1962 12.17 24.60 0.49
1963 12.10 24.60 0.49
1964 12.11 24.60 0.49
1965 12.49 24.60 0.51
1966 12.31 24.60 0.50
1967 13.06 24.60 0.53
1968 12.82 24.60 0.52
1969 12.75 24.60 0.52
1970 12,79 24.60 0.52
1971 12.86 24.60 0.52
1972 13.00 24.60 0.53
1973 12.84 24,60 0.52
1974 13.34 24.60 0.54
1975 (Texas weight limits changed)
1976 15.67 27.22 0.58
1978 13.87 27.22 0.51
1979 14.41 27.22 0.53

Note: 1976 data were not included in the
following statistics.

Mean of GVW Factor = 0.51

Standard Deviation = 0.0147

One-Sample t-test = 1.24 (D.F. = 16)
Two-Sample t~test = -0.58 (D.F. = 16)



TABLE 3. RELATIONSHIP OF AVERAGE GVW AND PRACTICAL MAXIMUM
GVW FOR 3A, TEXAS INTERSTATE RURAL HIGHWAYS
Average Practical
Legal Maximum Average

GVW GVW Legal
Year (kips) (kips) Factor
1960 26.45 42.46 0.63
1961 19.90 42.26 0.47
1962 21.35 42.26 0.51
1963 22.62 42.26 0.54
1964 21.13 42.26 0.50
1965 21.19 42.26 0.50
1966 21.62 42.26 0.51
1967 24.50 42.26 0.58
1968 20.22 42.26 0.48
1969 21.59 42.26 0.51
1970 21.59 42.26 0.51
1971 20.15 42.26 0.48
1972 24.05 42.26 0.57
1973 21.25 42.26 0.50
1974 20.23 42,26 0.48
1975 (Texas Weight Limits Changed)
1976 27.11 44.90 0.60
1978 22.45 44.90 0.50
1979 23.13 44,90 0.52
Note: 1960 and 1976 data were not included

in the following statistics.

Mean of GVW Factor = 0.51

Standard Deviation = 0.0302

One Sample t-test = -0.108 (D.F. =
Two Sample t-test = 0.34 (D.F. =

15)
17)
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TABLE 4. RELATIONSHIP OF AVERAGE GVW AND PRACTICAL MAXIMUM
GVW FOR 3-52, TEXAS INTERSTATE RURAL HIGHWAYS

Average Practical

Legal Maximum Average

GVW GVW GVW
Year (kips) (kips) Factor
1960 48.52 72.00 0.67
1961 46.68 72.00 0.65
1962 45.63 72.00 0.63
1963 46.51 72.00 0.65
1964 46.70 72.00 0.65
1965 47.22 72.00 0.66
1966 47.46 72.00 0.66
1967 47.91 72.00 0.67
1968 49.35 72.00 0.69
1969 47.51 72.00 0.66
1970 47.65 72.00 0.66
1971 44.92 72.00 0.62
1972 44,54 72.00 0.63
1973 45.21 72.00 0.63
1974 41.32 72.00 0.57
1975 (Texas Weight Limits Changed)
1976 59.43 80.00 0.74
1978 53.20 80.00 0.67
1979 54.86 80.00 0.69

Note: 1974 and 1976 data were not included
in the following statistics.

Mean of GVW Factor = 0.66

Standard Deviation = 0.0183

One-Sample t-test = -1.15 (D.F. = 15)
Two-Sample t-test = -1.78 (D.F. = 14)



TABLE 5. RELATIONSHIP OF AVERAGE GVW AND PRACTICAL MAXIMUM
FVW FOR 2~81-2, TEXAS INTERSTATE RURAL HIGHWAYS

Average Practical
Legal Maximum Average
GVW GVW GVW

Year (kips) (kips) Factor
1966 48,28 72.00 0.67
1967 45.40 72.00 0.63
1968 52.92 72.00 0.74
1969 53.16 72.00 0.74
1970 53.78 72.00 0.74
1971 50.17 72.00 0.70
1972 50.17 72.00 0.70
1973 53.88 72.00 0.75
1974 49.25 72.00 0.68
1975 (Texas Weight Limits Changed)
1976 57.19 80.00 0.71
1978 53.65 80.00 0.67
1979 57.18 80.00 0.71

Note: 1974 and 1976 data were not included
in the following statistics.

Mean of GVW Factor = 0.072
Standard Deviation = 0.0359
One-Sample t-test = 0,271 (D.F. = 10)
Two-Sample t--test = 0.41 (D.F. = 9)
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The statistical package MINITAB was used in the analysis. The coefficient
for each type of truck obtained from the analysis can be used as the recom-

mended average GVW factor. These coefficlents are shown in Table 6.

TABLE 6., RECOMMENDED AVERAGE GVW FACTORS FOR FOUR TYPES OF
TRUCKS OPERATING ON TEXAS INTERSTATE RURAL HIGHWAYS

Recommended
Truck Type Average GVW Factor
2D 0.51
3A 0.51
3-82 0.66
2-81-2 0.70

One-Sample t—~test

In order to test the validity of these average GVW factors, two statisti-
cal tests, one-sample t-test and two-sample t-test, were used. The one-sample

t-test is to test

H : = :
° H uo versus HO U # u
where
U4 = the mean of average GVW factors observed
from truck weight data,
Uo = the mean of average GVW provided by the

regression model.
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The null hypothesis would be rejected at an o level of significance if the
t-value exceeds the limits provided by the student t-distribution statisti-
cal tables. The t-value of the sample is expressed in terms of the mean,

standard deviations, and the number of observations. It can be expressed as

t = .y—__i
s/vn
where
; = mean of the observed average GVW factors,
uo = average GVW factor suggested by the
regression analysis,
s = standard deviation of the observed
average GVW factors,
n = number of observations.

The concept of rejection or acceptance of the null hypothesis is illustrated
in Fig 15. Table 7 is the summary of the decision process. Since the com-
puted t-values for four types of trucks are within the limits suggested by
the student t-distribution, it can be concluded that the average GVW factors
obtained from regression analysis may be used to represent the relationships

between average GVW and practical maximum GVW for the four types of trucks.

TABLE 7. SUMMARY OF RESULTS FROM ONE SAMPLE T-TESTS

Degree of Observed Student t-
Truck Type Freedom t-value Distribution
2D 16 1.2423 + 2.1199
3A 15 -0.1083 + 2.1315
3-52 15 -1.1505 + 2.1314
2-81-2 10 0.2706 + 2.2281

*Confidence level = 0.95
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Two-Sample t-test

In the regression analysis of the average GVW and the practical maximum
GVW, it was assumed that the relationship of these two parameters would not
be affected by changes in truck weight limits. In order to validate such an
assumption, a two-sample t-test was used to check the significance of varia-
tions of the average GVW factor before and after the weight law changes that

occurred in 1975. The null and alternate hypotheses are expressed as

and

where

uo = the mean of average GVW factors obtained from
1960 through 1974 and
ul = the mean of average GVW factors obtained in 1975.

The concept of rejection or acceptance of the null hypothesis is similar
to that illustrated earlier, in Fig 15. Computation of the two-sample t-value
is different from that in the one-sample t—test. The t-value is dependent on
the means, standard deviations, and numbers of observations in both samples.
It was assumed that observations made before 1975 constituted one sample and

those made after 1975 the other. By definition (Ref 8),

|

1 -1

/= —
PV n m

mean of average GVW factor before 1975,

» |
1

where
= number of observations before 1975,

mean of average GVW factor after 1975,

3 <l B
I

= number of observations after 1975,

S = pooled variance of the two samples,

el



36

and the pooled variance is defined as

(n—l)sz + (m—l)Sy2

2 _
sp n+m- 2
where
sz = variance of average GVW factor before 1975,
Sy2 = variance of average GVW factor after 1975.

The decision process was summarized in Table 8. The computed t-values for the
two sample tests are within the allowable range of the t-distribution. It
shows that the variation between the means of two samples is not significant
at the 95 percent level. Thus, it can be concluded that changes in weight

laws in 1975 did not have a significant effect on the average GVW factors.

TABLE 8. SUMMARY OF RESULTS FROM TWO-SAMPLE T-TESTS

Truck Degree of Two-sample Student t-distribution
Type Freedom t-value Acceptable Range
2D 16 0.58 + 2.1199
3A 17 0.34 + 2.1098
3-52 14 -1.78 + 2.1448
2-51-2 9 0.41 + 2.2622

*Confidence level = 0.95

RELATIONSHIP BETWEEN PRACTICAL MAXIMUM GVW'S AND AVERAGE GVW FACTORS

Note that the practical maximum GVW is used in the equation above instead
of maximum allowable GVW. By using practical maximum GVW, changes in both GVW
and axle weight limits can be expressed in one single parameter. If maximum
allowable GVW were used, the average GVW factor would yield incorrect predic-
tions in cases where weight law changes occurred in either GVW or axle weight

alone.
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For illustrative purposes, consider the 2D. The total truck weight is
bounded by axle weight limits as well as safety considerations. An increase
in maximum GVW limit only will not affect the weight trend of the 2D. To
attain the maximum GVW limits, 2D would have had to have a total axle weight
as high as 36 kips before 1975. However, axle weight limits control the GVW
of the 2D; therefore, an erroneous shift would be projected if care were not
taken in developing the average GVW factors.

Due to the considerations of operational safety, the steering axle weight
cannot reach the maximum allowable single axle weight limit. A review of the
trends in steering axle weight distributions shows that there has not been a
change in the past years. This can be seen in the steering axle weight distri-
bution curves for 3A and 3-S2 in Figs 16, 17, and 18. For 2D and 2-S1-2, the
single axle weight distribution curves represent steering axles and the load-
ing axles as well. Thus, this analogy for 2D and 2-S1-2 may not be appropri-
ately illustrated in the distribution curves.

From the observation of historical data and review of the pertinent
literature, practical maximum steering axle weights for four types of trucks
are recommended. These limits are summarized in Table 9 (Ref 15).

The practical maximum steering axle limits for 2D and 3A provided in
Table 9 were suggested by Whiteside (Ref 15). The steering axle limits for
3-82 and 2-S1-2 were based on the values provided by the Texas Department of
Public Safety.

The use of these steering axle limits is recommended to arrive at the
practical maximum GVW limits. A summary of practical maximum GVW for Texas
since 1951 is shown in Table 10.

With the practical maximum GVW as a function of the average GVW factor,
engineers and planners may derive the practical maximum GVW for any proposed
law and for selected truck types. With the available average GVW factor pro-
vided in Table 6, one can obtain the expected average truck weight under any
proposed weight limits. From the expected average truck weight, a shifted
curve can be obtained by using the methodology discussed in the next chapter.

The average GVW factors provided in Table 6 were derived from the Texas
weight survey data. Whether such factors are transferrable to other states

is unknown. It is believed that there may be some variation in the factors
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Fig 17. Axle weight analysis (steering axle) for 3-S2, interstate
rural, 1970-1973, State of Texas (Ref 14).
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TABLE 9. PRACTICAL MAXIMUM STEERING AXLE LIMITS FOR TRUCKS

Practical Maximum Steering

Truck Type Axle Limits
2D 7.22 Kips
3A 10.90 Kips

3-82 12.0 Kips
2-S1-2 13.0 Kips

TABLE 10. PRACTICAL MAXIMUM GVW FOR TRUCKS IN TEXAS

Truck Type 1951-1959 1960-1974 1975-date
2D 24.6 24.6 27.22
3A 42,26 42.26 44.90
3-82 58.4 72.0 80.0

2-81-2 58.4 72.0 80.0
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explained by different physical factors such as terrain, route systems in
states and levels of enforcement in weight laws. Thus, if this methodology

is used by states other than Texas, some adjustments in these factors are

required. However, for practical purposes, these factors may be used to

arrive at a reasonable prediction.



CHAPTER 4. MANUAL APPLICATION OF THE
NEW SHIFTING PROCEDURE

In Chapter 2, the first part of the shifting procedure (i.e., analysis
of historical truck weight data) is discussed thoroughly. In this chapter,
the second part of the shifting procedure is discussed. This part of the
procedure can be applied either manually or by resorting to computer program-
ming. In this chapter, only the manual procedure is discussed. The computer

application will be presented in the next chapter.

SHIFTING OF TRUCK WEIGHT DISTRIBUTION CURVE

Application of the manual shifting methodology is summarized in the
flowchart on Fig 19. The methodology is composed of three major parts. The
first part is to determine the expected mean and variance of the GVW distri-
bution for a truck type under the proposed limits. This part involves the
analysis of historical data and the application of the average GVW factors.

It has been discussed explicitly in the previous chapters. The second part

is to obtain a cumulative distribution curve from a set of representative
truck weight data provided in the W-5 tables. The third part of the procedure
is to shift the cumulative distribution curve so that the mean and variance of
the shifted curve is within the acceptable tolerance of the parameters obtained
in the first part of the procedure. 1In this part of the procedure, statistical
testing is used to make the decision to accept or to reject a shifted curve.

In performing the procedure, it is necessary to shift a cumulative distri-
bution curve and test the shifted curve with statistical tests. Once the tests
dre satisfied, the shifting procedure is completed and the latest shifted curve
is the projected truck weight distribution curve.

In the following sections, the details of the shifting procedure and

statistical testing are discussed.

43
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Preparation of a Cumulative Frequency Curve

This part of the procedure is to provide a base curve from which the
shifting may occur. It is preferable to use statistically significant data
from the most recent years since the shift should incorporate the most up-to-
date distribution trends.

Step 1. Read data from W-4 or W-5 weight distribution tables.

Sum the number of trucks weighed.

Step 2. Calculate the percentage of trucks in each truck weight
interval; obtain the cumulative percentage.

Step 3. Plot the cumulative percentage for the truck weight
distribution intervals.

Shifting of Curve to Obtain Expected Mean and Variance

It has been suggested by Larkin (Ref 7) that shifting for 2D and 3A
starts at 50 percent and for 3-S2 and 2-S1-2 starts at 33.3 percent. However,
these figures are based on Texas data. In the shifting procedure, users may
start at any percentage that intuitively or explicitly represents this exper-
ience.

The shifting procedure is basically an iterative one. With adequate
practice and experience, the number of iterations may be reduced. Obviously,
the application of computer programming to handle the shifting procedure will
reduce the time consumed in performing the iterations. The computer applica-
tion is discussed in the next chapter. 1In this section, a manual step-by-
step method is provided.

Step 1. Choose an initial shifting point and start the procedure by
shifting the accumulated distribution curve to the right or
left from that of the unshifted curve according to the magni-
tude of the difference of the expected mean weight difference.

The shifted curve should resemble the same pattern as the
unshifted curve (Fig 20).

Step 2. Compute the mean of the shifted curve . This can be done
by taking the cumulative percentage of each weight interval
and obtaining the percentage for the corresponding interval.
The average weight for the shifted curve is the summation of
the product of the mid-point intervals with the corresponding
percentage.

Step 3. Compute the variance of the shifted curve. Computation of
variance is similar to that mentioned in the first part of
the procedure. The computation of variance for the example
is shown in Table 11.
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Step 4. To test the acceptability of the estimated curve, two statis-
tical tests are applied. These two tests will be discussed
later in this chapter. Briefly, the student t-test is used
to test if the mean is within the 95 percent confidence inter-
vals of the expected average truck weight. The chi-square test
is used to test the variance (Ref 8). If either the mean or
variance of the estimated curve are outside the confidence
intervals of the corresponding values, go back to Step 1 and
repeat the procedure again. If both mean and variance are
within acceptability, go to the next step.

Step 5. Once a distribution curve is accepted, a truck weight distribu-

tion table can be constructed.

The steps are shown in Figs 20 and 21 and the computation of mean and
variance is shown in Table 11. The example demonstrates the prediction for
the 3-S2 truck weight curve in 1978. The base year in 1970. This year was
chosen because of its large sample population.

In 1975, the weight laws of Texas were changed as follows:

(1) Gross Vehicle Weight from 72 kips to 80 kips,
(2) Tandem Axle Weight from 32 kips to 34 kips,
(3) Single Axle Weight from 18 kips to 20 kips.

From the 1975 weight laws, it can be derived that the practical maximum GVW
is equal to 80.0 kips. From Table 6, the average GVW factor for 3-S2 is 0.66.
Thus, the expected average GVW after the weight law changes is 52.80 kips.

When the average GVW factors were derived, only the legal vehicles were
included in the computation of average GVW. Thus, for projecting future truck
weight distributions, it is necessary to consider the percentage of the truck
population that violate the weight laws. In applying the average GVW method-
ology, this consideration can be taken care of by a violation factor. If the
population of violation is about 5 percent of the total population of a par-
ticular type of truck, the violation factor is then equal to 1.05. In the
example, the adjusted GVW is 52.8 x 1.05, or 55.44 kips.

As shown in Table 4, the average GVW for 1970 is 47.65 kips. From the
1970 weight distribution curve, a first shifting was attempted (Fig 20). From
the shifted curve, an average GVW of 62.5 kips was obtained. By comparing it
with the expected average GVW, 55.44 kips, it is obvious that the second curve
should be somewhere between the unshifted and the first shiftad curves. A new

plotting is shown in Fig 21. From the new shifted curve, a m=2an of 55.09 and
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TABLE 11. COMPUTATION OF MEAN AND VARTANCE FROM AN
ESTIMATED CUMULATED DISTRIBUTION CURVE
(4) (B) (©) (D) (E)
GVW Distribution Mid-GVW Number
Intervals Intervals of Trucks BxC BZ x C
0.0-4.0 2.0 0 .0 0.00
4.0-10.0 7.0 0 0 0.00
10.0-13.5 11.75 0 .0 0.00
13.5-20.0 16.75 2 33.5 561.13
20.0-22.0 21.0 15 315.0 6,615.00
22.0-24.0 23.0 51 1,173.0 26,979.00
24.0-26.0 25.0 85 2,125.0 53,125.00
26.0-28.0 27.0 117 3,159.0 85,293.00
28.0-30.0 29.0 92 2,668.0 77,372.00
30.0-32.0 31.0 61 1,891.0 58,621.00
32.0-34.0 33.0 37 1,221.0 40,293.00
34.0-36.0 35.0 31 1,085.0 37,975.00
36.0-38.0 37.0 39 1,443.0 53,391.00
38.0-40.0 39.0 32 1,248.0 48,672.00
40.0-45.0 42.5 79 3,357.5 142,693.75
45.0-50.0 47.5 g5 4,512.5 214,343.75
50.0-55.0 52.5 117 6,142.5 322,481.25
55.0-60.0 57.5 229 13,167.5 757,131.25
60.0-65.0 62.5 254 15,875.0 992,187.50
65.0-70.0 67.5 157 10,597.5 715,331.25
70.0-72.0 71.0 48 3,408.0 241,968.00
72.0-75.0 73.5 39 2,866.5 210,687.75
75.0-80.0 77.5 20 1,550.0 120,125.00
80.0-85.0 82.5 4 330.0 27,225.00
85.0-90.0 87.5 87.5 7,656.25
90.0-95.0 92.5 0 0.0 0.00
& = 1,605 L= 78,25 L = 4,240,727.88
2
MEAN = %% = 48.76; VARIANCE = 4'240'727'88'% = 265.06
’ T (1,605 - 1) Sm—
STANDARD DEVIATION = 16,28
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a variance of 352.23 are obtained. The standard deviation of the curve is
18.79. The computation of mean, standard deviation, and variance is shown
in Table 11.

Before considering accepting or rejecting the second shifted curve, it

is appropriate to consider some statistical tests applied to the procedure.

STATISTICAL TESTS APPLIED IN THE PROCEDURE

Since the shifting procedure is based on a logical iteration method, it
is difficult and time-consuming to find a curve whose mean and variance are
exactly the same as those predicted by regression analysis. Thus, for a
given shifted curve, statistical tests are needed to examine whether the
parameters are within tolerable limits, or confidence intervals, of the
expected values. 1In the analyses of the mean and the variance, a student

t-test and chi-squared test are applied, respectively.

Student t-test of the Mean

To examine the mean of a shifted curve to determine if it is within the
confidence intervals of the mean estimated by regression analysis, the student
t-test is employed (Ref 4, 8). For each shifted curve, a testing of null and

an alternative hypothesis are established:

H :W = W

>

The null hypothesis states that the mean computed from a shifted curve is
actually equal to the mean obtained from regression analysis of past trends.
The alternate hypothesis states that they are not equal. Ho.should be rejected

at the a level of significance if

= >
=]

S/vn

is either < - or >+t

t%/2, n-1 @/2, n-1 (Ref 8).
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Notations for the symbols are as follows:

W = mean truck weight computed from a shifted curve,

%) = mean truck weight obtained from regression of
past truck weight data,

S = gtandard deviation of truck weight computed from
a shifted curve,

= number of distribution intervals, degree of freedom,

= 1level of significance; use ¢ = 0.05 in the shifting
procedure, and

ta/2 -1 = student t-distribution with n degrees of freedom.
’ Values for student t-distribution may be obtained
from statistical tables.

Chi-Squared (Xz) Test of the Variance

To determine the acceptance of a shifted curve based on its variance, a
variance ratio test, or chi-squared (xz) test, is applied (Ref 4, 8). The

chi-squared test is used to test:

versus

The null hypothesis states that the variance of a shifted curve is equal to
that estimated from regression analysis. The alternate hypothesis states
that the two variances are not equal. The null hypothesis should be rejected

under two situations:

(@ - 1)s° .2
2 <X qg/2, n-1

and

@-1s* 2
S —XG/ZQ n_l
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Notations for the symbols are as follows:

n = degree of freedom, or the number of weight
intervals in the W-tables,

82 = variance of the shifted curve,

802 = variance obtained from regression analysis,

qu/Z, -1 - chi~square distribution with level of significant

a/2, and (n-1) degree of freedom.

From the example, the parameters of the shifted curve are

mean = 55.09,
variance = 353.23,
standard deviation = 18.79.

From the average GVW, the expected mean is 55.44.
In order to accept the shifted curve, it is necessary to have a satis-

factory t-test. The t-value for the shifted curve is

¢ _ 55:.09 - 55.44 _ . o.0

18.79/v30

The value 30 corresponds to the number of weight groups considered. From the
t-distribution statistical table, for a level of significance of 0.05 and 29

degrees of freedom,

t0.025.29 = X 2:0452

Since the t ratio is less than that from the t-distribution curve, it can be
concluded that the second shifted curve is acceptable.

It should be pointed out that in response to weight law changes, only
the average truck weight is used to predict a shifted curve. The variance
is not used for the following reasons:

(1) 1t is difficult to quantify the change in variance with respect

to changes in weight laws. It is definite that the variance shows
a jump at each increase of weight limits (Fig 13). However, the

magnitude of a jump cannot be expressed in terms of the magnitude
of changes in truck weight limits.
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(2) With careful selection of the base distribution curve and inducing
that the shifting has the general shape of the unshifted curve, a
shifted curve under proposed weight limits should yield a reason-
ably accurate estimate. The best base distribution curve is one
that has sufficient sample size so that the curve is generally
smooth. The next definition of a good base distribution curve is
one that represents the latest distribution trend, which, in turn,
conveys the latest technology and practice trends in the trucking
industry.

Based on the available 1978 truck weight data, the results of a chi-
squared test on the predicted truck weight distribution are shown in Table 12.
At a confidence level of 0.05 and 29 degrees of freedom, the chi-square value
obtained from a distribution table is 42.56 (Ref 8). Since the computed chi-
square value, 1.47, is much lower than 42.56, it indicates that the projec-
tion is acceptable.

From experience gained in using the iterative procedure outlined herein,
a few insights have occurred which may save time. Before starting to shift
a curve, the mean of the curve should be computed. After the first shift,
the mean weight of the shifted curve should also be computed. The next step
is to decide to which side of the first shifted curve the next curve should
be shifted. If the mean weight of the first shifted curve is above the
expected weight provided by regression analysis obtained from the average GVW
factor, the second shifted curve should be somewhere between the original

curve and the first shifted curve. The position of the second shifted curve

can be carefully chosen so as to minimize the number of shiftings.

GENERAL DISCUSSION OF THE METHODOLOGY

The methodology provided in this chapter, like other available methodo-
logies, cannot render a precise prediction of what kind of shifting may occur
under proposed weight law changes. However, it is the researchers' belief
that this model can provide a more statistical and reasonable solution to the
shifting problem. The accuracy of the prediction provided by this methodology
should also be superior to other methodologies as it makes extensive use of

past data.



TABLE 12. CHI-SQUARE TEST ON OBSERVED AND PREDICTED
TRUCK WEIGHT DISTRIBUTIONS

Predicted Observed
Cumulated Cumulated
GVW Frequency Frequency
0.0-4.0 0.0 0.0
4.0-10.0 0.0 0.0
10.0-13.5 0.0 0.0
13.5-20.0 0.0 0.0
20.0-22.0 0.5 0.21
22.0-24.0 1.0 0.42
24.0-26.0 2.0 1.94
26.0~28.0 5.5 5.89
28.0-30.0 12.5 12.42
30.0-32.0 16.0 17.51
32.0-34.0 20.0 21.84
34.0-36.0 23.5 24.96
36.0-38.0 26.0 27.36
38.0-40.0 29.0 29.63
40.0-45.0 34.0 35.14
45.0-50.0 38.0 40.15
50.0-55.0 44.0 46.42
55.0-60.0 53.0 53.70
60.0-65.0 61.0 60.31
65.0-70.0 73.0 73.61
70.0-72.0 83.0 80.30
72.0-75.0 97.5 88.55
75.0-80.0 95.0 95.50
80.0~-85.0 97.0 97.94
85.0~90.0 98.0 99.28
90.0-95.0 99.0 99.83
95.0-100 99.5 99.92
100.0-105 100.0 99.96
105.0-110 100.0 100.0
110.0-115 100.0 100.0

X2 = 1.47
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However, if this model is used manually with a non-programmable calcula-
tor, it requires much more work and time to arrive at the desirable result
than other methodologies do and that may be considered an undesirable aspect
of the methodology. Nevertheless, with available computer technology and
sophisticated programmable hand calculators, much work and time can be saved.

In the next chapter, a computer application of this methodology is presented.
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CHAPTER 5. COMPUTERIZED SHIFTING METHODOLOGY IN THE
ESTIMATION OF TRUCK WEIGHT DISTRIBUTION

Due to the large amount of data and parameters required in the shifting
methodology, the procedure is tedious and users may accidentally insert
errors. To increase the accuracy of application and reduce computation time,
computer programs in FORTRAN language have been developed for the shifting
methodology and procedure discussed in the last chapter. However, due to
some factors which will be discussed later, some modifications and adjust-
ments in the procedure have been incorporated.

The computer program series consists of two major programs. One of the
programs computes the means and variances of the available data. This pro-
gram generally follows the guideline provided in the last chapter under the
topic "Computation of mean and variance of truck weight distribution data."
Equations used in the program are listed in the same section. Users need to
input sample sizes for the corresponding truck weight intervals for each year.
The computer will provide mean, standard deviation, and variation for each
year. With a plotting option, users may obtain the graphical presentation.
The program listing and user's manual are listed in Appendices 1 and 6,
respectively. A flowchart of the program is shown in Fig 22.

The other program facilitates the shifting element of the methodology.
This procedure required some modification, which will be discussed in the

next section.

MODIFICATIONS OF SHIFTING METHODOLOGY TO BE COMPATIBLE WITH AUTOMATION

Generally, truck weight distributions resemble the normal distribution
pattern. When the truck weight distribution is transformed into an accumu-
lated distribution curve, it shows a traditional S-shaped curve. This S-

shaped curve may be represented by the following expression (Ref 3):
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T = g4~ &
where A, B, and C = coefficients of the S-curve
Y = accumulated percentage, and
X = mid-point of weight distribution

intervals.

This expression is a non-linearizable equation in that the coefficients A,

B, and C cannot be obtained from a linear regression analysis. Only through
the trial and error method mav these coefficients be found. Yet, certain
errors may be induced in this process. These errors will be intensified when
the actual shifting is performed. Thus, it is unprofitable and time-consuming
to fit data and predict shifts utilizing this non-linearizable equation. To
expedite the shifting procedure and to ensure acceptable results, a linear
equation was derived.

In the computer model, a ''detour' is made in order to make use of a
compatible linear equation. The detour is based on the method of using
multiplying factors, as suggested in the NCHRP report. Let GVW (1,i%) be
the denotation of GVW for year one at the i% on the accumulated frequency

curve and GVW (2,i%) be that of year two at the same percentage. Then,

GVW(2,i7%)

GVW(1,1i%) (Eq 5-1)

Multiplying factor (i%)

For each of the two years, a cumulative frequency is computed from which the
GVW's at one percent increment intervals may be obtained. The GVW (2,i%)
should be based on the most recent data as it will affect the shape of the
shifted curve through the multiplying factors. From 1 percent to 100 percent,
the multiplying factors can be curves fitted into a modified linear equation.

