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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, 
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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 

software or manually with the aid of pocket calculators. For the former case, 

a series of computer programs was developed for immediate application. The 

shifting 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 possible to predict 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 behind 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. 

ix 
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AASHTO 

AGVWF 

CTR 

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 Haximum 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 ki1onewtons 

1 ton = 2 kips = 2,000 pounds 8.896 ki1onewtons 

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 re1ationshiD 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---name1y, 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 

1 
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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 

3 

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 '~ay 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). 
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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). 

• Table W-l. 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. 

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

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

• 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. 

• 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. 

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

• 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. 

• 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 evaluations, four vehicle types were considered. The four vehicle 

types selected 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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Fig 2. Vehicle configurations included in the study. 
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2D, 3A, 3-52, and 2-51-2. 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 l8-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. In 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 

7 
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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-Sl-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-Sl-2 vehicles 

are less likely than 2D and 3A to be demand and volume constrained (Ref 7). 
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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. In 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 weight 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 ill 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 is 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 

FID~A. The survey data are processed and summarized by FHWA, with summaries 

of truck weight distribution data formated into W-tab1es. These W-tab1es are 

the most complete information available on the vehicle weight carried by the 

highway system. In 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 illustrated by the example shown in 

Table 1. In 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 Band 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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(A) 

TABLE 1. EXAMPLE OF COMPUTATION OF MEAN AND VARIANCE FOR 
TRUCK WEIGHT DISTRIBUTION DATA (3-S2, TEXAS 
INTERSTATE RURAL HIGHWAYS, 1980) 

(B) (C) (D) (E) (F) 

Truck Weight Accumulated 
Distribution Mid- Frequency Percentage 
Intervals Point (%) (%) B x D 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 0.0 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 0.5 10.5 5.25 

22.0-24.0 23.0 1.0 0.5 1l.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 1.0 203.0 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 

72.0-75.0 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 37.5 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 

1: =- 100.00 Z = 5,509.00 1: = 338,814.25 

MEAN .. .. 55.09 ; VARIANCE 
338 2 814.25 - (5,509~2/100 

353·I~; 100 

STANDARD DEVIATION = 18.79 



Step 6. Compute the mean GVW using 

Mean GVW 
l:(Column D) 
l: (Column C) 

Step 7. Compute the variance: 

Variance _ [:(Column E) 
l:(Column D) x l:(Column D)] 

l:(Column C) 
l:(Column C) - 1 
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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-S2 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. In 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 
Factor 

Average GVW 
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; it can be expressed as 

where 

y = AX, 

y 

X 
A 

Average GVW, 
Practical maximum GVW, and 
Coefficient. 

27 
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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. 15) 
Two Sample t-test = 0.34 (D.F. 17) 
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TABLE 4. RELATIONSHIP OF AVERAGE GVW AND PRACTICAL MAXIMUM 
GVW FOR 3-S2, 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-S1-2, 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 coefficients are shown in Table 6. 

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

Truck Type 

2D 

3A 

3-S2 

2-S1-2 

Recommended 
Average GVW Factor 

0.51 

0.51 

0.66 

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 

where 

H 
o u = Uo versus H 

o 

U the mean of average GVW factors observed 
from truck weight data, 

= the mean of average GVW provided by the 
regression model. 
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The null hypothesis would be rejected at an a 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 

where 

t 
y - ~ 

o 

shin 

y mean of the observed average GVW factors, 

~o 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-S2 I.e; -1.1505 + 2.1314 

2-Sl-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 

H 
o 

]..I 
o 

]..11 

the mean of average Gm~ factors obtained from 
1960 through 1974 and 

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), 

t 
x - y 

S /1 - 1 
p\! n m 

where x mean of average GVW factor before 1975, 

n number of observations before 1975, 

y mean of average GVW factor after 1975, 

m number of observations after 1975, 

S pooled variance of the two samples, p 
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where 

and the pooled variance is defined as 

S 2 
p 

S 2 
x 

S 
2 

y 
= 

(n-l)S 2 + (m-l)S 2 
x y 

n + m - 2 

variance of average GVW factor 

variance of average GVW factor 

before 1975, 

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. 

Truck 
Type 

2D 

3A 

3-S2 

2-Sl-2 

TABLE 8. Sill1MARY OF RESULTS FROM TWO-SAMPLE T-TESTS 

Degree of 
Freedom 

16 

17 

14 

9 

Two-sample 
t-value 

0.58 

0.34 

-1. 78 

0.41 

Student t-distribution 
Acceptable Range 

+ 2.1199 

+ 2.1098 

+ 2.l4L+8 

+ 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 GV\.J 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 Gm~ 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-Sl-2, the 

single axle weight distribution curves represent steering axles and the load­

ing axles as well. Thus, this analogy for 2D and 2-Sl-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-S2 and 2-Sl-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 G~~ as a function of the average Gmv 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 'veight 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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TABLE 9. PRACTICAL MAXIMUM STEERING AXLE LIMITS FOR TRUCKS 

Truck Type 

2D 

3A 

3-S2 

2-S1-2 

Practical Maximum Steering 
Axle Limits 

7.22 Kips 

10.90 Kips 

12.0 Kips 

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-S2 58.4 72.0 80.0 

2-S1-2 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-S 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. In 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 

are 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. 
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Fig 19. Flowchart showing the manual application 
of the shifting procedure. 
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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. In 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. 



46 

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 ~,eight 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 projeccing 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 shift·2d curves. A new 

plotting is shown in Fig 21. From the new shifted curve, a m2an of 55.09 and 



100 - - ---

90 

80 

70 
~ o .. 
~ 

u 60 c: 
CD 
::s 
0" 
CD 

at 50 
"'0 
CD -~ 40 
::s 
E 
::s 
u 

~ 30 

20 

10 

o 

1970 -----------~ 
(Actuol Doto) 

Predict i on -----+---;~J 
for 1978 

20 40 60 80 
Gross Vehicle Weight. kips 

100 120 

Fig 20. First trial shifting from 1970 data for the projection of 
1978 GV\~ distribution, 3-S2, Texas interstate rural high\vays. 

47 



48 

100 

90 

80 

o 70 
~ 

>. 
(.) 

c 60 
Q) 

~ 
cr 
Q) 
'-

ll... 50 
"0 
Q) -o 
~ 40 
E 
~ 
(.) 

(.) 

<{ 30 

20 

10 

o 

o 1970 Actual Data 
• 1978 Fiirst Trial 
6. 1978 Acceptable 

Prediction 

20 40 60 80 100 
Gross Vehicle Weight, kips 

Fig 21. Acceptable shifting for the projection of 1978 GVW 
distribution, 3-S2, Texas interstate rural highways. 

120 



(A) 

TABLE 11. cmlPUTATION OF MEAN AND VARIANCE FROM AN 
ESTIMATED CUMULATED DISTRIBUTION CURVE 

(B) (C) (D) (E) 

GVW Distribution Mid-GVW Number 
Intervals Intervals of Trucks B x C B2 x C 

0.0-4.0 2.0 0 0.0 0.00 

4.0-10.0 7.0 0 0.0 0.00 

10.0-l3.5 11. 75 0 0.0 0.00 

l3.5-20.0 16.75 2 33.5 561.l3 

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 95 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,l31.25 

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 1 87.5 7,656.25 

90.0-95.0 92.5 0 0.0 0.00 
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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. In 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 
o 

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. 

at the a level of significance if 

t 

is either < - ta/2, n-l or > + t a/2, n-l (Ref 8). 

H~:hould be rej ected 
o 



Notations for the symbols are as follows: 

S = 

n 

0. 

t 0./2, n-l 

mean truck weight computed from a shifted curve, 

mean truck weight obtained from regression of 
past truck weight data, 

standard deviation of truck weight computed from 
a shifted curve, 

number of distribution intervals, degree of freedom, 

level of significance; use 0. = 0.05 in the shifting 
procedure, and 

student t-distribution with n degrees of freedom. 
Values for student t-distribution may be obtained 
from statistical tables. 

Chi-Squared (X2) Test of the Variance 

51 

To determine the acceptance of a shifted curve based on its variance, a 

variance ratio test, or chi-squared (X2) test, is applied (Ref 4, 8). The 

chi-squared test is used to test: 

versus 

H : S2 S 2 
o 0 

S 2 
o 

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: 

and 

2 
(n - l)S 

S 2 
o 

< 2 
-- X 0./2, n-l 

2 
(n - l)S > 2 

S - X 0./2, n-l 
o 
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Notations for the symbols are as follows: 

n 

S2 

S 2 
o 
2 

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

variance of the shifted curve, 

variance obtained from regression analysis, 

X a/2, n-l chi-square distribution with level of significant 
a/2, and (n-l) degree of freedom. 

From the example, the parameters of the shifted curve are 

mean 

variance 

standard deviation 

55.09, 

353.23, 

18.79. 

From the average GV~, 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 

t 
55.09 - 55.44 

18.79/130 
-0.1020 

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, 

t 0.025.29 + 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) It 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. 
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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 land 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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where 

1 

Y = A + B - CX 

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, 
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B, and C cannot be obtained from a linear regression analysis. Only through 

the trial and error method may 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 (l,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, 

Multiplying factor (i%) GVW(2,i%) 
GVW(l,i%) 

(Eq 5-1) 

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. 
1 

AX 
B CXi, 

. e 
1 

and the linear form is 

(Eq 5-2) 
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log (Yi) 
e log A + B log Xi + ex. e e 1 

(Eq 5-3) 

In this shifting procedure, the following deviations are used for Y. and X.: 
1 1 

Y. multiplying factors at one percent increment intervals, 
1 

X. = GVW (l,i%). 
1 

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 goodness-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 e are computed by solving the following 

system of equations: 

n L(log X.) LX. A L(log Y.) 
e 1 1 e 1 

L(log X.) 2 L(X. * log X.) L(log X.)(log Y.) L(log X.) B e 1 e 1 1 e 1 e 1 e 1 

LX. L(X.10g X.) L(X.)2 e L(X.'log Y.) 
1 1 e 1 1 1 e 1 

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 e are found, the values are 

used as inputs into Eq 5-2, With GVW (l,i%) as the X-values, the multipliers 

and their respective GVW (2,i%) may be found. In 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. vlith Eq 5-1, 

GVW (2,i%), which represents the GVW (i%) for a future year, can be computed 

by multiplying the new multiplying factor and GVW (l,i%). This operation can 

be expressed by the following equation: 

GVW (2,i%) GVW (l,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: 

where 

f(u) W - ~VW(l,i%) * u(l) * GVW(1,i%)u(2) * 

Exp(u(3) * GVW(l,i%)~ 

f(u) 

W 

GVW(l,i%) 

objective function to be minimized by 
Powell's method 

mean weight obtained from regression 
analysis or average GVW factors, 

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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Fig 23. Flowchart showing the computerized shifting methodology. 



63 

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. In 

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 (l,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 eomparison 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 )eriod of time, 

provided that there were no weight law changes, can be fitted i~to 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. In 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 mE!an 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 LOS, 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 eurves 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 :'l"CHRP 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-S2 13.5 40.0 

2-S1-2 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 CO~~UTERIZED 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 0.0 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 92.1C33 

85.0-90.0 99.28 97.4287 

90.0-95.0 99.83 99.0q·76 

95.0-100 99.92 99.3687 

100.0-105 99.96 99.6897 

105.0-110 100.00 100.00 

110.0-115 100.00 100.00 X2 = 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-S1-2, 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-initia1 weight 

PMGVWP 

PMGVWF 

b. SDHPT-initia1 weight 

PMGVWP 

PMGVWF 

4.0 kips 

24.50 kips 

27.22 kips 

20.0 kips 

24.50 kips 

27.22 kips 

c. Computerized Average GVW Factor Methodology 

• expected mean weight 0.41 x 27.22 x 

• expected variance 100.0 kips 

• 1974 truck weight data as latest year 

• 1970 truck weight data as base year 

• initial shifting point o kips 

1. 05 14.58 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 te~t results for the goodness of fit. 
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2. 3-S2, Interstate Highway System 

a. NCHRP-Initia1 weight 13.5 kips 

PMGVWP 72.0 kips 

PMGVWF 80.0 kips 

b. SDHPT-Initia1 weight 40.0 kips 

PMGVWP 72.0 kips 

PMGVWF 80.0 kips 

c. Computerized Average GVH Factor methodology 

• expected mean weight 0.66 x 80.0 x 1.05 55.44 kips 

• expected variance 400.0 kips 

• 1974 truck weight data as latest year 

• 1970 truck weight data as base data 

• initial shifting point o 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 sever.:l1 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) 

GVW 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 



.. 
>­
CJ 
C 
Q) 
::J 
D" 
Q) 

100 

90 

80 

70 

60 

~ 50 
"'0 
Q) -t:J 
::J 40 
E 
::J 
CJ 
CJ 
« 30 

20 

10 

o 

" 

.. , .. . 
/: 

... 

---0 1978 Actual Data 

---0 NCHRP Procedure 

--6 SDHPT Procedure 

.......• Avera ge GVW Factor 

Procedure 

75 

20 40 60 80 100 120 
G r 0 S s Ve hie' eWe i g h t t kips 

Fig 28. Comparison of GVW distribution curves derived from 
actual field data, NCHRP. SDHPT, and the computer­
ized AGVWF shifting procedure (3-S2, Texas Inter­
state rural, 1978). 