The normal form of the equation is given as (Ref 3)

Y, = AX.BeCX1’

i i (Eq 5-2)

and the linear form is
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loge(Yi) = log, A+ B log X, + CX, (Eq 5-3)

In this shifting procedure, the following deviations are used for Yi and Xi:

Y,
i

X,
i

multiplying factors at one percent increment intervals,

1t

GVW (1,i%).

Generally speaking, all the cumulative distribution curves for truck weight

data can be fitted into this equation. However, to guard against any discrep-

ancy, a chi-squared test is introduced in the computer shifting methodology

to reject any bad fitting. The chi-squared test checks the gocdness-of-fit

between the observed Y's and the expected Y's computed by the fitted equation.
The fitting of data into Eq 5-3 is done by the least squares method.

Regression coefficients A, B, and C are computed by solving the following

system of equations:

[ n I(log X,) IX, 1 [a I(log ¥,)
2 ——
Z(logexi) Z(logexi) Z(Xi * logeXi) B = Z(logeXi)(logeYi)
2 .
~in Z(Xilogexi) Z(Xi) N _F_ ~;(Xi logeYi) |

In the 3 x 3 matrix, n is equal to 100, which represents the number of multi-
plying ratios obtained from the cumulative frequency curve.

Once the regression coefficients A, B, and C are found, the values are
used as inputs into Eq 5-2. With GVWW (1,i%) as the X-values, the multipliers
and their respective GVW (2,i%) may be found. 1In the computer model, the
regression coefficients are used as initial values from which the shifting
will be started. After checking against criteria which will be discussed
later, a new set of regression coefficients may be obtained. With Eq 5-1,
GVW (2,i7%), which represents the GVW (i%) for a future year, can be computed
by multiplying the new multiplying factor and GVWW (1,i%). This operation can

be expressed by the following equation:

GWW (2,i%) = GVW (1,i%) x multiplying factor (i%) (Eq 5-4)
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The whole procedure is summarized in the flowchart shown in Fig 23.

As suggested in the previous chapter, the shifting of the distribution
curve is performed by an iterative procedure. For each iteration, the
shifted curve is to be accepted or rejected based on the compatibility of
its mean and variance with those projected by regression analysis or average
GVW factors. The iterative method that is programmed into FORTRAN language

will be presented next.

ITERATION METHOD IN THE SHIFTING PROCEDURE

In the shifting procedure, Powell's method is used to perform the iter-
ations (Refs 6 and 9). In Powell's method the three coefficients given in
Eq 5-2 for the proposed year are located through a series of iterations so
as to minimize the objective function. Each iteration involves a search for
a minimum along a set of three linearly independent directions. These direc-
tions are the coordinate directions initially, but at each iteration a new
direction is defined to replace one of the initial directions. The new
directions formed after a series of iterations will be mutually conjugate
(Ref 6). The objective function used in the Powell method is the difference
between the mean computed from a curve characterized by the coefficients A,
B, and C and the mean obtained from regression analysis or average GVW

factors. It can be expressed as follows:

f(u) = W - va(l,i%) % u(l) * eV (L, i) @) &

Exp(u(3) * GVW(l,i%)ﬂ

where f(u) = objective function to be minimized by
Powell's method
W = mean weight obtained from regression
analysis or average GVW factors,
GVW(1l,i%) = GVW for base year at 1% increment

intervals,

u(l), u(2), and u(3) are the regression
coefficients; they correspond to the
coefficients A, B, and C, respectively,
as given in Eq 5-2.
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For the Powell method, better initial values for u(l), u(2), and u(3) ensure
a faster convergence. Thus, in choosing truck weight distribution data, this
principle should serve as a guide. One should choose data with sufficient

sample size so that smooth cumulative curves and, thus, better initial values

for the coefficients may be provided.

LIMITATIONS OF THE COMPUTER PROGRAM

In general, the Powell method works well with most of the initial coef-
ficients that were derived from available truck weight data. However, the
possibility that the iteration does not converge cannot be eliminated. 1In
any case, if it fails to converge and provide new coefficients, one should
consider using another set of truck weight data so as to provide a new set
of initial coeffients.

Since the objective function to be minimized by Powell's method is
expressed in terms of the means of truck weight only, the new truck weight
distribution will be shaped according to the mean rather than the variance.
Hence, distribution with unacceptable variance may be derived from the com-
puter shifting methodology. Recommendations for a remedy are given as
follows:

(1) Change either set of the truck weight distribution data; i.e.,

change either GVW (1,i%) or GVW (2,i%) or even obtain and use
new sets of data.

(2) Due to certain problems in data collection procedures, some data
may not reflect expected trends. Obviously, erroneous data should
not be used unless altered by combining data that was collected in
different years. The process of combination dilutes any extremi-
ties in a set of data and, thus, smooths the distribution curve.

(3) To predict the shifting that occurred after changes in weight laws,
one should not be overly concerned about the variance of a new
shifted curve provided the most recent truck weight data were used.
Generally, the Powell method generates new coefficients that pro-
vide a distribution curve with a pattern compatible with that
characterized by the initial coefficients.
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APPLICATIONS OF THE COMPUTERIZED SHIFTING METHODOLOGY

To illustrate the usage of the computerized shifting methodology,
results of two runs are presented in this section. Input data are given in
Appendix 6. In order to check the precision and accuracy of the prediction,
shifting was performed for past years. This would provide the comparison of
the results derived from the computer model and actual field data. The first
run is to demonstrate a shifting within the span of the same weight limits.
The second run is to demonstrate a shifting to cope with the weight law
change.

Based on the study of weight trends as discussed in the last chapter, it
is shown that, within the span of the same weight laws, the mean and variance
change gradually. The changes of the mean and variance over a period of time,
provided that there were no weight law changes, can be fitted ianto a certain
regression model. In this example, a prediction for 2D on Interstate highways
in 1974 was estimated by the computer model. In Fig 24, both trends, for the
mean and variance, of 2D from 1959 to 1973 are shown. It was assumed that the
data for 1974 and afterwards were not available. The trend observed from
1960-1973 shows that the mean can be fitted into a linear regression model.
For 1974, the expected mean weight is thus 13.38 kips. The variance basically
does not show any major variation. Thus, the average of the variance, 32.0
(or Standard Deviation of 5.6), is used. The data collected in 1973 were used
as the base to project for 1974 distribution. Figure 25 shows the predicted
and actual distribution curves for 1974. Table 13 shows the comparison of the
accumulative frequencies of the two curves. The chi-squared value of 2.02
shows that the goodness of fit is exceptional. Both the student t-test and
the chi-squared test on mean and variance are acceptable.

The second example illustrates prediction of a truck distribution curve
for 1978. 1In the prediction, the data after 1975 were assumed to be unavail-
able. In this example, the basic difference from the previous example is that
there was a change in weight law in 1975. Thus, this example deals with the
shifting including the effects of weight law changes. For later comparison
of various methodologies, the example will be the same as in the example dis-
cussed in the last chapter. In this example, the 3-S2 on Interstate highways

was used. The prediction was for 1978. From Table 6, in the previous chapter,
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TABLE 13. COMPARISON OF OBSERVED ACCUMULATED FREQUENCIES OF ACTUAL
FIELD DATA AND EXPECTED ACCUMULATED FREQUENCIES FROM
SHIFTING MODEL FOR 2D ON TEXAS INTERSTATE RURAL HIGH-
WAYS (PREDICTION IS FOR 1974)

GVW Observed Expected
Distribution Accumulated Accumulated
Intervals Frequency Frequency
0.0-4.0 0.0 .9986
4.0-10.0 30.61 26.7740
10.0-13.5 51.02 54.4751
13.5-20.0 81.63 83.9244
20.0-22.0 89.80 89.7085
22.0-24.0 95.92 94.1995
24.0-26.0 95.92 97.9639
26.0-28.0 97.96 99.1991
28.0-30.0 97.96 99.5054
30.0-32.0 97.96 99.8118
32.0-34.0 97.96 100.0000
34.0-36.0 100.00 100.0000

x2 = 2.02
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the average GVW factor for 3-S2 was 0.66. The practical maximum GVW after

the 1975 weight law changes was 80 kips. Thus, the expected mean weight was
80.0 x 0.66, or 52.8 kips. Assuming five percent of trucks were overloaded
the expected mean weight thus becomes 52.8 x 1.05, or 55.44 kips. For the
reasons discussed earlier in the last chapter, the variance is not important
in this shifting application. The inputs for this example are shown in
Appendix 6. Data sets collected in 1974 and 1970 are used as the prediction
basis. Figure 26 shows the predicted and actual distribution curves for 1978.
Table 14 presents the comparison of the accumulated frequencies of the two
curves. The chi-squared value shows that the prediction fits well with actual

field data.

COMPARISON OF VARIOUS SHIFTING METHODOLOGIES

The NCHRP and SDHPT shifting methodologies are similar in their procedures.
Both methodologies apply the concept of multiplying factors. Before the
initial weight is reached, the multiplying factor remains as unity. Then,
the multiplying factor increases gradually from the initial weight to the
present practical maximum GVW, where it levels off. The difference between
the two methodologies centers on the initial weights for each type of truck.
For prediction of truck weight distribution after the 1975 changes, the ini-

tial weights given in Table 15 were used in each methodology.

TABLE 15. INITIAL WEIGHTS OF FOUR TRUCK TYPES USED
IN NCHRP AND SDHPT METHODOLOGIES (BASED
ON 1974 TRUCK WEIGHT DATA)

NCHRP (kips) SDHPT (kips)
2-D 4.0 20.0
3-A 13.5 30.0
3-52 13.5 40.0

2-81-2 24.0 50.0
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TABLE 14, COMPARISON OF CUMULATIVE FREQUENCIES OF WEIGHT
DISTRIBUTION FOR THE 3-S2 TRUCKS BASED ON ACTUAL
FIELD DATA AND PREDICTION BY COMPUTERIZED SHIFT-
ING MODAL (PREDICTION IS FOR 1978)
Distribution Observed Expected
Intervals Cumulated Cumulated
(Kips) Frequency (%) Frequency (%)
0.0- 4.0 0.0 0.1534
4.0-10.0 0.0 0.3835
10.0-13.5 0.9 0.5177
13.5-20.0 0.08 0.7669
20.0-22.0 0.21 0.8436
22.0-24.0 0.42 0.9203
24.0-26.0 1.94 0.9970
26.0-28.0 5.89 5.1920
28.0-30.0 12.42 12.6243
30.0-32.0 17.51 20.3565
32.0-34.0 21.84 25.4414
34.0-36.0 24.96 28.3071
36.0-38.0 27.36 30.4514
38.0-40.0 29.63 32.8258
40.0-45.0 35.14 37.5394
45.0-50.0 40.15 42.1638
50.0-55.0 46.42 47.0900
55.0-60.0 53.70 52.4316
60.0-65.0 60.31 61.4669
65.0-70.0 73.61 70.8808
70.0-72.0 80.30 74.7253
72.0-75.0 88.55 80.3150
74.0-80.0 95.50 86.9204
80.0-85.0 97.94 92.1C€33
85.0-90.0 99.28 97.4287
90.0-95.0 99.83 99.0476
95.0-100 99.92 99.3€87
100.0-105 99.96 99.6897
105.0-110 100.00 100.00C
110.0-115 100.00 100.00

X 2

8.26
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The computerized shifting methodology also applies the concept of multi-
plying factors. However, the multiplying factors do not show a linear trend
along the truck GVW.

For the comparison of the shifted curves provided by the three method-
ologies, two illustrations were used. These illustrations are based on the
following assumptions:

(1) The truck weight data for the 1975 periods were not available

for reference.
(2) The only available information is the magnitude of changes in
weight limits.,
Due to an insufficient sample size for 3A and 2-81-2, illustrations of shift-
ing for these two types of trucks are not provided. The two illustrations
used in this section are based on the 1974 truck weight data for 2D and 3-S2,
assuming five percent of trucks were running overweight in both cases.

The following is the input information for each methodology.

1. 2D, Interstate highway system

a. NCHRP—initial weight = 4.0 kips
PMGVWP = 24.50 kips
PMGVWF = 27.22 kips
b. SDHPT—initial weight = 20.0 kips
PMGVWP = 24.50 kips
PMGVWF = 27.22 kips

c. Computerized Average GVW Factor Methodology
e expected mean weight = 0.41 x 27.22 x 1.05 = 14.58 kips
® expected variance = 100.0 kips
® 1974 truck weight data as latest year
e 1970 truck weight data as base year

e initial shifting point = O kips

The shifted curves are plotted in Fig 27. For comparison with the actual
weight distribution, a curve for the actual data is provided in the same

figure.

Table 16 shows the distributions provided from each methodology and the

chi-squared test results for the goodness of fit.



72

2. 3-82, Interstate Highway System

a. NCHRP—Initial weight = 13.5 kips
PMGVWP = 72.0 kips
PMGVWF = 80.0 kips
b. SDHPT—Initial weight = 40.0 kips
PMGVWP = 72.0 kips
PMGVWF = 80.0 kips
c. Computerized Average GVW Factor methodology
e expected mean weight = 0.66 x 80.0 x 1.05 = 55.44 kips
e expected variance = 400.0 kips

e 1974 truck weight data as latest year
e 1970 truck weight data as base data

e initial shifting point = 0 kips

The comparison between the shifted curves and the actual data is shown
in Fig 28. Table 17 shows the distributions and chi-squared test goodness of
fit results. The lower the chi-squared value, the better the fit of the pre-

dicted curve with the actual curve.

GENERAL DISCUSSION OF THE METHODOLOGY

Based on previous analyses, it can be concluded that the computerized
shifting methodology performs satisfactorily in predicting future truck weight
distribution trends. With a practical maximum GVW and the average GVW factor
for a certain type of truck, engineers and planners may assume a reasonable
violation rate and project the corresponding truck weight distribution. Pres-
ently, there is no specific regression model to predict the future violation
rate. It is an element dependent on the interaction of several factors. The

factors include, but are not limited to, the following:

(1) degree of weight law enforcement,

(2) availability of other truck types which can be used to reach
the maximum GVW,

(3) price of gasoline, and

(4) other highway legislation, such as speed limits.
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TABLE 16. COMPARISON OF PROJECTED CUMULATED FREQUENCY CURVES GENERATED
FROM AVAILABLE SHIFTING METHODOLOGIES AND THE ACTUAL FIELD
DATA FOR 2D ON TEXAS INTERSTATE RURAL HIGHWAYS (PROJECTION
IS FOR 1978)

GVwW NCHRP SDHPT Computerized
Distribution Actual Shifting Shifting Average GVW
Intervals Field Data  Methodology Methodology Factor Methodology
0-4.0 0-0 0.95 0.95 0.93
4.0-10 28.33 29.08 30.64 26.64
10-13.5 55.35 47.41 51.02 51.29
13.5-20 77.86 74.76 81.50 75.21
20-22 87.43 82.54 86.98 83.54
22-24 94.18 89.29 91.54 91.32
24-26 97.75 90.57 92.54 96.12
26-28 99.06 92.45 93.78 98.41
28-30 99.62 96.94 96.94 99.13
. 30-32 99.62 97.19 97.19 99.37
32-34 99.81 97.40 97.40 99.60
34-36 100.00 97.60 97.60 99.84
36-38 100.00 97.80 97.80 100.00
38-40 100.00 100.00 100.00 100.00
40-45 100.00 100.00 100.00 100.00

Chi-squared Value: 4.33 2.63 1.76
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TABLE 17. COMPARISON OF PROJECTED CUMULATIVE FREQUENCY CURVES
GENERATED FROM AVAILABLE SHIFTING METHODOLOGIES AND
THE ACTUAL DATA FOR 3-82 ON TEXAS INTERSTATE EURAL
HIGHWAYS (PROJECTION FOR 1978)

GVW NCHRP SDHPT Computerized
Distribution Actual Shifting Shifting Average GVW
Intervals Field Data Methodology Methodology Factor Methodology
0.0~4.0 0.00 . 1996 .2020 0.1534
4.0~10.0 0.00 . 4989 . 5049 0.3835
10.0-13.5 0.00 .6736 .6816 0.5177
13.5~20.0 0.00 .9979 1.2932 0.7669
20.0-22.0 0.21 4.4618 5.3447 0.8436
22.0~24.0 0.42 14.3453 17.0088 0.9203
24.0-26.0 1.94 24,1679 27.0374 0.9970
26.0-28.0 5.89 30.8721 32.9852 5.1920
28.0-30.0 12.42 35.3293 37.1071 12.6243
30.0-32.0 17.51 38.9926 40.9620 20.3565
32.0-34.0 21.84 41.8016 43.0606 25.4414
34.0-36.0 24.96 43.9880 46.1142 Z28.3071
36.0-38.0 27.36 46.6611 48.5965 30.4514
38.0-40.0 29.63 48.8201 50.1955 30.8258
40.0-45.0 35.14 51.8905 52.9377 37.5394
45.0-50.0 40.15 56.1453 58. 3009 42.1638
50.0-55.0 46.42 62.5450 64.8687 47.0900
55.0-60.0 53.70 70.4924 73.9259 52.4316
60.0-65.0 60.31 83.0160 84.9037 61.4669
65.0~70.0 73.61 90.5734 91.6666 70.8808
70.0-72.0 80.30 93.0143 93.0878 74.7253
72.0-75.0 88.55 93.3409 93.4138 80.3150
75.0-80.0 95.50 93.8852 93.9572 86.9204
80.0~85.0 97.94 97.2693 97.5279 92.1033
85.0-90.0 99.28 100.0000 100.0000 97.4287
90.0-95.0 99.83 100.0000 100.0000 99.0476
95.0-100.0 99.92 100.0009 100.0000 99.3687
100.0-105.0 99.96 100.0000 100.0000 99.6897
105.0-110.0 100.00 100.0000 100.0000 100.0000
110.0~115.0 100.00 100.0000 100.0000 100.0000

x%=149.96 x2=172.06 x?= 8.26
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In predicting future truck weight distribution, engineers and planners
may exercise their judgment in defining the percentage violations. One
suggestion, however, is to run the program with different violation factors.
This method is to test the sensitivity of prediction to violation.

Besides predicting future GVW distribution, the computerized shifting
procedure may be used to predict future axle weight distribution. This topic
will be presented in the next chapter. The procedure can also be used to

predict additional damages due to different degrees of violation.
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CHAPTER 6. PREDICTIONS OF AXLE WEIGHT DISTRIBUTION
AND EQUIVALENT 18-KIP SINGLE AXLE LOAD

In the procedure for estimation of maintenance cost and highway
rehabilitation cost for changing motor vehicle size and weight limits, one
important element is the prediction of total equivalent 18-kip single axle
load (18-KESAL). The relationship of the element with other components in
the procedure 1s shown in Fig 29. The GVW distribution is directly affected
by the axle weight distribution, which, in turn, directly affects the compu-
tation of total 18-KESAL. 1In previous chapters, much attention was given
to the prediction of GVW distribution under proposed weight limits. 1In this

chapter, the prediction of axle weight distribution is presented.

ESTIMATION OF TANDEM AXLE WEIGHT DISTRIBUTION FROM AVAILABLE DATA

In this section, the discussion is focused on two types of trucks, the
3A and 3-S2. Predictions for 2D and 2-S1-2 are not included in the discus-
sion because it is not possible to separate the loading axle weight distri-
bution from the single axle weight distribution given in W-4 tables. For
3A and 3-S2, the axle weight distributions given in the W-4 tables provide
information for the steering axle and loading axle weight distributions.

Due to the availability of axle weight data, it is thus possible to use past
trends in predicting the future axle weight distribution.

For the single unit truck symbolized by 3A, the single axle is the steer-
ing axle while the tandem axle is the loading axle. Thus, for one particular
truck it is obvious that the gross vehicle weight is the summation of the
single axle weight and the tandem axle weight. This relationship is expressed

in an equation as follows:

GVW = SAW + TAW (Eq 6-1)

For the 3-52, which has one single axle (steering axle) and two tandem axles,

the gross vehicle weight is obviously equal to the summation of the steering
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rehabilitation cost for changing motor vehicle weight
limits.
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axle welght and the weight of tandem axles. It can be expressed as follows:
GVW = SAW + 2 TAW (Eq 6-2)

In consideration of these two equations, attempts were made to relate
the three kinds of weight distribution data. The concept was to explore the
relationship of GVW, SAW, and TAW for 3A and 3-S2 so that a prediction for
TAW distribution could be made possible from the prediction of GVW distribu-
tion.

Let GVW(i%Z), SAW(iZ%Z) and TAW(iZ%Z) be the GVW, SAW, and TAW at i% along
the truck weight cumulated percentage curves for either 3A or 3-52. For the
single unit trucks, 3A, prediction of TAW(i%) was based on the following

equation:

TAW,, (1%) = [GVW(i%) - SAW(i%)] (Eq 6-3)
and for 3-S2, the following equation was used:

TAW, <,(i%) = 0.5 [vauz) - SAW(i%):l (Eq 6-4)

In the analysis, predicted TAW values were based solely on the GVW and
SAW distribution data while the field data for TAW's were used as actual data
for comparison. Once the TAW(i%) values were obtained, a predicted cumulative
percentage curve was constructed. The distributions of the predicted TAW's
and the actual TAW's were plotted in a graph for comparison. In the study,
data collected in different years were used to prove the relationships stated
in Eqs 6-3 and 6-4. These years represent a spectrum of different
conditions. For instance, 1970 was chosen to show the trend of the 70's.
Year 1974 was used to reflect the weight distribution before the changes in
Texas weight limits. Year 1976 was known as an unusual year in that the
weight data reflected that weights for different trucks increased signifi-
cantly after the 1975 change. Year 1979 was used to reflect the latest
trends. The distribution curves for 3A are shown in Fig 30 (a-d) and
3-S2 in Fig 31 (a-d). Along with the distribution curves, the predicted
actual TAW distribution data were analyzed for the goodness-of-fit with chi-

squared values shown in Table 18. Both the graphical presentation and the
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TABLE 18. CHI-SQUARED VALUES TO SHOW THE GOODNESS-QOF-
FIT BETWEEN ACTUAL AND PREDICTED TANDEM
AXLE WEIGHT DISTRIBUTION CURVES

3A Chi-gquared value
1970 20.68
1974 75.06
1976 19.58
1979 18.24
3-82 Chi-squared value
1970 9.08
1974 33.85
1976 12.87

1979 10.35
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chi-square values indicate that the predicted TAW distribution agrees with
the actual TAW field data.

From the study of the relationship between gross vehicle weight and
axle weight distributions, it can be concluded that the simple relationship
of GVW, SAW, and TAW of a single truck can be applied to the weight distri-
bution data. The relationships stated in Eqs 6-1 and 6-2 are valid
for 3A and 3-S2 weight distributions, respectively. Thus, for a given year,
if GVW and SAW distributions are available, it is possible to obtain the TAW
distribution. This finding is essential to predictions of TAW distributions

and 18-KESAL under the proposed truck weight limits.

PREDICTION FOR TANDEM AXLE WEIGHT DISTRIBUTION UNDER PROPOSED
TRUCK WEIGHT LIMITS

From the extensive study of truck weight distribution patterns, it was
observed that the change in axle weight as well as gross vehicle weight
limits in 1975 did not change the distribution of steering axle weight. This
statement is based on the analysis of steering axle weight distribution
curves in Figs 16, 17, and 18. Because of practical and operational safety
considerations, the steering axle weight distribution did not change even
though the weight laws changed. Thus, for prediction purposes, it is accept-
able to use the present steering axle weight distribution as the future
steering axle weight distribution under the proposed weight laws. Along with
this concept, it is possible to predict a tandem axle weight distribution for
both 3A and 3-S2 with the application of the average GVW factor concept men-
tioned in the previous chapters. The procedures are shown in the flowchart

in Fig 32 and discussed as follows:

(1) With the previous stated methodology, use the average GVW
factor methodology to obtain a GVW distribution curve for
a proposed truck weight limit.

(2) Obtain the SAW distribution for the truck type from the
latest truck weight data in W-4 tables.

(3) Read the GVW (i%) and SAW (i%) from the GVW and SAW distri-
bution curves.

(4) Use the appropriate equation for the truck type. For 3-52,

TAW(i%Z) = 0.5 [?VW(i%) - SAW(iZi]
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and for 3A,

TAW(iZ) = GVW(i%) - SAW(iZ%)

5. From the TAW(i%) values, plot the distribution curve.

To illustrate the application of the procedure, an example using the

3-S2 Texas Interstate Highway is provided in the next section.

EXAMPLE OF PREDICTION OF TANDEM AXLE WEIGHT DISTRIBUTION

In order to determine the accuracy of the prediction, an illustration
using prior data is developed. In this example, the predictior is made for
the tandem axle weight distribution for the 3-S2 on Texas Interstate Highway
in 1978. The purpose of this example is to illustrate the prediction of
tandem axle weight under the proposed truck weight laws. The data available
for prediction were composed of GVW and SAW distribution from 1959 through
1975. The 1978 GVW prediction, provided in the prior chapters, serves as the
basis for predicting the TAW distribution. Tables 19 and 20 show the predicted
GVW distribution for 1978 and the single axle weight distribution for 1974
respectively. These weight distribution data serve as inputs for the TAW
prediction. The procedure is coded into a computer program. The listing of
the program TAWEXP® 1s included in Appendix 3. Figure 33 shows the cumula-
tive percentage curves of the actual and predicted TAW distribution. A chi-
squared test on the actual and predicted curves is shown in Tabtle 21. Both the
plotting and the chi-squared value indicate that the prediction is within

acceptable tolerance.

CALCULATION OF EQUIVALENT 18-KIP SINGLE AXLE LOAD

To assess the impacts on pavement structures due to changes in legal
weight limits, one has to compute the equivalent 18-kip single axle load
applications for the present and proposed weight limits. The difference
between the two load applications is the additional impact affected by changes
in weight limits. The direct source of truck weight data used in the computa-
tion of the total number of 18-kip ESAL is the W-4 tables. Equivalent fac-
tors for both flexible and rigid pavements are provided in the W-4 tables.

These factors, when multiplied by the number of axle loads within a given
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TABLE 19. PROJECTED GVW DISTRIBUTION FOR 1978, 3-S2,
TEXAS INTERSTATE RURAL HIGHWAYS (INPUT
DATA FOR PROJECTION OF TAW, 1978)

Weight
Distribution
(kips)

4.0000
10.0000
13.5000
20. 0000
22.0000
24.0000
26.0000
28.0000
30.0000
32.0000
34.0000
36.0000
38.0000
40.0000
45.0000
50.0000
55.0000
60.0000
65.0000
70.0000
72.0000
75.0000
80.0000
85.0000
90.0000
95.0000

100. 0000
105. 0000
110.0000
115.0000

Percentage

.1534
.2301
.1342
.2492
L0767
.0767
.0767
4.1951
7.4323
7.7321
5.0849
2.8658
2.1443
2.3744
4.7136
4.6244
4.,9262
5.3416
9.0353
9.4139
3.8445
5.5897
6.6054
5.1828
5.3254
1.6190
.3210
. 3210
.3103
0

Accumulated
Percentage

.1534
.3835
.5177
.7669
.B436
.9203
.9970
5.1920
12.6243
20.3565
25.4414
28.3071
30.4514
32.8258
37.5394
42.1638
47.0900
52.4316
61.4669
70.8808
74.7253
80.3150
86.9204
92.1033
97.4287
99.0476
99.3687
99.6897
100.0000
100.0000

89
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TABLE 20. SINGLE AXLE WEIGHT DISTRIBUTION OF 3-S2 ON
TEXAS INTERSTATE RURAL HIGHWAYS (INPUT
DATA FOR PROJECTION OF TAW, 1978)

Data Obtained in 1974

A B C D
End of SAW
Interval Sample Accumulated
(kips) Size Percentage Percentage
3. 1. .26 .26
7. 13. 3.32 3.57
8. 69. 17.60 21.17
12. 301. 76.79 97.96
16. 8. 2.04 100.00

Total Number of Trucks Weighed = 392



TABLE 21. PREDICTION OF 1978 TANDEM AXLE WEIGHT DISTRI-
BUTION BASED ON PROJECTED 1978 GVW AND ACTUAL
1974 SAW DISTRIBUTION DATA

Tandem

Axle Actual Expected
Weight Cumulated Cumulated
(kips) Percentage Percentage

6.00 .95 .54
12.00 17.89 20.09
18.00 34.51 37.39
24.00 48.86 49.75
30.00 70.37 72.14
32.00 81.23 80.37
32.50 84.05 81.85
34.00 90.49 86.10
36.00 95.20 90.67
38.00 97.60 95.14
40.00 98.82 99.08
42.00 99.11 99.34
44.00 99.25 99.60
46.00 99.39 99.87
50.00 99.66 100.00
55.00 100.00 100.00

Chi-squared value = 14,5815
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weight interval, give the number of 18-KESAL applications. The summation of
the load applications throughout the whole span of weight intervals gives the
total loading effect on the pavement by the sample trucks. Equivalent factors
for other pavement conditions may be obtained by the equations or nomographs
provided in the "AASHTO Interim Guide for Design of Pavement Structures,"
published by the American Association of State Highway and Transportation
Officials (AASHTO) (Ref 1). An example illustrating the procedure for compu-
ting 18-KESAL is given in Table 22.

The equivalent 18-KESAL applications for the proposed weight limits can
be computed by resorting to the shifted axle weight distribution curve. 1In the
previous chapters, both the procedures and the example of shifting GVW and axle
weight distribution curves have been presented.. In this section, an example
is used to illustrate the application of the shifting methodology in arriving
at the 18-KESAL applications. The flowchart in Fig 34 summarizes the proce-
dure.

For illustrative purposes, the predicted tandem axle weight distribution
obtained earlier is used to compute the equivalent 18-kip single axle load.
Both flexible and rigid pavement 18-KESAL for actual and predicted axle weight
distributions are provided in Tables 23 and 24, respectively. 1In both rigid
and flexible pavement, the differences between the actual and predicted 18-

KESAL are within 6 percent.

COMMENT ON THE AXLE WEIGHT SHIFTING METHODOLOGY

The shifting procedure for GVW distribution depends on the GVW distribu-
tion data. 1Its accuracy is directly affected by the size and quality of the
samples. The shifting for TAW distribution depends on both GVW and SAW
distributions. Therefore, the accuracy of the prediction of future axle
weight distributions is dependent upon the quality of the present axle weight
distribution data and the sample size. An illustration of the importance of
data to the procedure is reflected in Fig 30(b), where the number of both
single axles and tandem axles available in the W-4 table was 14.

To remedy the deficiency in sample size, users may be able to combine

data representing the same category. This may be significant Zor the steering



93

TABLE 22. EXAMPLE OF DETERMINATION OF EQUIVALENT
18-KIP (80-kN) SINGLE AXLE LOADS FROM
LOADOMETER STATION DATA (Ref 16)

Axle Load Representative Equiv No. of Equiv 18-kip
Groups, 1b Axle Load, 1b Factorl Axles? Single Axles

Single Axles

Under 3,000 2,000 0.0003 512 0.2
3,000- 6,999 5,000 0.012 536 6.4
7,000- 7,999 7,500 0.0425 239 10.2
8,000-11,999 10,000 0.12 1,453 174.4

12,000-15,999 14,000 0.40 279 111.6
16,000-18, 000 17,000 0.825 106 87.5
18,001-20,000 19,000 1.245 43 53.5
20,001-21,999 21,000 1.83 4 7.3
22,000-23,999 23,000 2.63 3 7.9
24,000 and over - - 0 -

Subtotal 459.0
Tandem Axles

Under 6,000 4,000 0.01 9 -

6,000-11,999 9,000 0.008 337 2.7
12,000-17,999 15,000 0.055 396 21.8
18,000-23,999 21,000 0.195 457 89.1
24,000-29,999 27,000 0.485 815 395.3
30,000-32,000 31,000 0.795 342 271.9
32,001-33,999 33,000 1.00 243 243.0
34,000-35,999 35,000 1.245 173 215.4
36,000-37,999 37,000 1.535 71 109.0
38,000-39,999 39,000 1.875 9 16.9
40,000-41,999 41,000 2.275 0 -
42,000-43,999 43,000 2.74 1 2.7
44,000 and over - - 0 -

Subtotal 1,367.8

Total 1,826.8

Total, all trucks = 3,146

lFor pt = 2.5 and NS = 3.0

2Loadometer station data for 3,146 trucks
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START

Compute the Practical Maximum GVW
for a Specific Type of Truck,
e.g., 3A or 3-S2

!

Obtain the Appropriate Average
GVW Factor from Table

!

Expected Average GVW = PMGVW*AGVWF

Y

Use Either the Manual Procedure Provided
in Chapter 4 or Computer Program
SHIFTIN to Obtain a Shifted
GVW Curve

\

Obtain the Latest Single Axle Weight
Distribution Curve for the Truck Type

!

Use TAWEXP to Arrive at the
Expected TAW Distribution

'

Obtain T&K-Equivalent Factors from AASHTO
Guide or W-4 Table to Compute 18 KESAL

f

Sum up the 18-Kip ESAL

Fig 34.

STOP

Shifting procedure and computation of
18-kip equivalent single axle load.




TABLE 23. COMPUTATION OF ACTUAL AND PREDICTED 18 KESAL FOR
FLEXIBLE PAVEMENT (3-S2, TEXAS INTERSTATE HIGHWAYS)

Flexible
Pavement 18-K Observed Predicted
Tandem Axle Observed Predicted Equivalence 18-KESAL 18-KESAL
Weight Groups Sample Sample Factor Applications Applications
0- 5,999 1 25.6 0.010 0.01 0.3
6,000-11,999 848 927.5 0.010 8.48 .3
12,000-17,999 790 820.7 0.044 34.76 36.1
18,000-23,999 676 586.4 0.1480 100.05 86.8
24,000-29,999 1019 1062.2 0.4260 434.09 452.5
30,000-32,000 519 390.4 0.7530 390.81 294.0
32,001-32,500 135 70.2 0.8850 119.48 62.1
32,501-33,999 312 201.6 1.0020 312.62 202.0
34,000-35,999 222 216.8 1.2300 273.06 266.7
36,000-37,999 116 212.1 1.5330 117.83 325.1
38,000-39,999 53 186.9 1.8850 99.91 352.3
40,000-41,999 32 12.3 2.2890 73.25 28.2
42,000-43,999 13 12.3 2.7490 35.74 33.8
44,000-45,999 4 12.8 3.2690 13.08 41.8
46,000-49,999 2 6.2 4.1700 8.34 25.9
50, 000-55,000 , 2 0.0 5.100 10.20 0.0
L= 4744 L = 4744.0 L = 2092.00 L = 2217.0
A 22126;;092 5.98%

S6



TABLE 24. COMPUTATION OF ACTUAL AND PREDICTED 18 KESAL FOR
RIGID PAVEMENT (3-S2, TEXAS INTERSTATE HIGHWAYS)

Rigid
Pavement 18-K Observed Predicted
Tandem Axle Observed Predicted Equivalence 18-KESAL 18-KESAL

Weight Groups Sample Sample Factor Applications Applications
0- 5,999 1 25.6 0.01 0.01 0.3
6,000-11,999 848 927.5 0.01 .48 9.3
12,000-17,999 790 820.7 0.062 48.98 50.9
18,000-23,999 676 586.4 0.253 171.0 148.4
24,000-29,999 1019 1062.2 0.729 742.9 774.3
30,000-32, 000 519 390.4 1.305 677.3 509.5
32,001-32,500 135 70.2 1.542 208.2 108.2
32,501-33,999 312 201.6 1.752 548.2 353.2
34,000-35,999 222 216.8 2.165 480.6 447.7
36,000-37,999 116 212.1 2.721 315.6 577.1
38,000-39,999 53 186.9 3.373 178.8 630.4
40,000-41-999 32 12.33 4.129 132.1 50.9
42,000-43,999 13 12.33 4,997 65.0 61.6
44,000-45,999 4 12.8 5.987 23.9 76.6
46,000-49,999 2 6.2 7.725 15.5 47.9
50,000-55,000 2 0.0 10.16 20.3 0.0
L = 4744 r = 4744.0 Z = 3637.0 L = 3846.3

_ 3846.3 - 3637.0 v 9
A = 3637 x 100%Z = 5.75%

96
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axle distribution of 3A and 3-82. Since the SAW distribution curves did not
shift throughout the years, the combination of data will surely improve the

accuracy of prediction.



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



CHAPTER 7. SUMMARY AND RECOMMENDATIONS

The objective of this research project was to develop a shifting method-
ology which could be used to predict precisely future GVW distributions and
axle weight distributions and 18-kip equivalent single axle load application
in response to legal weight limit changes. The methodology presented in
previous chapters has proved that the objective of the .study has been
attained. No single methodology is perfect in all aspects, and the method-
ology discussed in this report is no exception. However, as far as precision
is concerned, the shifting methodology is highly desirable. It was developed
by building upon the contributions of earlier shifting methodologies, espec-
ially that provided by Walton and Yu's research conducted at the Center for

Transportation Research

SUMMARY OF NEW CONCEPTS USED IN THE SHIFTING METHODOLOGY

While developing the shifting methodology, several new concepts were

introduced to facilitate more precise predictions.

(1) Extensive use of historical truck weight data in projecting future
weight distribution—All available truck weight data were used in
the analysis. Several computer programs were written to facilitate
the analysis and statistical modeling. In the prediction of future
truck weight distribution, two sets of the latest available weight
distribution data were used. This practice can accurately capture
the latest weight distribution trends in forecast future trends.

(2) Extensive use of statistical methods in analyzing historical data—
Statistical methods such as using mean and variance to predict a
normal distribution curve are the theme of the shifting methodology.
Statistical test methods such as the chi-squared method and student
t-tests are used extensively in the procedure. Computer statistical
packages such as SPSS and MINITAB were used in sorting and analysis
of data.

(3) Computer application in conducting the shifting procedure—Due to
the large amount of historical data and a large number of required
input parameters, computer application became a necessity in perform-
ing the shifting procedure. Computer programming has facilitated the

99
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(4)

(5)

procedure by integrating analysis, statistical testing, regression
modeling, and forecasting into one single package. It thus reduces
the time required in step-by-step manual shifting procedures. Thus,
unnecessary human error introduced in the procedure can be reduced
to a minimum.

Concept of using a mean and a variance to predict future distribution
—Both the means and variances for the weight distribution curves
usually suggest specific trends over a period of time. These trends
can be represented by regression models. By using these models, one
may predict the two parameters for future truck weight distributions.
With the suggested shifting procedure, one may obtain a future

weight distribution curve with desirable precision.

Concept of using an average GVW factor for projection of average GVW
under proposed limit—-The average GVW factor is used to relate a
known parameter to an unknown parameter such as the future maximum
GVW to the future average GVW. From the proposed truck weight
limits, one may derive the future maximum practical GVW for a
certain type of truck. By multiplying the future maximum practical
GVW with a given average GVW factor, one may obtain an average GVW
for the truck type under the proposed weight limits. Once the

future average GVW is obtained, one may project a future truck weight
distribution by using the suggested shifting methodology.

ASSUMPTIONS MADE IN THE DEVELOPMENT OF THE SHIFTING METHODOLOGY

In deriving the shifting procedure, two assumptions were made:

1)

(2)

The prediction of weight distribution does not take weight violation
into account. In arriving at the average GVW for each type of
vehicle, a maximum allowable GVW was input into the program so that
any sample with weight greater than this value would not be included
in the computation of average weight. Thus, the average GVW factors
provided in previous chapters can be used only to pradict future
legal average GVW. However, if the percentage of truck weight vio-
lations 1s to be taken into consideration, one may adjust the average
GVW factors accordingly.

Size effects were neglected in the analysis process. Vehicle opera-
tional characteristics are affected by both volume and demand con-
straints. Thus, changes in size limits will have definite effects
on truck weight distributions. However, due to the complexity of
the issue, size effects were neglected in the development of the
procedure. Hence, it is difficult to quantify the impacts due to
changes in size limits. It is the authors' belief that trucks sub-
jected to volume constraint are a relatively low percentage of the
total truck population. It is even less plausible that these types
of trucks would affect truck weight distribution data significantly.
Thus, to cope with changes in both size and weight limits, one may
concentrate one's effort on analyzing the effects of weight limit
changes.
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RECOMMENDATIONS

Although the main data structure concentrated on the Texas interstate
highway system, the shifting procedure can be used for other types of highway
systems, and is applicable to other states. 1If facilities such as computer
hardware and FORTRAN language compilers are available, the AGVWF shifting
methodology is strongly recommended.

As mentioned earlier, in previous chapters, the size of a data base is
vital to the prediction of future weight distribution trends. An insufficient
data base will generally handicap the precision of any estimation.

A large data base is a prerequisite to a precise prediction. In recent
years, many truck weighing stations in Texas had been closed due to insuffi-
cient operation funds. Obviously, a shut-down of a weighing station sacri-
fices a certain degree of precision in prediction. Consequently, this adverse
effect will be reflected in the inefficient design of highway systems. Thus,
for a long-term investment on the existing federal and state highway systems,
it is strongly recommended that truck weighing activities should be intensi-

fied and improvements made in operating efficiency.
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SOURCE PROGRAM OF "MEANWGT'~—TO COMPUTE MEAN AND

VARIANCE OF TRUCK WEIGHT DISTRIBUTION DATA
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cloud: dZaNwGI  FOQTad o

cCCcGoe .o GeaeC.

CcccCoe

c.C .

2adonhd oANWGT (INRUT,0UTPUT,1ARZ5=INPUT,TAPE6=0UTPUT)

Piavaeadti SAVGaT CALCULATES THE AVGWT OF SUMB AND SUMAB WHERE
sJad 15 ini SUOMATIIUN OF B AND SUMAB IS THE SUMMATICN OF A
Iiase o

Vaxildcic ULRSCRIPTIUN:=
avawi == aVaWwTl OF sUidis AND SUMASB

sdud  —- SUANAILION COF A
SsUdap -=- SUMJAT.uN OF A TIMES
Aus -- A IIazsS &

Ay Dy UVW, AXLe Ano CONSISTENT WITH PREVIOUS PROGRANS.

JLuENSLUN A (s0), B(30), GVW(2,30), AXLE(2,30), IYEAR,A2(30)
Yadd5.0ON Lrvav (<) ,IVEd (3) ,ISTATE (2)

whal AVGal, a8(30), SU4B, SUAAB, A1(30)

IaLEGea IN

Udia (UVW(1,i), I=1,30),4.0, 10.0, 13.5, 20.0, 22.0, 24.0,
+¢b.0, 2e.U, 3V.0, 32.0, 34.0,36.0, 38.0, 40.0, 45.0,50.0,55.0,
+ov.U, wd.u, TV.0, 72.0, 75.0, 60.0, 85.0, 90.0, 95.0, 100.0,
+1uo.v, 110.G, 115.0 /

UaFA (GVw(2,I), I=1,26) ,£10.0, 12.0, 14.0, 16.0, 18.0, 20.0,
Y209, 24.0, c0.v, 28.9, 30.0, 35.0, 40.0, 45.0, 50.0, 55.0,
+ov.v, 2.0, 79.9, 75.0, 80.0, 85.9, 99.0, 95.0, 100.0, 105.0/

Jala (AKLs{(1,.), 1=1,13) / 3.0, 7.0, 8.0, 12.0, 16.0, 18.0,
+1d.5, <u.0, 22.0, 24.0, 26.0, 30.0, 35.0 /

vALA (AXLi(2,1), I=1,16) ,/ 6.0, 12.0, 18.0, 24.0, 30.0, 32.0,
+35c.05, 34.u, 6.0, 38.u, 4.0, 42.0, 44.0, 46.0, 50.0, 55.0 /

wiPdi VALULS Fa0d UATA SET PTAVGWT UNTIL END OF FILE

2xIo. HLADING FCR UUTPUT
CALL TITLE
di5Au Iw WSIGHL LIAITS BEFORE AND AFTER WEIGHT CHANGES
XCAD (5,100) Woal,WGT2

1 CALL INIL( A,B,AB,SUMB,SUMAE,AVGWT,STDEV,SU4A2B,IN)
acAv (2,1G,C0ND=999) LYEAK,IROAD,IVEH,ISTATE,IN

10 PuidaT (14, %,241u,3010,2410,1I5)
fanuv(3,11) IFLAG

11 FURHAT (i4)

doav(d,103) ( B(L), I =1, IN)
100 FuaaBl(lcto.1)

VM/SP CONVERSATIONAL MONITOR SYSTE1
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flla: daadacs FOATRAN B V¥/SP CONVERSATIONAL MONITOR SYSTIEd
« vJitsanlSg IfLAs. If 1lFLAG 1S 6000, USED DATA IN AXLE (1,1I)
© uFf iFuav i3 3000 ANp IYEAR Is LESS THAN 1953 7ISZ DATA IN GVW (2,I)
C Li iFuas +3 »U00 awd LYEAR IS GREATER THAN 1959 USE GVW(1,I)
¢ Llr 1fwuAs I> 50U0 USE DATA IN AXLE(2,I)
C
waALF = IN / 2
«f ( s«fLAG .zZ¢. 3000 ) GO TO 3000
LF ( ltiaAG .&7. 60U0 ) GO TO 6000
.f ((LfLAG.ny.7900) .AND. (1YEAR.LE.19Y58)) GO TO 9002
LF ((IfLaG.Ey.v000) .AND. (IYEAR.GT.1958)) GO TO 9001
-
. idawstzZn VALJES FoOM CATA CECLAEED IN DATA ISTATEMENTS AND SUMS
o nuw YALUEOS.
o

ETVIVIVIRNVIVIRD AR 1,14

a (1) AXLz(1,1)
i (1lY¥oaR.Lb.1975) AGTLIM = WGT1
aF (2YEAR.GL.1973) AGTL1M = WGT2
12 \.\)Aillmui
[
¢ wudlliadr PauCuSsiiNu UNTIL END OF FILE
-
Gu fu 100V
C
oduv vwu 135 1 =1, In
a(«) = AXLE(Z2,1)
LY (ifEAX.LE.1375) WGTLIM = WGT1
- (LTEAR.GT.1575) WGTLIM = WGT2
13 ~OUlHlLdJE
C
C CuwnilInUZ PRUCESSING UNTIL END GF INPUT DATA
"
ov iU 1000
o
9001 200 1+ 1L = 1, 1IN
A(L) = uVi(1,I)
1t (1Y¥cAR.LE.1375) WGTLIM = WGT
i (2fLdE.6L.1975) WGTLIM = WGT?2
1+ CUMIINUE
[
¢ CubliLidUE PROCESSING
C
gu Iy 1000
-
Yude wu 10 L =1, I
A(r) = $VR(Z,1)
LE(LIYZARCLE.1975) WGTLIN = HWGT1
ar (iY2RZ.6T.1975) WGTL.IM = WGT2

10 <ualiNUE

cCaedc

asu v 1600

(o]



&

C.

acc

[¢N e N &)

1

¢

PRV

100u

1o

AZANWGT FuaTRAN 3 VM/SP CONVERSATIONAL MONITOR SYSIEM
fais PAnl OF Tui PRCGRAM CALCUIATES MEANS AND STD. DEV.

aBLDPL = A (NHALF)
sddanl = 0.0
Ju lo I=1, 1IN
LB (i-2eeT1) Aa1(1) A(1) s 2.0
if(LeNE.1) A1 (1) (A(I-1) + a(I)) / 2.0
Az (1) = al(i) - AAIDPT
IF(a1(i) -wT-wueilif) GU TO 16
ouids = 3Uao ¢+ B(I)
sUaanl= s5Cdasl + A1(I) * B(I)
oluap = 3UMAB + AL (I) * B(I)
oluacs = SUHAZE + A2(I) * A2(I) * B(I)
cUNsadis
aVGwI = SUMAB1 / SUMB
5TuaV = Surl (( SUMA2B -~ SUMAB * SUMAB / SUMB)/(SUMB-1.))
Pnids [HEZ wUIPJI5 AND THEN P3CCEED TILL END-OF-FILE

CAuuL OUT ( A, 3, Ab, AVGWiI, STDEV,IN, IYEAR, IROAD,
iVod, ISTATE, SUMB, SUHAB)
su 16 1
2TOP
soub

2JpRUUTLdE LNI1T ( A, B, AB, SUME, SUMAB, AVGWT,STDEV,SUMA2B,IN)
eal A(1), 3(1), AS(1), SUN3, SUMAE, AVGWT
DLuENSiUN LRCAU (L), IVEH(3), ISTATE(2)

1ilS SdJooaCGUTINE INITLILIZE ALL VARTABLES USED IN PROGRAMNM.
AL, Vaxiaolies ARE SET TO 0.

W

uo 1 L =1, 30
a(I)y = 0.
o(i) = 0.
as (L) = 0.0
CuaTleda

3
0
0

¥ =
203 = 0

SUdao = 0
SUMAcE = U

Tnas 5UboudTlace PRINTS ThE HBEADING FOR CUTPUT

odpaclraivneg TIiTLE
aaliE {0,10)
rundas (*1%,//5X,*VIHICLE TYPL*,25X,*HWY SYSTZM*,12X,*STATE*,
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Faio: alAbwoil  FUORTHAN B V4/5P CONVERSATIONAL MONITOR SYsTaa

+o VA, *YLAR*,3X,¥*AVERAGE*,6X,*STD DEV.*//)
ant URN
&N

svoaudlads OUT ( A, B, AB, AVGWT,STDEV, IN, IYEZAR, LIROAD,
.- IVEH, ISTATE, SU#8, SUMAB)

RCAL A{1) .8 (1) ,AB(1),SUMB,SU4AB, AVERT

sdIbwbd ib, iYchk, IVEH(3), ISTATE(2), IROAD(2)

(4

wuwi z8ibTe all PASAMETERS IN THE SUBROUTINE.

ddisiaf{o,11) AVEH,IR0AD,ISVATE,IYEAR,AVGNT,STDEV

11 FUBGal (54, 3410,5X,2410,5X,2410,5X,14,5X,F10.4,F10.4)
KusUAN
Lad



APPENDIX 2

SOURCE PROGRAM OF "SHIFTIN'—

A COMPUTERIZED SHIFTING PROCEDURE
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Lkl

(. ¢ .., C:.CC.c.COCC .G CCCCCCGC.COC.cec ... 00 cce . ¢

onirTid fulTRAW 3 VM/SP CONVERSATIONAL MONITOR SYSTE4
rauGaas SdIfaIls (INPUT,OUTPUOT,TTY,PLOT,TAPES=INPOT, SHI00010
JAPLbL=0UT2UT,LAPEZ7=TTY) S5dL0002v
) S4iv0030
SRIQVO4Y
LHLS PaUGEAM DuwssS Tdeg TRUCK WEIGHT DISTRIBUTION SHIFTING SHaVJUSY
PRUCLZDULRE. THZ SHIFTING METHCLOLOCGY WAS DEVELOPED BY SHIQUOBY
faUu a3 OF CoeN{iark *Ck TRANSPORTATICN RZSEARCH, UNDER THE 30400070
SUPERVLISION OF UuR.C.MICHAEL WALTON OF CIVIL ENGINEERING S5ai0viud
Je2aalnusNLi, UNLVERESITY OF TEXAS AT AUSTIN. 3Hi00090
538100100
SHIVO11Q
FJUNCILuN UF THE PuJOGRAM: SHI00140
Sul00130
o 2auGRAN REAUS IN TRUCK WEIGHT DISTRIBOTIONS FROM THE SHIOU 14
w-4 ANU w-3> TADBLE SHL00150
LADLLS AXxe THE SUMMARIES OF TRUCK WEIGHT DATA, WHICH WAS SH.U0160
wuULLBCLED BY WEIGHING STATICNS G’ PORTABLE WEIGHT-IN-MOTION SHIQO0170
AoloniNG 1ACnlacS. BY REGRESSION ANALYSIS, FUTURE AVERAGE SHivv180
{WUCK wBEiGdi wILL OSE COMPUTED AND USED AS A PART OF THE 31400190
LukUl OATaA. BY VAHRIOUS RZIGRESSION METHODS, OPTIMIZATION, SHIVQZ200
CViasVULATIVN, &awd DATA PROCESSING, PRCGRAM /SHIFTIN/ WILL 5dad0210
favdECi THE TKUCK WEIGHT DISTRIBUTION DATA FOR THE PRE- Sni0022v
DiC.£d YEAR(3) . IHE CUTIPUT WILL BE PRESENTED BOTH IN Ssdl0v2s0
iablo> ANu CdAnTS, AND GRAPHS. 5d400240
50400250
Li4E FULLUWLANG OJUIPUTS WILL BE FURNISHED BY /SHIFTIN/ SHLI00.460
SHi0V270
*1. Rall0 CURVE OF THZ INPUT TRUCK WEIGHT DATA ShEIQG200
%2. BEGIZESSICUwN UF LINEARIZED EQUATION FOR FITTING RATIO CURVE SHIQU290
*3, vnl-34UAgce T£ST OF ITEM 2 Sndi00300
4o UPTLMIZALION OF DIFFERENCE IN MEANS IN THE GUESSING PROCEDURSHIOV310Q
3. dsW DIoInIBUTION CURVE (IN TERMS OF PERCENTAGE) SHi00 320
6. Niw DISIR.BUIION CURVE (IN TERMS OF WEIGHT DISTRIBUTION GROU3Hi90033V
SHLI0V3&U
~8 AJUIiLAiuN [V THE HARDCOPY PRINT-0UT, /SHIPTIN/ ALSO PROVIDES SHI00350
aRaPuiCAL QULTPUTS: SHi0030v
*1. ACCU4ULAZED DISTRIBUTICN CURVE SHIO0O037v
#£4e. u25TOu0nAN SHOWING THE WELGHT DISTRIBUTION SHL00380
SH100390
SH100400
210> SAKKED waid AN ARTERISK ARE THE OPTIONAL OQUTPUTS. 30100410
SHIQU4 20
2rounad foHdaidliNy dAS BEEN TESTED WITH TE2XAS TRUCK WEIGHT SHI004 30
VAsd. THa RESULTS WERE THEN COMPARED WITH 1980 TRUCK SH100440
WoiGdl UALA, WIilCH WAS NOT AVAILABLT AT THE TIME WHEN THE SHIOV&>0
dadurkadl WaS DaViLUPEU. THE GOQDNESS OF FIT OF T4E PROJECT- SHi00460
Lud WAo HIGHLY JLSIRABILE. 5H100470
3HIOV48Y
SHi00490
SH100500
Sa100510
P Ty T T N T Y T R 1 1 R IR IIIT SHIV0320
S5H.00530
veosluiza IUN GF LHE L IIFTING METHOUDOLOGY SH1IQ00540

SHIOUS50
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rali:

croCcor oo r o Cnnr oGt onn e craonaGe oot .00 0(

SiifToN  FJURTRAN 3 Vi/5P CCNVERSATIONAL MONITOR SYSTEd
/SHiFL{1lN/ ALLUWS IA0 CATEGORIES CF INPUT DATA, NAXELY, SHI00560
SHIUUS 7O
1. dAW UDATA =--- {RAWDATA), AND SuidY50d
2. CUbFFLICLledTs --- (CCEFFIC) 5HL00590
5400000
fd2 FigsT OQPIIUN, RAWDATA, PERFORMS ACCORDING TO THESD STEPS: SHiOO 10
SHIQUbLY
sla I . 5H4000630
SUBKUVUTINS ,INDATA/ READS IN TWO YEARS OF TYPICAL ThUCK 3ai0do4y
wElods DISIIIBULLION CATA. THE DATA MAY HAVE ONE OQOF THE S5HIUQo2G
FULLUWING NATURZS: 3i40V000
SHLOUBTY
1.0k055 VEHICLE WEIGHT, SHIUYO0HEY
de3aGli ALLE WEIGHT, AND 50400690
3.1lhdsEN ALLZ WEIGHT. SH1I007G0
UIidER ALNFURZATIUN RECUIRED FOR THE EXECUTICN OF /SHIFTIN/ SHLOUT710
13 Ao FOLLOW.AG: Sud00720
1. CPIIuUbs ZELATED TO THZ PRINTING S8HI00G730
4. AVERAGE THUCK WEIGHT FOR THE PROJECTED Y=ZAR 3HIv0740
3. QPTiuNs RELATED TO RPLOTTING Sa400750
SHIOU760
STEP 1il. SHIVO07 70
Sail0760
sUpkuUTiNE /RATIO/ ANALYZES DATA. TRUCK WEIGHTS AT 5% SRI00T790
SRoyUcNCY LNTEZRVALS W~ILL [E OBTAINED. RATIOS OF THE S5hilvolu
WEIGHTS UrF TIWO GIVEN YEARS WILL THENY BE COMPUTED, Sni000610
[d2 GUL2Jdil ILEMS ARE @ SHI00u 20
1. A CJMULATED FREQUENCIES AT S5 » INTEEVALS 5I0UB30
2. wATEST AVAILABLE TARUCK WEIGHT DATA SHaQUB4Y
3. Bast Y2AR TRUCK WEIGHT DATA SHLQUB50
4. BRAT.y BETWEEN THE LAST IWNO ITENMS S5Hi00s60
SHIQUs79
SiaP LII SHIVYB80
3HI00E%0
SUSRCUTINE /REGRESS/ USES THE LAST TWO QUTPUT ITEMS SHIQU900
LoSULD FroM STEP II AS THE PARAMETERS FOR REGRESSION SHLIVOY10
ANALISIS. THE LISEAZ EQUATION YUSED IS: SHivJY 20
SHIU093Y
LN({XATi0) = LN {A) + B * LN (W3T2) + C * WGT2 JHivUyud
SHL00950
NOondal FURd OF TuE ABOVE EQUATION IS SIVEN AS: ShiOuveld
SHIVOYT7U
54100980
RaliQ = B * (WGT2 *% 3) * ELP{ C * HGT2) S HaQ09%0
SHIQ1000
Tde MaThOs OF LIAST SQUARES IS USED IN THE LINEAR 3410101
nJORESS31IJN ANALYSIS. 56101020
T8s wUTPUL OF THIS STEP IS THFE COEFFICIENTS A, B, AND C SHiv1039
FJs Tde Tdu wIVEN YEARS, 1.E. THE LASTEST AVAILABE YEAR SH401040
AND IHZ BASE YEAR. TIHESE COEFFICIENTS WILL BE TRANFERED Sn.01050
v /opldsn/, THE OPTIMIZATION PRCGHAM, TO PROVIDE SOME SHIO01060
woNZadL GUIDELINES POR SEARCHING NEW COEFFICIENTS. Saau16é7v
SHiO 100y
SHLO169Y

+Ho FOLLOWIHG STEPS ARE COMMON TO *RAWDATA* AND *COEFFIC*

Stdaviigu



Ploe: SHLIFT LN  FOuTeAW 3 VM/SP CONVERSATIONAL MONITOR
<

- Siap iV

< .