76 

TABLE 17. COMPARISON OF PROJECTED CUMULATIVE FREQUENCY CURVES 
GENERATED FROM AVAILABLE SHIFTING METHODOLOGIES AND 
THE ACTUAL DATA FOR 3-S2 ON TEXAS INTERSTATE RURAL 
HIGHWAYS (PROJECTION FOR 1978) 

GVW NCHRP SDHPT Computerized 
Dist ri bution 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 :<.5.4414 

34.0-36.0 24.96 43.9880 46.1142 :;:8.3071 

36.0-38.0 27.36 46.6611 48.5965 ~0.4514 

38.0-40.0 29.63 48.8201 50.1955 JO.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 99.92 100.0000 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 

X2=149.96 X2 =172.06 X2= 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 is 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. In previous chapters, much attention was given 

to the prediction of GVW distribution under proposed weight limits. In 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-S2, which has one single axle (steering axle) and two tandem axles, 

the gross vehicle weight is obviously equal to the summation of the steering 

79 
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axle weight 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%), SAW(i%) and TAW(i%) be the GVW, SAW, and TAW at i% along 

the truck weight cumulated percentage curves for either 3A or 3-S2. For the 

single unit trucks, 3A, prediction of TAW(i%) was based on the following 

equation: 

[GVW(i%) - SAW(i%)] (Eq 6-3) 

and for 3-S2, the following equation was used: 

0.5 [GVW(i%) - SAW(i%)] (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 wi.th 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-OF­
FIT BETWEEN ACTUAL AND PREDICTED TANDEM 
AXLE WEIGHT DISTRIBUTION CURVES 

3A 

1970 

1974 

1976 

1979 

3-S2 

1970 

1974 

1976 

1979 

Chi-squared value 

20.68 

75.06 

19.58 

18.24 

Chi-squared value 

9.08 

33.85 

12.87 

10.35 



chi-square values indicate that the predicted TAW distribution agrees with 

the actual TAW field data. 
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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 l8-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, a~d 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-S2, 

TAW(i%) 0.5 [GVW(i%) - SAW(i%)] 
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and for 3A, 

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

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 TANDEH AXLE WEIGHT DISTRIBUTION 

In order to determine the accuracy of the prediction, an illustration 

using prior data is developed. In this example, the prediction 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 pred.iction of 

tandem axle weight under the proposed truck weight laws. The d.ata 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 TA~m~:::p is included in Appendix 3. Figure 33 shOvls 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 Table 21. Both the 

plotting and the chi-squared value indicate that the prediction is within 

acceptable tolerance. 

CALCULATION OF EQUIVALENT l8-KIP SINGLE AXLE LOAD 

To assess the impacts on pavement structures due to changes in legal 

weight limits, one has to compute the equivalent l8-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 IS-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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Obtain TAW(i%) 
by Using TAW(i%) = 

0.5 [GVW(i%) - SAW(i%)] 

I 

Fig 32. Flowchart for predicting tandem axle weight 
distribution for 3A and 3-S2. 
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TABLE 19. PROJECTED GVW DISTRIBUTION FOR 1978, 3-S2, 
TEXAS INTERSTATE RURAL HIGlR\fAYS (INPUT 
DATA FOR PROJECTION OF TAW, 1978) 

Weight 
Distribution Accumulated 

(kips) Percentage Percentage 

4.0000 .1534 .1534 
10.0000 .2301 .3835 
13.5000 .1342 .5177 
20.0000 .2492 .7669 
22.0000 .0767 .8436 
24.0000 .0767 .9203 
26.0000 .0767 .9970 
28.0000 4.1951 5.1920 
30.0000 7.4323 12.6243 
32.0000 7.7321 20.3565 
34.0000 5.0849 25.4414 
36.0000 2.8658 28.3071 
38.0000 2.1443 30.4514 
40.0000 2.3744 32.8258 
45.0000 4.7136 37.5394 
50.0000 4.6244 42.1638 
55.0000 4.9262 47.0900 
60.0000 5.3416 52.4316 
65.0000 9.0353 61.4669 
70.0000 9.4139 70.8808 
72.0000 3.8445 74.7253 
75.0000 5.5897 80.3150 
80.0000 6.6054 86.9204 
85.0000 5.1828 92.1033 
90.0000 5.3254 97.4287 
95.0000 1.6190 99.0476 

100.0000 .3210 99.3687 
105.0000 .3210 99.6897 
110.0000 .3103 100.0000 
115.0000 0 100.0000 
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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 

End of SAW 
Interval Sample 

(kips) Size 

3. 1. 

7. 13. 

8. 69. 

12. 301. 

16. 8. 

C 

Percentage 

.26 

3.32 

17.60 

76.79 

2.04 

Total Number of Trucks Weighed = 392 

D 

Accumulated 
Percentage 

.26 

3.57 

21.17 

97.96 

100.00 



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 ~iven 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. In the 

previous chapters, both the procedures and the example of shifting SVW 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. In 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. Its accuracy is directly affected by the size and quality of the 

samples. The shifting for TAW distribution depends on both G~~ and SAW 

distributions. Therefore, the accuracy of the prediction of future axle 

weight distributions is dependent upon the quality of the prest~nt 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 1,+. 

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

data representing the same category. This may be significant ::or the steering 



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 
Groups, 1b Axle Load, 1b Factor1 Ax1es 2 

Single Axles 

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

12,000-15,999 14,000 0.40 279 
16,000-18,000 17,000 0.825 106 
18,001-20,000 19,000 1. 245 43 
20,001-21,999 21,000 1. 83 4 
22,000-23,999 23,000 2.63 3 
24,000 and over 0 

Subtotal 

Tandem Axles 

Under 6,000 4,000 0.01 9 
6,000-11,999 9,000 0.008 337 

12,000-17,999 15,000 0.055 396 
18,000-23,999 21,000 0.195 457 
24,000-29,999 27,000 0.485 815 
30,000-32,000 31,000 0.795 342 
32,001-33,999 33,000 1.00 243 
34,000-35,999 35,000 1. 245 173 
36,000-37,999 37,000 1.535 71 
38,000-39,999 39,000 1. 875 9 
40,000-41,999 41,000 2.275 0 
42,000-43,999 43,000 2.74 1 
44,000 and over 0 

Subtotal 

Total 

Total, all trucks = 3,146 

1 
2.5 and NS 3.0 For Pt = 

2 Loadometer station data for 3,146 trucks 
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Equiv 18-kip 
Single Axles 

0.2 
6.4 

10.2 
174.4 
111.6 

87.5 
53.5 
7.3 
7.9 

459.0 

2.7 
21. 8 
89.1 

395.3 
271.9 
243.0 
215.4 
109.0 
16.9 

2.7 

1,367.8 

1,826.8 
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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 

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-Equiva1ent Factors from AASHTO 

Guide or W-4 Table to Compute 18 KESAL 

Sum up the 18-Kip ESAL 

, 
STOP 

Fig 34. Shifting procedure and computation of 
18-kip equivalent single axle load. 



Tandem Axle 
Weight Groups 

0- 5,999 

6,000-11,999 

12,000-17,999 

18,000-23,999 

24,000-29,999 

30,000-32,000 

32,001-32,500 

32,501-33,999 

34,000-35,999 

36,000-37,999 

38,000-39,999 

40,000-41,999 

42,000-43,999 

44,000-45,999 

46,000-49,999 

50,000-55,000 

6 2217 - 2092 
2092 

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

Flexible 
Pavement 18-K Observed 

Observed Predicted Equivalence 18-KESAL 
Sample Sample Factor Applications 

1 25.6 0.010 0.01 

848 927.5 0.010 8.48 

790 820.7 0.044 34.76 

676 586.4 0.1480 100.05 

1019 1062.2 0.4260 434.09 

519 390.4 0.7530 390.81 

135 70.2 0.8850 119.48 

312 201.6 1.0020 312.62 

222 216.8 1.2300 273.06 

116 212.1 1. 5330 117.83 

53 186.9 1. 8850 99.91 

32 12.3 2.2890 73.25 

13 12.3 2.7490 35.74 

4 12.8 3.2690 13.08 

2 6.2 4.1700 8.34 

2 0.0 5.100 10.20 

L = 4744 L 4744.0 L = 2092.00 

= 5.98% 

Predicted 
18-KESAL 

Applications 

0.3 

9.3 

36.1 

86.8 

452.5 

294.0 

62.1 

202.0 

266.7 

325.1 

352.3 

28.2 

33.8 

41.8 

25.9 

0.0 

L = 2217.0 

\0 
VI 



TABLE 24. COMPUTATION OF ACTUAL AND PREDICTED 18 KESAL FOR 1.0 
0\ 

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 8.48 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 

r 4744 r 4744.0 r = 3637.0 r = 3846.3 

6. 
3846.3 - 3637.0 x 100% 5.75% = 3637 
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axle distribution of 3A and 3-S2. Since the SAW distribution curves did not 

shift throughout the years. the combination of data will surely improve the 

accuracy of prediction. 
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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 
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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. 

(4) Concept of using a mean and a variance to predict future distribution 
--Both the means and variances for the weight distri.bution 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. 

(5) 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 G"'-1. 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) The prediction of weight distribution does not take 1¥eight violation 
into account. In arriving at the average GVW for eaeh 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 pr<:~dict future 
legal average GVW. However, if the percentage of truck weight vio­
lations is to be taken into consideration, one may adjust the average 
GVW factors accordingly. 

(2) 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 deEinite 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 inpacts 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. If 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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APPENDIX 1 

SOURCE PROGRAH OF "MEANWGT"-TO COHPUTE MEAN AND 

VARIANCE OF TRUCK WEIGHT DISTRIBUTION DATA 
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..; 

i.. 

I.. 

V~/SP CONVERSATIONAL MONIrOB SYSrtl 

~~J~nAd j~A~W~T (IN2U!,UUTPUT,lA?d5=INPUT,TAPE6=OUTPUT) 

~~~~dAct ~AVU.t CALCULA!ES THE AVGWT OF SU~S AND SOMAS WHERE 
~~aJ is ~nt S~~MAII~N OF B A3D SUMAS IS THE SGMMATION OF A 
I ..... ~'J.G-i .:l 

I.. A'~~l aV~wl O~ SU60 A~D SUMAS 
I.. jJaA SUd~AI10N Of A 
C ~U4~D ~UctdAI~0~ OF A lI!ES S 
C A~ A rlj~S ~ 

C a, u, ~v., AXL~ A~~ CJNSIS!ENT WITH PREVIOUS PROGRAMS. 

c 

L 

iH ... .i::Ii.HuN A (.JO), 3 (30), GVii (2,30), AXLE (2,30), IYEU,A2 (30) 
.j ... ci~~;;_()1i -,-.tvAL! (.(.) ,IVEd (3), ISTATE (2) 
.. i:.dL HG.l, "u (30), 5U.1O, suaAB, A 1 (30) 
L~i E(jj:. ... II' 
i;:L~ .. (uVii(l, ... ), 1=1,311)/4.0, 10.0, 13.5,20.0, 22.0,24.0, 

+.(.u.o, ~e.O, 3U.v, 32.0, 3~.0,36.0, 38.0, 40.0, 45.0,50.0,55.0, 
+~v.u, u~.u, 7v.0, 72.0, 75.0, 00.0, 65.0, 90.0, 95.0, 100.0, 
+l.J:J.u, llU.G, 115.01 

L!;~IA (~h(2,I), 1=1,20) 110.0, 12.0, 14.0, 16.0, 18.0, 2V.O, 
+'4'V, 2~.0, ~o.v, 26.11, 30.0, 35.0, 40.0, 45.0, 50.0, 55.0, 
+~v • .J, ~3.0, lv.v, 75.0, 80.0, 85.0, yv.O, 95.0, 100.0, 105.01 

.j"lA (AXL~(l,~), 1=1,13) 1 3.0, 7.0, 8.0, 12.0, 16.0, 18.0, 
+ld.J, ,v.U, ,2.0, 24.0, 26.0, 30.0, 35.0 1 

uA~A (AXL..:.(2,1), I=l,lo) 16.0, 12.0, 18.0,24.0, 30.0,32.0, 
+j.;.3, 34.0, ~o.o, 3b.l.I, 4J.0, 42.0, 44.0,46.0,50.0,55.0 1 

C ~~rJi. VALJ~::; F'Wii UATA SET PTAV<.;WT UNTIL END OF FILE 
C 

i.. ~~I~~ ri~A0lNG iUR uUfPUT 
L 

I.. ~i:.Au l~ ~~IGH£ ~IaITS BEFORE AND AFTER WEIGHT CHANGES 

.1';,\il (5,100) iiu~1,\t/GT2 

~A~L INli( A,a,Aa,SUHB,SOMAE,AVGWT,STDEV,SUMA2B,IN) 

a~~L!(3,10,ENJ=jj9) IY1AR,IROAD,IV~H,ISTATE,IN 
lJ ~u~JA~{i~,X,2alu,3Al0,2A111,I5) 

.i':'h,,(::>,ll) Ll'LAG 
11 rvil.aar p:,4) 

" .. ,\.;(~, 10:';) (0 (1) , 1 1, IN) 
1JJ fUI",Ai(ldo.1) 
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n/sp CONVERSATIONAL i10UrOR Sy~;;rE.i 

.... UL'.'''!\l'II£ii: HLA~. 1£ IFLAG IS 6000, USED DATA IN AXLE(l,I) 
.... ~l Li~B~ ~3 ~OOU A~J IYEAR I~ LESS THAN 195~ rySE DATA IN GVW(2,I) 
L J.i J.f~A~ ~3 ~OOO aNJ J.YEAi IS GhEATER THAN 1959 US~ GVW(l,l) 
L Ii: lil..A,; i.:> Jl)uO U;,E DATA III AlCLE(2,I) 

•• "A.l.i:' = I:-l / 2 
~l ( ~rl.A" .r.:,,;. 3uOO ) GO 
d' ( Ii:i.AG .£J. bJuO ) GO 
~r «LiLA". L\oI. ;;JUO) .AND. 
H ((Iil.aG.E·.l.::'OUO) .AND. 

TO 3000 
TO 6000 
(lYEAR.LE.l'J56) ) 
(IYEAR.G'T.1958) ) 

GO TO 9002 
GO TO 9001 

.... idati~~r.:~ VALJES irtOM ~ATA CECLAR!D IN DATA ISTArEME~TS AND SUMS 
I.. ll .... wA .. ui:.". 

C 

juUJ Uu 1~ i = 1,1~ 
A(~) = AXL.:.(l,L) 

i~(IYLAR.L1.1~7~) ~GTLIM WGTl 
~~1~1LAa.Gr.l~751 ~GTL~M WGT2 

lL .... v .. II Itu':: 

o iJ \J U ,,~ 13 i = 1, I i'i 
4(.) = AXLeI2,i) 

J.Fliti:.A~.1£.1~75) WGT1lM WGTl 
_" (Ll1AR • ..iT. b15) ~"TLHI W3T2 

1 j wvll LdhJJ:: 

C C0~iI~U~ PRuCiSSI~G UNTI .. END OF iNPUT DATA 
I.. 

~ 
C; 

"V .. u 1000 

':1001 .)l) 1-+ 1 = 1, Iii 
A(l) = "Vii (1,1) 

U (..i:iLAa.!..E.H7J) liGTLIM WGTl 
Li(~{LAli.Gi.l~75) ~GTLIM WGT~ 

1-+ .... uidiNUJ:. 

,j..J i;; 1 (jl)v 

"'UU<. !,;v 1; .. 1 = 1, III 
A (L) = ,j V W ( L , I) 

Lt (ll'::B.I.E.Hb) ioJGTLIM 
~r (iY"'l<rt.~~.1~n5) ":"TL":~ 

1 J c..Ji.IJ.NllL 

WGTl 
WGT2 

~ ~..J~i~~~~ PRU~LSJlN" 

~v .u 1000 



V~/SP CONVERSATIONAL HONIrOR SY~rEM 

..: ~ .. l:; <'Aid Cif Tel':: PROGRAM CALCUlATES MEANS AND STD. DEV. 
-.: 

'" luOu .. i'!lDr.l. = A (iiHAlF) 
.>'LIdol = 0.0 
JU 10 1=1, IN 
... r( .... ~"'.l) Al(l) = A(l) I 2.0 
lr (1. tiL. 1) Al (1) = (A (1-1) + A (I» I 2.0 
.,~ \.i.) = III (l) - ArIIDPT 
H(Al(.i..j.,,'l'. ... lLll'i) GU TO 16 
..,"':1,) = ;;U.·ld + i3 (I) 
;;U.,;\.,l= .:i[;';Adl + A 1 (I) * B (I) 
"JujU) = ;;U:HB + A:': (I) * B (I) 
~J'la,d = .:iUdA./il + A2 (I) * A2(I) * B (I) 

ll.. ...uN.L ... JJ~ 
~VG~I = '>UMA~l I SUMB 

",Iu;;.V = ;';",ttl « SUMA213 - SU;O\AB * SUt'lAB I SUHB)/(SUMB-l.j) 
C ~rt~~. 1HZ uUIPJ~'; AND THEN paOCEED TILL END-Of-FILE 

... II.~ .. OUT ( A, 0, Ab, i\VGW.i., STDEV, IN, lYEA 3, IROAD, 
+ :.. .. il:.ri, ISTATE, SU!'!B, SUi1AB) 
~v r0 