- iZANSFLR bASEt YEAPR THUCK WEIGHT DATA, WGT2'5, TO THE

™ OP21idaZadsiCN xOUYTINLS /OPTUSE/ FOR SEARCHING THE NEW

< COLFFICIEN.S A, B, AND C.

-~

C sTeup V

(-

o Sel UPrad AND LOWER LIMITS FOR THE NEW A, B, AND C; THEN

C TadadokER Ik LiMITS TO /CPTMSE/.

C 2i5Pp VI

C

- /P 1hse/, wilTtd THE LIMITS AND GENERAL GUIDELINES, STARTS TO
-« SoAdCH FUR THE NEW COEFFICIENTS.

BRERRREABE U KRR R EA SR KRR REEERRRERR KR ER KRR EE KRR R AR ERRE

c.c.

codiiun /ELAGS/ IFLAG(10),NFLAGS
cudduN /CuNSTIS/ A,0,C,ANEW,BNEW,CNEW
wubdus /L1¥Ii15/ AHIGH,ALOW,BHIGH,BLOW,CHIGH,CLOW
Coddud /VARIES/ WGIBASE (20) ,RAT (101)
connos /IND2X/ iVed(3),IROAD(2) ,ISTATE(2) ,IFLG
coddon /WG1LId/ SUMWGT,FEXPWGT,SUMVAR,EXPVAR,CPT
ialackn CUMIAAND (2)

C PavuRad S1ARTS AT TdIS POINT

. ashos INPUL UATA
-~
CALL INEaus (CCAMAKD)
b NoiOr = V

C

C

< JbhiodINE WRICH S51EP TO TAKE.....
e

IF ([CUdnAND.EY. "RAWLATAY)
+ ALl daWDATA
1 1r (ldANDeEye "WORFFICY)
+Laul CULRLFS

C
< cdaCK T:HdE GUCLNZSS—JUF-FIT OF EQUATION BY USING /CHISQ/ ROUTINE
™
C
CALL X3QUARE(N5TOP)
C
C 1aun wULL uYeuTasSis:
C du: A,p, AnD C 4ARE THE TRUE COEFFICIENTS FOR EQUATION
C Y = A * (X *% B) * EXP (C * X)
-
. lr «aL ULALED CHI-5Q VALUE IS TOO HIGH, REJECT THE NULL
o MY 2uTiies LS AdV STOP 2ROCEZSSING
-

¥ (MSIUP.KE.O) WRILE (7,501)
LF (§5TI0F.45.0) WRiTE(6,601)
U1 Fukohi (*1%,//10%,%4,B, AND C ARE ¥OT THE TRUE COEFFICIENTS*/
+104,%0F THE EJUATIGN:*
+10X,35uf = A * (L %% B ) % EXP (C * X )

SYSTEn

SH1IJ1110
SHIO11.0
Sha01130
SHIO01 14
S6iU1150
SHIV1160
SHI1I01170
34101140
5HL01190
SHL01200
SHEiQ121u
SHIO1220
SHEL01230
58401240
SHIVU1250
36401200
56401270
SHIO1280
SH10144%0
3HIV1300
3H101210
SHLU 1320
SHIO1330
SHI01340
5H401350
3HL101360
SHa0137¢C
Sh101380
34101390
SHi01400
SHL01410
SHiL01420
Snid1430
SHIO1440
5101450
SHiV1460
Sdl01470
SHI01480
Said1490
SHIQ15v0
5H101510
SHi01520
SHI01530
SHa01540
3E101550
SHLO01560
3hiu1570
SHi01550
3Hi01>590
SHav 1600
3HIO1010
SHaV162V
SHIV1630
SHL01040
SHIO1050
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Faws: oauFiiN  FORInas B VM/SP CONVERSATIONAL MONITOR SYSLEHM
+,) Siavlood
LE (N3iUP.NE.O) STuP SHIO 107V
[ 12 JdULL nYPUTawsIs CANNOD BE REJECTED, PROCEED ON AND SH1O01ou80
- uslTAis Tuo CULFFLICIENIS FOR THE FrUTURE YEAR 5dav1690
. SHIO1700
o SHIO1710
cALlL UPLTUIE SHa01720
< SHIO1730
C oo SGIAVUILNE sCALWGT/ TGO FIND THE EXPECTED VALUES SHIV1740
[ 540401750
CAuL CALWGT SHi01760
C SHI01770
C £LlaU od3 TXPLCLED S-CURVE AND THE PLCT THZT CURVE S5hivl1780
- SHI01790
Laul S5eUKVE SHL01500
< SHIV1310
+2LuT = 10 5al01820
Ju lu L=1,NFLAGS Sidi01830
Lo {IFLAG (I).EQ. 'NOPLU' )} IBLCT = 0 SHIO1840
1 CoNIlunUs SHi01850
Lr{ IP2LuT.NE. G) CALL SELOT Snivl1360
< SH1IU1870
C 5101680
Cawuu CUNCLUD SH1I01890
< SHI01900
C SHid1910
+ies = 19 SHIO19zu
w9 11 I=1,NFLAGS SH101930
ir(IFLAG (i) EQ. 'NUHIS') IHIS=0 3HLO1940
11 cudlidle SHIO1ya0
+F(IHL3.88.0) CALL dISTOGH Shad 1900
Aglie (7,092) SHIV1970
bue fURAAL (///10X%,*1RUCK WEIGHT SHIFTING METHODOLOGY* SH4U1980
t/ lug,*ra0GuAdli ,3UlFTIN/ VuRSION 1% SHLi31990
+/1u4,*alGus 1, 1981% SHL02000
/104, *CuaV.L ENGALNEERING DEPARTMENT* 3di04010
+/10&,*¥2ul UNIVERSITY OF TEXAS AT AUSTIN®//) SHL02020
999 s1uP SHI0£030
aND SHIQOZU4Y
C SHIQ2050
< SHL0Z000
(It 2T I s 2R F2 iR E R L2222t T 2222222222222 222222222 2d.02Q079
c SHIL2080
[ A 2JBo0Ulins STARTS AT THIS POINT SH10209%0
C SHI021Q¢0
R Y T R s I eI 2T P SHi0<110
C SHiOZ140
< 3HI0<130
sdonvUlINS AAWDATA SniQcldV
< SHIOZ15¢
C SH40c100
C 54402170
cuuduN /CUNS.S/ A,E,C,ANEW,BNEW,CNEW SHi1I0218V
Cvadud /Lidiis/ AHLIGH,ALOW,BHIGL,BLOW,CHISH,CLONW SHL0Z .90
Cuddauh /TKWeLS/ TKWGT (2,101) ,KGTPROJ (101) SH102200



riued oalcadd FURTRAN B VM/SP CONVZRSATIONAL MONITOR SYSi:zd

conifiul /VARLLS/ WGIBASE (20),RAT(101)

<
-
- I44S S3UoaGJTINE HANDLES RAW DATA ACCCRDING TO STEP I - STEP IV
[
< duAu AN Tus LALLST AVALLABLE TRUCK DATA AND THE DESIRABLE BASE
C faR DATA
C
- oTuk o = STZ? 1l Adc OPERATED BY /RATIO/
- cabi SUBRUUIINS /RATIO/
<
CALL ®aliv
C
wu 10 I=1,20
W = 1 * 5 + 1
WGL3ASE(L) = IKWGT (2,1I5)
1v CUNILNUE
C
[ Use SUBRUUYTINE /nEGRESS/ TO FIND THE RATIC CURVE
C rvad uf EQUATIun:
C RAl = A * (LKWGT2 ** B) * EYDP (TKWGT *C)
[
C wHoikE A = X (1)
C 3 = X(2)
e C = X(3)
<
- walbl /aZOnE35/
CALlL BLARESS
-
[ oaT dP2 LisITs FUR A,B,AND C; THEN RETURN TO /SHIFTIN/
[
dAawssa = 2.0 *
AuUW = J.5 * A
3ralGH = 2.0 * g
s.ubk = U.> * 3
Cualvu = 2.0 * ¢
couldd = 0.5 *
-
C
acTURN
LoD
[
C

CEERRRE AR SRR E R R R KRR R R KRR KRR Rk KRRk kKRR Rk
C

C s SUBROUUTINE STARTS AT THIS POINT

e

CEBAFFURUBURR AT R RRR R AR SRR KRG KRR R R AR E AR kR R kR R Rk k kK &
-

“

oUBaulUIIds CUSEFS
c lul> >UpnUUTiN: HAJDLES COEFFICIENTS AND WEIGHT DISRIBUTION
C suOUr ACCURVING TO STEP V - STEP VI

SHIO0Z210
50402220
3di04230
SHIQZZ40
58102250
3HL0Z2200
SH.02270
51i02280
SHL02290
SHi02400
Sha10310
SHi02320
SHi0330
SHLIQZ2340
SH102350
30102300
SH102370
SHIO0LZ330
Sdiv23s0
SHIQZ440
SHIO0Z410
Sdi02420
SHLQ4430
S5ul02440
SHIO02430
3HLU460
SHL02470
3Hi024 9V
SHIuZ490
SHiLV2500
SHI0Z510
3HiL02520
SHi102530
SHiV2540
Sida0e550
SHI02500
SHL02570
Shi02500
SHL0Z5%0
SHIO0ZoU)
5hHa0c010
3HIQ0Z020
SHIOZ03V
SHL02640
3H10z650
3H402¢e060
SHiIvZe7U
SiHIvu2660
SHi02640
S3H1I0270Q0
SH102710
SHIJ2720
SH.02730
SHL02740
SHi02759
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Pivwa: vaai il FORIRAN 3 VM/SP CCNVERSATIONAL MONITOR SYSIEM
< 5H102760
cudiun /CuN3iS/ A,3,C,ANEW, BNEW,CNEW SHI02770
cuddMun /VARizs/ WGTBASE (20) ,RAT (101) SHL027d0
cuaaUs /FLags/ iFLAG(10) ,NFLAGS SHLI02790
CuadCN/INOEX/ LIVEH (3) ,IROAD(2) ,ISTATE (2),IFLG SHILI02800
cubtiaun/L13.05/ Aarvd,ALOW,BHIGH,BLCW,CHIGH,CLOVW 50404810
DanidhoIUN Ifal (2) 5HI02820
- S5HI04830
< ieav 2N CUEBFFICLENTS A,B,C ShaQ2840
izad (5,100) a,B,C SHi02850
Wy Fucadl(oF10.4) SHiO0.860
o aZnd an LABsL3 UF DATA-- E.5. TRUCK TYPE, dWY SYS, AND STATE. SHL04287Q
. 3Ha02880
iEa. 101,1YZA%, IKOAD,IVEH, ISTATE, NA SHL02590
W1 FOrRMATI (i4,X,2a419,3410,2A10,15) SHLi02900
C ¥cdJ) IN Tnr kZabiNo FURMAT OF INPIT DATA SHa02v 10
achu (v,102) IrMI SHI02920
Tv2 FuRaATl (sAl0) 5H.02930
< asad Ia TRUCK DISTRiABUTION GROUPS SHaO2940
hiaD(o,IFai) (WGTBASE(L),I = 1,NA) SHI02950
[ osi UP LIJLTS FOR a,3,C, AND THEN RETURN TO /SHIFTIN/ 3404900
o Shi02979
Auiou = 2.0 * A SH10.980
Anua = 0.5 * 3 SHI0£Y90
3.4iGa = ¢.0 * B 3HIV3000
JLUW = U.D * b SHIV3V10
Cdaiva = 2.0 * C Sua03029
CuuW = 0.0 * C SHIQ3030
< SHI03040
< 3Hi03050
o sTUKN SHIQ3060
PRy SH.03070
o 3HI03000
< SHI03090
CRERR AR YGRS AL R R R R A KRR R KRR KR Rk Rk k Rk kR kK kkk kK &k SH‘\)3100
< 3HI103110
o A SU3sVUTINL STARTS AT THIS POINT SH1U3120
C SHL03130
C*##*A‘###‘##‘##*‘***‘****“““““““““““‘tt“‘t“ SHi03140Q
< SH+03150
[ SHiL03160
C 358403170
o SHi03180
CoReXR R RN REL KRR R AR A AR TR R KRS R KRR kR kR Sk k kR Kk k kK & SH203150
oUsnalULIne RATIIC SHI01200
< SHaiu3£10
c SH103220
< foes Pavuwndd IS MOULIFIED TO dJANDLE THE RATIOS IN A SHIO03:.30
C i Ex dabhdsa,. Tndl IS, INSTEAD OF USING 5 PERCENT SHLU3240
C LniEaVaLs, 11 JSeS 1 PERCENT INTERVAL. THE REASON SHI03250
[ JF ULasd 1 2uxCiNT INTERVAL IS TC CBTAIN A MORE SHIOJ3 60
- caolCaSc RLuR&3510N ANALYSIS AND A BETTER SHAPE OF SH103270
[ aClUnULALBD FauQUENCY CURVES. DATA:JUNE 18 1981, SHL03280
C SHL03490
< SHa03300
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SdLFLI4 FOoTAAw B VM/SP CONVERSATIONAL MONITOR SYSLcH

fHi5 2EOJECI L[5 A PAKRI OF THE DEVELCPMENT OF A NEW SHI03310

3aLFTauy ¢n0OCLuURZ FOR TAZ TRUCK STUDY. THE ACCOUNT SH.03340

wldseit UF Tii #xGJICT IS5 241, SH103330

SHI03340

3HI03350

SHIV3360

CUsBON /FLduS/ LFLAG(10) ,NFLAGS 54403370

oudnud /BasIc/ wDIST(35),SAMSIZ (35),N, NGROUP SHI03380

cunnudl /TKWST/ VALUE (2,101} ,¥GTPKOJ (101) SH.03330

CuanU¥ /VARILS/ WGTIBASE (20) ,RAT (101) SHL03400

uidGN /I4DEX/ LVzH(3),IROAD(2),ISTATE (2),IFLG SHLO3410

LBoLNSLUN YsUd (35),Y(35) ,ACFREQ(101) SHL03420

vLdZ¥5LCN GVW(<,33) ,AXLE(2, 16) 5HIO3430

DidodsIud IYEAR(<), I1(2),I12(2),ILIGHT (2),IHEAVY(2) SHIO3440

vala (GVw(1,4),I=1,30)/4.,10.,13.5,20.,22.,24.,26.,28.,30.,32.,  S5hi03450

+3%.,30.,30.,40.,45.,50.,55.,60.,65.,7C.,72.,75.,80., SHi034060
*35.,20.,95.,100.,105.,110.,115./ SHL03470

Jala (UVA(2,s),1=1,26)/10.,12.,14.,16.,18.,20.,22.,24.,26.,28.,30.5Li03480
+432.,40.,43.,%.,55.,060.,65.,70.,75.,80.,55.,90.,95.,100.,105./ SHiI03490
JalA (AXio(1,1),I=1,13)/3.,7.,8.,12.,16.,18.,18.5,20.,22.,24.,26.,5HLi035G0

+3U.,35./ 38103510
vaiA (ALLE(<,I) ,1I=1,16)/6.,12.,18.,24.,30.,32.,32.5,34.,36.,38., 3HI03520
+aU. B2 440,404 ,00.,55./ S5HI0.530
wu Y9y K=1,2 SEIV3540
acial o1,IYEAR () ,IROAD,IVEH,ISTATE,N SHI03550
or (LY ZAR (K) «L2.<000) 12 (K)=IYEAR(K) SHI03500
LI (IYEAR (K) .Le.2000) GO TO 4 SHL03570
.1 (&) =LYEAR (K) /100 SHI03580
1o (K) S2YZaR(R) - (I1(K)*102) SHL03590
L1(K) =I1(x) + 1300 SHI03600
icn) =12 (%) + 1900 SHLI03610
L (a1 (R) L2 1900, AND.I2(K) .GT.1958) PRINT 900 SHIV3620
FudMAT (*1%,10X,*THEZ DISTRIBUTION GRCUPS DO NOT FIT* 5HI03630
<% rOu THE INPUI DATA. SCRRY. *) SHIV3640
aF (1V(K) eLE.1953.AND.I2(K) .GT.1958) G0 TO 9999 $Hi03650
READ 21,1IFLG SHIQ3660
LF (LFLS.Ey.23000) GU TO 601 SHI03670
L (lFLS. Ew-0000) GO TO 602 SHa036860
+i (LFLG.EL.3000) GU TO 603 SHIO036Y0
&2AD 54, (WDi3i (i),I=1,N) 3HI03700
sV Iu > SHL03710
wu o1V 1=1,13 SHI03720
wuisl (1) = AXik (1,1) SHI03730
NoaCUP = 13 5hi03740
sV LU 5 SHI03750
w2 012 i=1,1¢ SHld37e0
AIsa(I) = AXLE(2,I) SHa037720
NuxOQUP = 16 SHIO03730
w TO > SHL03790
Lf (IYCAR (K) -LE. 1923) GC TO 620 SHI03b00
wu bls L=1,50 SHIO3s10
WuIol (4) = oVw(1,I) 3had3820
CUNILNUE SHI03830

savlP = 50 SHIO3u40

su 10 > 34403050
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Floa: SHIZIIN FuaIkal B VM/SP CONVZRSATICNAL MONITOR SYSTeM
ved JJ vle I=1,20 SHIO3wsb60
014 wuLsI(4) = oV (2,I) SHI03870

NGxQUP = 26 SHiU36s0

2 acldlU 2¢, (3AnSiz (J) ,d=1,N) SHIV3850
snival (K) =0 SHL03500

wO vV I=1,d S>HIVU3910
aF{1ribal {h).uc.0) GO TO 65 SH103920
iIF(2ad512 (i) -GT.0.0) ILIGHT(K)=I SHi03930

o> Ir (248512 (I).G1.0.0) IHEAVY (K)=I SHIU3Y40
oV cudliNde SH103950
sUBB=0.0 $SHLO39060

bu 1V I=1,H SHLIV3970

1Y) SJdb=s3UME + SANSIZ(I) 58103980
Du 11 I=1,N 5HL03990

£(l) = SAASIZ(1l)/>JMB * 100.0 SHIO4000

11 Cul{idUc 504048010
sdd(h) = (1) SH.04020

DG 14 1=2,8 SHI04030

1o 1sUN(L) = YSUU(i-1) + Y(I) SHIO4OLD
4=1 SHIQ405vV
vdzlk = 0.00000001 SHIQ4Q0bY

i=1 SHLV407¢

pAY) Ir(d.2y.2) CHELK=CHECK - 0.00000001 SH104080
Lt (CasCK.sT.100.1) GO TO 99y SH404090

s (LeaN) Gu [0 41 SHLO4 100
Ir(YoUd (L) - CHECK ) 40,41,42 SHIO4110

4 i=1+1 SuLO4120
su I0G &0 5041350

41 VaulUE(£,d) = d0iST (I) SHLIUG140
d=i+1 Sulos150
CaosCK = CAECK + 1.0 SHIO4160

vu 10 «0 SHIQ04170

G4e f5Un11=0.0 SHi04 180
LF(L.GI. 1) Y3UML1=YSUM(I-1) SHIO4 140

~¢ 1504 (I)-Y50UMI1) 40,20,43 SHL04200

43 Aldi=v.v SH104210
irf(i.wvi.1) AIM1= WDIST(I-1) SHIu4L20
VALUL (K, M) =ALd1 + (CHECK - YSUMI1)/ SHi04230

< {¥aUd (I) - YSJdAL1) * (WDLST(I) - AIM1) ShiQu424u
Aa=a+1 SHIQ425V
custK =CuLusCK + 1.0 ShiO4200
VTV SHi04270

9vJd  LUNTINUE SHIO4 .80
vu 3u Li=2,101 SHL04290

Ju %&T (1) = VALUE(1,I)/VALUE(2,I) Su.04300
SH104310

Laadlay = 0 5HL04320

Ju 32 L=1,NTLAGS SHL04330

al (oFLAG (1) 2w« "'NURAT'") IRETURN = 999 SHLO04340

3z Cunllials Shid4350
ir (IRETURJ.0E.V) GO TO 3999 SHIO4300
Pasni 4vJ SHiO4370

49y JUndAI(*1*,,// 10X, *KULTIFLIERS OF THE INPUT TRUCK * SHLO43b0
+*hcledl VALA%/, 10,42 (*=%)/) SHi04390

PraNL 500, 4Vid 5HL04400
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onaerT.N  FUXTRAN

PHLNT 2U0,IR0AL

caadNI 2UJ,15TA%1e

FUKAAT (154,0a1Q)

Ju 3o £=1,2

ib (2Ynar (K) coD.4000) PRINT 510,K,I1(K),I2(K)
LF(LYEAR(K) .L1.20U0) PRINT 515,K,IYEZ3R(K)

CuNLLNUE

sr («FLo.b2.9000) PRINT 520

SURNAT (/,17X,*ACCUMULATED*,6X,*YEAR (1) *,7X,*YEAR(2) *,
+i,*{Lac (1) /XEAR(2) */,17X,*FREQUENCY*,8X, *GVW (KIPS)*,
4£,#SVn (RIPS) */)

Lf (IFLG.EQ.3J0V) PRINT 5138

PURHAL (/,17X,*ACCUMULATED*, 56X ,*YEAR (1) *,7Y,*YEAR(2) *,
4K, *Yoac (1) /Y243 (2)*%/,17%,*FREQUENCY* ,8X,*SAN (KIPS) *,
wK,*¥SAd (alP3) */)

if (LELG.EQ.0000) PHINT 519

cUndAT (/4 174 ,¥ACCUAULATED*,6X,*YEAR (1) *,7X,*YEAR(2) *,
4X,*YEAR (1) /YZAR(2) */,17X,*FREQUENCY*,8X,*TAW (KIPS)*,
+K,*LAN (alF0)*/)

acrhaed(1) = 9.9

PRrInNl 400,ACFREw(1) ,VALUE(1,1),VALUE(2,1)

du 20 1=1,20

ACKarY (L) = ACimEQ(X-1) + 5.0

12 =1 + 1 =3

¢raNI 4J0,ACFuEY (+) ,VALUE(1,I5),VALUE(2,I5),RAT(IS)
cubIINUe

Lu1=ilIGHI (1)

2sLZ=.2L13aT (2)

~di=LHEAVY (1)

e =iHEAVY (2)

a411=0.0

IF(IL1.§E. 1) AN11=WDIST (IL1-1)

aa1=0.0

+f (LL2.N&.1) A21=WDIST (ILZ2-1)

2uddii 324,A11,w0IST(ILT) ,A21,WCIST(IL2)

SaINT 521,W0I3T (IH1-1) ,WDIST(I41) ,WDIST (IH2-1) ,WDIST(IH2)
FURMAL (»X,3F15.4,06X,FB.2)

rJaAMAL (I4,X,2410,34A10,2A106,15)

sVndAL (1cF0.1)

FUndAL (/15X ,%YEAR (*,12,%¥ ) = *,I4,*% - *, ]4)

Fusdal (/154,*(EAR (*,I2,% ) = *,I4)

FYadALl (/Ya,*Tdo LIGHTEST TRUCK*/9X

s ¥aroCuudel IS LN THZ *,/9X,

*0I5LAIBULICH vBCUP: *,F5.1,*%-%,F5.1,

3L,T0.0,%-* ,F>.1/)

fundAar(/ 9L, *THe HEAVISET TRUCK=*/9X,

*golUxwid IS IN 1HE *,/9X,

#p.Sde.BJL1i0ON GROUP: *,F5.1,%-%,F5.1,

3X,FS.1,%=% ,F5.1)

driJan

LAy

e e S e s e R S E e R 2R R S IR RS IR 22

C
C

a SJLRCYLINE ScARTS AT THIS DOINT

VM/SP CONVERSATIONAL MONITOR SYSTEM

SHiQ44 10
SHIQ442Q
SHi04430
SHLO4uw4Y
SHIOW4L0
Sd4104460
SHIV4470
Sal04480
5 HL04490
SHIQ4500
SH404510
Sdi04520
SHI04530
Sdi0us49
5Ha04550
SHiI04560
SHl04570
SHLQ4560
SHIO4590
SHi040U00
38104610
SHIV4620
Sallu6e30
SHIO&640
3H.04650
Shl0ub6v
SHIU4070
SHIO4080
SH.O4639V
SH104700
Sai04710
SHRIO4T720
SHLI04730
SHL04740
SHIO«T750
SHi04760
S HAVY4TTU
SHIV47s0
SHI04790
ShiV4sd0
SHIOuWE10
SHIO4820
ShI1o4830
SHIOW840
SHIO04 850
SiiiQbob0
SHIQ4870
SH104880
SHiQ48%0
SHLiO4900
SHi04910
2hi04920
SHIV4930
SHaU4940
SHIV4950
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SHLFIIWd FOUXTRAN B
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1.

syunudlINa KEGHRBSS

far» SUBAVJTING DJFS THE AEGKESSIOK ANALYSIS FOR THE
dAiHoMAIICAL 40Drl. THE METHOD OF LEAST SQUARES IS
CUMHUN /VARIZ5/ X(20),Y (101)

CudMuN sCUN3TS/ A,5,C,ANEw,BNZW,CNEW

Z8PLOYEZD IN SEGKESSING LINEAXR EQUATIONS

UiMEa3Iud aRsu (20) ,YREG (20) ,TRANY (20)
+,00ANY(c0),AnAT (3,3),BVEC(3),CVEC (3) ,AINV (3, 3)
CUAdUN/FLu3/ IFLAG (10) ,NFLAGS

SseLaCl DATA Fuh ANALYSIS, FIND THE MEAN AND STANDARD DEVIATIOM
OF VariAuLEs -~-- SET UP CRITERIA TO ACCEPT OF REJECT

sy = 0.0
o&LoalT THe dobULe PARI OF DISTKRIBUTION AND USE DATA IN TiE
acelun L0 COMPULE MEAN AND S.D.

vo 1 I=5,1y

i»> =1+ 1 x5

Ando(s) = X (1)

Yapu (L) = ¥ (I9)

2Udr = 3U8Y + YIREG (L)

Cuplandll

COnPUTZ 4EAN

foad = 3UJdY /7 15.0

wviaelTe STANUARL DEVIATION OF Y'S

153400d = Y5333UM + (YREG(I) - YBAR ) ** 2.9

CcunTidUe

ou = ayxal (Y5508 / 14.00)

52k UP? LldIis FUR ACCEPTANCE, 90% CCNDIDENCE INTERVALS
Iur = Y8AX + 1.36 #* SD

sUlIld = YsAR - 1.Y6 * SD

a2JelCI fRas VALUES THAT ARE NOT IN THE 90% CONFIDENCE INTERVALS
Iai =0
fuad Du LUCP KEJECI/ACCEZPT VARIABLES THAT ARE TO BE REGRESSED

v 1z 1=1,20

12 =1 + [* 3

Lr (Y (id) .sT.4s0P.OR.Y(I5).LT.BOTTUM) GO TO 12
Ly = KT +1

Anou (4KI) = L(1)

Yacus (ILs) = Y (Io)

CualilNug

Jogo LEAST S UARE METIHOD TO FIND A,B, AND C
Fuid UF BJUATIud:

VM/SP CONVERSATIONAL MONITOR SYSIEA

Stli04 900
SHi0970
SHIV49380
S3Hi0494%0
SHi05000
SHE105010
Shi>020
SHI05030
SHi05040
SHIO5U50
SHi0>5000
SHIO507V
SHIV5080
SH405090
SHIOS 140
SHI05110
SHe05120
SHIOS1350
SHIOS140
SHL05150
SH105160
SH105170
SHi05150
SHL05190
SHa05200
SHIV5210
SH105240
SH10530
SHIO0524¢
SHI05250
S$hi105260
SHI05270
SHI052480
38405290
S5H105300
3H.05310
$4£105320
SHI0>330
SHL05340
3H10535¢9
SHIO0»3060
Sai05370
SHL05380
30405390
SHa05400
SHLO>410
SHiv5420
SHIQ5430
SHL05440
SHLUDU50
5HIO5460
SHL05470
51105480
SHIO5430
5 HL05500
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oo cc

ncoocooaoc

cCOCc.