~~~ ;;·rOi? 
':;;iil) 

... Joctuur .... i~ ... i'41T ( A, 3, ilD, SU~E, SUP! AB, AVGWT,STDEV,SUP!A2B,IN) 
o1.:..il. A(l), 3(1), Ad (1), SUI13, SU~AE, 1\VGWT 
j)LI~liSlu/j iaOAu (.I), IVEH (J), ISTA7E (2) 

..: .l.ri.i.S ;;JoaUUlINi I~lTliIZE ALL VARIABLES USED IN PROGRAP!. 
\.. AL~ WA.L;\~L~~ ja~ SE~ TO O. 
c 

c 

c 

')0 1 J: = " 30 
II. (I) '" 0.0 
"l.l.) = 0.0 
A" (I) = (J.O 

C:.;.H l.j J ~ 

... :'i = V 
'>Ji"liI :; 0 
SU'~djJ = 0 
';uliA,1:l = U.O 
JIu;:." = J.J 
"V<.'lIi = 0 
41.~TUnl~ 

.t..~ i> 

T" ... ~ ;;UdrtuJTl~, P&lNTS Th~ HEADING lOR OUTPUT 

.> J l.l."; iJ 1 ... ,;::; 'I.i.T"':; 
';,d.':.E (0,10) 

10 r0~~h~(*'9,1151,*V~HICLE IYPh*,25X,*HWY SYSTE~*,12X,*STATE*, 
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V~/SP CONVERSATIONAL MONiTOR SIS~~~ 

+~lX,*I~AR*,ax,*AV~RAGE*,6X,*STD DEV •• II) 
.''''J.UitW 
.... )ijJ 

.;; ... .laIJulJ.J" OUT ( A, 5, dB, AVliWT,S!!JEV, IN, If EAR, rROAD, 
+ . IVi:.H, rl;;'lATE, su~a, Sa!lAB) 

a,t;Ai.. Ailj ,Bil) ,AB(1),SUKB,smUB,AVGIIl' 
..... ~i:i:. .. .i;;~, J.i1I, 11 .. lI..R, IVEii (3), ISTATi: (2), I RO.'l.D (2) 

~ ~YJ. ~il.T~ ~LL PAaAMETERS IN TH~ SUB90UTINE • 
..: 

lId.i. .. .c.(o,llJ IH.H,nOAD,IS'xATf.,IYEAR,AVGWT,STDEV 
11 i~i~~l l~X,J~lU,~X,2Al0,5X,2A10,SX,Iij,5X,F10.~,fl0.4) 

~';;J.ua/j 

to •• .:.; 



APPENDIX 2 

SOURCE PROGRA."1 OF "SHIFTIN"­

A COMPUTERIZED SHIFTING PROCEDURE 
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~I~~: ~nifli~ fuaTHA~ J VM/SP CONiER:> ATIONAL !'IONIrOR S ISl'Eii 

c. 
c 
'-
C 

c 

~~uGi~a :ialf.!.l~ (r~?UT,OUTPU~,TTy,PLOT,TAPE5=INPUT, 

+ fAP.:.b=JUIiUT,lAPE7=TTY) 

~HLS ~~uGhAM Ju~S TriG TiUCK WEIGHT DISTRI3UTIO~ SHIFTING 
~duCiDUhE. TH~ SHIFTING METHCCOLOGY WAS DZV~LOPED BY 
~aU~ .J OF C~Nf~i ~Oi TaANS?ORTATIO~ RZSEARCH, UNDER THE 
SU~1nV15Iu~ uF uR.C.MICHAEL WALTON OF CIVIL ENGINEERING 

U~~VERSITY OF TEXAS AT AUSTIN. 

fJNCiLu~ uF THi ~a:JGdAM: 