15

1s

ouslkTaad  FURTRaN 3B

Yhes = 4 * (LRe5 ** B) * EXP (C * XREG)

widear FUkdl OF LBZ EQUATION:

Lw(Y3EG) = Ln(A) + E * LN(XREG) + (C
fHis vU LLd¥ S»IS UP NATURAL LOG VALUES
Lo 13 . = 1,i4T
184X (I) = ALOG (A&2G (1))

LaaNY (i) = ALOu (YREG(I))
CudTiadg

iside TRANSeOdcD EUATION IS5 REPRESENTED
I = & + X + CY

Wdgak T = TRANY

X = TRANX
I = XREG

1nl3 pCaliud OF THE RUUTINE INITIALIZES

CJdX = 9.0

Ldadl = 9.9

cddT = 0.0

CcJyidsy = 0.0

culiXy = 9.0

cJddXl = v.0

CUMNYT = 0.0

cidioyg = J.90

cddlse = 0.0

idi&Sc DV LOOPS SET UP THE 3X3 MATRIX

w0 14 i=1,IKI

cdal = CUdL + THRANY (I)

cdaa = CJuX + ToANL(I)

cudl = CUMY + XaEG (1)

cduio, = CUALSy + TRANX(I) * TRANX (I)
cuaXY = CYdXY + TRKANX(I) * XREG(I)
Cuadl = CUAXy + TRANX(I) * TRANWNY(I)
cudY¥T = CUdYT + XKLKEG(I) * TRANY (I)
Cdiisg = CUAYSy + XREG (1) * XREG(I)
Cddioyg = CUaAlsy + TRANY(I) * TRANY(I)
CUdIliNUL

* XREG)

CF YREG AND XREG

AS:

THE PARAMETERS

Ldis JART OF RCUTINE SETS UP MATRIX AND VECTOR

adai(1,1) = FLUAT (LXT)

a¥as(1,2) = CUHX
adaTl (1,3) = CUAY
Adas(2,1) = CUAX
AdAT {2,¢) = CULKSY
Adai (2, 3) = CUMXY
AdAas(3,1) = CUNY
avalr (3,2) = CcUMXY
adatl (3,3) = CUMXISY

V¥/SP CONVERSATIONAL MONITOR SYSTENM

SHIO0S510
SHIQS55¢0
5hr105530
SHIO5540
SH105550
SHi105560
SHIOS570
>H403500
SHiL05590
SHIVS5000
SiHi05010
SHLI05620
SHiO>030
SHi05640
SHIO05650
SHI056060
SHL05670
SHIU5680
Sda05690
SHIJST700
SHIO05710Q
SHIO0L7Z0
SHIOS73v
SHIO>740
SHiU5750
SHL05760
SHIOVSTTV
SHI1I0578Y
R VOLYEIV
SHI05800
3ha05310
SHIOL820
SHI05830
SHLIO5840
SHIVS850
SHL05860
SHIO5870
SHIV54380
SHiU5490
SHiIv59UQ
3HI05910
S HL05920
SHi05930
Saa05940
SHi1v5950
SHi105960
54405970
SHL05980
SHi0594%0
S Ha06000
SH106010
58400020
3HIV6030
SHIvoO40
SHAObOQO
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Flen: saifliN  cORTuaN 8 V¥/SP CONVERSATIONAL MCNIIOR SYSliEd
CViC (1) = CUNT SHIO6U6Y
cveoe (4 = CUMKT SHIV0070
cioe (3) = CUsYT SH.0608v

C >3HI06090

C Caib sfauATiNV/ TO FIND THE INVERSE OF MATRIX AMAT SHi00100

C 3HI06110
CALL dALIoV (AuAT,3,AINV) SHIO61£0

C Shi0o0130

C cl&u TdE UNKMOWNS EBY MATIIX MULTIPLICATION ShiQb140

< SHIO0150

C (bVEC) = (ALNV] ® (CVEQ) SHiOb 160

C SdIue170
waLi AATHUL (ALNV,CVEC,BVEC) SHi06180

C SH106190

C uyeUALE VALUES FUR A,B,C,AND THEN COMPUTE THE R-SQ VALUE SHI0b2U0

C SHiuoZ10
A = z42 (oVrC (1)) 54106220
B = bVil (2) SHIO0239
C = BVl (3) Sui0o240

C Shi106250

C %L e x kxR kK ok SHI0o0200

C Sdide270

< ld¥sinr I'dE %-5y EQUATICN HERE SHi0b6.280

< SHi06290

- B Ak % gk Ak ok ok ok K ok Rk K kKoK kA SHI063U0

< SHIOo0310

o cdeCK ¢JAINTING uPTiONS AND ACT ACCORDINGLY 54400320

C SHivVo0330
Lass = 0 SHiOo340
v 15 L = 1,Nrfuad6sS S04i06350

SHI06300

Le (IFLAS (L) .bwe."NUREG') IKEG = 10 SilI06370

15 CuNLINUZ SHI06380
ir(isss.E9.U) CALL REGCUT (AAAT,BVEC,CVEC,AINV,RSQ) SHI00390
Hellan ShiOoel0y

Snd SHLI064 10

< 5H106420

o SHiQ643v

WA A R g % BN N A AR A A e o R o o A R oo ok ok ok ok ok ok SHIOoad40

C SHiOo450

< A SUBXUVUTINE STARTS AT THIS POINT Sdi06460

[ SH106470

CREREE R R EaE R R R R KRR KRRk Rk R ok R Rk Rk kR Rk kR & SHIOo&480

C SHIO6490

C SHa06500
oUbnGULINE RESUUT (AMAT,BVEC,CVEC,AINV,RSQ) SHIO6S10

C SH406520

- 1dls oUsSdOUTINE PKINTS CUTEUT FROM /REGRESS/ SHI06530

v S5HI06540
ViuoNSIUN AHAT (3,3),BVEC(3) ,CVEC (3) ,AINV (3,3) Shi06550

< SHIUVGS50V
2eaal 100 SHa0057¢

1Wo  FJadAl (*1%,//10%,*REGKESSION ANALYSIS TO FIT MULTIPLIERS %, Sallo54dd
+¥ U810 AN ZQUATLUN*/,10X,55(*=%),//) SHIVb53y

2alac 101

SHI066U0



slas: onisdlld FOZlAaWN B VM/SP CONVYERSAZIONAL MONITOR SYSTEH

161 Fond¥ar(1GX,* &4 - HATRIX [ 3 X 3 ]1%/)
vy 10 1=1,3
2Aiwl 102, (ANAT (L,Jd),Jd=1,3)

142 FUddl (10X,3F15.2)

1v CUNLiNUs
2ualdl 103

W3 Fonads(/19X,*1aVEaSE OF MATRIX A [3X3]1%/)
bu 111 = 1,3 .
Z3a81 104, (AINV(L,J),d=1,3)

n Culiaddsd
2aLNI 104

104  FURHAL(/10%,* C- VECTOR®)
vo 1L =1, 3
2RINI 104,CVEC (L)

12 Cunladla
2alnt 105

1o Fundal (/1uX,*FUIY4 CF MATRIX MULTIPLICATION®*/,10X,29 (*-*),
/10K, % AISV (LVEC) = (BVEC) *//
+,10K,%0-VECIOKk (COEFFICIENTS A,B,AND C)*//)
2alul 106, (BVcC (L) ,I=1,3)

1o FouaAl (10£,*Ly(A) = *,F10.4/14X,*B = *,F10.4,/74X,%C = =,

+7i10.4//)
AELUAN
anNd
C
-

R T T Ty R Ry P P T PR TR I 3
C
- A SU3RVUTLNe STARTS AT THIS POINT
C
M Ty T R P T Ty
¢
C
JUbaUJTLINE CPTHUSE
cuadua fUNE/ X,Y,S,FX,FY,N,KOUNTS,LIN,NDRV,H,SIG,DELG
UirsaN3iu X(10) ,Y (10} ,5(10) ,SIG(10) ,DELG (10) ,H (10, 10)
voddos /CUNSTS/ A,E,C,ANER,BNEW,CNEW
ColdUN /WGLILIA/ SUAWGT ,EXPWGT,SUMVAR,EXPVAR,CPT
ceddld /VARIES/ WSTBASE(20) ,RAT(101)
wuidaod /LIiITS5/ AHIGH,ALOwW,BHIGH,BLOW,CHIGH,CLOW
Coeovweeuw?PisdIZATICON BY 'IHL PCUWELL METHOD.....
o *¥% NoxV 15 A RADUNDANT PARAYETER WITHIN THE POWELL METHOD
AvdNes=0
LeudVe=2
s108=1.3

LIN=D

A(1) = a
Afc) = B
L£(3) =<

2uidr 50y
507 FuadaAT(*1*/,10K,*KESTLTS CBTAINED FROM THE POWELL METHOD=*/
+H,10K,00 (*=¥%) /)
cala 3aCUdD (A1)
CALL rUWSLL(SIEP,ICCNYG)
Axaw = X (1)

SHiOuwo10
Sai06620
SHIOo63V
SHIOboU4O
544000650
SHL0wb60
SHIObO70
SH1Uobosy
SHdI0b0Y0
SdI100700
SH406710
3HI06720
SHi0o730
3HI0L740
SHIOW750
SH.00760
SHIO0770
5d106780
5HL06790
SHIV6800
$d4i06810
5al06820
SHIOL330
SHIVo840
SHiQo850
5HIVOb800
3Hi06570
3SH100830
Sd.06830
SHIOBSUO
SHilw910
S106920
SHI06930
>HI0uy4)
3H106950
S5HiI00960
3H406970
SHI06980
SHIQeY90
ShaV7000
SHL07010
50407020
58407030
SHIO7040
SHIV7050
SHIQ706V
SHI07070
SH40/080
SHIO07090
SHiv7100
SHIO7110
SHIO071.0
SHi07130
SHIO7140
Sul07150

125
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fans: oaaFIN  FURIRAN B V4/SP CONVERSATIONAL MONITOR SYSIEHM
oicd = X (<) Shi07160
cand = X (3) SHL07170
CALL s52Cuab (A2) SHI071360
PRIal 000,41 SH10719u
2dlws ©01,KSUNTS,LIN,FX, (X(I),I=1,N) SHI07200
Paisl ovZ,a2 Shi07210
SRANT 30, X(1) ,X(2) ,X(3),SUMKGT,SUMVAR Sui07.20
30 FundAL(///710X,*COSZFFICIENTIS OF THE EQUATICN®*//20X, SHI07430
t* 4 = *,f10.4,/20X,* B = *,F10.,4,/20X,* C = *,F10.4, SHLQ7.40
t//cdn,*aVoRAGEe WEIGHT = *,F10.4/,20X,*VARIANCE = *,F10.4//) SHIO07250
QU FuRdarl(14a IidE IS NOW =,F20.3) SHLO7260
oul ruadAil (/// I10,48d FUNCTION EVALUATIONS WITHIN POWELL ROUTINE ANDsSal07270
1,/ I10,47d FUNCTICN EVALUATIONS DJRING THE LINE SEARCHES. SHIQ72a0
Z /7 1804 FUNCTICN VALUEZ = ,E20.8 SHIO7230
E) /7 lod VARIABLE VALUES:- (X,5E20.8 )) Sai07300
buc¢ FUREAILI(/// 14H TIME IS NUW = , F20.8) SHI07310
geldaN Sui07320
LD SH107330
% SHIQ7340
AR A S A o K K K R R K Rk K K SHL07350
C SHL07300
C A SUoHsUTLNE SITARTS AT THLS POINT SHLIV7370
< SHL107380
CRH SRR R AR R R R R AR R o ko o ok ok ok ok ok ko SHi07390
I SHi07400
oUpauwUIINE PUWLL (STEP,ICCNVG) SHIO7410
CwadUn /ONE/ X,Y,5,FX,FY,N,KCUNT,LIN,NDRV,DIRECT,BEPORE,FIRST SHLQ7420
JifZwuIuN £(10) ,Y(10) ,5(19) ,DIRECT(10,10) ,BEFORE(10) ,FIRST {10) SHLIO7430
1 ,¥W(10) ,SECND (10) SHIQ7440
oWwdiVALENCE (W,5CND) Said7450
. **x § = THE NUJABik OF VARIAEBLES. SHi0 7460
o Ruddi = Tdo wUMNosok OF FUNCTIONS EVALJATIONS NOT IN LINEAR SEARCH. SHIQ7479
C LouNVu = THE F.NAL CONVERGENCE TEST DESIRED. SHIV7480
C = 1, TZ5d4INATE AS SOON AS TESTING IS SATISFIED. SHIO7490
[ = 4, A3 300N AS THr TESTING CRITERIA ARE SATISFIED INCREASESH407500
C ALL Toi VARIABLES BY 10*ACC AND SCLVE PROBLEM AGAIN. SHi07510
C LuiEN PAnFuhd A LINE SEARCH EETWEEN THE SOLJITIONS IF DIFFERENT SHIOQ75.0
C SJULUT1IVUNS Ao LagdeD TO BE FCUND. SHiD753v
C sip?2 = THE INI1TlAL STEF SIZE. 3 HaU7540
< ACC = ldo 3oywUJIRED ACCURACY IN THE FUNCTION AND VECTOR VALUES. SHLO7550
C soooal IPhANI= 1 FOk COMPLETE PRINT OUT OR IPRINT = 2 FINAL Sn107560
[ TANS Wbk CoLY SHI07570
acL = JJU01 SH1u7580
LepaNT=1 SH107590
Nan¥=1 SH107600
N1=N-1 SHL07610
S1LLPA=STLP 5hi076020
C *%% 5T U2 InmZ IMITIAL DIRZCTION MATRIX (USING UNIT VECTORS). SHI07630
JU 4 1=1,N Sda07640
Ju 1 J=1,N 5HL07650
1 DIRECIL(J,I)=0. SHIQ7000
& JaiRBECT (4, 41) =1, Sn1V7070
C %% pEVALUATED THE FYNCTION AT THE INITTAL VARIABLE VALUES. 301076060
W CAno FUN(X,FX) SHI07090

AUUGJL=KCUNT #1

S5ba07790
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oH.fTiin FOWUTRAN B VM/SP CONVERSATIONAL MONIIOR SYSTZElN

>aVE 1di FTINAL FUNCTICN VALUE (F1) AND THE FINAL VARIABLE VALUES S$HI07710
(onfua) FRUM The PREVICTS CYCLE. SHI07720
Zaini 3b SH107730
sundAT (UK, %¥FPX*, 12X, ¥X (1) %, 14X, *X (2) *,12X,*X (3) *) SHIO07 74y
F1=FX SH107750
wS b I=1,0 SHI07760
4270aB (1) =X (1) SHI07770
aJ [U (001,002), LPRINT SHI07740
2oldT 901,FX, (4(3),1=1,N) SHIO7790
Fuatias (/(3£10.8)) SHI07500
Slaal SEARCnANOL BoRE. SHI07810
oUd=v. SH107b20
AL ihs END ui THE CYCLE, SUM WILL CONTAIN THE MAXIMUM CHANGE IN SHIV7830
Jas FUJCTLION VALUE FOR ANY SEARCH DIRECTION, AND ISAVE INDICATES SiE.07840
idg DIAECTIICN VECTOR TO WHICH IT CORRESPONDS. ' SHIVU7050
s 9 I=1,X SHIO07860
S5 UUNTALNS Theg LNLTIAL STEP SIZES IW THE I-TH DIRECTION. S$d4107870
Du > J=1,N Shi107880
5>(J)=DLIRECT (J,1)*3IEP SHI07890
Fadw Tauld 4iNIAUA IN THE I-TH DIRECTION, AND THE CHANGE IN FUNCTIONSHIO7wuUv
va.Luz. SHL07910
CALL COugLl SHIO07920
a=rX-FY SH107230
+r (A-304) 7,7,0 SHIO7940
awaila=1 SH407950
sUd=n SHIV7v6U
inalNs>rEx IHE NEw FUNCTION AND VARIABLE VALUES TO FX AND X. SHI07970
ud ¢ J=1,N SH107980
AW) =Y (J) SHL07930
L A=fY SHI08000
NJa INVL311wATe WHoTHER A NEW SEARCH DIRECTION SHOULD BE INCORPOR-SHIOY010
Asnd INSILALD OF THZ ISAVE DIRECTION. SHIVs020
Fa=r& SHI108030
vo 10 1=1,n SulOguuo
a(1)=<.0%X (I)-BEFORE (1) SHIDBO50
Cdubl FUlN(a,F3) 3HI080060
AVUNI=KUUNT +1 SHL06070
a=ro=-F1 SHLi08080
Le(a) 11,193,139 54614000330
AL U (F1-2.0%F2¢F3) * ((F1-F2-STTM) /A) %2 SH106100
LF (A=-SU4) 1,119,158 3SHI08110
A MW S:SALCH DixzZCTICN IS REQUIRED., FIRST REMOVE ROW ISAVE. Sal0o1.0
L7 (I5AVA-§) 13,15,15 SHI08130
Ju T4 1=.SAVE,N1 SH108140
iu=1+1 3uilds150
vu I+ J=1,KH S5H108160
vanoiT (J,2) =DIKECT (J,11) SHi08170
SEL LnE o-TH DIRECTICN VICTCR EQUAL TO THE NOSMALISED DIFFERENCE SLKIO6180
oaulAnEN Tns INITIAL AND FINAL VARIABLE VALMES FOR LAST CYCLE. SH108190
A=V, Sul0os0V
vd 1o J=1,4d SHIO0 210
viasCl (J,N) =X (J) -BEFORE (J) SHI08220
ATVLIRLCL (J, N) *%2+3 Saidu23)
A=1.0/59R1 (A) SHIOG24Y
wo 17 J=1,4 SHLQY250
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YM/SP CONV.RSATIONAL MONITOR SYSTE:

JanaCLlJ,N) =DiaeCT({J,N) *A 3Hi0s260
s 4J) OLRECT (J, §) *5IEP 58108270
CALL COGuad SHIQuZE0
2 4= S HIQo299
20 1d I=1,4 SHI04300
(1) =Y {1) SHi0B310
sha s FUR CUNVERGENCE. SH108320
CAdwub i3l (F1,FX,BeFORE,X,FLAG,N,ACC) SH108430
wF(Fuda) 22,422,240 3H:00340
cun VoaSaNCE duy YET ACHEIVED., COMPUTE A NEW STEP SIZE AND SHIOQGs350
v Back Tu s SHIJVE360
LEaE1-FR) 121,129,120 5308106370
Slef=-Jd.4+*3(RAT (ABS (F1-FX)) SHiOwv380
wu v 123 SH108390
SeLe=U.4*35aT (F1-FX) SHIOB4uUO
Ir(oinPA-3TEpR) <1,3,3 SHIOB410
JTopP=3.52A SHA 0800
IV RN P SHiQoY30
WOUHYLRSENULE ACHEIVED. IF ICCNVG=2, INCREASE ALL VARIABLES BY SHIQo&40
Td¥*aue adu oo BACK S0 3. S hi08450
v IU (23,4 ,ICGHYG SHiOQokbd
asaUnl SHiQo4 70
wd 0 (¢3,47) ,NIRY Sil0b4s0
danf=s SHIOb4 40
Wy 46 I=1,d SHI08500
Fanai{i)=ald) Shai0vd10
Aqey=&(I) +ACC*T0. 5HI08520
Frigul=F{ 3H100540
auv Iu 100 StL0b540

Wl VLa3ENCE ALTAINED USING TWO ODIFFERENT STARTING POINTS. CONSTRUCSHIQE530
Uwal VICTOn bLol#4EcN SULUTIONS AND SEARCH DIRECTION FOR A MINIMUM. SHLO®D60

FodWRD=FX 5HL00570
A=) . SHIUB8580
wd 26 L=1,H SHiVs590
SECHI (L) =X (1) SHIG6600
S{a)=Find3 (1) -58CND (1) Sal08610
ashdn (L) *¥%2 S5ulodo20
wF (a) 23,23 ,43 SHIGoo30
axsTec/33aT (&) SHIUB64U
w) 3d 1=1,H 53H1006650
Sk} =0 (L) *A SHIVBobY
vALL Cugaid SHaObBT70
ae8l IF Npd P0INT IS SUFFICIENTLY CLOSE TO EITHER QF THE TIWO Shivucbsl
SuLULIUNS. If s5u RETURN. SHI08690
vablh feT(fFif51,rY,FInsST,Y,FLAG,N,ACC) Suilo700
IF (rLaB) 32,3¢,31 SHAVE710
vawi LEST({(F3ECsD,FY,SECND,Y,FLAG, N, ACC) SHI0LT720
L (FLAG) 34,34, 34 SHive73y
b o33 I=1,0N 5di06740
A{a)=Y(1) SHIVE7250
fA=FY SdavaTou
anilan SHI08770

raesdl 3LUTLOF HOT ACCURATE LNOUGH.

REPLACE TiE FIRST DIRECIICN SHI08780

VoL luk 4Y LaTEL-SULUTION VECIOR ({NUR¥ALISED) AND RECYCLE Spils?4%0

a=A/SIE?

SHIO0YaQO



fILe: SHR1rilN FOHEIBAN 8 VM/SP CONVERSATIONAL MONITOR SYSLIEM

Ju 35 I=1,w
viaoll (L, 1) =(FokST (1) ~SECND (1)) *A
35 FIAS4{i)=3ECHND (1)
uaJd L0 3
PR
SUpRuUline LEST (FI,FF,RI,RF,7LAG,N,ACQ)
CudauN /CU&51S/ A,d,C,ANEW,BYEW,CNER
JidiasiuN  RBLI(1V),RE(10)
SLAS=+2,
Lf (A0S (FI)~ACC) 2,2,1
1 i (A3 ((FI-Fr)/F1)-ACC) 3,3,7
~F{apo (FiL-FF) -alC) 3,3,7
pu o I=1,u
+F (AB3 (xi (1)) -aCC) 5,5,4
4 LF (Au3 ({BI(i) =kr {.))/KI (1)) -ACC) 6,6,7
A {Aod (xI(I)~RF (1))~-ACC) 9,6,7
C wJaladls
FLAG=-2.
7 souddl
Ld0
(-' N
CHERRE P AR RN R R A XS R KRR AR R KRR K KRR AR Rk Rk Rk kR kk ok k&

[7R N

L]

- 4 SUBRCULTINE STARTS AT THIS POINT
v
CREEKERERRARA B KA RERBR AR RE R R AR E AR A RN R RN AR R KK
C
3JoguiUTINE CLUGGIN
wuuUN SCCNSES/ A,8,C,ANEH, BNEW ,CNEW
voddud fUss/ X,Y,3,FX,FY,N,KGUNTS,LIN,NDRV,4,SIG,DELG
Sincdslud %(10),Y(10),5(10) ,5I1G(10) ,DELG({10) ,H(10,10)
w*% [ap INITIaL VArLAoLE VALULS ARE IN X, AND THE CORRESPONDING
*¥x FUNCILUN VALUE 1S FX.
ok, dr SEARCu DLRECYIUN VECTOR IS S, AND THE INITIAL STEP SIZE STEP.
#%% L iy 1% J3ED 40 COUNT THE NUMBER OF PUNCTION EVALUATIONS AND N IS
%% [, adddoa UF VARLABLZES.
FASEFB=Fl=r 4
da=up=0C=0,
Saiee=1.9
D=3 Thke
A==2
hEY]
L O *%% 5 lAnl WHZ SEARCH IHE BCUND THE MINIMUM
1 06 2 a=1,4
¢ i (L) =X (1) +D*S(I)
Chui FUN(Y,F)
a=g+1
LIN=LTIA+1
LF(#-Fa) 5,4,0

(o1 VI S ol o1

[ 3 o o

Ur3&T The Ad<d EROGARAA CONVERJENCE TESTING.
Dy 4 I=1,N
L {4} =4(L) +DA%S (I)

L

5u4i08810
5HiVod 20
3H1Vp830
54108640
Sas08850
SHiOobo60
5Hd.06670
$SHi0BBSO
S Ha08890
SHIOWS0LQ
SHIugy10
SHi00420
SHIVGE930
S5HI08940
5d4i00950
SHLIQuY 6y
SH108970
SHIOowu0
SHI029%0
3H109000
SHIOS010
54109020
SHIOY030
SHALU9040
5H409050
SHI09060
58109070
SHi0%080
S>ul0v090
SnIvy100
SHIO0Y110
SH1091.0
5HA09130
SHIOY140
SHIOS5150
SHiUY 160
SHIO09170
SHiO%180
56103190
SHI09200
Siai0%210
54409220
5109230
50i0%240
SHIO»250
SHIO9.860
SHa09270
SHaUv¥ZoV
SHI09£90

#%% 49 CoANGp id FJWCIION VALUE. ERETURN WITH VECTOR CORRZSPONDING TO Saldv3u0
rUNCiIud VALUZ CF FA, BECAUSE IF THE FUNCTION VALUE IS INDEPENDENISHIQY3 1
vt THi3 SEAxCH OIRZCTICHN, THEN CHANGES IN THE VARIABLE VALUES MAY SHIO9340

Shi0Ov330
SHIOw340
SHIVY9350

129
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rlia:
o ¥®3¥
o
2
O FES
o
A5
o
!
o
C
C
a
o
C
-
b}
1
11
. EEF
[
C
12
[V 13
13
14
[GR X T J
12
1o
17
C w®x
146
1
<

S3HLFiIs FURIRAN B

fY=Fa

anTURN

Lis tJSCTIui 15 SYILL CECREASING. INCREASE THE STEP SIZE BY
Juloule IHe 2REV.LOUS INUKEASE IN STEP SIZE.

tC=c¢0 $ <[B=FA 5 FA=F

ul=Jp » UB=DA 3 DA=D

U2 URD+STER

oJ 1u 1

44nNidUd 1S BCOUNVED 1IN AT LEAST ONE DIRECTION.

ir (K)y 7,0,9

aldleudd 1S BUUNJED IN ONE DIRECTION ONLY. PEVERSE THE SEARCH
DiaaCrloN ANU maCYCLE.

ro=F
Uys=u $ DO=-u $ STEP=-SIEP
oU TU 1

iwsdUd I5 SUUsLEU IN 3CT'H DIRECTIONS AFTER ONLY TWO FUNCTION
LYALUALIONS (UNEZ EITHER SIDE OF THE ORIGIN]. PROCEED TO THE
PARADULLC LiionPUGLATION.

fe=r $ FB=FA & FA=F

uc=up $ DB=0A $ DA=D

oy Tu 21

i MINidUA 1S BOUYDED AFTER AT LEAST TWO FUNCTICN EVALUATIONS IN
Lus SAdL UIReCTLON. CEVALUATE THE FUNCTION AT STEP SIZE=(DA+DB) /2.

IHLis WILL YzILD 4 ZQUALLY SPACED POINTS BOUNDING THE MLNIMUY.
UC=Js $ Db=DA 3 DA=T

Fe=ftv $ rB8=FA § FA=F

D=0.0% (JA+VUD)

Ju 11 I=1,N

(1) =X (<) +0*35 (1) .