.I:H" .?i>.uGrlA;·) READ5 IN TRUCr( WEIGHT DIST'UBIJTIONS FROP! THE .-4 A~u .-5 fAbLE 
~~~L~5 AiA Tri~ ~U~!ARIES OF TRUCK WEIGHT DATA, WHICH WAS 
,-u~~L~.I:ED rl! ~iIGHING STATlaNS OR PORTABLE WEIGHT-IN-MOTION 
J~.L~~l~G lACril~.:.S. BY REGRESSION A~ALYSIS, FUTURE ~VERAGE 
~dUCK .ilGdi ~I1L dE COMPUTED !Nu USED AS A PART OF THE 
.L~~Ui jAr,. ~K VABIOUS REGRESSION ~~THODS, OPTIMIZATION, 
~ua~~lA~~JN, k~O DATA PROCESSING, PROGRAM /SHIFT~N/ WILL 
~~uJt~i rUE l~UC' WEIGHT DISTRIBUTION DATA FOR THE PRE­
Jl~~E~ YEaR(S). IHE CUIPUT WILL BE PRESENTED BOTH IN 
~dbLG~ A~u ~JAnrS, AND GRA?HS. 

.lil£ FuL~,,~/ .... riG 0JIPUTS liILL BE FURNISHED BY /SHIFTIN/ 

:iHI00010 
:iri.LUOO,V 
5 ci.LiJ 00 3u 
5HIOuu4v 
S rl ... uuuSI./ 
:iHIOuOoO 
.) tu.00u70 
':;ol.OUOtlO 
:ililOOO'::lO 
:i ii.:!.OO lu0 
SHIuOl10 
SHI001"O 
50100130 
SH.IOU140 
:i1i.L001S0 
SH...OOlbO 
SHOO 170 
SIi ... Uu180 
:i i:I ... Ou 1 ~O 
:iHI()0200 
;i ii.L0021 0 
S o.i0022J 
;iiUOU2jO 
;; ri.LO u24 0 
:; ri.L0 u2S0 
:iHIOO~60 
SH.iOI./;.:70 

.1. R~flU CURVE OF THE INPUT TRUCK WEIGHT DATA SHI00200 
~2. u1u2E5SI0~ uF LINEARIZED EQUATION FOR FITTING RATIO CURVE SHI00290 .j. ,-ol-SIolUAa:i:. II::ST Of iTEM 2 50100300 

'+. u21LtlIlAIIO~ OF DIFFERENCE IN MEANS IN THE GUESSING PBOCEDUR;iHI00310 
j. ~~i Di~rila~IION CU3VE (IN TERMS OF PERCENTAGn SHlOO~20 
6. Ni~ J15iR~bUfION CURVE (IN TERMS OF WEIGHT DISTRIBUTION GROU3rl.Lv033J 

_~ aJu1l.LuN IJ THE HARDCOPY PRINT-O~T, /SHIFTIN/ ALSO PROVIDES 
~RkeU~CAL OUiPUIS: 

.1. ACCUJU"A~ED DISTRluUTION C~RVE 

.~. ri~STOurtAtl SHO~ING THE WEIGHT DISTRIBUTION 

AN ARTERISK ARE THE OPTIONAL OUTPUTS. 

~rtJ~nk~ /~rl~irl~1 dAS BigN TESTED WITH TEX~S TRUCK WEIGHT 
JA~l. TH~ ~~SJLTS ~ERE THg~ CO~PAPED ~ITH 1980 TRUCK 
~~rGdl ~~rA, ~JICH WA~ ~UT AVAILA3L! AT THE TIME WHEN TH~ 

~4U~K~j ~.5 DAV~LU?Eu. THE ~OODN!SS OP FIT OF TciE PROJ~Cr­

.LuN .A~ HlGri~~ ~LSl~AuLE. 

•• ~ •• *.*.*.*.***.** ••••• ** ••••••••••••••••••••••••••••••••••• 

... G~(.iu:~ lui' OF j. HE :.. .IIFTIt~G METHODOLOGY 

SiUOu34u 
:iHIOU3S0 
:ih.l.0030v 
;iH.I0037u 
Sli.l.OOJdO 
S 1i.L0 Ii 3::10 
SH.L00400 
.) rllOU41 0 
SH.IOU420 
SHI004JO 
SHI00440 
5HIOO't:>0 
S ii .... O 0401} 
51i..l.00470 
3HlvU480 
SH..i..004:iO 
SHl.OO:>OO 
5n.!. 00 510 
SHIOO~20 
SH .... OOS30 
SHlOO;'40 
S iiIOv!:iS0 
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r ... L;;': j tu.iT ... ll fJiiTRAN J V~/SP CCNVERSATIONAL MONITOR ~Y~rid 

~ 

c 
'-
-.: 
c 
c 

'" 

" '-

ISrllFflNI Al1~~S l~O CATEGORIES OF INPUT DATA, NA!ELY, 

1. dAooi LiArA --- (RAilDATA), UD 
2. CuhfF1LlcaTS --- (CCEFFIC) 

iH~ ilaST 0P~I~N, RAWDAT!, PERFORMS ACCORDING TO THES3 STEPS: 

;;i.:.': r . 
Su3rtuUrIN~ IINDATAI ~E!DS IN TWO YEARS OF TYPICAL ThU~K 
~El~H~ DI~IaIUUtrON CATA. THE DATA ~AY HAVE ON! OF THE 
fu1LU~I.G ~iluaES: 

1.~&OSS V£HIL~E wEIGHT, 
2.S~~~1~ A1LL ~EIGHT, AND 
J.rA~~EM AALE WEIGHT. 

ull1iHI :i.lH'uiH1ATluN RECUIRED FOR THE EXECryTICN OF ISHIFTINI 
... ~ Aj rulLOw~N~: 

1. CP!IJiS iiLATfD TO THE PRINTING 
~. aVhiAG~ !hUCK WEIGHT FOR THE ?ROJEctED YEAR 
J. OPT1JN~ BELATED TO PLOTTING 

SudhvUIINi IBATIOI ANALYZES DATA. TRUCK WEIGHTS AT 5~ 
~iLUU~NCY ... N!~aVALS ~ILL GE OBTAINED. RATIOS OF THE 
W~I~HTS ul T~O GIVEN YEARS WILL THE~ BE COMPUTED. 
IHi ~Uf~Ji IrEMS Ai! : 

1. A~CuhULATEu FR~~UE~CIES AT 5 ~ I~TERVALS 
~. ~AT~S~ AVAILABLE 7iDCK WEIGHT DATA 
J. BiS~ Y~AB TRUCK WEIGHT DATA 
q. RATLJ dETWEEN THE LAST 1WO ITE~S 

SJJtl~JTINE IREGRESSI USES THB LAST TWO OUTPUT ITEftS 
l;SUiD frl0M S~cP II AS THE PARAMETERS Foa REGRESSION 
A~ALYSI3. THE LIMEAi EQUATION ~SED IS: 

Lli (..iH.i,O) '" LN (A) + B * LN (I/GT2) + C * WGT2 

IJ~JhL fJiM 02 TJE ABOVE EQUATION IS JIVEN AS: 

h~T10 ; A * (WGT2 ** H) * EXPt C * WGT2) 

Tric M~IhO~ OF L3AST SQUABES IS USED IN THE LINEAR 
AEGRtS~IJa ANALYSIS. 
la~ utJ'l'PUJ. Of THIS STEi? IS THE COEFFICIEN':'S A, a, AND C 
iJi lcli T~J ~IVEN YIARS, 1.E. THE LASTEST AVAILASt YlAR 
A~~ rHi BASE YEAR. THESE COEFFICIENTS wILL BE TRANFEf.ED 
I~ IJ~lIS~/, ~HE OPTI3IZATION ~ROGRA!, TO PROVIDE SO~E 
uL~~~AL ~UluiLINES FOR SEARCH!NG NE~ COEFFICIENTS. 

.i:lL Fi):"L0iiIll"; !:iTE!?S Ail::: caMMON TO *RAWDATA* AND *COi:FFIC* 

5 HIOO 500 
$HluuS 70 
$11.i..VV5oJ 
SH.i.005'i10 
Sd ... OOovO 
SHlOOo 10 
!:iHIOOo'::U 
.>ti ... 00630 
S rilOOo'+J 
.:iHIUOo:>O 
S,i~OvooO 
SH~OiJ67U 
SHluOa!)O 
St1400tdO 
SHl00700 
!:iHJ.Ou710 
S tt.!.Ou 7.20 
SHl:O 07 30 
.5Hlv07<f 0 
.5 tl..l.O 07 50 
';HrO(J760 
5HIJ077u 
Sn..i.007bV 
..>HIOOHO 
5 iilOvoOu 
St1~OOo 10 
';)H100o.20 
:; bro 0830 
S IiLO utl4V 
:; it ... 0 0 tbO 
sti.i.OOtl60 
SHIOUtl70 
SHlv0880 
S Ii.l.OOtl ~o 
':>HI00900 
S!ilUO~10 
$ Iii. J J lj.2v 
SH10093u 
Sti.i,oJu~ .. J 
StU.00950 
ShlOJljbO 
$fiIOO~7U 
SHl00980 
.::H! ... OO'.:l~O 
SHI01000 
';ilJ.01010 
;;;010 10~O 
SHlJl0.h) 
Sri..i.010 .. 0 
S 11 ... 010:i1l 
.:iH.l.01060 
S tiiO 1 07v 
SH.iU10oJ 
$H10109v 
S Ii ... ,) 110u 
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VM/SP CO~VE&SATIO~Al MO~ITOR 5lSr~M 

~~ANSF~H bA~~ YEAR TriU~K WEIGHT DATA, WGT2'S, TO THE 
u~iict~Zd~~LN ~aU7I~~ 10PTMSEI FOR SEARCHING THE ~EW 

L.OiHICIEij .. S A, B, AND C. 

~~r UP~~n A~D LO~LR LIMITS FOR THE NEW A, B, AND C; THEN 
I~Ad~~ii IbE LiMITS TO ICPTMSE/. 

.:iii:P VI 

IJ~Ir..:i~/, I~Tti THE LIMITS AND GENERAL GUIDELINES, STARTS TO 
~~ad\..H FuR THE NEW CuEFFICIENTS. 

.** •••• ~.* ••• * ••••••••••••••••••••••••••••••••••• * ••• 
~0acl~R li~AGSI If~AG(10) ,NFLAGS 
~~ddu~ 1L:~~SrSI A,~,C,A~B~,d~E~,C~EW 

~uhctu~ l~l~I~.:i1 AHiGH,ALOW,B~rGH,aLOW,CHIGH,CLOW 

-';"..1dud IVAB.IL~I WGISASE(20) ,RAT (101) 
,-_"HIUbi IINJ:.XI ~V~d(3) ,LRO.\D(2) ,ISTATE(2) ,IFLG 
';~Kct0d IWG~LIal SUMWGT,EX?iGT,SU~VAR,EXPVA~,CPT 

i~f~~~n C~MjAND(2) 

~aw~R~a S~ARIS AT TdIS POI~T 
"'.:: ... ,J IIIPUl A;ilTA 

":A~.L Hb(uc; (CG;UI,\tiD) 
bi~10t' = IJ 

J~iLictibiE WhICri SlEP TO TAKE ••••• 

IF iL.u.:u·;A~D.E~.laAirjDATA') 
.. ..:.\ .. 1 d"i/u;"IA 
~. (,-u",,'IANi>. £ ... I ,-Oi:.i'FlC ') 

.. \..:. .. 1. CIJi:.iFS 

~~L~K T~~ G~O~~;:;SS-uP-FIT OF EQUATION BY USI~G ICHISQI ROUTLN~ 

i"L ~U~L ~Y~0Ig~SLS: 
au: A,~, AbD C ~RE THE rRUS COEFFICIE~TS FOR EQUATION 

Y = A • (X .'" 5) • EXP (C • XI 

ii ~~L~ULliED Cdl-SQ VALUE IS TOO HIGH, REJECT THE NOLL 
J~~ulri.SL5 AJU STUP 2BOC3~SING 

~r(L'.s:ru2.NE.0) W,UIE (7,501) 
.I.F(li.::.rOt'.;Lr~.O) liH.iTE(6,601) 
Fuh,'jAl (.1.';/l0x,.~,B,At;D C ARE NOT TRE TRUE COEFFICIENTS./ 

.. 10~,.0F THE ~JJAIIGN:. 

.. lJX,,jSil:l = A '" ( ~ •• B ) • EXP ( C • x 

SHIJlll0 
SHI011~O 

S Ii~O l1JJ 
5HI01,..0 
S 0..i..011 50 
SHIIJ1160 
5HIOl170 
SdIOlldO 
SHJ.O 1190 
SH~Ol~IJJ 
~ H..i..O 121IJ 
SHI01220 
SlilO 1,d0 
S ri':'O 1240 
SHIIJ 1,,50 
5ti~01"bJ 
S i:i.Ol,,70 
SHI01~80 
S 1i ...... 0 1" ~O 
.:iH11J1300 
5Hi01Jl0 
SH ... IJ 13~0 
SHI01330 
SHI01340 
s ii~O 1350 
SHJ.013bO 
SHLO 070 
S hlO 13bO 
Sii101390 
SHL01400 
SHI01410 
SHL014,,0 
Sn10,..30 
SHI01440 
S1II014:;'0 
SliiJ1460 
SrilO 1470 
SH101480 
SQ..i..014~O 

SHI015uO 
SHL01510 
S H~O 1 :'20 
SHI015,j0 
Sb~01:;'40 

S f.~O 1 550 
SHL01560 
S b~u 1570 
SHO 1 :,oG 
SHiO 1:i90 
SIi~016vO 
;JHIOlbl0 
Sri ... 1J16:':J 
SHIJ 11130 
SH,l.Olo40 
SHIOloSJ 
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VM/SP CONVERSATIONAL MONIlOR SYSIEM 

+,) 
J.r lli.;:i.l.(;J? !lEo 0) STuP 
... ~ ~UL1 nYPuTn~.;:iI.;:i CANNor BE REJECTED, PROCEED ON AND 
~tirA~i TUL CJLFf1~IENrs FOR THE fUTURE YEA3 

US~ :>UddJUI ... Ni /~ALWGT/ TO FIND THE EXPECTED VALUES 

C il.~~ .di ~XPLCIED .:i-CURVE AND THE PLCT THS CURVE 

c 

...: 
C 

.... ?L.)·r = 10 
oJ" lu l=l,Nf ... AGS 
l..(Ii.i.A-i(I).£\.I. 'NO?LU') IPL(';T 0 

Ii: I IhuT. NE. 0) CALL SP:'O'1' 

... 0 .. :> = 10 
oJu 11 I=l,NF1AGS 
1. lIil.AG (I) .i..,J. 'NuHIS') IHIS=O 

11 ...:"'I<1 .... iUI:: 
.. f (:HIS. ,no 0) CALL HISrOGM 
O'/ ... II'J.i. t1, "J2) 

bv.: r·uil.1AI (///10A,.'H~UCK "EIGHT SHIFTING METHODOLOGY. 
+/lu.s:,.t'4\OG.,A:i I;;UIFlIN/ V..:.RSION 1. 
+/h)X,.aUGu;;i.i: 1, 1':131. 
+/l';A,*C.V~L ~~G ... N~ERiNG D~PAFTMENT. 
+/l~~,.rui UNIV£iI:>ITY OF TEXAS AT AUSTIN.//) 

~'j') '" J.vP 
.;.:1.) 

c·~··················································· .. 
C 

d ~JBaUUfl~~ Sf ARTS AT THIS POINT 
c 
...:.~¥*.¥.*.* •• * ••••• *.***.* •••••••••••••••••••••••••••••• 
C 

" '-

~~~dv~ /C~N';).S/ A,E,C,ANEW,BNE~,CN!W 

~udd~N /l.IJ.l.fS/ AH~GH,ALO~,BhIGh,BLOW,CHIGH,CLOW 
";,,,d:IUN /ni-h • .:/ TKWSr (;t" 1(1) ,IiGTP~OJ (101) 

Sru.';lboO 
SHIO 107,) 
SHloOlbdll 
Sii ... Olb"O 
SHIO 1700 
SHI01710 
StL..01720 
SHIO 17 30 
SHIOl no 
Sci ... O 1750 
SHI01760 
SIUOl77U 
.5 h.l.J 17 1j0 
SHI01HO 
S H ... O 1000 
SHIOldl0 
SuI018LO 
Sri ... O ldJO 
$HI018~0 
SH .... Old~O 
SnJ.U lduO 
SHloUllHO 
Srl.l.OldtlO 
ShloOltl':lO 
SHI01900 
:>1:1 ... .;1910 
.5HIOh2U 
SH ... Ol'130 
3h.l.019ijO 
SHIO h:lO 
';)h ... 019bO 
SHI01'170 
SH .... O BtlO 
S H ... J 19 '10 
SHIOLOOO 
.;ici.l.O:"Ol0 
SH ... OLU20 
SHIOL030 
S 1U0204.) 
.5HI020SU 
:>H.l. 0" 000 
.;:i H":0207J 
SHIU:"080 
SHI020~0 

.;:iHI02100 
SH ... u.:ll0 
SHl021..:;O 
.;:iHIO.:1JO 
SnlO.:l .. 0 
SHI02lJO 
.:iH ... 0.:lo0 
S rl ... 02170 
SHl021tlu 
Srl.l.O:" ,':/0 
SHI02200 



VM/SP CONV~RSATIONAL ~ONIrOR StSl~d 

1J 
c 
C 
L 

c 
c 
i.. 

C 
... 

... 
C 
l. 

C 
Co 

C 
C 

... ""L-iti,,/i /VAiiH.;;;/ iiG:raASE (20) ,!tAT (101) 

I~i;;j ;;;~o~0JTl~~ dANDLES a~w JA7A ACCORDING TO STEP I - STEP IV 

A~~~ LN TdE ~Al~SI AVAllABLE T1UCK DATA AND THE DESIRABL£ BASE 
~;;;;'li OAl'A 

... :r~i:' ... - sr..;;? i1 Arli OPERATED BY /FATIO/ 

.... L~ ~U3auUIIN~ /RATI0/ 

.;u 11.l ~=1 ,..!O 

... J = I • S + 1 
,HiL:lA;;E (I} = iKiiGr (2, IS) 
Cutl:':":NUJ:; 

U;;;L ;;jUd~uJ~i~E /iiEGRESS/ TO FIND THE RATIC CURVE 
tUg~ ui EQUATlu~: 

ti.,u A. (l'KWG'I2 .. B) • EXP (TKWGT .C) 

iiHi.i\.E A X (1) 
a x (2) 
C = j{ (3) 

", •• Ll. /ilZ"ttE;;::>/ 
....:d.j",~ nw..:iici:j$ 

... ~T 0? Li~IT;;j rut< A,B,AND C; THEN RETORN TO /SHIFTIN/ 

d.!l..L."';n 

t..~u II 

driLGlf 

.i.1l • A 
J.5 • Ii 
2.0 • d 

o~v. = 0.::> • d 
Coil" .. = ~.V • C 
";~u'll = o. S • c 

c···***~·~··*·······.······· ..... ·.· ...... · ............ . 
L 

.. ~Udil(;U'IINJ:. SrARTS AT 'IIilS POINT 

C···4~ .. *.* ••••••••••••• * ••••• * ••••••••••••••••••••••••• 
C 

C 
~Uil~uurI~~ CuiffS 

C Idl~ ~UdrluUIIN1 HAJDLES COEFFICIENTS AND WEIGH7 DI5RIBUTION 
C "gOU~ A~",uRJlli~ TO ST~P V - STEP VI 

SHIO:t210 
Sa....iJ22:.!0 
SiU.O~2jil 

SHIO~.i~O 

;:; t1i.0:.!2 SO 
SHlo:aoO 
SH ... 02270 
S ni.022t10 
SHJ.02290 
SHlO..!jOO 
S 1110d 10 
;:;Hi.0..!3..!0 
SIUOd30 
5 hl.O:.!340 
SHJ.023jO 
':;ru.0230iJ 
SHl.02370 
SHIO..!JdO 
Sdl.u23~O 
;;)HIO..!4UO 
;;)HIO..!~10 

Sdl02at20 
;:;HlO .. 4JO 
S il102at40 
SHI02 .. 50 
;;jHL V ..... &0 
S h ... 02~ 70 
;:;H102atdU 
5HIU~490 
5 tii.U251.l0 
SiiIO~510 
;:;tiiO..!5.20 
SH ... 0:.!S30 
SHl.U2~40 
SH ... 0.:550 
SHI02So0 
SHIO..!S70 
Sli.J.02So0 
SHl.02S~O 
SHI02000 
51U0..;& 10 
SHI02020 
SHI0.203v 
;:;HJ:02640 
;:;Hl.02&50 
;;; H ... 02cbO 
SHIU2670 
Srilu26bO 
5Hi.026~0 
;;;IU0270U 
5H ... il2710 
5HLV27..!O 
S Ii ... O:.!7 30 
'>HI02740 
SH ... 0~75U 
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VM/SP CO~VERSATIONAL MONITOR Sl5i£M 

\,.. 

.; 

...: 

C 

'-

...: 
'-

...: 

...: 

1 U v 

1 v 1 

1\12 

\"'ucldu~ /Cu~3~~/ A,J,C,ANEW,ENEW,CNEW 
\,..udi"lutl /VAE"'L';>/ iil>TBASE(20) ,RAT(101) 
,-u,'wu" /fLdU':;/ "':'FU .. (10) ,NFLAGS 
t..,",udu~/IN..;ilV IVEH(3) ,IROAD(2) ,ISTATE(2) ,HLG 
~~a~0~/Llj~1.;i/ dn~l>~,ALOW,BHIGH,BLOW,CHIGH,CLOW 

J~l·l::'I • ..>lulol IL'II (:i) 

U~~U AN C0EfF1C~E.TS A,b,C 
Li.i;'J (:.i,100) A, B, t.: 
rV.;;'"U(.lfl0 ... } 
~~~J A~ LAd~L5 uf UATA-- E.G. TRUCK TY2E, awy SYS, AND STATE • 

ll~aw 101,IYZA&,IROAD,IVEH,IS1ATE,NA 
rJrlMAr(I~,X,~~10,3Al0,2Al0,I5) 
a~~J I~ Ini rl~du~N~ F0RMAT OF INPOT ~ATA 
t:..iAu (J,lU2) 1i"i1I 
ruit,1AT (b/\ 1 J) 
A~dJ 1~ TdUCK DISl&rBUTIO~ GROUPS 
r.":;;'Dp,IfL"iJ.') (wGTBASE(I),I 1,NA) 
..>~~ il~ LlalIS FJR A,3,C, AND THEN RETURU :0 /SHIFTIN/ 

A ..... -.; ... = .!. 0 • II 
I> .. uii = 0.:) • A 
3.1 ... Gri = ..::.0 • B 
.;j LU Ii = U.:> • j) 

";.i~-.ill = .!.O • C 
\,.. ~U ii ,. O. J • C 

...:.¥¥***~*.~*.*.*.* .. * .. ** .............................. . 
1\ SUd&uUIINL STARTS AT THIS POINT 

C*~*·¥~*·····~*···**·································· .. 
C 

C 
...: 

c·····~··············································· .. ..> Uur.0ul'l,ii:. RArIG 
c 
c 
...: In.':; e~0~~Ad IS ~GD1FIED TO HANDLE THE RATIOS IN A 

r ... l.irt :1i1!';~';;rt. 1h"I IS, INSTEAD Of USING 5 PERCENT 
ib~~dV~L~, i~ J5iS 1 PERCENT INTERVAL. THE REASON 
.;r <J:... ..... .>i" 1 r at.:iNl' INIEii1AL IS TO CBTAIN A MORE 
LALC.Si aL~a 3Sl0N ANALYSIS AND d BETTER SHAPE OF 
4CLUaU .. A~E~ A~QUi~CY CURVES. DATA:JUNE 18 19H1. 

SI:I~027bO 
5H102770 
SHlOndU 
~!il027';10 
5H102800 
Sli10~81u 

SHI02ti20 
~H10..::830 
S h ..... 028 .. 0 
S H.i0205J 
S1:l10~d60 
SHIO..::870 
3!L.U2ti80 
SH102b'J0 
SH.l O..c: 900 
5H ...... 0:.:::;Il0 
SH.iO:.::920 
Sli~0~930 

SH~02'J1.j0 

SHr02950 
Sh ..... 0..::900 
Sh ..... 02':17U 
SH10 ... 'J80 
S h.J:()..::'J:;IO 
SHIJ3000 
.::iHIU3U10 
S i1....:.0302u 
SH103030 
S1:I1030 .. 0 
S 1:1 ..... 03050 
SHIOJ06u 
Sri ...... 0307J 
':;;1:1103000 
SH103090 
S H ..... J310U 
SI:I103110 
S li~u31 ~O 
SH103130 
S HJ.03 1 .. 0 
SH.03150 
SH"':'031bO 
~1i ..... 03170 
SH..i:031dU 
~H..i:03bO 
SHIO.J200 
S 1:1 ... 0.3.: hl 
S H103:.::2u 
SHIO;,aO 
Sli~032 .. u 
SH103250 
SH103200 
S H.L03270 
SH10J2bO 
.:5H10.J2'Ju 
S~033uO 



VM/SP C~NVERSATIONAL ~ONlrOR 5YStict 

~ ~H~~ ~iOJ6~1 l~ A PARI OF THE DEVELCP~ENT OF A N!~ 5HI03310 
~ SnLir~~~ ~"UC~~UR~ fOR l~E TaUCK STUDY. TilE ACCOUNT Sh~OJ3~0 
l; "iJdij .. ii uF 'ral:; i'110J:CT IS 241. 51U03330 

.:)HI033~O 

C .:iHI033S0 
.:: SHI033bO 

-::()"i~uN If"il,"SI ~HAG (10) ,NFLAGS stiJ.03370 
,-udtlua /i3A':)I~1 .. DIS'! (35) ,SAIISI2 (35) , N, NGROUP 5HI03380 
"':u':lmH~ /TKwuTI VALUE (2,101) ,WGTPflOJ (101) 5H.033~0 
~oJill~U'" IV,lRL:.':>/ W",TBASE (20) ,RAT (101) 5ii~03400 
,-udtlu!oi II.,DE)(I I Vt,;H (3) , IRUAD (2) , ISTAT E (2) ,IFLG SH10.J410 
~ ... i:l .. !i~i.ui~ Y.:iU,·j (J5), Y (3S) ,ACPREQ (101) 5Hi.03 .. 20 
iJld;;'llI~lON Gh(",JS) ,AXLE(2,16) 3hI03430 
.Hd .. li.:iluN HEArl (':), 11 (2) ,12 (2), ILIGHT (2) ,IHEAVY(2) 511103 .. 40 
:J .. in l';V.(1,~),I=1,30)/4.,10.,1J.5,20.,22.,24.,26.,28.,30.,32., ShlOJ4~0 

+ Jit • , :HI. , :J d • , ij O. , .. S • ,50. ,55. ,60. ,65. ,7 C. ,72. ,75. ,30. , S H~ 0 34 00 
~ d S. , ~ 0 • , ':J S • , 1 00 • , 1 OS. , 110. , 11 5. I S H1 0 3 4 70 

J",r Ii (\iV Ii (.2, .... ) , 1 = 1 , 26 ) 110. , 12 • , 14. , 16 • , 18. ,20. ,22. ,24. , 26 • , 28 • ,30. S Iii. 034 80 
+ , j J • , .. o. , .. s . , S u • ,;j:' . , 60. ,65. ,70. , 75 • ,80. , b5 • ,90. ,95. ,100. ,105. I 5 h.iO 34 90 

j .~ ,i'A (A J( 1 .. ( 1 , l) , 1= 1 , 1 J ) 13. , 7. , 8 • , 1 2 • , 16. , 18. , 1 8 • 5 , 20 • , ,,2 • ,2 4 • , 26. , S H1 0 J 5 (j 0 
+jU. ,35.1 .:ihI03S10 
~ ... J:A lIlALi(.!,I) ,I=1,16)/6.,12.,18.,24.,30.,]2.,32.5,34.,36.,3d., 3HI03520 

+ .. u. ,It":. , ..... ,~o.,:>(). ,55.1 5HIO.J530 
,)oJ j~~ K=1,2 SliI03540 
~~aD :>l,IYEAa(~),IROAD,IVEH,ISTATE,N 5Hl03550 
• .t \~k';:;Ad (K) .1.L.~000) 12 (K) =IYEAR(K) SHIOJjoO 
... x (IHAn (K) .Li:.. LOJJ) liO TO 4 51U03570 
LI (KI=IY~AR(K)/l00 SHZOJ5tiO 
... .; (K) = ... k' .:: .. il (i\) - (Z 1 (K) .1 (3) 5Hl035~0 

.i.l\ii.)=Il(t() + HUO 5Hl03bOO 

.. "\1\)=..:2(:\) + l~OO SHl03bl0 
... t' (~1 (~) .10::. bJd.AND.I2 (K) .GT.1958) PRINT 900 SHIUJb20 

YOU foJriMAT(*1*,10~,.IHE DISTRIBUTION GROUPS DO NOT FIT. SUIOJb30 
.'" .tuu riiE INl?UT DATA. 50RFY •• ) SH1036 .. 0 
u'(.l.llK).1i.l::1:Jd.AND.I2(K).GT.1958) GO TO 9999 Sii..i..OJo50 

4 ~EAD :>1,If1G SHI03bbO 
... ~(lf~~.H~ • .JOOO) GU TO 601 SHIOJb70 
... i(l,hci.i:.".6uvu) GU TO 602 SH.L036bv 
.... .i:(i.FLG.EJ.9()OO) GO TO 603 StlI036'1u 
riJ:..\D :>.:, lwDL.:ii. (i) ,I=l,N) .:iHZOJ700 
..iu Iv S 5h10.3710 

oul UV olu 1=1,13 SHI03720 
blJ wu..;.",r ( ... ) = il.X1f. (1,1) .:iIUOJ730 

IOIi"UUil = 1J 511103140 "U l'U 5 5H1037!)O 
oJ~ j~ 012 i.=1,10 SiilOJ7ou 
b 1~ ~uIS:.. (I) = AX1E (2, I) S ii.LO.::l710 

l~".:( OU P = 1 b S HI 0 J 7 tiO 
\iv TU :> S H.i.037 YO 

ouj Li (IYiA;'; (K) • ~£. I Y:>8) GC ro 620 SHI03bOO 
uu blJ ~=l,JO SHI03dl0 
lliuI.,:J: (~) = ... VII (1,1) :511 .... 113620 

ol.J ~u~rLNUE SHl03b30 
~n~UP = ~O SHI03d"O 

uU Tu ~ Si:l~0305v 
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VII/SP CONVERSATIONAL MONIt OR S YSrLi'l 

J-J 01 .. I=I,~o 
.1.1 ... .:-.1 (.1.) = .;Vii (2,1) 
i~G .,OU J? = 26 
.... Au ~ .. , (.:iA.·,SIL (J) ,J= 1, N) 
....... .1.';01 lK) = 0 
ul.l oU I=l,N 
• r ( ... J...1. Gar i i\) ... .: • 0) GO TO 65 
~r (.:-. ... 1..i ... Z (i) .GT.O.O) ILI"HT (K) =I 
I~ ,.:-.a:l;;;rz. (I) .GI.Il.O) IHEAVY (K) =1 
";u:~ r iiiil r; 
JU~jo=J.u 

Ou lu I=l,N 
..iJ.1o=;;;Ul1l:J + SA:i;;iIZ (I) 
Ju 11 l=l,N 
i ll) = .,A:1:;rz (l)/J;JI1B * 100.0 
';vll£.dW", 
i;jiL1(l) = Y(l) 
OC 1 .... =2,:1 
i..iU;q.i.1 = :lSU:1(i-l) + Y(I) 
:1= 1 

1=1 
Iq;1.i:;,l.2) CHE~Ii.=CnECK - 0.00000001 
.d (l:o",-:K • .;T.1UO.l) GO TO 9h 
.... (1 • .c:J. N) Gu iO ijl 
lr'l~;,Ud(II - l.:iiECt< ) ijO,41,ij2 
.. = i+ 1 
';U 10 ,,0 
V " .... UJ:; (&., ii) = iiD":'Sr (I) 
.1=11 + 1 
l.a.:.I.K = I.dECK + 1.0 
';U 1:0 .:.0 
:l.:jU illl=O. 0 
.I.F ll.Gr.l) 'i.;Ur.il=YSU!1 (1-1) 
_.' p:;U .. 1 (I) -YSU!'Iil) ..:0,20,43 
.\.I.11=\I.J 
ii' l.i.. GL 1) A 1:11 = Ii DIS T (I - 1) 
I.'\ ... Jl:.(K,i1) =AHil + (CHECK - YSUI1Il)/ 

• (Y';U.-1 (I) - y~u.111) * (IiOIST (I) - !\.III 1) 
.:1 =1-1+ 1 
~~li~K =Ci~~CK + 1.0 
,",v J.G .<..) 

1..0/oTiNU£ 
1.10 3Li ... =2,101 
:tAT( .. ) = Vil.J..Ut:(1,I)/VALUE(2,I) 

I .. ;;..I.'UD.;~ = 0 
Ju 3L i=l,NFLAG..i 
~"( .• n.;..,,( .. ) .... ~.llWrlAT') IRETGRN 999 
,-0'd.i,W~ 

lr \IhiTUl\;I •• 1£.Uj G0 :::0 9999 
i?.: • .. ,~i ij~::! 

lv~ciA!(.l.,//lLiX,.~ULTIFLIEES OF THE INPUT TRUCK '" 
+*io ... llirii ';:'lA*/,lU .. ,ij2 (*=*)/) 

.'n.1'.I. SuO, .. V':;ri 

:;HI03t1bO 
:;H103~70 

SH .. U3I.ltlO 
:;H10Jd50 
SH ... IlJ%O 
;;;H.l03!:110 
5HIOJnO 
S H ... 03 !:I 30 
.:iH.l v3!:1 .. 0 