CALL FUN (Y,T)

wed=LIN+1

aUw nAVes ITHAT [ADFBSKFC AND THAT PFADFCFC ASSUMING TUdAT THE

V4/5P CONVERSATIONAL MONITOR SYSIEH

SHi09300
SHIV2370
SHIVY380
S5HiQ9390
SHIOY400
SHIOY410
Shi09420
SHIO9430
SH1i09440
SH109450
SHIQ%9400
SHIO09479
SHiL9480
SHIOQ9490
58209500
Sd109510
SHIOY52U
SH109530
SHIOYS40
SHIQY550
Sni0v500
SHIQYS70
SHI1I09580
SH102590
SHIV9600
SHIV9010
5:di09620
SHIOY630
SHa0Y0u40
Shuluye50
SHIOY660
SHL09670

FUNCyiUN I3 UNIWOLDAL. FREMOVE EITHER POINT A OR POINT B IN SUCH A SHiOY6060
wAY LHALS 1ds FUsCoIuN TS BOONDELD AND FADFBCPFC [ THE CORRESPONDINGSHIOY690

5>TaP 3145 Ani  DADDBE>DC O] DACDBLDC ].
Lr ((wC-D)*(D=-Dpy) 15,13,18

LUCATIIUN UF AlaidUM IS LIMITED BY FOUNDING ERRORS. RETURN WITH B.

vu 14 I=1,N

I (+e)=X(I)+D3%5 (L)

rY=Fo

auiUnd

idE PULNT D IS IN THE RANSE DA TO DB.
«f (F=rB) 10,13,17

fv=Fo & [B=F

o LS vY) E) 03=D

ud L0 21

FASL

LA=D

ey Iu 21

iHe Pulunl D IS IN THE RANGE LB TO DC
af(r=v¢o) 19,13,40

fa=fo & Fo=F

va=Dp 3 DB=D

Su 10 21

Fo=r

SH109700
SH105710
SHIQY720
SHI0Y730
SH1U9740
3HI09750
Sdi0v76V
SHI09770
SHI0Y74a0
5HL097%0
SH109800
SHL09810
SH109020
SHIQ9850
SHLQ9840
SH109850
SHL09800
SH10v870
SHI03680
> HIQY8YyC
SHiQY90u



fiLg: onarTId FORTRAwWw 3 V¥/SP CONVERSATICNAL MCNITCOR SYSiIiEM
PIeE) SHiQY9 1
C #%%x NUW PEobULM LJdE PARABOLIC INTERPOLATION. SH109920
21 A=SrA¥ (Up-DC) +Fo* (UC~-DA) +FC* (DA-D3B) SHL0Y950
Ir(a) 24,390,242 SHL09Y4U
li LUSUI¥((Ud*Ud-UC*UC)* A+ (CC*DC-CA*DA) *F3+ (DA*DA-DB*DB) *FC) /A SHI0YY5V
- CubCK IPaAT Tax ¢ULNT 1S oCOD. IF SO, EVALUATE THE FUNCTION. Sal0vYol
LF ((DA-D) *(D-D)) 13,13,23 Sni09970
¢s Uu 24 1=1,N SHLI09980
44 Y (1)=X (L) +tD*S (1) 51405990
Caul rUN(Y,F) SHI100u0
wLid=Lin+1l SHL10010
C *%% C, SCK FuR CUNVERGEJCE. 1IF NOT ACHEIVED, RzZCYCLE. SH410020
LF (abS (f8)=-0.00001) 25,25,26 SHI10030
29 a=s1.u 3 wu Tu 27 SHI10040
‘v a=1.u/F3 SHi10050
27 ir (AoS((FB-F)*A)-.0001) 28,28,12 SH110060
C #*%3% cunVaomsaNen ACuuniVid. AS2TURN W1TH THE SMALLER OF F AND FB. SHi110070
¢o LEF(F-F8) <¢v,13,13 ShalOub0
¢d FY=¢ SHI1004%0
oy Uk SHa10100
C #*®% He PARABULIC INTZRPCLATICN WAS PREZVENTED BY THE DIVISOR BEING SHaTV1W
. LE2aUe ALF THIS IS5 ITHE FIRST TIME THAT IT HAS HAPPENED, TRY AN SHI1010
o aNLbadgiaTe S5iaP SIZE AND RSCYCLS; OTHERWISE GIVE UP AS IT LOOKS shai1G130
C L1AE A Lust CAUSE. SHI10140
30 2F (a3 31,31,13 SHI1U150
31 d=d+1 SHI101690
sv i 10 SHI10170
ow SH110180
sLOCK VATh Snil101390
cualin /uni/ £,1,5,FX,FY,N,RKUUNTS,LIN,NDRV,H,SIG,DELG SdL10200
wviasida0N X(10),Y(10),s(10) ,S1G6(10) ,DELG(10),H(10,10) Shi10210
cvadlun /CudaslsS/ A,s,C,ANEW,BNZW,CNEW SEI10220
valh N /3/ SHI1T0Z230
LN U SHi10240
< SHI10250
CEFREREIERREREER AU U EEN R KRR R KRR R RN R KRR R R R Rk KA Rk Rk a kK & SHI10260
¢ ) SE110270
C h SJUBRUULINE STARTo AT TdIS POINT SHi10280
[ SHa10290
CHEERUBESC RS U R RS R RSN R R SR Rk k kR ko ok ki SHil1JY3v0
< SHL10510
2JBuOULINL FUN{X,FX) 5ni1u320
JlEzZn31luN X (10) SHI10330
[ {ass SUbROUUTLINL PROVIDE THE ZQUATICN AND KESTIAINTS SHL10340
C oo THE MAIi PROGEAN. THE EQUATION IS 5H410350
o SHI105060
C 5HL10370
C Y = A% X *x B x EXP ( C * X ) SHL1U3bY
C SHI1039%0
C SHL10400
C X(1) = A SHI10410
[ Xi4) = b 5H410420
C £{(3) = C SHilu430
< SHI10440
- SHL10450
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[
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243

onlfLlls ruRLHAN B

voddult sweToliays SUBWGT ,EXEWGT,SUMVAR,EX2VAR,CPT
Cuddud /VakiiS/ #GTBASE (20) ,RAT(101)

Cobhidun /PLWID/ ACCFR(35),B(33)

wwddud /uasiC/ A (33),5AM51I2(35),4A,NGROTP
wuidul /PASS/ N2ASS

JLAEHSION R1433),A2({35),FACT(101)

Coddud /TKAGT/ JRWGT (2,101) ,8GTIPEOI(10T)

+Fud = C

1F (ikwG.E2.0) GU 0 100

F4 = ans ( 10U000U0000.00 /2 K(1) * X(2) / X(3) )
av Iy 29y

Ju W I = 4, 95

22 = FLURL{i+1)

LFPILE.CPT) GO TQ S

cACL(d) = X (1) * (TKWGT (2,I) ** X(2)) * EXP (TKWGT (2,I) * X(3))
#3TPa0d (1) = iKwoT (2,I) * FACT(I)

Gu s 1J

fACILL = LAZ(L)

AaTenOd (4) = IKWGIT(2,1I) * FACT(I)

wLaTiNUE

PDv 11 L = 30,101

FaLT{a}) = U.53 * (FACT(90) + FACT(99))
Wol2auJ (1) = LAWGT (2,I) * FACT(I)

CUNTLNUE
sddasl = 0.0
sudVasx = V.0
sPios = O
Uiiaw SCURVE

vALuJLAGe THe VARLANCE OF S-CURVE

Sdds = 0.0
sUdasl = 0.0
addao = 0.0

304420 = J.0

A = NaROUP /&

AdioarT = A (M)

JI 1o 1=1, HWesOUP

SEllebBue 1) AT (1) = A1) / 2.0

ar{aiii. 1) AT(a) = (A{I-1} +« A{1})) / 2.0
acfa) = AY({I) - AMIDPT

oUigd = SUMs + J (I

Suidasl= SUdabl + A1({I} * B(I)

JdaAn = 3JMAp + AZ(I) * B(I)

SUdAls = SUdA«b + AZ(1) ¥ AZ2(I) * B{I)
CuwardiNUE

sUawsl = oUHABY s, SUMB

sUuVan = (SUMA23 - SUMAB * SUMAB s SUMB)/ SUHMB
rAk = AS>s (2UNWGI -~ EXPYGT)

Ru ik

adu

CRESFLREREEAABRRESEE R R ER KT R RREEX X ERE AR RN R RE Rk AKX

c
<

A SUBRUUTLNG STARTS AT THID PCINT

V8/SP CONVERSATIONAL MONITOR SYSTEM

SHIT0460Q
Sha1ud70
3HL104560
SHITQ4 90
SHLI10500
SHITU510
SHIT0540
SHITJ530
SHITu540
SHL10550
SHL10500
SH110570
SHIT10540
SHIT0590
SHIT0600
SHI1Q010
Sii10620
3HITV030
SEIT064Q
Shit1ue50
SHi10660
SHilue7Q
SHL106ou
SHITQ06%0
SELTUT00
SHI10710
3HI10720
SHLI10730
SHI10740
3HL10750
5H4107690
SHITQ77v
SHL10789
Skil10740
SHI1T0800
Sa4i10810
SHI10820
SHi1U3830
SHilYgko
SHIT0850
SHilU3de0
SHiluasly
SEI10880
58410890
SHi10900
SHITU910
Suslu9en
SEI10930
SHi10340
SHET10Y50
SHL10vy60
SHI10470
SHLlGvo0
SHL10990
SHi11000



Fiwz:

JHLFTIN FulilRAN b

VM/SP CONVERSATIONAL MONITOR SYSTI:M

- SHI11010
T T T T T T e SHI11020
C SHI11030
C SHIT1040
~ Idls SUbRJIUTING Is TO FINU THE MATRIX-INVERSE SRIT1050
SUBRUUTLUE MATLNV(AA,N,AINV) SHI 11000
UDodadSIGN AA(3,3),AINV (3,3),A(10,20),ID(10) 3HL11070
AN=u+l Snl11089
Ne=g%N SHI11090

DO JUV 1=1,N Shal11100

U 20U J=1,N SHI1T1110

200 a(i,d) = AA(1,d) 3HI11120
£=1 SH111130

wu 1 I=1,n SHIT1140

v 1 J=dN,N2 SHE411150
A(l,d) = 0. 38111160

1 “ua LLNUE SHI1T1170
Ju <1 1=1,N 3HI111860
A(i,N¢I) = 1. SHL11190

2t wwo(l) =1 SHI11200
2 cuaTilis SH111210
An=K+1 SHI1T1220

Lo=K SHIT11430

Ii=K SHL11240
3=403 (4 (K,K)) SHI11250

vu 3 L=4,4 SHL11400

Du 3 J=K,N SHLI11270

L2 {Aoo> (A (21,d))-B)3,3,31 SHI11280

31 i3=1 Sha11290
1i=d SHi11300
o=ADS (A (1,J)) SHI11310

3 CunLINT = SH1I11320
Li(L3=K) 4,4,41 SHIT1330

41 WO 4z J=K,d2 SHL11340
CTaA (i9,d) SHI11350
Ayl3,d)=h(K,J) SHI11300

wi A (K, d) =C ShHa11370
4 CUNTINJE SH111340
AF(Is-K) 3,5,51 SH1113%0

51 iC=1lu (K) SHL11400
u (K) =20 (IT) SHI11410

il («i)=IC SHI11420

Jdy 52 I=1,N SHI11430

C=a (Ll,IT) SHL1 1440
a{l,1T)=a(I,K) SHi11450

3¢ A{s,n) =C Sta11460
2 CUNLLINJE SHIT1470
if (a(K,K)) 6,12v,6 Shi11400

° CUNIiINYZ SHIT149
ou 71 J=KK,N2 SHIT11500
a{K,J)=a (K,J) /4 (K, K) SHL11510

ou T I=4KK,N 3H411520

W=a (L,K) *A (K,J) 3n411530
a(dl,d)=A(1,Jd)-% Sha11540

if (Ao3(A(I,Jd))~-.0001*ABS(W)Y71,7,7 SHLI1155v
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rloapg: odiflIN FGRIEAN B VM/SP? CONVERSATIONAL MONITOLE SYSIEM
1 a(l,4d)=0. SHi11500
1 “UnITINUE SH111579Q
a=Ag SHI11580
+¢ (K-N) 2,001,120 SH111550
ol Lp (A(d,N))b,1c0,8 SHI11000
-] CcuNTinUG 3HI11010
DU ¥ J=Na,N2 56111620
a (0ods=A (¥,d) /A (N, N) SHI11630
g CUNTLNUL 36i11640
d1=3-1 SHI11650
vu 1J g=1,31 SHI11600
L=N-0 534111670
Li=1+1 SHI11660
vv 10 £=1i,N SHIT10690
Ju 10 J=Ni, N2 Shil11700
A(Zed) =A {i,Jd) ~A(Z,X) %A (K,J) SHi11710
10 “UNTLNUE SH1117.0
Du 11 I=1,H 54011730
pu 11 J=1,3 SHIT1740
SEQIv () 1) 11,111, 11 58111750
111 wu 112 =N, N2 5uI11760
1Me 8itV(I,a-ua) =A(J,K) SHI11770
11 CunTaNdo SH111760
acldan SHI11790
1ed Waale(l,16ad) SHLI11d00
ag:To (3, 10UV) SHi116 10
axlUan SHI11420
Tvuv FuBaafl (104,190 MATRIX 1S SINGILAR) S#I11830
PRRY) SHEL11840
. SHI11850
“ SHI11860
CRMRR AR SRR KRR R KRR AR KRR AR R SRR KRR KRR R Rk R R KR Kk R KRR & SHa116870
. SHI118860
. A sUpaLUTidze STARTS AT THIS POINT SHdi11890
< SHL 11900
R L R S S P P R TP PSS Y T T SHI11910
- 58111920
< SHIT1930
oUouudIINE aATsUL (ALNV,CVEC,BVLC) Sdi1194y
< SHI11950
< d1n.S SJIORUUTING DCES MATRIX~MULTIPLICATION. SHi11960
< JuLY [ 3X3,(3) = (3) OPERATIONS CAN BE DONE IN THIS SUBROUTINE SHa 11970
o SHi11980
J.ALbS.ON AINV(3,3) ,CVEC(3) ,BVEC(]) SH.11990
[ LHas Du LOCES UPEARATES MATRIX MULTIPLICATION SHL1000
. SHI1.010
Ju 10 1=1,9 SHi12020
BVEC(I) = 0.3 Sia 12030
vu 11 Jg=1,3 SHi1.040
bVeC (i) = BVEC(i) + AINV(I,Jd) * CVEC(J Shal1cd5Q
11 CUNIINUE SHI 140060
1w woullNUg SHi1.070
aLiuvan 58412060
Lo SHI1090

SH41£100
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on.rTIN FOURIQAN B
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A SUSRUULINE STARTS AT THIS POINT

R AR AR E R E R R KRR EXE KRR KRR KK KK K
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C

10

pay)

40

lVie]

>ty

215

SJpduULINE XSQUARkL (NSTCP)
wounbid /FLAGS/ IFLAG(10) ,NFILAGS
CoinON /Ba3IC/ WDIST(35),SAMSIZ (35),NA,NGROUP

videds IUN LFMT (8),CHISQ(35) ,YEXP (20),COL3 (20) ,COL4 (20) ,COL5(20),

+ K(ev),Y (V)
cuidun /CuNsIsy A,B,C,ANEW,BNEW,CNEW
CuhuuN /VAKIES/ WGLBASE (20) ,RAT (101)

vAdia (Caisg(s) ,1=1,30)/ 3.841,5.991,7.815,9.483,11.070,12.592,
l+.007,15.597, 16.310, 18.307, 19.75, 21.026, 22.302, 213.685,
C4eY90,26.296,27.537, 28.369, 30.144, 31.410, 32.671, 33.924,
2o2.1v12, So.ul5, 37.652, 3t.8685, 40.113, 41.337, 42.557, 43.773/

N2 = L0

w 10 4L =1, 20
12 = 1 + I*5

A{s} = WGWBASC (1)
(I RAL (15)
vuniINUE

vu <0 L=1,40
fead(e) = A * L(1) *%x B * EXP (X (1) *C)
CcunN1iINUE
sddeula=0.9

v 25 J=1,8P

Cowd(d) = YEAR (J) -~ Y (J)
Ccuit ) = COL3(J) * COL3(J)
CuiLd(d) = CoL4(Jd) / YEXP(J)
sUHeuLS = 3U4C0L5 + CCLS (J)
CUNILNUZ

NksQ = 10

U 20 i=1,NFLAGS
—c(iflao (1) -ou. 'NOCHI') NXSQ = 0
CUNLLINUE

sr (BASY.2u.0) GO TO 990

PuibI 200

cundas (*1%,/10X,*CHI-SQUARE TESTING CN GONDNESS-OF-FIT OF *,

+#lan AULTLPL.Es EyUATION*/,10X,64 (*=%),//)
priND 200
Funbiay (10X, *SQUATION FITTED:*,10X,

+ J5u¥uXP = A » (X %% B) * EXP (X * C) /)
2rlal 510,3,8,u

Fuanal (/10X ,*4HERE A= *,F10.4/

* UL, *p = #¥,F10.4,/20X,%C = *,F10.4))

2xIdT 515

FundAL (16X, % (1) %,12X,* (2) *, 12X, *(3) *, 12X, #(4) *, 12X, *(5) *,
«/10K, *ACTUAL*, vX,*=XPECTED*,7X,% (1) - (2) *,0%X,* (3) X (3) *, 8X,
() /(<) *, /134, *VALUES*,9K, *VALUES*//)

Du S0 J=1,d82
2a.Ni 220,J,Y(Jd),YiXP (J) ,COL3 (J) ,COL4 (J),COLS (J)

VM/SP CONVERSATIONAL MONITOR SYSIEH

SHi12110
SHI12140
Shae12130
SHLI12140
ShHil¢150
SHi12160
SHLI14170
SHi12160
SHIT.190
SHi122u0
SHI12210
SHI1c220
SHi12230
SHi12240
SHI12250
SHi12200
SHI12270
SHL12280
Sull12240
SHi1.300
SHi12310
SHI12320
SHI1.330
SHi14340
SHI12350
SHI1.3060
SHL12370
SHI123690
SHI1£390
SHL12400
SHi14410
SHalek 20
SHa12430
SHI12440
SHI1c450
SHITz460
SHI1.470
SHa14400
SH11249Q
SHI1<500
SHa12510
SHE12520
SHI12530
SHL12540
SHIT14530
SHi14260
SHL14370
SHI14580
Sai12590
SHL12600
3HI12010
SH112620
SHi1263v
SHI1<640
SHLi12650
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30 CunJINIE
2240 rIx4aT(7X,i3,5(F13.06,3%)/)
PALNT 525,50aC0L5
D¢y FURARL (D14 ,*Cdi-S.UARE VALUE = *,F15.6/)
Jueu = 18
LF \3U4COL5.6T.CuiLSQ (NDEG))
2l N JJJ
Lt (SUMCOLS. 6T enISQ (NDEG))
+doTue = 10
If (oUHCCLY. Le.CHISQ (NDEG)) PRINT 540

Fiuz: Suaflid  Funldad 3 Vi/SP CONVERSATIONAL MONIIOR 5YSTEHM

SHLI1.660
SHI1¢070
SHa12680
3HL12639
SH11.700
SHi12710
SHL12720
SH11.730
SH£12740
SHI14750

535 Fuanddar (10X, *Tdc Cn.-SQUARE VALUE EXCEEDS THE 54 SIGNIFICANT VALJE*SHI12760

es/1UX,*Tut COCLFFICIENTS GIVEN SHOULD NOT BZ RZLIED UPCN.*/)
40 Uadai (1VUX,*THE CHI-SQUARE VALUE IS WITHIN THZ S PERCENT SIGNILI*,

«¥cLCLENT *,

S3HiL14770
SHi12780
SHI1¢790

+*VAuLUE.*, /10X, *1HUS,THE COEFFICIZNTS MAY BE USED FOR THE EQUATION*SH.1.800

</)
IV CUdDINUZ
a3LURA

LD

c
<

CRREE AR R R m ok ok ok ok kR kR ok ok kR kR kR Rk kK
-

[ A oUbkuUTINE STARTS AT THIS POINT

-

CF AR AR RE AR R KRR R R KRR R XK R KRRk R Rk Rk ok KRR Rk &

.

[
oUBRVUTINE CALAGT
C Ifdils SUBILUTIINE PRUDUCES W-4 OF W-5 TABLES FOR THE
[ Wosodl LWISTRBULZON
-
CudduN /Va2Ii3/ WGIBASE(20) ,3AT (101)
Cuanud /wsTLid/ SUMNGT,EXPWGT,SUMVAR,EXPVAR,CPT
cudtavd /CLNSLs/ A,3,C,ANEW,BNEW,CNEW
Cubtaud /Tawal/ L[&KW3T (2,101) ,NGTPROJ (101)
v NS08 FACT (101)
-
c [iu15 w0 LOUP CALCULATES THE PROJSECTED WEIGHT AT 1 %
C INTenVALs ANw CUMPUTES THE AVERAGE WEIGAT
-
2RUJINGT = J.0
WO 1w I = 2, Y5
FaCuJ(i) = ANEW * (LKWGT(2,I) ** BNEW) * EXP (TKRGT (2,I) * CNEW)
2y = FLUAT (I+1)
1o (@i.LE.CPT) GU 10 5
WoiPrOJ (I) = TKWGT (2,I) * FACT(I)
sv 10 10
o} cAvd(I) = RAT(I)
WoifdnuUd (L) = I[KAGI(2,1) * FACT (1)
10 CuNILINIE

C,

SHEi12810
SHiL1820
Siu.12830
SHI1<840
SHL1<850
SHi12860
SHI114670
SHi12880
SHL14890
3ui14900
SHI12910
SHL12920
SHI12930
3dl1.540
Sha12959
SHi1<9060
SHI1297v
SHI 149890
SH114990
Sul13000
SHLI13010
SHI13020
SHI15030
SHI13040
SHl13050
SHLI13060
SHL13070
SHL13080
SHL13090
SH113100
SHi13110
SHI13120
SHi13130
3HL13140
SHI13150
3HL13160
SHI13170
SHI13189
SHI131%0
SH1132060



filnt onirfi.w FORTRAN B

FUR 93 = 10v%, LHE FACTORS USED ARE BASED ON THE AVERAGE
<F FACI(90) ANo FACT(Y5). THE NATHEMATICAL 4ODEL TENDS
Tu uviVe LUAE& VALUES AT THE 495 PERCENTILE AND UPWARDS.

¢

oy 11 1= Y0,101
facl(a) = U.5 ® (FACT(90) + FACT (95))
wulenUJ{I) = [ad6I(2,I) * FACT (I)
11 CUNTLNJE
[ ¢nlNT VUTPUIS
WHilZ (0,000)
UV ruddAal (*1*,//10X*PROJECTED TRUCK WEIGHT DISTRIBUTION x,
+12d (5% ibsEQVALS) /10X,50 (*=%) //)
Wiuilis(o,0ul)
601  FUR44Z (10%,%ACC.FxiQ.*,10X,*FACTORS*, 10X,
+*¥WLiGal*/10X,* (PSRCENT) *,27X, *(KIPS) *//)
wu 2 1= 1,40
2a2aCT = 1 * 5.0
{2 =1+ 1 %5
ad.T2(6,60s) 2ualT,FaCT (I5),WGIPROJ(IS)
b0& FOsMAT (1X,F15.4,5%,2F15.4)
1e “Uu LLNUE
RaiUaN
SN

. C.C. C;C:

e ek g R e e g ke ok o e e o ok o ko ko ok o ok Rk

A L5UBnJUTINL SYARXTS AT THIS POINT

Ty Y Y oy ey Y Y P R P T T P YT T2 T

€. CC C.C ¢

SUBRUVULINE SPLULT

vibolSaUN XAXiS(U4) ,YAXIS(4) ,TITLE(5)

LinlZGER XaXIS,YAXIS5,TITLE

Cudnos /oaSic/ WDIST (35),5aMsIZ (35) ,N,NGROT?
cundus /LNDEX/ iVed (3) ,1KOAD(2) ,ISTATZ(?) ,IFLG
Cutilus /PLULD/ ACCFR(35) ,PERCENT (35)

dulo SUbuuITING PuUTS A TITLE PAGE

LNLYLLATn 42TaplOT

Ci

cCc

Cawi 2LUT5(0,0,4L2LOT)

C sai TuE CJRRENT DATE INFORMATION
“ALL UATE(IDATE)

< AuVs 22N TO A weW POSITiON AND SET ORIGIN
CALL FLOT(1.0,2.0,-3)
CAul S(NBCL (V.95,7.,.4,124TRUCK WEIGHT,0.,12)
Cnii 3¥4ocl (U.45,5.3,.4, 12HDISTRIBUTION,O.,12)
Canl 5{4BUL (1.65,5.6,.4,3HSdIFTING,0.,8)
CALL s¥dsuL (1.0U5,4.9,.4, 11H%ETHODCLUGY,0.,11)
walL SYNBOL (£.Y,3.,.25,I0AT3,0.,10)

CALL s5YdbulL (-.13,-.5,.2,34HCENTER FOR TRANSPORTATION RESEARCH,

+ 0.,349)

VM/SP CONVERSATIONAL MONITOR SYSJIEA

SHIL13210
SHI13220
SHiL13230
SHI13240
SHI13230
Sdils2o0v
SHI13270
SH113280
SEiL13529%0
SHL13300
SHL13310
SHL13320
SHI13330
SaI13340
SHI13350
SHI13360
SHI13370
SH113380
SHiL13390
SH113400
SHI13410
SH113420
SHI13430
SHL13440
SHI13450
SHI14460
SHI13470
SHI13440
SHI13490
SHI13500
S5HiL13510
SHI13520
SHI13530
SHL13540
SHI13550
SHi1356V
SHI13570
SHI13580
Shnal13590
SHI15600
SHiL13010
58413620
SHI13630
35d113040
SHi13650
SHI15060
SHI13670
SHe1368Y
SHI13690
SHi13700
SHi13710
SHL13720
SHe13730
SH11374¢
SHI13750
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SaLlbs

[g]

10

310

101

vadlflid FURLRAN B VM/SP CONVERSATICNAL MONITOR sSYSIEM
~all sydBoOLl (1.5,-.6,.2,13HAUGUST 1,1481,0.,13) SHL13760
caiul 2L0f(U.,0.,99Y) SHiL13770
su 1U NouXI PAGE AnND PLCT CUGRVE SHI13780
ssalans = 1.0 SHi13790
AauDUCE = V.9 SHL13600
LF(1FLé.Eyc.3000.0K.IFLG.EC. 6000) ENLARG=2.0 3HI13810
s.zel=.14 Shi13820
oladi= . N SHa13830
falua = 1./E8LAGG SHi13840
v Calu ZZTAPLUL SUBROUTINES -- LINITIATE Sal13050
CALL 2.L0To (0,0,4LPLOT) SHI1380v
iv MUVE Pz 10 +HE ALLCCATED ORIGIN SHI13870
cawl PLUT (1.0,1.5,-3) Shil3b80
CALL FACIud (RELOCE) SHi13890
IC 2LOT A 7 1INCh AXIS WiTHd TICK MARKS AND ANYOTATIONS SHI139u0
£=v.U SHa13910
Z=u.d SHI139.0
vo WY IL=1,12 SHi13430
CALL PLUL (X,0.0,3) 3H113940
£ = X + 0.5 SHI13950
o = o + 10.0%7AT0R SHL13960
cavLu PLOT (X, 0.0, 2) SHI13970
<ALL PLUT (X, 0.1,2) SH113900
Caui dUMBPox (X-9.09,-.25, 0.105,2,0.0,-1) SHL13%90
CuNiiNUE SHL140Q00
LA = 0.0 SHL14010
JO 310 I=1,129 SHL14020
vaLu PLOT (£,9.0,3) SHI14030
vabi PLOT (X,0.05,2) SH114040
£ = £ +0.05 SHI14950
CuldiliNUa SHL14000
£J Wandidlbk TaiE TLoiLE FOR THE PLOCT SHi1407¢
“aLl 3¥¥8UL(V.V,-1.0,SIZE1, SHI 14080
+4dnToaUCK WEicnd UDL3TRIBUTION SHIFTING PROCSDURE ,0.,44) SHI14090
{u Axice S5YNBOLS FOR X-AXIS SaIl+100
If{ifu5.E3.3000) CALL SYMBOL (0.75,-.5,S17%1, SHL14110
+2o0 S.dGLES AXLE WLIGHT (KIPS) ,0.,28) SHil4120
ir(lfle.2¢.090V) CaLL s5Y¥Y¥BOLI (0.75,~-.5,S1I2:21, Sha14130
+ceoH LANDES AXLE WEIGHT (KIPS) . 0.,28) SHI14140
oF (afLy.Ey.9%00U) CALL sYd4BOL (9.75,-.5,SIZ21, SHLI14150
+.oH vauSS TRUCK wWeiGUT (KIPS) .0.,28) Sdil4160
LU 2LUT AN O-INCH Y-AXIS WITH TICK MARKS AND NO. SHL14170
{ = 0.0 SHL14180
a= Q.9 SHil14190
vy 11 I=1,10 3H114200
call ¢#LOT (V.0,Y,3) SHi14210
oLALE THEZ Y-aAKIS SHL114220
I =1 + 0.3 SHIT4230
w = W o+ 1.0 SHL14240
caLl 2.0l (9.0,Y,2) SHiI14250
vALL PLOT (0.1,Y,s) Sz 14260
eUI wlddcon3d UswErn TLICK MARKS ( NUMBER = XXX.XX) SHL14270
101GIT = V) SHIT4280
Cali NUMBeR (~0.15,Y-.1, 0.105,10.%%,90.0,IDIGIT) Sdl14290