5H10J950 
S H ... 03~bO 
5H10397u 
5Hl.OJ9dO 
.; H ... O 39 ~O 
SHIOijOOO 
:; n.LOijO 10 
5 Ii ... Oij(j 20 
SHIO ... 030 
S HI!lij040 
::iH10"OSu 
SHlOijObu 
Sh ... Jij070 
SH10ijOdO 
:; H .. Oij 090 
:;H ... OijluO 
5H10ijll0 
..it110ijl~0 

SbiOij130 
SH10~lijO 

S h.l.O"l!JO 
SHI04160 
SH10ij170 
Sii .. OijldO 
SH10ijl':10 
:iH~O .. ~OO 
S H .. 0 .. 210 
::iH1uij,,20 
S H.i042JO 
Sh.l.Oij2ij(j 
SH10"2:>0 
Sh.l.Oij200 
S!L.Oij270 
.:iH10ij .. 80 
:; ii .. O .. 2 ':10 
Si..I ... Oij300 
SH10'dl0 
51:l...0ij320 
SHIO .. 330 
:;H .. 0"340 
S hLO"350 
SH10 .. 3bO 
SH1.0ij370 
,:HiiO .. 3bO 
3HiOij390 
5 H ... O .. ijUO 



VM/SP C~YV!R5ATIONAL ftONIrOR S~5rEM 

C 

"h..i.I~T :JUv,IiWA':'; 
.. 01 .... ''1 SO'), lSlA~;;. 

5~J iU.dAT(15"o~10) 
oJU .lJ 1<=1,2 
...... ( ... YLI\J:\ (K) ."',1:.040UO) PitINT 510,K,Il (K) ,12 (K) 
,d' \Heidl(K) .d.2JUu) PRIN~ 515,K,HiAil(K) 

,jJ ;:;v~":i.iW;:; 

.... r ,,;,H". col. ~OOO) f'itINT 520 
S2U ~UHbAr(/,17X,.ACCUMULATED.,6X,·YEAR(1).,7X,.YEAR(2)., 

. ";\,.lL"" (1) IIEAd (2) .1, 17X, .nEQUENCY. ,8X, .GVW (KIPS)., 
... .(,~ ... V. (i\Ii'S; .1) 

.... i(IF1G.E;,2 • .:lJGJ) nINT 51d 
:J 1 d r vb. ClA.L (/ , 1 7 X, • ACCU II U1 AT ED. , tiX , .Y EAR ( 1) .,7 X, .Y EAR (2) ., 

.~A, .. ·U .... i ,1; IYLi,rl (2).1, 17X,.FREQUENCY.,8 X,.SAW (KIPS)., 

... .t, .~Aii (ri.Ii':>; ./) 
1 £ (H 1Li • E IJ. 00 iJ 0 ) i'lt I NT 5 19 

S 1 'J ~U1\ dl\I (/ , 11 A, • A -:C U ,1 ULA TED. , 6X, • YE:\R ( 1) '" , 7 X, • YE A R (2) ., 
.,H,.:iali(1)/:ii:.Ait(2).1,17X,.FHEQUENCY.,eX,.TAw (KIP5)., 
... .<, .... AiI ,II.IE'J)./) 

1\-:£1\':;.1(1) = V.O 
t'did "00,AORE..!(1) ,VALUE(l,l) ,VA1HE(2,1) 
i)u SO 1=1,20 
ACfnLJ(:') = ACiJ1i:I,l(l-l) + 5.0 
~:J = 1 + 1 • :) 
L'ti .... iG ~JO,A-:Fl(eJ ( .... ) ,VALUE (1 ,15) ,VALOE (2,15), RAT (IS) 

:Ju..;"tOn~UL 

.... ~ 1 =..i.l.1GH J. (1) 

..... ~= ... L .... .;aT(2) 
• tl I =.Hi.i> V:i ( 1) 
... !I.:"l.HJ:;AV'{ (2) 
All=O.O 
'i f (Il. 1 • 11 E. 1) All = Ii iH S T (IL 1 - 1) 
"' ... 1 =0.0 
... i (lL~.N';;.l) A21=WDI5T (IL2-1) 
..:'.u~.i j~~,All,;,uI!>r(IL1) ,A21,IIDI5T(IL2) 
.:'.INT ;>21,WJl'>T (IHl-l) ,WDI5T(Bl) ,WDI5T(IH2-1) ,WOI5T(IH2) 

~JJ luit~Ar('Jl,JflS ... ,bX,F&.2) 
51 £Un~Ar(I~,X,2Al0,JA10,2A10,I5) 
;>~ tun~~r(l~Fo.l) 
SlJ h; ..... iAl\/1S:a:,.:iiAR (.,12,. ) " .,14,. - ., 14) 
;>1;) £'v1\I1 .... (/lSl,.LLAR (.,12,. ) = .,14) 
J~~ iv~~Al(/~A,.~nL LiGH~E~T TRUCK./9X 

.,.Ae~0~ai~ I:> ~N THE .,19X, 

.*~I~~dIaUiI~~ ~60U?: .,FS.1,.-*,P5.1, 

.j.t, is.1 ,.-* ,F'J. 1/) 
!J .. I h';"LiA~ (/ H, .The HEAVISET TRUCK./9X, 

•• dLLUa~~D IS IN IHE .,/9X, 
.*U ... ~ld~aul~GN ~uoup: .,F5.1,.-.,F5.1, 
.JJ{,F!>.1,·-·,fS.1) 

9'J h tiL:': a.L~ 

~*.~*.*~**¥ •• **.**.*** ••••••••••••• * ••••••••••••••• * •••• 
C 

a SJ~R~~rINE S~.RT5 AT THI5 POINT 

SHr04~ 10 
SHIO .. 420 
ShlO"~30 
S H10~If"J 
SHIOIf"~O 
5rll04 .. 60 
5HIO .... 70 
5iilO~41:l0 
:; lUO .. 4 ~O 
SH10 .. 500 
5 Ii. 0 .. 5 10 
5ii ... 04~20 
5iiI04:)Ju 
Srl.i0"S40 
S 1i.0 .. S50 
5H104SbiJ 
5ii.lO~!>70 
SIi~045bO 
SH104590 
S 1i1.040iJO 
:iiU04b10 
5HI0"b20 
5a1J4630 
5HIO~b40 

SIi.0 .. 650 
5hlO~6bu 

SHIO"o70 
5 Iil04080 
5H~0"69u 
5H1.0 .. 700 
S ril04 710 
58I0472U 
5H10 .. 7JO 
S iiJ:O~ 740 
::i HIO .. 7S0 
Srii047bO 
::i hl.IJ4170 
5HIIJ4700 
SHIO .. 790 
S !il.UlftiOO 
SHIO"d10 
SHI04S.l0 
5 h104d30 
::;HIO"d40 
SHIO .. 850 
5 iil04obO 
S HI 04b 70 
5H10 .. dSO 
5li;"04d~0 

5H.:.u4900 
5H ... 0 .. 910 
.j hlO~920 

SHIO .. 9JO 
5H~O .. 940 
::iHlu4';SO 
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VM/SP CONVERSATIONAL ~JNITOR St5tBh 

... 
~* •• **~** •• **** •• ***.**.******************************** 

5h.l0'+900 
5 l:i~0'+~70 
;:)H~049dO 

;:) i:ii.04~:10 
5H10jOOO 
SiilOS010 
S h-LU SO 20 
5HIOj030 
;:) H10:J0 <+0 
SHIOj050 
5HlO~OoO 

5H105070 
SHI05080 
;5IUOSO':iO 
S bIO:, 1 JO 
;5HI05110 
SIi..i.O~l"O 
;5H10:,l.JO 
5HIO:,140 
S H~()S150 
SHIOS16u 
5H105170 
SHl05100 
;:)H10:,190 
5 H~OS200 
;iH1U5210 
SHI0~i,,0 
SH~OS,dO 

;5HI052<+0 
SHI05,,50 
5 hlOS260 
SHIOS270 
SH10~.280 

::> h~OS2~0 
SH.iOj300 
;5H..0:J310 
S lii.05320 
SHIO~J30 
SH ... 053 .. 0 
S hlO j350 
SH~0:J300 

SillO:JJ70 
SH.l.OSJdU 
::>n,,-0:,3<;.> 
SH~05400 

SHIO~ .. 10 
S rilJ5 .. 20 
SHIJ5"30 
5HIO!> .... 0 
S ri~\b4S0 
::>HI05 .. 60 
SH.J.05470 
5 iil0~ .. ao 
5 HIO:,) .. ~O 
S HiOSSOO 

... 
~ 

... 

..: 

e 

..: 
i-

I... 

..: 
e 

~ 

c 

l­

e 
~ 

10 

II 

1 .. 

rn~~ ~~a~uJTiN~ ~~iS THE aEGRbSSIO~ ANALYSIS FOR THE 
jA~HLMari~AL jODtL. THE ~ETHOD or LEAST S2UAR~S IS 
... ui'l;;ult /VAiJ.E;,;/ X ,20),Y (101) 
Cu~!u~ ICC~3TS/ A,J,C,ANK •• BNZW,CN!W 
~~2LOY~D l~ 5~~iE3SING LINEAa EQUATIONS 

jJ.l.l1c;;'3iu.j AR.:.'; (20) , YRE~ (20) ,TRA NI (20) 
+ , i: L\ Alit {, J) , A.1AI (3,3) , BV EC (3) I CV EC (3) , .UNV (3, 3) 
,-vdJuN/FLdJ3/ lFLAG (10),NFLAGS 

;j~~~~r DArA f0h ANALYSIS, FIND THE MEAN AND STANDARD DEVIATIO~ 
0F V~~~AgLES --- SET UP CRITERIA TO ACCEPT OF REJECT 

;j~ .. iY = O.J 
~iL~~T THi ~~UJLL PARr OF DIST&IBUTION A~D USE DATA IN TJB 
~~JIu~ i0 coapU~E !EAN AND S.D. 

.,)-J 10 1=5,1'; 
1;) = 1 + I * 5 
XL\;:;J(~) = X(~) 
1.,t'; (I) = t (I~) 

.;; [j'i"i = 5U:1 ~ + li{iG (I) 

":Oi:li:>Ul.':: iiEAN 
l~alJ. = 3UJY / l~.O 
~-J~~UT~ 31ANuAiu DEVIATION OF Its 

i~>o/3U;-1 = J.O 
jJu 11 1= i,l::1 
13..1"';).1 = L:i:l3UM + (YREG (I) - YSAR ) ** 2.0 
~u"T~dU~ 
.)jJ = S,.,!rtl' (Y::i~SUIi / h.O:») 
S~l J? ~ljI~5 fuR A~CE~TANCE, 90~ CCNDIDENCE INTERVALS 
ru~ = ~al~ + 1.j6 * SO 
Jv~Iud = Y"AB. - 1.'16 * SO 

~ZJ~CI fd~'; VALUES THAT ARE NOT IN THE 90% CONFIDENCE INT!lJ.VA1S 
II\1 = 0 
iu.~ 00 LU0P hEJEC£/ACeEPT VARIABLES TH\T ARE TO EE ~E~RESSED 

uU 1", r=1 , 20 
-LJ = 1 + ..:* :) 
u(i(b).lii:d0~.OR.~(I5).LT.BOTTUM) GO TO 12 
... ,"\..: = .. K7 + 1 
i.rt.:.li (~Kl) 
hLI>IlL<·) 
~v.lr..1.NiJ~ 

X(:..) 
I (b) 

JJ":' ... EA;:) I S,JUARc :UTHOJ 1'0 FIND A, B, AND C 
i~~i uf ~JJAr~u~: 
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V~/SP CONVERSATIONAL MONlrOR 5r~rEh 

ht:\i = A * (.<i1.i:.;; •• E) • EXP (C • XREG) 
...... 'haL{ f",d'i L.f iii":: EQUATION: 

1IWlY.lEG) = J,..qA) + 8 • LN(XREG) + (C • iRE:» 

fH .. ~ uu ... ~J~ S~lS J? NATUHAI LOG VALUES OF IREG AND XREG 

UJ 13. = 1,1;{'£ 
... lhX (I) A ... OG (.<.jZG (I)) 
.I.,,"H(i) = AJ..O~ (laEG(I)) 
I.."i'lI ... iu,:; 

~d~ TdANs~o~aLD i~UArrON IS iEPRESENTED AS: 
l' = A + oX + CI 

TRAN I 
TRANX 
BEG 

lnIS ~L.~r.i.vd uF IH~ R0UTINE INITIALIZES THE PA?A~ETERS 

l..JIlX J. J 
~U~.t = J.J 
";J~r 0.0 
.; u (j iCS w = O. 0 
~Jl1i(i v.o 
~JiiXI = v.O 
,-u~ii' = 0.0 
';J11:£;,,,/ = J.v 
'::J.11';;,. = o.v 

~H~5L ~0 LOOPS SEX UP THE 3X3 ~ATa1X 

Ju 1" l= 1 , I K£ 
';J,1'.I.' = CU.11 + HiANY (I) 
~JnA = CU~X + l~AN'«I) 

(~ji = CUjl + XnEG(l) 
~ut';'(.i .. = LJ:lA.i ... + IR1NX (I) * TRANX (I) 
~J.'IAI = C;JdiCl + TftliNX (I) * XREG (I) 
";u,lll1 = CJ:U:" + TRAtn(I) • TRANI(I) 
~udY1 = CLiiiYI + XftEG(I) * TRANI(I) 