CUNTLINUE

SHiL14300



cile: 5aiPTiN  TURTRAN 3

f = u.0
vy 311 I =1,100
{ =1 + U.JB
CAuwl 2LOT (v.0,(,3)
vall 2LOT ( 0.U5,Y,2)
311 Cualinde
o [u rLu{ >SYHbOLS FOR Y-AXIS
CALL SYdoul (-.4,1.5,5IZE1,
+30d ACCUGULATCZLD FREQUENCY (R) 0,90.,130)
C TU palidl [nE HioHWAY TYPE
i=1.z
(=9.40
vALL >5Y4BOL (0.,Y,SiZE1,IR0AD,0.,20)
{=y{-.25.
C 1V PRINT Tdi VLHICLE TYE
valbl S5Y#sUL(V.,Y,512Z&1,IVEH,0.,30)
Y=Y-.243
C 2RINI THL STATER
Call o¥48ul(0.,¥,5312£1,15TATE,0.,20)
C wieFlNE THE SCALE FfCR THE GRAPH
AscaLe = 20. * rATOR
a = Nerulr

¥o.sl (N+#1) = O.
Wulbi (¥+2) = XSCALL
ACUfa(d+1) = 0.
ACLER(N+2) = 12.5

CALL LINs (W4DAST(1) ,ACCFR (1) ,N,1,1,1)
Caibu PuUT(0.,0.,99Y)
aslJRN
Y]
-
-
CRRRRBRERRRRR AR KRR KRR R R KRR R KRR KRR KRR R R KR KRR KRR R Rk KKk
~
o A SUbJOUTINE STARTS AT THIS POINT
-
CHREUREUERERRR R KA L KRR R RS R B R R R KRR AR KRR KR KRR KRR KK &
-
QUSRUVUTINE SCURVE
C 1dIl3 3U3audTiNg CUNVERTS COTPUT INTO W-4 OR W-5 TABLES
A5
CUNAUN /BLUTD/ ACCFR(35) ,EERCENT (35)
CunliUd /IKAGL/ IKW3T(2,101) ,NGTPROJ (101)
cuddlN /udsLC/ WDIST(35) ,SAMSIZ (35),NA,NGROUP
curitiuh /WGILIN/ SUNWGT ,EXPWGT,SUMVAR,EXPVAR,CPT
Lubdul /2A55/ 8PASS

1
2
5 I:{0.Ey.NG3UIE) GC TO 13
iF(1.6I.101) Gu Tu 13
if (eTPAJIJ (1) - WDIST (M)) 10,11,12
0 i=1+1

dGLP2r0J (1) = 0.0

Fa

VM/SP CONVERSATIONAL MONITOR SYSIEM

SHL14310
SHI14320
SHL14330
SHI14340
SHI14359
SHI14300
SH114370
SHiLi14380
SHL14390
SHIT4400
SHi14410
SHIT4420
SHI 14430
SHil14440
SHIT4450
SHL14460
SHL14470
SHIT44 80
SHilledvyd
SHi14500
SHI14510
SHL14520
SHI14530
3di14540
Sda14550
SHI14560
SHi14570
SHIT4580
SHL14590
SHi14600
SHL14610
SHI14620
SHL14630
SHIT«040
Salluobd
SHL14660
3114070
SHL14680
SHLI14030
SHL147G0
SHL14710
SHL14720
Sdi14730
SHIT4740
5hi14750
Sdil4760
SHI14770
Sail4780
SH414790
SHI14800
3L 14810
SHI14020
SHI14830
Sulld4b49
SHI14850
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¢las: Spalbild FUaTgRAN 3 VM/SP CONVERSATIONAL MONITOR SYS{EM
ww Qv 5 SHil14360
11 ACCER(d) = (I-1) * 1.0 SHL 148670
i =1+ 1 SHIT4880
4 =4 + 1 S HiLI14890
G LU 5 SHa 14900
le  ACCrR(d) = ((WulSY({H) - WGTPIOJ (I-1))/{NGT2ROJ (I) -WGIPROJ (I~1)) SHI14910
ek (L - 2)) * 1.0 SHiTev0
a= ¥+ 1 SHIT4930
GU aU 2 SHL14940
13 2U 14 L = a4, NeoOUP SHL14950
acCFR (I) = 100.0 SHLT4%e0
14 CueTindz SHL14870Q
cZeCENI (1) = ACCFR(1) SHIT4980
C idls Du wUUP CALCULATES THE PERCENTAGE OF THE DISTRIBUTION SHIT14990
o Spi15000
Jou 15 1 = 2, NGROUP Snia15010
JARCLNI(I; = ACCFR(I) - ACCFR{I~1) SH4 15020
15 cuNLINUn SH115030
«F(aPB33.E4.0) GU TC 99 SH1I15040
- SHI15G450
[ ronial SUTRUTS SH415060
< SHL15070
waTo{b, t00) SHI15080
pud  FURAAT (* 1%,/ SHI15090
+/1J4,¥PRUJECTED WEIGHT DISTRIBUTION®*,/10X,29 (*=%)//) SHI15100
d2aTuo,06U1) SHA15110
oUT FundAI (10a,*WELGHI*, 15X, *PERCENTAGE®*, 10X, SHL15120
*#aCCUBULALED* /T4, *DISTRIBUTICN*, 33X, *FREQUENCY*//) SHi15130
- SBL15140
C rAls 0C LLCEF PRINTS THE QUTPUT SHI15150
v SHI12160
Ju 1o I = 1,H580UP Suk15170
#dlif(o,6024) WDI3I(I), PERCENT(I), ACCFER(I) SHL15180
16 CuNTLNUZ SHL15130
02 ruaHAT(TuX,F10.4,10X,F10.4,10X,F10.4) S84.15200
Wailk{o,uU3) SJUHNGI , SUMVAR SHI15210
603 Fumdal (//10X,*aVEAGE WEIGHT = *,F10.4/, SHa15220
+ 10X,%* VARIANCE = *,F10.4/) $al15230
EF] w2d33 = 10 Sdltszd0
BiTJdsN S#i15250
Ll SHi15260
" SJBRUUTING 3HL15270
- SHL152860
< $H1152%0
I I R E T T P R s R I R TS ST IS SHL15300
< 54115310
C A SUSRULUTINE SIARTS AT THIS POINT SHI153.0
< SHiI15330
LTI IR 2RSS L S T R R R R P T S RS SRS 2T RSS2 53113330
C SHI15320
SubaVJITak LH2406 (COMMAND) 5Ha15360
Cudtald /FLAGS/ IriLAG{10),NFLAGS SHI12370
CUNEUN /WoTLid/ SUMAGT,EXPHGT,SUMVAR,EXPVAR,CPT 5H415380
IWlbBGoR Cuddhiio (1) Sul15390
noab(D,100) CuBiAND SHi15400



FavLo: odIELIN FuURIRAN B VM/SP CONVERSATIONAL HONITOR SYSTIEh
Ty FuxdAL (A7) 3H115410
I = i SH415420
1 i=1+1 SHI13430
SYLAuS=1 Sdal5440
lr (MELAG3.6I.10) GO TO 2 SiHiL15450
ncAuid,11J) IFLAG(I) SHL15460
wb (LFLAG (1) By."' ') GO TO 2 51115470
SU 1o 1 5di15460
P HedAo(5,12V) LXPWGI,EXPVAR,CPT SHi194 90
119 rudaas(Ad)d) SHiL15500
1<V FuRdAi (53F10.95) SHI 15510
gzilad SHI15540
EaU SHL15530
SHI15540
SHI15550
5Hi15560
C SHI15570
(0 o A O 20 o o o o o o O K Sh115580
< SHI155390
- A SUbhOUTLINE STARTS AT THIS POINT SHI15600
C SHI15610
(03 R TR A0 AR o R o o o o o R o o o K SH415620
- SHi15630
oJBr0UL 1IN CONCLUD SHL15040
< 54115650
[ lalsd SUBRUUTINE MAKES THE CONCLUSION OF ANALYSIS SHI156060V
< SHa15679
cudaud /AGTLIM/ SUKWGT ,EXPWGT,SUMVAR,EXPVAR,CPT SHi15600
cuidavs /basiC/ A(35) ,SAMSIZ (35),NA,NGROTP SHL15690
C SH+15700
waiie (0,000) SHI12710
6dJy  rFuadai(*1*%,//10X,*CONCLUSION OF ANALYSIS*/10X,22 (*=%)/) SHiL15720
Whilluio,010) EXPWGT,EXPVAR SHL15730
010 rFORJAL(/10L,*iN2UT ESTIMATORS:*// SHI15740
+12X,*XPaCTED 4 EAN = *F10.2,/ Shi15750
+144,%LXPECTLD VARIANCE = *F10.2/) SHI15764
wWd.izo(0,0¢0) SUAWNGT,SUMVAR SHL15770
bev rundAT(/10X,*COAPUTED ESTIMATORS:*// SulI15760
+12X,% rcdN = *F10.2,/ SHI15790
+124,* VARIANCE = *£10.2/) SHI15800
C Sdae15810
C SHI15840
- wUifUTE Tank T- AND CHISQ-VALUES SHdi15630
< SHI15840
- KafoneNoez: SHi15850
C ReJ.LAKSEN, #.L.MARX SiHL15860
C A INIAUDUCTLON TO MATHEMATICAL STATISTICAL AND ITS SHI1I15870
- APPLICATLION 2 HL15880
C PRENTICE HALL 1920 SHi1589¢
C i=1551: PG 344; CHISQ-TEST: PG 288 SHiI15900
C Sda15210
< T = aBS(A3AR - YBAR) / (SDEV / SQRT(N)) SHI15920
. SHI15930
C Sdi15940

NGRGUP #* 1.0

SHI15950
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chow: oHLFLIN FORTRAN B VM/SP CONVERSATIONAL MONITOR SYSTEY
I = Ab3 (oXPWGT - SUMWGTI) / SQET (SUMVAR / RT) Sii15960
- SdL15%79
v vua?fUis 1HE CaisSQ VALUE SHI15930
C SH115%90
. vdl3¢ = (d-1) * CudPUTEC VARIANCE / EXPECTED VARIANCE SHI16000
[ SHI16010
“HI5, = (84 - 1) * SUAVAR / EXPVAR SHI10020
vl = FLuUAT (NA) SHL16030
C SH116040
o eanInl COLAENTS AND KESULTS SHI16050
#alls (0,050) I,CHISQ,DF SHI10060
03V rundar(//710K,*35TALISTICAL TESTING*/,10X,19(*-*)//, SHI1T0070
+1UX,*T~-[EST (Tuv ToST THE ACCEPTABILITY OF THE COMPUTED MEAN) */ SHi16080
+1Ua,*CdlSy-TEST (10 TEST THE ACCEPTABILITY OF THE VARIANCE)*/ SHI1T609V
+//10L,*%1~-1Es5i*// SdI10100
+1.a,*NULL aY20THESIS : COMPUTZD MEAN = EXPECTED MEAN*/ Sia16110
+/1.4,aLTERNATE HYPOTHESIS: THEY ARE NOT EQUAL*/ SHITb120
+/15X,*T-VallUs = *,7F10.4// SHI16130
+10a,%CdisSy-TeSi*// Shil10140
+1.4,*00LL HYPUIHESIS : CCMPUTED VARIANCE = EXPECTED VARIANCE*3HI16150
+/1cX,*aulegNaTe HYPOTHESIS: THEY ARE NOT EQUAL*// SHI1T6160
+154,*CHI5)~-VALU. = *,F10.4// SHI16170
+1024,%UEGAEEL Ur FREEDUM = *,F10.0//) SHI16180
adiiz (6,b40) SHi16190
o4J Furdaz{//, SHa16200
+1UL,*28GINEERS AKE RESPONSIBLE TC CHECK BOTH THE*/ SHIT6210
+10K,*-aNU CHiuy~VALUZS WITH THE T-AND CHISQ-DISTRIBUTION*/ S5HL10220
+10£,*[ii8LES RESPECTIVELY.*/ SHIT0230
+10K,*.r B.iH HYPULHESES AQE ACCEPTABLE, THT COMPUTED*/ SHI16240
+1ux,*AplGhT DLSTRIOUTION CURVE SHOULD BE ACCEPTABLE.*/ SHi16250
+10X,*Lf UNE OF L[HE HYPCTHESES IS REJECTED, THEN IT*/ Shalo2060
+10X,*I5 Up G THE ENGINEERS TO USE THEIR CWN JUDGEMENT*/ SHLI10270
+1uX,*10 ACCorT OR REJECT THE DISTRIBUTICN CURVE.*//) Si416280
< SHi16299
C 3HI10300
sETURYN 5hi16310
2 SHI10320
< S5H416330
3 K 30 a0 e e % 30 e 6 30 3k Xk 46 %6 sk o 0K e oo a0 ok e o sk dofe ol ko ook e ook o o ok ok e ok ok K SHL10340
< SHI10350
o A SUbKUUTLNE STARTS AT THIS POINT Sdile300
C 5HI16370
SR Rk R R R A O 8 ke 3 o v e Kk e ol ok o e ke ok o o ol o o ok ok ok ok SH‘10580
< SHEail6390
SUBRVUTINE HISLICGA SHL10400
C SHI16410
. iHi> SUBRGUTINE PLCTS A HISTOGREAM TO SHOW THZ DISRIBUTION OF SHI16420
.« TAUCK WE . onT SHI16430
C Shile«4Q
cuddon /IWDEX/ LIVEH(3),IRCAD(2),ISTATE(2),IFLG SHITe45v
wuallui /BasIC/ D(35),SAMSIZ (35),NA, NGROTP SHiLlo400
Ccudauh /»LOTY/ 4CCFPR(35),PEXCEINT (35) sHiloyTu
[ SHI16e480
vAuLl PLOTS(0,0,4LPLCT) SHI10490
CaLL PLUT(1.5,-..5,-3) Sulles90



clic:

10

15

JtaciiN  FOBTHAN B

51481=0.14

314E4=0.10

Dok iNo LEdoTd OF X-AXIS

Acuiis = Qoo * (NGICUP +4)

woials fun o5TARIING POINT OF X-AXIS HEADING

ALJC = U.5 * (ALONS - (SIZE1 * 25.0))

uBEr iauE 3I4E CF LE1IERS IN TITLE

i314n = XLulG / 4b.0

JRad A LINe rul X-AXIS

~ALL P.CT (XLUNG,0.0,2)

Cali #LUT {(v.0,0.0,3)

L350 = 0.2>

call PLOT({XG0,0.0,3)

call PLOT (X30,v.05,2)

AVALUS = 0.0

CAuLu NUMBER (V.2,-0.15,SIZE2,XVALUE,0.0,-1)

CaLL PLOT (46u,v.0,3)

JJ 10 i= 1,bGHOUP

A3u = XGO + 0.25

CAL. PLUT (£60,4.0,3)

CaduLl 20T (X60,0.05,2)

ALl NUMDzB (XGU-0.1,-0.15,SIZEZ,D(I),0.0,-1)

CudTinla

Ir(LFL5.2Q.3000) CALL SYMBOL

+ 4 ALuC,~0.2,51001,45HSINGLE AXLE WEIGHT (KIPS) ,0.0,25)
45 (afLé.Ey.6000) CALL SYMBOL
+(Lowl,-0.5,312E1,25HTANDEY AXLE WEIGHT (XIP?S5) ,b0.0,25)
4r (Lbov.2yg.v00U) CALL SYHBCL
+(ALUC,-0.5,50401,25d6R055 TRUCK WEIGHT (KIPS) ,0.0,25)
caLL SYiBUL(V.0,-1.5,TSIZE,

+t++/0salUCK WolslHl visTRIDUTION SHIFTING METHUDOLOGY ,0.0,47)

CaLL #LOT (0.0,U.0,3)

CAuLih PLUl(0.0,5.0,2)

vu 15 1=1,10

(Vvawle = 1 = 5,0

(3¢ = 1 * 9,5

vali 2LUT (0.0,Y60,2

Ccall PLUT (0.05,YGU,2)

CAL, NUABEn(-V.0,Y50,S1232,YVAL0E,0.0,1)
cunToddsn

vAulk 5Y¥4B0L (-1.0,1.8,5122Z1,10HPERCENTAGE ,90.90,10)
vais oYNDBUL (V.0,6.5,5I2E1,IR0AD,0.0,20)
caul 3¥¥poul (V.V,0.2,SIZE1,IVEH,0.0,30)
vALL sY¥BuL(U.V,5.4,51Z221,ISTATE,0.0,20)
CAuL 2LUT(0.0,0.0,3)

vy 20 I=1,Nen0UP

ASd = .25 % &

CALu 2L07 (XG64u,0.0,3)

fou = 2ikendT (L) /10.0

CALL PLUT (XGU,YGG,2)

CAuLL owUupZIk (X6L+v.1,YG0+0.1,512E2,PERCENT(I),90.0,1)
CcaLl PLOT(Xu0,Ys0,3)

CcALa PLuT (XGU*(}. 25, YGC, 2)

CAoe PLUL(XGU+V.25,0.0,2)

CUNTLNJUE

VM/SP CONVERSATIONAL MONITOR SYSTEHN

sHL1051y
SHL10540
SHL16530
SHiLi1o540
SHL10550
SHi16500
SHi10570
34116580
Sdal0540
3HL16600
SHi10010
SHiI10620
SHI16030
Sdilood0
SHL16650
SHi10660
SH116070
Sul166890
SHI16090
SHiL10700
SHI16710
SHI16720
SHal1l0730
SHI16740
SHI160750
SHiL16760
SHI16770
SHIV6780
3hi1079Q
SHI1T68Q0
SHI16810
SHiloo 2
SHI 10830
SHIlog4u
34416050
Sd116800
SHI16870
SiHilobsl
SHI10890
53110900
SHiLloy 10
SHI16920
SHi10930
SHIlowud
SHI16950
SHITleY900
Sni16970
SH110980
SHi16590
SHi17000
SHI17010
SHI17020
Saal17030
SHL17040
SHI1I17050
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FFOWH

sa+Eiid FO4TRAN 8

Call PuUi(V.0,9.0,399)
asfURH
aNw

VM/SP CONVERSATIONAL

¥ONIIOR SEISTEN

SHI17060
SHI17070
34417080



APPENDIX 3

SOURCE PROGRAM OF "TAWEXP"——SHIFTING PROGRAM

FOR TANDEM AXLE WEIGHT DISTRIBUTION
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[ SN AN G S O3 AN ol G SN SUN SUN SUN SN ol 9

loo:

601
610

[T A
61s

004

LAWLAY ros AN B VM¥/SP CONVERSATIONAL MONITOR SYSTEH

PavGaAd TAWEXY (INPUT,OUT2UT,PLCT)
«ned Padioadd 1o USED TV ANALYZE THE PREJDICTION FOR
{asved AXLE DISTRIBUTION. IT CAN BE APPLIED TO 2

LYoo uf 1RUCKS UNLY -- 3-A AND 3-52. THE SZQUENCE
vi Pl UATA SaUULD BE ACCORDING TO THE FOLLOWING
vilol

1. GHUSS VaniCLE WEIG:T DISTRIBUTION DATA
4. 5INGLS AXLE WEIGHT DIST.DATA OF THE SAME YEAR,
5. TANDESA a4Lo WEIGKT DIST.DATA OF THE SAME YEAR.

fac d2SULT OF IuE ANALYSIS IS PRZSENTED IN ACTUAL
ANu zaroollieD TANDEM AXLE WEIGHT DISTRIBUTION AND
tao vda=532UaRe VALUS TO SHOW THEIR GOODNESS OF FIT.

VAl UF Faass VoRSION: OCTOBER 12,1961,
wililEw pY PAUL NG FOR THE CENTER FOR TRANS2.RESEARCH.

DIMEWSION VALUL(3,101) ,TANE(10)

CudauN /oAS1C/ WDLST(35),SANSIZ (35) ,N,NGROUP

CuaiGh /2LUTu/ aCCFR(2,39)

wondua /180EL/ IVEH (3) ,IROAD(2),ISTATE(2),1IPLG, IYEAR

VadoNSLUN YSUA (35),Y(395)

DLALNSION GVw(<,35) ,AXLE(2,16)

JaiA (SsVW(1,i),I=1,30),/6.,10.,13.5,20.,22.,24.,26.,28.,30.,32.,
+34.,30.,38.,40.,45.,50.,55.,60.,65.,70.,72.,75.,80.,
+0d.,90.,95.,100.,105.,110.,115./

vala (uVw(z,4),I=1,26),/10.,12.,14.,16.,18.,20.,22.,24, ,26.,28.,30.
+,35.,40.,45.,2V.,55.,00.,65.,70.,75.,80.,85.,90.,95.,100.,105./

vAia (AXip(1,1),I=1,13)/3.,7.,8.,12.,16.,18.,18.5,20.,22.,24.,26.,
+3u.e,35./

JATA (AXLt (£,4),I=1,10)/0.,12.,18.,24.,30.,32.,32.5,34.,36.,38.,
tUUe g 4la g4, ,46.,90.,55./

oy 333 K=1,3

acAu 51,1YzZAR,1KOAV,IVER,ISTATE,N

voaud = 1.9

Lr(iVed(1).Eyg.?'3-52(33200') DENUM =2.0

LF [(2VEd (1) «29¢.?*3-1(230000"') DLNOM = 1.0

nehu 31,1FLG
LF (LfLG.EL.3000) GO TO 601

ir(+FLg.Ey.000U0) o TO 602

is (IFLS.Ey.9000) GO TO 633

Hony 32, {WD13T(x) ,1=1,N)

Gwv 10U >
Ju 010 I=1,13

WULST (i) = AXLe (1,I)

Nsaube = 13

eV lu 3

DU 012 I=1,10

wuisi{s) = AXLE (2,1)

NGaudeg = 1o

ey Iu 5

LF (IYoaR.LE.1358) GO TO 620

vy ol3 1=1,30

Adioif(l) = GVW(1,I)
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fluwnl LAWRAS f03l3aN B VH/SP CONVERSATIONAL MUNITOR SYSIEY

613 CoNTidUa
paiQlUe = JO
v Tu 5
ocd Ju old I=1,20
ol4 wwail (L) = GVW(2,s)
neuGU2 = 2o
2 Qaaw I, (SANSLZ (J) ,d=1,¥)
aJiad=0.0
pv W L=1,H
1u sU0dB=addB + SAJASIZ({(I)
wu 11 1=1,4d
Y (L} = SA4SIL(I;}/-UMB * 100.0
11 cUNTLaUE
LoUd1)
v 1z I=2,4d
1« fa30d(Ll) = YSuH(I-1) + Y(I)
d=1
vaLwk = U,00000001
«=1
Ly I (4.E).2) CHECK=CHECK - C.00000001
+r {CHECK.SI.100.1) G0 TO 999
b (a.89.8) sU TO 41
Lo (fSJd(I) - CHeCK ) 40,41,42
[[37] P |

it
Lo
-
—
—

aw iU 20

41 YaLUc(K,4) = ®WDIST (I}
A=+l
CuaCK = CadCK + 1.0
Ju 10 <0

48 (5Ud401=0.90
1P (Ll.sT.1) ¥sUnIN=YSUN{I-1)
i (Yudd () ~¥5Ta.1) 20,20,43
“3 alal=v.0
LF{l.al.1) AIM1= WDISI(I-1)
VaLde (K, 4) =Ars1 + (CHECK - YSUMIT)/
(Y56t {I) - Y¥s04I1) * (WDIST(I) - AIN1)
A=d+1
Cucch S HaCK + 1.0
3o 1w 20
2ry SUMTINUE
iox = 0.0
s ol i=4,101
LAAL (L) = (VALUE(1,I) - VALUE({2,I))/DENOX
Jafr = Iawa(a) - VALUE(3,1)
wifFsy = JOIFF * DIFF
wUNSL = DIFESY / TAWE (1)
L5¢ = A5Q + COHST
39 CUNTINJE
" ed? aVIUAL wATA LNTO VALUZ({1,I) ,AND EXPECTED VALUES INTO VALULE (2,I)
Ju 31 1 = 2,191
¥aLdae (<, 1) TAWE(L)
Vhluc(1,4) VALUE(3,1)
31 “unildle
a = 1
101 4 = 1

’

]
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Faoo:

O

LIV E}

113

11+

oul
S50
51
5¢

[AWELe :OXLRAN B VM/SP CONVERSATIONAL MONITOR SYSIEA

vawdo (K, 1) = 0.9

i =<

if (deB4de<0) GO IO 113

LF(l.5L.101) Gu T0 113

al = K + 1

LP (VAuUs (R,L)~ AXLE(2,M)) 110,111,112
+ =1+ 1
su tu 105
ACCru (K, d)
i=1I+1
4 = 4 + 1
v 1u 105
Aco P (K, d) ((AXL=(2,M) - VALUDE(K,I-1))/
. (\VALUE(K,I) - VALUE(K,I-1)) + (I-2)) * 1.0

4 = a0 + 1

sy L 1¢d

Ju 114 I = ¥,10

ACCE (K, 1) = 100.0

CJdiNUS

£ = K + 1

Ir(a-£2.2) GU T¢ 101

Zoavi 309, Y2Ax,lROAD,ISTATE,IVEH

FORMAL (*1%,//10£,*AXLE WEIGHT DISTRIBUTION ANALYSIS*//
+1UA, . 4,/10K,22A10,/10X,2A10,/10%X,3410///7)

puldl 503

rukdAL (10X ,*TANUEM*,4X,*ACUTAL*,8X,*EXPECTED*/
+1ud,* adic *,3X,*CUMMULATED*,5X,*CUMMULATED*/
+10X,*w21GH]1 *, 3L, *PZRCENTASE*,5X,*PCRCENTAGE*/)

vU 439 1=1,10

ra.nl 501,44LE(Z,4) ,ACCFR(1,1I) ,ACCFR(2,1I)

palar 302,X5Q

FuddaTl(oX,F10.4,3%X,F10.2,3X,F10.2)

runidal (//10L,*Cul-3yUARE VALOZ = *,F10.4))

SunMAT (L4,X,2410,5A10,2A10,1I5)

Suafial(1<fo.1,

caibl LrLOT

Rpyvin,

JOREY)

sUonvlUiINg SPLOT

UvidsN3.GN XaXls (4) ,YAXIS(4) ,TITLE (5) ,ACC (35)

swlEGon XALIS,YAXL5,TITLE .