\.:ul1,;;,J = Cil,HS" + XREG(l) • XREG(I) 
";J .. l.1.';'-.i = l..U:l"::;..i + TRANY(I) • TRANI(1) 
Cu.~HtW':; 

lrll~ ~ART uF R~UT:Ni SETS UP ~ATRIX AND VECTOR 

,d);': (1,1) 
":1,, ... (1,2) 
... 1,,1(1,3) 
A .. l .... (<:, 1) 
/1.,'2 .. :.: ''',.c:) 
Ada:i.l.:,3) 
Ai1A~(j,l) 

/l.l'Jiu (3,,,) 
t\.,lj,l' (3,3) 

flu AT (LKT) 
(UnA 
CUd:£ 
cu;u 
CJdJ(SI.! 
cU,HI 
,-UIII 
(U/'iXY 
':U1H;)~ 

SHI05510 
SH10S5.:\l 
S hi0553\l 
SHIO:>:>"O 
SHi05S50 
S iUO 556\l 
SH10:>:> 70 
;) H.0:)5 bO 
SH.l.05S~0 
SHI\l5bOO 
Si:i.i.05bl \l 
SHLOSb20 
SHLO::>b30 
SH105b40 
5H10:>650 
5HIO:>ObO 
S 1i.l.05b 70 
51UOS680 
SriA.056~0 
SH10570\l 
SHI05710 
S H10:'7;.:0 
SH10~73\J 
SIUOS740 
SH..I.\J~750 
SIUOS7bO 
SHIO:>77\l 
S hI 0:> 7 8u 
S h.l.vS7::1\l 
SIUO:>800 
S h.05d 10 
SH10:>820 
SI1105d30 
S hl05t)"0 
SHIOSd50 
S H.l.OStlbO 
SH105070 
SHI05ddO 
5H.l.05d90 
S iUvS::I\lO 
SH10S910 
S HJ.OS-J20 
SH.l0593\l 
SlU05940 
SH1\J5'J50 
SHJ.OS960 
Si:iJ.05970 
;;h.l.OS:tI:lO 
SH.l 0:>9::10 
S h ... 06000 
SHJ.OoOl0 
SIi.ObO~O 
Siii.,lb030 
SH1"oO,,0 
SH ... ObO:>O 
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C 
L 

i.:. 

C 
C 

'-

c 
C 
i.:. 
C 
i.:. 

i.:. V i.C (1) 
,,:,v .. i.:. (2/ 
... W "... (3) 

i.:.UMl 
LU,lAr 

" CU'" ~r 

i.:.a~~ luAr~Nvl 10 FI~D THE INVEaSE OF ~ATRIX A~AT 

":'8.1L i1AiI,jV (ALlA'I,3,AINV) 

~r~u TJi UNKhO~NS BY MA13IX MULTIPLICATION 

(fJVt.<.:) -= L AINV] • (CVEe) 

~ .... ~ ~AIrlUL (A.i.NV,CVEC,EVEC) 

~~UA~E VA~UE5 fUR A,B,C,AND THEN COMPUTE THE H-SQ VALUE 

II .:;:a (DV .. C (1)) 
jJ " bVZ .... (2) 
~ ~VJ:,C(3} 

*.* •••••••••••••• **. 

•••••••••••••••••••• 
i.:.diLK ~~iHrIN~ uil10NS AND ACT ACCORDINGLY 

.I.iiL-> =: 0 
UJ b l. =: 1,!U.i..AIiS 

~~ lIhA':; (i) .i:;Io!. 'N03EG') Ili.EG = 10 
'::ulliiINUZ 
~r·(.i.ll':>".i.Io!.Oj LALL REGCUT(A:1AT,BVEC,CVEC,AlNV,RSQI 

~¥ •• * •••••• ** •• * •••••••••••••••••••••••••••••••••••••••• 
C 

A ~U3~0UIINE STARTS AI THIS POINT 

c·····.·.····.·*·······*··········*·····**············ .. 
L 
..:. 

.J Uui\vUL' INE HZGlJUr (AM .ltT, BV EC, CV Ee, A INV, aso) 

~ !Hi~ ~U~dUUTIN~ ~RINTS CUTFur FROM IREGRESSI 

IJL'j"iJlSIut-l AdAT (3,3) ,8VEC(31 ,CVEC (3) ,AINV (3,31 

.?:;:;',~l' 1 00 
l.;J fh,iAf l*l*'//l,)A,.JEIiRESSION ANALYSIS TO FIr lWLl'IPLIERS ., 

+ ..... '1.0 aN LIo!UAT ... 0N·I,10X,55 (.=:.) ,III 
.:'.tI'~i 101 

S H106u60 
SHIOo070 
5 ti_060tlv 
.:iH10b090 
.:iH ... Ool00 
.:i HIOb 11 0 
SH10ol.:0 
Sh ... 00130 
ShiOohO 
SHIOobO 
S HiOo 160 
S 01U6170 
SHi061HO 
SH~06190 

SH1002UO 
5H100210 
SiU062.2U 
SH100230 
Sh ... 002ijO 
ShIOb2S0 
.:iHI00200 
SrilOb270 
SH106":dO 
SH.iOb2~0 

S 010031.10 
SHI00310 
S 0 ... Ob320 
SH.iU0330 
5HIOo3~0 

SI1 ... Ub3~0 
SH.L00300 
SilIOb370 
SHI06380 
SHI003~0 

5 hIOb~OU 
SHl.06~ 10 
.:iHIObij20 
S Hi.06ij3v 
3HIOoijijO 
S H.£.Oo4S0 
5HIOb~bO 
S Hi06~ 70 
SHIOo41J0 
SHI 06~ 90 
S H.£.OoSUO 
SHObS 10 
SH ... 06S20 
.:iHIOeS3u 
SH106S .. 0 
Sn~06S50 
SHIUbSov 
5H ... OoS7U 
SnIOoSdu 
S h1Ue~:1U 
5 HIOb6UO 



VM/SP CON9ERSA:IONAL MONlrOR Sr5rEM 

i,; 

I.. 

11.)1 JCLd'l .. ..:(IC.X,. it - i1ATRIX [ 3 X 3 ].1) 
U;J 10 .I.=I,J 
hL~ •• '1: Iv", (AliAr (I,J) ,J=I,3) 

lJ2 iundAf(IJI,Jfl~.2) 
lu l.:u,~fl!WL 

jl1l.H 1 ()j 

lJJ iJa~~.I.(/1JI,.i~Vi~SE OF ~ATRIX 1 [3X3].I) 
i)u 11 r = 1,3 
2,1 .... ~.1. Iv..:, (AlIlV (I,J) ,J=I,3) 

II \.,..;N.I.' ... ,iu,:; 
.. itlU 1(}4 

lu~ iUhMAI(/l0X,. C- VECTOR.) 
uv 1 .. I = 1, 3 
.?iUhl 10..:,cn":(1) 

1... ~ ..... i.l.lWL 
..... l,~:i: lOS 

1~~ i;J~~Af(/l~x,.FLa~ CF ~ATRIX MULTIPLICATIO~·1,10X,29 ~-.)J 

./1Jl,"' .. ,\1,0' J (LHC) = (BVEC) .11 
+,IJA, .... -Vi:.i...Wit (CIJEFFICIJ::NT5 A,B,AND C).II) 

'" it! lll: 1 U 0, (il V .; L (I) , 1= 1 ,3) 
11.)0 f;J",1Ar(lO.{,.L.qi\) = .,Fl0.4/141,.6 = .,lI0.4,114X,.C ., 

+lIJ.411) 
... i.£I U4iN 
.:.~w 

1.: ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

t: 
a ~UJRuUIl~~ ~TARTS AT THI5 POINT 

c 
i... •••• ~.¥ ............................ * ••••••••••••••••••• 
~ 

~uun0JTrNE c~rctS£ 

I.:;J~~U~ luNEI X,Y,S,FX,FY,N,KOUNT5,LI",NDFV,H,SIG,DELG 
U.I. .1.:.1i ;i ... u N X ( 1 V) , Y ( 10) ,5 (10) ,51 G ( 1 0) , D E LG ( 1 0) , H ( 10, 10) 
1..;J~j0~ ICUN~I~I A,E,C,ANE~,BNEk,CNEW 

~jcidud I~G~Lldl 5U]WGT,iXPWGT,5UMVAR,EXPVAR,CPT 
";"L1,;U.~ IHidJ::::i/ iI-iTBA5;;: (20) ,RAT (101) 
I..va~0~ ILlcilTS/ AriIGH,ALO~,BHIGH,BLQW,CHIGH,CLOW 

c ••••• v~i.l.~I~ArlON BY 'lH~ PGWELL METHOD •••.• 
I.: ••• ~j.V ... s A i';DU~DA~! PARA~ETEd WITHl~ TUE PJWELL METHOD 

t\vJ1L . .;,=O 
... ~ ... NV';=L 
';;.I.,"~=I.J 

1.1N=O 
/.. (1) A 
A (..:) = 3 
.( (J) = ~ 
?,,~;~:L ~v'J 

~vj i;Jd~AT(.I.I,lu~,.KESryLT5 CBTAINED FRUM THE ?OWELL HETHOD.I 
+, luX,J:i (.="")11) 
~.tL~ :;':;(;u.H) (til) 
I..Al.~ r0w~l.~(Si~P,ICCNVG) 

A,L:'oi = X (1) 

5HlOool0 
5hlOb62J 
::>HI0063u 
5HI06040 
5riJ.Obb50 
58.(00b60 
5HIObb70 
5lUIJobov 
5al0bo~0 
5dl0b700 
S8.LOb710 
.3HI0b720 
5HlOo730 
;i810b740 
SHI00750 
SfUOb760 
::;8100770 
5rll06780 
5IU06BO 
SHlub800 
5 dl0681 0 
5nI06d20 
5HI0bd.s0 
5 HI008"0 
5hj.OOd50 
SHI0b8bO 
58l0bIJ70 
.:i81.0otidO 
5 a ... 06d 'JO 
SHI0b900 
5H"'00910 
5 H.l06'J20 
.')8106930 
:) 8100 'J "0 
.3H1009S0 
SH~Oo9bO 
::>hJ.06!H0 
SHI06980 
5 iil:00990 
5 hO 7000 
5H.L07010 
.':i nJoO 7020 
Shi07030 
581070"0 
5 Hj.v", 0 SO 
5HI0706v 
58107070 
5 HJ.O 1080 
5H107090 
S111u7100 
S HI07110 
581071 .. 0 
5HiO 7130 
5HI07hU 
5<11071 SO 

125 
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V~/SP CO~VERS~TIONAL MONlrOR SYS1E~ 

u~u:.1i = x (.;) Sh.1.011bO 
":i.'II: •• = x (J) 5HI01110 
":ALL S~C~j~(A2) SHI011dO 
J:' ri 1.11' 0 J 0 , d 1 S h.1. 0 1 h Ii 
.. ).;iL~.1. o01,ii.";JNTS,LIN,FX, (X(I) ,I=l,N) SHI01200 
J:'ai.II 002,.12 s It.1.01';:' 10 
h\.I.I~'I JO, A(l) ,X(2) ,X(3) ,SUl1iiGT,SUl'IVAR Sit.1.01';:'2U 

30 fu ... iAi (/1/l0X,.CO£;HICIEN'IS OF THE EQ:JATICN.1120X, SHI01dO 
~. A = .,flu.4,/20X,. B = .,Fl0.4,/20X,. C = .,Fl0.4, Sh~01L40 
~IILu&,.iV~RAGi ~EIGHT = .,Fl0.4/,20X,.VARIANCE = .,Fl0.411) 3HI01250 

~0u i~aj~;(14n ~~!E IS NOij =,F20.3) SHl072bO 
oJl iJActAi (III 110,4dd FUNCTION EVALUATIONS ~ITHIN POWELL ROOTINE ANDSitl07270 

1 ,I 110,47d FUNCTICN EVALUATIONS DURING THE LINE SEARCHES. ~HI01200 

~ II lBrl iUNCT~GN VALUE = ,E20.8 SHI072~0 
.J II loci VAR'::ABLE VALUES:- I (X,5E20.8 » So.1.07300 

OUL f~dciAr(111 14K lI~E IS NUW = , F20.8) 3HI07310 
d~rUdN Shi.07320 
... i;) ~ H.L07 330 

-.; 
~.*.*.* •••••••• * •••••••••••••••••• * ••••••••••••••••••••• 
C 

SHI01340 
SHi.073S0 
SHIO 7300 
SHl.i)7310 
S Hl.O 7380 
SIU07j~0 

A .jJukvUI.1.N .. STARTS AT TH1S POINT 
~ 

C$*~**·*¥··.*.···*· •••• ¥*.·*·.· •• *··· .......... * .... * ••• 
Sh.i.07400 

.:.ui>.lvUrIN;:; PUiiiLl (STEP,ICCNVG) SHI07410 
~~~JU. IO.~1 ~,Y,S,FX,FY,N,KCUNT,LIN,NDRV,OIRECT,BEPORE,Flasr 5ri.1.07420 
.H!'l., .. .:.lu N I.. ( 10) , Y ( 1 0) , S (10) , DIF E:CT (10 ,10) , B EFOR E (10) , FIRSr (10) 5 HI07 4 30 