CundON /oasic/ aDIST (35),SAMS1Z (35) ,N,NGROUP

<JdduN /I4WDEX/ iVEH(3) ,IRCAC(2) ,ISTATE(2) ,IFLG, IYEAR
Cudaud /Puulu/ ACLIR(Z,35)

lbao SUYoxuUTiNz PLUTS 4 TITLE PAGE

LuIITALE ZoiAgouT

(i = 1) = 1.0

SuLAng 1.0

qaddes V]

of (LFLG.22.3000.0KR.IFLG.EC. 6000) ENLARG=2.0
Siacl=.14

Slance=s .11

EALlun = 1./ENLARG

v CALL ZETAPLCT SUBROUTINES -- INITIATE
CAun rulls (O,O,L‘LPLOT)
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H s

1ud

319

101

s11

FAWERy FUAIRAN B VH/S? CONVERSATIONAL HONITOR SYSTin

v duwi¥ia 23N T9 Tds ALLOCATED CRIGIN

wAle PLOT (1.8,1.5,-3)

Lhabki FalTUd (KopUCE)

Iw 2LUT A 7 INCH ALIS WITH TICK MARKS AND ANNOTIATIONS
AasUay

4=0.0

wue 130 I=1,12

Lasl PLOUT (X,0.0,3)

L= X + 0.5

4 = &+ W.O*FaL0R

CALL 2LOT (X, v.0, 2)

CALL PLOL (£, 0.1,2)

Can. SUMBER (X-v.U%,-.25, 0.105,2,0.0,~-1)
CunIidde

£ = 0.9

DU 310 L=1,120

CALL 2LOT (X,0.0,3)

calkl PLIYT (X,0.95,2)

£ = X +0.0>

wUuTaNUE

L0 WRI4E iHL Tiile FOR THEZ PLOT

«ALL 3YABOL(v.3,-1.0,51221,
+4a4d afor WEIsHI DiSTRIBUTICN SHIFTING PROCEDURE ,b0.,44)
10 wrseTE SY¥MoULS FCR X-RAXIS

Cawl 3Y8BOL (V.75,-.5,S1IZE1,
+.0d LANDEY AXLo WoIGHT (KIPS) , 0.,28)

WU £L0F Aa B~iNCH Y-AXIS WITH TICK MARKS AND NO.
Y = 0.9

= 0,0

pBUu 1 I=1,19

wibi ¢LUT (U.0,Y,3)

oLAle IHZ Y-AXIS

1 = ¥ + 0Q.n
W= W+ 1.0
Cake PLuT (0.0,Y,2)
CAue PLOT (0.1,Y,2)
¢yi 8UdBEKs UNDaig TICK MARKS ( NUWBER = XXX.XX)
Iolisly = Q
CALL sUdwpes (~J.15,¥-.1, 0.105,10.%%W,90.0,IDIGIT)

CuudlNUE

f = V.0

Ju 311 1 =1,100

I =Y ¢+ 0.00

CAuaw PLUT {0.0,Y,3)

wall PLUT ( U.05,Y,2)

CubiINUE

sv PLUl SYHpULS FOR Y-AXIS

CALL oY¥Yadul {-.s,1.5,5Iz2E1,
+3un acCUAULATELD FIlaQUENCY (1) »,90.,30)
av Pxlnd 1nE HIGHWAY TYPZE

=12

i=v.y

CALe S5T430L(0.,¥,5.2E1,1IR0AD,0.,20)
I=Y-.4:

+U Poidl Tng VoddiCLE TYE



Floc:

315

312

Tadasky FUalIgAN o

vhAuni oYdBUL(0.,Y,8IZE1,IVEH,0.,30)
f=f{-.s3

FaadT Tus SIATE

CAul SY383CL (v.,Y,51221,I8TATE,0.,20)
eaiel {de YEAR

L = i -.2>

Yoax = FLUAT(I:5AR)
CAia oUHBER(0.,Y,5IZE1,YEAR,D.,~1)
Jiriap Tho SCALZ FOR THL GRAPH
E3Casus = ZU. * FATUR
a8 = Nownwl?P
Ju 31¢ [=1,2
Ju 313 K = 1,N

Avv (R} = ACCPE(I,K)
CUNTLulE
Aul3i{u+ )
AULal (H+e)
alu (N#1) = 0.
acl (d+g) = 14,3
Chiaw LINE (WLIST(1},ACC(1),N,1,1,1)
oF (dedyel)
Ir(l1.by.1)
LE(1eEQ-2)
s {LeE4.2)
CUNTINUE
Cavi PLUT(D.,0.,9993)
AolURS

Ll

0.
1SCALE

V¥/52 CONVERSATIONAL MONITOR SYSIEY

LaLL SYI30L (4.0,2.0,.11,1,0.,~1)
CALL SYM30L (4.4,2.0,.11,
CAbu SYd30L (4.0,1.8,.11,1,0.,-1)
CALe SYABOL (4.4,1.8,.11,

T1HACTUAL DATA ,0.0,11)

15HEXPECTEZD VALUES :0.0,18)
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APPENDIX 4

SOURCE PROGRAM FOR SHIFTING OF TRUCK WEIGHT DISTRIBUTION

BASED ON NCHRP/SDHPT PROCEDURE
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Fawnb:

oo

20

51

S¢

19

1

1<

<V

4u

41

42

4y

232

HCLRP FORTRaN B VM/SP CONVERSATIONAL MONITOR SYSTEd

PruvBad NCdir (INPUT,0UTPYIT)

la.ss Pavuadd PR0JECIS THE SHLFTING OP TRUCK WEIGHT DISTRIBUTION

CUavaes. Tde BETHOCCLCOGY JSED 1S BRSED UPON NCHRP 141 PROCLDURE

vn iHb SDHiI PhUCEDURE DEVELOPED BY TEXAS HIGHWAY DEPARTMENT.

UatichSiuN IAvau (<) ,1VEH (3), ISTATE (2) ,SAMSIZ (30) ,GVW (30),
+13U#(39) ,Y(39) ,VALUE(105),ACCFR(30) ,PERCT (30)

DALA (GVW(I),I=1,30)/4%.,10.,13.5,20.,22.,24.,26.,28.,30.,32.,
+34.,36.,,30.,40.,45.,50.,55.,60.,65.,70.,72.,75.,80.,
*0D.,90.,95.,100.,105,,110.,115./

Roeal 9V, s56Ve,2a6VeP ,PAGVRF

Fuidas (3F10.3)

acad 91,1Y840,LiR040,IVE4,ISTATE,N

Giav 21, IFLAG

FUGAAL(14,X,<A10,3410,2410,15)

SohU 52, (5AdSIZ(I),I=1,N)

FuddAl(1cro.1)
sudg = V.0
vo 10 I=1,K
sudb = SUds + SAMS1Z(I)
gu 11 I=1,N

£ (1) =5Ad3IZ(I) ,/ SUMB * 100.0
CuUNTANJE

Youa(l) = Y (1)

o le 1= 2,13

IsUd (L) = ¥Y3Ud(I-1) + Y (I)

i =1
CcascCk = 0.000001
I =1

sr(d.Eg.2) CmECK = CHECK - 0.000001
i (CHECK.s1.100.1) GO TO 999

af (LecxeN) GO TO 41

is (YoUd (L) - CHECK) 40,41,42

. =1+ 1

su LU 20

valla(d) = oV (I)

d =8+ 1

<acCK = ChECK + 1.0

30 U <0

Yoddil = u.0

L7 (*euT.1) YSUMNIT = YSUM(I - 1)
LF(YsUm (L) - YSUMiI1) 20,20,43

aldl = 0.0

lb(I.61.1) ALM1 = GVW (I-1)

YauLdo(d) = AIMN1 + (CHECK - YSUKIT) /
((sud(I) - £5Ul1) * (GVW(I) - AIM1)
a = 4 + 1

CheCK = CdeCk + 1.0

au LU «0

vu 150 1=1, 190

ir (VALUE(L) .LT.oGVW) GU TO 150
«(VALUL (L) e6T o5 VW, AND.VALUL (1) .LT.PMG VWD)
+¥vailo (L) = VALJER(I) * (1.0 +(PMGVWF/PMGVWP ~ 1.0)/
+(28uVwP - SGVW) * (VALUE(I) - SGVW))
af(vaLlo(y .vb. rAGVHP)

155



156

Labal avake FJURIRAN 8 V8/SP CONVERSATIONAL MONITOR SYSIEM

+¥AaLUE(L) = VALUz({I) * SMGVYWF /PMGVWD
1ov c O Tanlh

C
N {Hi5 ZAKT UF PRUGHAM CCNVERTS VALUES BACK TO PERCENTAGE
L5

VALUE (1) = 0.0

4= 1

I=4d

1o LF(dead.39) <O TU 113
1¢(heur.101) GO TO 113
LE(VALUE (&) - oVw(d)y) 110,111,112
1ty &L =1 « 1
aw 10 105
111 Acuidgd) = (I - 1) * 1.0
L= i+ 1
a = H + 1
au 2y 105
11¢  acClnyfly = ((oVH(H) - VALDE(I-1))/(VALUE(I} - VALUF(I-1))
. o (L-L) ) * 1.0
4 =4 + 1
su 1iu 135
113 uu 114 1=4,3v
aLwfn{L) = 100.0
114 CualidUx
2inli(l) = ACLF&(1)
Saa3il (1) = PoaCI(1) * 5U4B / 100.0
we 112 I=2,40
vLgCifi) = ACUFE (u) =~ ACCFR(I-1)
544514 (1) = PERCT(I) * SuUdB / 100.0
11 Cuwalaln
[ iads ZanT Pa&sN13 idE QUTPOT

eiadl obud,s¥BAx , IROAD,LVEH,ISTATE
owd  FuaddT(*1*,10X,*PxCJECTION BY NCHRP/SDHPT METHODOLOGY®//,
+104, 4, /108,210, /710%,3810,/10%,2010/)
Palidl odil
Ul FUBNAL(10X,*GVw INIERVALS*, 10X, *ACCUMTLATED FREQUENCY*/)
vy 116 1=1,30
2al Nl oV2,GVm (i) ,ACCFR (1)
Tt cunlaule
NA = 3u
2aand 117, YEAR,LEUAD,IVEH,ISTATE,NA
117 2uaHAL (*1%,/14,%,2410,3410,2419,15)
er.dI 113,IFLAG
113 Foaaal(lId)
falsl 119, (5ABSIZ(I),I=1,dA)
Tla  Booaal(12F6.1)
ovi FunMal{19%,F10.4,15X,F10.4)
Siu?

Lad



APPENDIX 5

INPUT FORMAT AND ILLUSTRATION FOR "MEANWGT"
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INPUT FORMAT FOR 'MEANWGT'

1. First card—Description of Data I
Format: (I4, X, 2A10, 3A10, 2A10, I5)
a. YEAR Year in which data was collected

b. IROAD Highway system in which the truck weighing stations
were located

IVEH Vehicle type
ISTATE State in which data was collected

e. N Number of distribution intervals contained in the data

2. Second card—Description of Data II
Format: (I4)

a. IFLAG To indicate the type of truck weight
i.e., 3000 for single axle weight
6000 for tandem axle weight

9000 for gross vehicle weight

3. Third card to Fifth card—Sample sizes for corresponding truck weight
distribution groups (one to three cards)

Format: (12F6.1)

a. [SAMSIZ(i), I =1, ﬁ] Number of trucks recorded in the correspond-
ing truck weight distribution groups

Note: Repeat the above sequence to compute for more years.
Leave a blank card to terminate.
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ralal aPdiwl JaTa 3

VM/S?2 CONVERSATIONAL MONITOR SYSTE4

R R TS s D F e S L L DT PO DA DI S ST DU e

1970. .0 iEdSTATE RURAL
9000V .Gaunss VE4AICLE WZIGHT
Je Je g. 2. 15.
35. 32. 19. ¥5. 117.
1.
197140 lau85TATE RURAL
J0UJewnUSS VEdICLE WEIGHT
U, Ve 0. 14,
35. 27. 1e7. 120.
1.
1972.453okS5LATE RURAL
9000.64055 VEHICLE WELGHT

3-52(332000)

51.
229.

3-52(332000)

41,
201.

95.
2706,

3-52(332000)

-J. =Je. V. 2. S. 17.
5. b. 17. 19. 32. 51.
0. 1.

1973, 48 fenoiATs KUnAL
JU0V.wuaU3> VEHICLE WELGHT
-Je -d. -U. Ze 7. 17.
4. ' 14. 18. 27. 59.
1974. 100285 7A1L nURKAL 3-52(332000)
JO0UV.8u3s VialCLE WE4GHT
-0. -0. -0. 4.
. 0. 12. <7.
1v/o.lasaaSIATE aURAL
JYUQ.Gaiuoy VEHICLE WEIGHT

3-52(332000)

lo. 4o.
33. 58.
3-52{(332000)

0. ' 0. O 0. 0.
30. 18. o7. 0l. 91. 130.
4L V. 11. 1. 3. 1.

1970, 100 E35id0e KUKAL
9000.vau3S YEHICLE WEIGHT

3-52(232000)

Ve J. J. 2. 3. 5.

7. ou. 131, 119, 149, 173.

Sce 15. Z. 1. 1. 0.
197948 aaSLATE nlUrAL 3-52(322000)
J0ud.6u035 VoHICLE WEIGHT

Ve U. 0. 0. 0. 5.

+1. Lo, J1. v6. 112, 126.

sl 9. 7. 3.

85.
254,

125.
217.

23.
38.

30.
33.

39.
34.

2.
138.

36.
157.

24,
154.

117.
157.

114,
S4.

13.
15.

21.
24.

23.
22.

9.
146.

94.
316.

54.
221.

STATE OF TEXAS

92. 61. 37. 31.

48. 39. 2). 4,
STATE OF TEXAS

77. 48. 54. 3.

12. 1. 3. 1.
STATE OF TEXAS

16. 9. 2o 6.

2. 2. e -0.
STATE OF JEXAS

15. 11. T. 10.

8. 3. 2. 1.
STATE OF JTEXAS

16. 15. g. 12.

0. 1. 5. 1.
STATE OF TEXAS

29. 25. 53. 32.

90. 138. 206. 101.
STATE OF TEXAS

155. 121. 103. 74.

159. 196. 165, 58.
STATE OF TEXAS

92. 82. u. 54,

112. 159. 17. 99.

£
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INPUT FORMAT AND ILLUSTRATION FOR "SHIFTIN"
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(1)

(2)

163

INPUT FORMAT AND ILLUSTRATION FOR "SHIFTIN"

Nature of data (one card)
Format: (A7)
(a) [COEFF] COEFFICIENTS for a linearized curve. The

coefficients are the 1In (A), B, and C of
the following equation.

In Y= 1n A+ B In x + Cx

The input of COEFFICIENTS will provide a
base for the program to start shifting.

(b) [RAWDATA] To identify that the data provided in the
file is drawn from raw field data. Regres-
sion analysis is required before actual
shifting can be started.

Optional commands (up to five cards)
Format: (AS)

These optional commands can be used to suppress certain outputs.
These options are:

(a) [NORATIO] To suppress the output from the subroutine
/RATIO/, which is to compute the ratios of
truck weight for two years at five percent
interval.

(b) [NOREGRE] To suppress the output from the subroutine
/REGRESS/, which is to perform a regression
analysis and to fit the ratios obtained from
subroutine /RATIO/ to a straight line.

(c) [NOCHISQ] To suppress the output from the subroutine
/CHISQ/, which is to perform a CHI-SQUARE
analysis on the curve fitted by /REGRESS/
and the actual data.

(d) [NOPLOT] To suppress the plotting routine from gene-
rating an accumulated frequency truck weight
distribution curve (shifted curve).

(e) [NOHISTO] To suppress the plotting routine from gene-
rating a histogram for the shifted truck
weight curve.

NOTE: Leave a blank card to terminate options.
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INPUT FORMAT AND ILLUSTRATION FOR '"SHIFTIN" (cont.)

(3) Estimator—Input card (one card)
Format: (5F10.5)

This card contains three parameters. The sequence of the parameters
are:

(a) [EXPWGT] Expected average weight for the predicted
year. The expected average weight is obtained
either from historical trend analysis or from
an average GVW factor.

(b) [EXPVAR] Expected variance for the predicted year.
The variance for truck weight is obtained
from historical trend analysis. To project
a weight distribution curve for a new set of
proposed truck weight limits, EXPVAR should
be = 10~15 percent higher than the latest
available distribution.

() [cpT] Critical point from which shifting starts to

occur. It is expressed in terms of percent-
age, i.e. for 10 percent input CPT = 10.0.

(4) Latest truck weight

distribution data (three to five cards)
(a) First card—description of data I
Format: (14, x, 2A10, 3A10, 2A10, I5)
(i) IYEAR Year in which data was collected.
(ii) IROAD Highway system in which the truck weighing
stations were located.
(iii) IVEH Vehicle type.
(iv) ISTATE State in which data was collected.
{(v) N Number of distribution intervals contained

in the data.

(b) Second card—description of data II
Format: (I4)

(i) IFLG To indicate the type of truck weight,
i.e. 3,000 single axle weight
6,000 tandem axle weight
9,000 gross vehicle weight
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INPUT FORMAT AND ILLUSTRATION FOR "SHIFTIN" (cont.)

(c) Third card—Fifth card——sample sizes for corresponding truck
weight distribution groups (one to three cards)

Format: (12F6.1)

(1) [SAMSIZ The number of trucks recorded in the corres-
(0), ponding truck weight distribution groups.
I=1,N] The distribution weights are input inside

the program in DATA statements. Check W-4
or W-5 tables for the weights of the distri-
bution groups. Each card should not contain
more than 12 numbers

Base year truck weight
distribution data (three to five cards)

Format:

Description of this item is exactly the same as than in item 4. The
importance of this item is that the general shape of curve of the base
year affects the shape of the predicted years. Thus, it is important
to choose data with a large sample size for the base year data. Any
unsmoothness in a curve due to scarcity of sample will sacrifice the
accuracy of prediction.

A sample input is shown on the next page. This sample is the actual
input data used for the shifting of truck weight distribution curve
for 1978 for the truck 3-S2 on Texas highways. The output of the
shifting is shown in the latter part of the appendix.
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¢luu: AronfDAZ  OATA 3 VM/SP CONVERSATIONAL MONITOR SYSig#

R T D e S e P L L RN . DO I S T T T JUN Sy

Sawuala
14.20 10u.v 0.9
Iy74.iniEs»iATE RURAL 2D (220000 STATE OF T2XAS 1.
w0ul.uaudd YEZa4CLE doiGaT
-U. 15, 10. 15. d. 3. g. 1. 0. 0. o, 1.
19/, diaabTATE BURAL 2D (220000) STATE GF TZXAS 1.

J0UU.Gd 33 VoHICLe ddleaTl
do  131. T4u. 120, 51. 35. 19. 7. 3. 0. 1. 1.



Falo: aPodllh vATA o

*

ceesFarealann,

fawbaTa
DD 49U, 0 0.0
1973 . i iauslAlS RUKAL 3-52(332000)
F0UJ.uad33 VaoldiCLEe WoaGa?
0. O. U. 4. 16. 4o.
19, 0. 1. 7. 33. 54,
1970+ isloasfATe RURAL 3-52(332000)
F0U0.Gaun3 VEHICLE JolGHT
e Je 0. . 1s. 51.

5. 32. 13. ¥5. 117. 229.
1.

39.
34.

85,
254,

23.
22.

117.
157.

STATE
16. 15.
0. 1.
STATE
92. 61.
44, 39.

¥Y¥/5P CONVIRSATIONAL MONITOR SYSIEd

OF TEXAS
8. 12.
5. 1.
OF TEXAS
37. 31,
20. 4,
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INPUT FORMAT AND ILLUSTRATION FOR "'TAWEXP"
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INPUT FORMAT FOR 'TAWEXP"

Three sets of data are to be arranged in the following order:

1. predicted GVW distribution for the interested year,
2. actual SAW distribution from the latest available year,

3. optional: actual TAW distribution to be compared with the output.

For each set of data, input format is similar to that listed for "MEANWGT."
The third set of data is optional. If no comparison is expected, leave a

blank card to terminate the data set.
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FiupE: A2oMDB UATA B VM/SP CONVERSATIONAL MOWITOR SYSTEM

P
1378.10.a5TATe s URAL 3-52(332000) STATE OF T:ZXAS
F00V.6ausy VEHICLE JELGHT

c1oo Lc44d 1406 2049 .0815 .0815 3.016 7.181 8.350 5.554 3.120 2.234
Co4DD Z.U31 4.63Y 5.002 5.454 7.410 S.669 9.965 3.823 4.332 5.457 5.961
2.490 .3000 .3324 .3354 .0078 0.000

1374%. w0 TniSIAle &URAL 3-52(332000) STATE OF TIXAS
JOUU.OLWGLE AXLE

1. 13. by, 301. 8.
1y70. LNt 1AL 5 aURAL 3-52(332000) STATE OF TEXAS

bUuu. Tdiubd AXLE
1. dido. 730. o76. 1019. 519. 135. 312. 222. 116. 53. 32.

13. 4. 2. 2.

B N Y TS e P D T R L R FUTUE Iy JUPPIE Jp P

3
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SAMPLE OUTPUT FROM '"SHIFTIN"
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MULTIR IFRS OF THE INPUT TRUCK «WEIGHMT naTA
SRR IR AN NIRRT AITIRLRETITITASISES

ISR (3320000
INTFRSTATE RURAL
STATE OF TEXAS
YEAR (1 ) 3 1974

YEAR ( 2 Y = 1974

ACCUMBLATED YEAR(Y) YFAR(DY
FREQUFNCY fVN (xIPS) Gyw (KIPS)
a 13,5929 135700
5, 0@ 21,9259 24,2882
14,0099 22,8174 26,1282
15,0404 23,4699 27,5049
20,0000 24,5949 29 1087
25,2940 25,5897 31,2849
3, WK 26,9913 3%;3371
15,8300 23,9750 39, 9844
40,0209 31,8933 45 8326
45,8940 35,2647 49 2763
50,0049 19,6687 52, 8419
85,3004 16,1852 5% _sd%e
80,0404 49,7778 57;4617
65, uY 52,757 $9,1539
TALBIRG 55,3946 60 _R169
75,4000 57,4697 62,397
LGRS 58,7414 63,9764
A%, AR0Y 69,7959 65 _8997
e, anan 63,5548 68 4SSy
9% ,AAAY 67,1818 71,3229
18a,000% aS_na0y 90 _anan

THE LIGHTEST TRUCK
RECOARDED T8 IN THE . .
DISTRTIRUTIAN GROUPE 13.5- 22.0 13,5+ 2¢,¢

THE HEAVISET TRUCK
RECORNDEDN IS IN THE )
DISTRIRUTION GROUPT RA_He A5 0 BS,0a O 0

YEARC1I/YEAR (D)

175
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REGRESSINN ANALYSIS TO FIY MULTIPLIERS tNTO AN EQUATION
22533333233 EE S ES S SSI LA ISR SR RSS2

A e MaATRIX [ 3 X 3

29,049 77.24 19015,93
77,24 Nt 10 unsS2,58
1815,93 44s2,.58 S7748,10

INVERSE OF MATRIX A [3XV)

91,23 «32,48 b7
32,48 11,62 -,24
.67 ..Zﬂ ol
Ce VECTOAR
3,131
=12,56
153,52

FORM OF MATRIX MULTIPLTICATINN

[AINVI (CVEC) = (RVECH
8=«VECTNR (COEFFICIENTS A,B,AND C)
LNCAY = 1.9122

A s =,7876
e .ﬂl°ﬂ



14
11
12
13
14
1S
14
17
18
19

2"

CHI=8NIAOE TESTING ON GNONNESSeNFaFIT NEg THFE MULTIPLIER ENUATION
lHI=!===8======8==:='=l8==l===!ll!lES='=:==:8=!l!====='t:==:!g'g

EQUATION FITTEN: YEXP = A = (X »¢ RY & EXP (x ¢ ()
WHERE A3 6,768¢
R = -, 7870
C s JA10¢
1 21 23 ta)
ACTUAL EXPECTED (1) = (2) 31X
VALUES VALUES
L2704 .R699n07 -, 232794 L1978
LA73286 .A53462 -, 022824 JNevr521
.ReM395 .A3R407 - 0219R9 el ELTY]
LAM4932 .826519 -, 018393 .200318
L817996 813A17 T IT.LT) Ja2017
JIs2744 7981336 «A35592 L0012s7
L724658 791197 166539 Yaud27
699434 .7929us8 .A93870 LPaR812
L715692 .828512 JRAUR2D .8ar194
L15%667 .810s78 060011 0083641
LR29929 820867 -, (R9262 L404052
L8s7182 .82814% =.039239 L1524
LR91860Q 836997 -, 055772 203111
IELY Y .844257 .. 066617 .00u438
914618 .852547 -, 062769 L0a1853
2918173 ,861353 -.p56819 L1a1228
L921186 .872762 . pub424 L132345
.92847a ,389074 «-,n39397 L201552
2941939 908922 -.n33317 T ILY
.oasada 1.178568 134124 .P17988

THE CHI=SQUARE VALUE I8 WTITYIN THE S PEQCEMT SIGNIFICTENT VeLyE,

CHI=SNUARE ValLUE =

THUS,THE CDEFFICIENTS MAY RE {JSED FOR THE EQUATION
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5)
a4r/¢2)

«081236
«?07%613
«NANS?7
T EYT.L)
«N01B21
«?@1SA7
PB%Sq6
1113
«?02957
«2@udg?
«2021020
201840
« 123729
«NP8287
«?3uS19
« 91748
PB26A7
« At 746
B1109
« 216678

e V76078
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RESULTS NRTAINED Fanm THE POWELL METHOD
ARSI URTSINSSSCATTIX YA ITAINSNRNZITESS

FX x{1) X¢2)

L143222708422 +HTOTITIBELAL =, TATSHUZRECER
2B2UB3I28E b «Q1262080E401  « TRATR6UIRE+AY
FX X041y X(23
< 3336658RF+n1 «F12T20AUE+AL =, TRHSHUBAE+QY

.26806692E=AS  ,9127208UE+A1 =, 3712980AE+WD
IME IS NOW = o.218

X33

+18973218E=81¢

«18970214E=01
xt3)

«19972214E=D1

1997221 4E=0y

a FUNCTION EVALUATIONS WITHIN POWELL ROUTINE AND
266 FUNCTION EVALVATIONS DURING THME LINE SPARCHES,

UNCTION VALUF = «26R6692E =35
ARIAALE VALUESt=

«91272983E481 o, ANIPIRARE + 1@ 1997821 4E gl
IME I8 NOW @ 8,179rapa0

CoEFFICIENTS OF THE EQUATION

A s 9,1272
83 -, 8013
c = 200

AVERAGE WEIGHT = S5, 4420
VARIANCE = U7 , 4632
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PROJECTEN TRUCK WEIGHT DISTRIAUTION (83 INTERVALS)
R TP R b R R T P T P PR PP R RS TR 2222 1 20

ACCFREQ FACTORS WETRHT

{RERCENTY (K1e$§)
5,.4¢23a 1.154% 27,9478
te,Adan 1.1287 29,4123
15,8790 1,1125 30,5341
24, :1ay 1,7987 31.89%4
28,4031 1.,1AA¢ 33,7924
16,0934 1,9621 37,5844
35,3¢02 1,75587 42,2104
4n Jdead 1,P616 47,82v2
45, 89a9 1,878 52.97¢2
Sn,39a0 1,0915% §7.67%b
55,e4a9 1.,19278 61,8326
e%, 330w 1.1184 64,2218
65,1392 1,1311 66,9273
70, A%uA 1,14%6 69,5488
75,8438 1,1562 72,1448
80, 0a3 1,1696 74,8276
A5, 3309 1,1869 TR,2148
LU DN 1,2115% 82,9349
ag _veap 1,2204 A7,9%09

100,269 1,2284 1ee, 818
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PROJECTEN WEIGHT DISTRYRUTION
. BTSSR RBEITRASRISLISANEESSS

WEIGHT PERCENTAGE ACCUMYLATED
NISTRIRUTION FREQUENCY
4,00080 <1534 «1534
13, vyad . 2344 «3835
13,8408 1342 «5177
29,2000 $2802 «7669
22,0000 4787 «B843%5
2u,apay 3767 9283
26,7089 767 L9973
28,006 4,1084 S.1928
32,0029 7.432% 12,6243
32,0900 T.7324¢ 20,3568
34,0000 §,4849 28,4414
36,0700 2.,26%8 28,3071
3A_app@ 2,1443 12,4814
L1 PRLTAL Bl 2.,3%44 12,8284
45 aann 3,713 37,5394
Sp, s 4,6284 42,1638
58, d00d a,9262 47,0949
e, pond S.3416 52,4316
65,4200 9,035% 61,4669
To  A008 9,119 70,3888
73,9308 3.8448 74,7253
75,0000 5,%807 agd,315@
84, 00a% 60,6954 86,9274
A5, 3uad S,1A24 92,103%
%a anan 5,32%4 97,4287
95,1309 1.6198 99,3476
113, 0300 3210 99,3687
145, opand L3210 99,6897
114,90a30 .3103 100,000
115, 6900 2 100,4320
AVEAGE WEIGHT 3 55,3400

ViRl anCE = 427,4632
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CONCLUSTION OF ANALYSTS
BCSTEISISITRARTTRITAEISY
INPUY FSTIMATORS!:
EXPECTFD MEAN = 55,44
EXPECTED VARIANLE = 400,00
COMBUTED ESTIMATORS:

MEAN a 55,44
VARIANCE s 427,46

STATISTICAL TESTING

TeTEST (TCO TEST THE ACCEPTARILITY NF YHe COMPUTED MEAM)
CHISN=TEST ¢T0 TEST THE ACCEPTARILITY nF THE VARIANCEY

TeTEST
NULL WYPDTHESIS t COMPUTYED MEAN 3 EXPECTED MEAN

ALTERNATE WYPOTHESIS: THEY ARE NOY Equal

TeVALUE = Lraun
CHISNeTEST
NULL HYPOTHESIS g FOMPUTED VARIANRE = EXPECTED VARTANCE

ALTERNATE HYPOTHESISt THEY ARE NOT EQual
CHISQ=VALUE = 30,0911

DFGREE OF FREEDOM = 3@,

EMGINEFHS ARF RESPONSIALE TN CHECK BOTH THE

TdN™ CHISNVALUES WITH THE TwAND CHISQALDISTRIARUTION
TAQLFES RESPECTIVELY,

IF ANTH MYPOTHESFS ARE ACCEPTARLE, THE pQMPUTED
WEIGHT NISTRIBUTION CURVE SHOULD RE ACCEPTABLE,

IF ONE oF THE HYPOTHFSES I8 PFJFCTED, THEN IT

Is Up To THE EMGINEERS TO USE THEIR OWN JUDGEMENT

Tn ACCEPT OR REJECT THE DISTRIAUTION CumvEk,
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