1 ,w (10) ,SECND (10) SHI07440 
~'o!u~vI\LE.:l;';.. (ii,Sr..CYD) Sn.i074!:>J 

'" ••• • ~ = TIL:; NiJ.iBi:;iI (IF VAR:AELES. SHi014bO 

(; 

C 
c 
C 

L 

L 

~JJ~.i. = Tri~ ~U~~~H OF FUNCTIONS EVAL~ArIONS NOT IN LINEAR SEARCH. ~HI0747~ 

l~v~Vu fHt F~~AL CONVERGENCE TEST DESIR~D. Stilu74dO 
= 1, r~adIN~TE AS SOON AS TESTING IS SATISFIED. SHI074YO 
= L, A~ ~OON AS IH~ I~STING caITEa~A ARE SATISFIED INcaEASESli~O/SuO 

ALL TAE VARIABLES BY 10.ACC AND SOLVE PROBLE~ AGAl~. Srl10751~ 
idib P~~f~&j A ~I~E SEARCH EET~EEN THE SOL~TIONS IF DIFFERENT 5HI07~~0 

J~1ui~Uas Ad~ U~EjiD TO BE FCUND. Sli.1.075Ju 
;j~~: = IHB INIlLA .. STEf SIZE. .:iH~~7S40 

Ace = ld~ ~L~UIRED ACCURALY IN THE FONCTIO~ AND VECTOR VALUES. SHI075Su 
~~~r..Ar IPh~al= 1 iOil COMPLETE PRINT OUT OE IPRINT = 2 FINAL SO.1.u7jbO 

lAb3.~a G~~Y ':;HI07570 
",-::1.. = .JuOl SH~u7SdO 
l.<'hl~T=l Sri ... 07S::IU 
.~~~tY=l SH~()76uO 
~1=~-1 SHl07610 
.j,,~f>h=.:iLJ::P Sh..i.07b20 

c ••• ~~I U<' loi Ih~TiAL DIRECTION MAIRIX (USING UNIT VECTORS). SHI07b30 
.Ju:': l=l,N Srl .... 07b40 
.Jv 1 J=l,N Sti.1.07bSU 
JiRECr(J,I)=O. SHI0760U 

L .J.l.a~-.;r (~,.I.) =1. Sali)7070 
C *.* ~iA~~Ari~ 1HE fU~~T10N AT THE INITTAL VARIABLE VALUES. 30.1.01600 

)u .::A ..... rJi~ (X,PA) SHI07690 
t\uli".I.=KC,jUNI~l :ih..i..077~O 
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V~/SP CONVERSATIONAL !ONIIOR SiSfEH 

c * •• :;'I>.V" lrt'::: 
'- (.J.c.ilJ<iC:) 

;:'HAL fUliCTICN VALUE (Fl) AND THE FINAL VARIABLE VALUES 
FRUct rH~ ?REVIO~S CYCLE. 

SHI07710 
SHI07720 
SH ... 077 30 
::iHI0774U 
SHl077S0 
::iHI077bO 
SHI07770 
SHI077dO 
SI:U077!:10 
SHI07dOO 
SH.I07810 
S HJ.07 1:120 

t&1i,~.i. .Jb 
j 0 .: v lui A ~ (iJ .( , 'I' F X * , 1 :.: X , * X ( 1) ., 1 II X , 'I' X (2) ., 1 2 X, * X (3) * I) 

3 :'1 =ii.. 
"oj 4 1= 1, ,; 

.. ojc":,::unE(I)=X(I) 
";<.J TO (001,uJ2), iPRINr 

cJl <,nlLH :;I01,FX,p.(l),1=1,N) 
':1ul Fvt\d,,~ (/(:;clb.8J) 

C •• * Ji,,~ ... StAhCn~N~ H~HE. 
tiLl2 ;, U,1=u. 

l. 

C 

\. 

C 

'-

4~ ih~ ~ND 0~ THE CYCLE, SU~ WILL CONTAIN TRE ~AXI~U~ CHANGE IN 
;~.c. lJJCf ... ON VALU~ Foa ANY SEARCH DIRECTION, AND ISAVE INDICATES 
ide. DlaEcrICH VECTOR TO WHICH IT CORRES?ONDS. 

SHI07l:130 
Si:i ... 07840 
SliI071:150 

";<.J 9 1=1,:1 
~ ~UN~.~N~ T~' ... N ... TlAL STEP SIZES 13 THE I-TH DIRECTION. 
Du:> J=l,N 

J :;,(J)=Dl&~Cf(J,I)*::ilEP 

i~~~ i~E ~lN~dUj i~ THE I-TH DIRECTION, AND THE CHANGE IN 
V.L.Ui:.. 
":A.l.1. Cc)"JJ.N 
... =rA-FY 
~. (A-sa:!) 7,7,6 

b ....... '1~=.1 

.;;U<1=" 

SHI07860 
Sdl07d70 
ShI071HiO 
SHI07d90 

FU NCT IONS hI07 :tuu 
SH ... OH 10 
SHI07920 
SIUOh30 
SHI07940 
50 ... 079:;,0 
SHIUh60 

J.!\dN.::ir'£~ IHE 
';v v J=l,N 
I..lJ)=Y(J) 
f.(=iY. 

FUNCTIO~ ANrr VARIABLE VALUES TO FX AND X. SHIOH70 
SH ... O 1980 
::ilUOH:tO 
SHI08000 

d 
j 

••• 

lu 

~v. INV.c.::ii~~AT~ WH1TH£R A NEW SEARCH DIRECTION SHOULD HE 
i.L~ IN5~.c.AG Uf 1HZ Io5AVE DIRECTION. 
f .. =fJ. 
~v lQ l=l,N 
~(l)=~.J*X(I)-b~FOfiE(I) 

c: .. ~L fuN (~, F j) 
i\vLi'~l=K<.JU:lr+ 1 
il"f~-fl 
J.t (d) 1 1 , 1:1 , 1::J 

1 1 .1 =" • Ii '" (i 1 -" • J * f" 2 + f 3) * ( (F 1- F 2- S 'HI) I A) ** 2 
~f(i-Sact) 16,1~,lY 

INCORPOR-SHIOl:lOl0 
SHIOd020 
SHI08030 
ShlOdU40 
SHI08()50 
.:iHIOdObO 
SH ... Ob070 
SHiOci080 
S IilOdO~O 
SH10dl0u 

A .~~ ::i~~~Cd V.d~CTIGN IS REQUIRED. FIRST REMOVE ROW ISAVL 
~l(I';;A'I';;-!i) 13,15,15 

.5HI0ci110 
Si110dl..:0 
SHI08130 

.Jv 1~ l= ... SAVc":,N 1 
1~=1+1 

U<.J I .. J=l,N 
lot .... n .. ":T (J,~) =vliH:cr (J,ll) 

~~l iriE ~-fH DIRSCIICN V!CTCR 
~6~~~i~ lni INITIAL AND FIhA: 

1~ A=';. 
';0 10 J=l,ii 
u~A~c£~,Nl=X(J)-&iFORE(J) 

10 "=~.1rl.c.';.i: (J, ti) **2+A 
A=I.v/:;,~al (A) 
... u 17 J=l,.~ 

EQUAL TO THE NOPMALISED DIFFERENCE 
VA~IABLE VAL"ES FOR LAST CYCLE. 

Shl08140 
.:in.1:\ld150 
::iH ... OdlbO 
S HJ.Od 170 
ShlObldO 
SH10d190 
ShlOo~OJ 

SHIOo210 
SHI0t32 .. W 
05 illad 2jJ 
SHIOd24J 
.:iHIOl:l2S0 
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'; ... ,I1.cC:J.'\J,Nj =LI .... "'::.cr (J,N).A 
11 J \JJ =LlIl,.:;cr (.J,"I *5 I EP 

~ALL. ~U~U..6.~~ 

j: J..:ii 
00 1d r=l,; 

10 A ( ... ) =Y (I) 

VM/S? Cu~V RSATIONAL MONITOR SY~IE~ 

~ *** ~A~' i~a cUIViR~ENCE. 

;i 1l":'002bO 
3iiI00270 
SiiIOo':bO 
.j W:002::1v 
SH.LOd300 
.jI;t.i.ObJl0 
SHIOd320 
.jH108J,J0 1~ CA~~ iASJ(Fl,~X,BciFORE,X,FLA~,N,ACC) 

.... f(,f..A..;) .. 2,..;~,:.:o 
~uuV.ciGijCt ju~ Y£I ACiiEIVEO. COM?UTE A NEW STEP SIZE AND 
';0 Ofi":i\ 10 J. 

2J ~r ,r1-FA) 121,120,1;';0 
1~1 ~lil=-o.~*.j~alIAaS(Fl-F~) 

";U 1:u l.d 
l..;J .;i .. .cC"'U. "*::i;,t,,'£ (t 1-1' X) 
l.d rr (.;iu .. t'A-;;)T£J:') ~1,3,3 

,,1 ..;r.:.J:'=;: ... t,;i?A 
Ji) it; J 
~~~VAdJt~LZ ACHiIVED. IF ICCNVG=2, INCREASE ALL VARIABLES BI 
1J*AL": AN~ ~i) ~ACK TO 3. 

.: .... J.J l:u \2,j, .. ~) , IC(;,HG 

.I...l ".:. ... UlIN 

.;" "'.; ... 0 ("J,~7) ,NIhI 
~j ;l'; Ii Y=" 

.;v ~ b 1 = 1 , ,~ 

i;' ... ",..;jJ.' ,I) "'';' (l) 
..:0 A\Lj=A(I}+ACC*10. 

F i: .... <1;;; £=f 1. 
Ii" IU 1.):) 

.j 11 ... 00 3qO 
SHIOb3!>v 
SW:Od3bO 
;il;tI00370 
SHI003bO 
SHl.OtiJ90 
ShIObqOO 
SiiI08Q 10 
;:il:iJ.Oci ...... O 
S.til.Oo~30 
.jHI00440 
S hl.Oa ... !)O 
SH.LOo460 
SHIOo,+ 70 
SiUOb400 
SH1004::10 
SH108500 
Shl.00510 
SiiI08520 
3HIOd5JO 
S u.i.vo540 

~ *** ~~.VMdJ~ICE Ai:TAIN~D USING TIO DIFFEgE~T 

~ U.~l ~~CTOa ~Ar~EGN SOLUTIONS AN0 SEARCH 
STARlING POINTS. CONSTRUCSHIOd550 
O:RECTION Foa A MINIMUM. SHl.Oo~bO 

.j H.l.00570 
;iHIOd5BO 
:iluO 05 ~i) 
SIUOobOO 
Si110d610 
S 1l10do20 
31UOoo30 
:iHlu86 .. 0 
SH ... 00650 
SHI1l8obv 

(,; 

..; 

..:7 £..>'<::"llD=lX 

.1.0 

'::1 

.>0 

**'" 

31 

J", 
j,j 

""'\). 
.JJ'<:o .i:=1,J:l 
.;j';Cl~JIL) A(I) 
::i ( .... ) :f'lI.\;;)J: (lj-;;;£CN D (I) 
,,;.; +;:;; (I) ¥*2 
.LX (i) .;,J ,23 , .. :.J 
,,=.;r".'IS.!a:l: (A) 
vV jJ .i:.=l,N 
.; \.i.) =., (I) *A 
~A.i..L ":V";";.i.,.j 
... c::if IF Nc~ i?O:.T IS SUFFICIENTLY CLOSE TO EITHBR OF raE TWO 

wa~1 rA.;iT\fF~dSI,~y,FliST,y,FLAG.N.ACC) 

If (r ~aG) J 2, J.::, 31 
~,,~L L1S1(f5EL6D,fY,SEC~D,Y.FLAG,N,ACC) 

~i\iLA~) .>~,J~,3q 
..Iv j,j I;l,li 
A (.;.) = :q:.1.j 
: i.. "'Ii. 
",':;l U"'I~ 

~ ••• r .... AL .;i~1Uf~Oa YOT ACCURATE fNOUGH. REPLACE TUE FIRST DIRECTION 
~:.:.';.i\.JiI JY Ii"i'Ln-SOLUT101i ViGOR INGIHIAL1SE:::» AND RECYCLE 

J ... ,,::;A/!>fEP 

Sti ... Obo70 
ShlVoQoO 
SHlOd690 
Sh.i.Otl700 
SH.i..u0710 
:iHIOb720 
S fUOo no 
';;;ii..i.Ob740 
SHIOd7~0 
SULvd7011 
SHI00770 
.jHIOd7dO 
S.luOo7':10 
.jIUOddOO 
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V~/SP CONVERSATIONAL ~ONIrOR SYS!EM 

iJv 35 1=1,,~ 
u L:(L-':l' (1,1) ;: Ir .!iST tl) -SiCND (1) ) .A 

33 iid.:i~'ij=.:i~C~D(I) 
u..J i:U j 
E ;,j) 
~UtillvUtlNL lEST (Fl,FF,BI,BF,lLAG,N,ACC) 
~uct~uN IC0~~lSI A,d,C,ANEW,B~EW,CN!A 

Jl~L~';)lvN a1(iv),Hf(10) 
1111.';=+2. 
... : (Au';; (£1) -ACe) 2,2,1 
H'lAd~(fI-Ff)/n)-ACC) 3,3,7 

~ .F(A~~(il-if)-aCC) 3,3,7 
3 uU 0 1= 1 , t. 

.. r tAb,;) (It.i. (1; l -41.;<':; 5,5,4 
.. ~F (Al.}.;) «hI (~1 -i:\J~' (.:.) ) /l\I (I) ) -ACe) 6,6,7 
3 !r lAD .. (l(I (Il-Rt" 11» -ACC) 6,6,7 
C ",.);,ir.diUl:. 

fl.."G=-2. 
7 ll .. L '-idL\ 

SI1408810 
:;LiU.Ood 20 
:;)HI00830 
Sd .... 08b40 
Sii.Oti85v 
SHIOdbbO 
S lL.Ob070 
SUiOH8aO 
SH.L088~0 
SIiIOI:I~OO 
:;Hlvd~10 

Si:l~Ob~20 
SH10d93v 
SU108~40 
Si:i.LOo'J50 
SHIOb~61l 
SHIObno 
SliLOo~/jO 

SfUOo990 
:)l:tl.O'JOOO 
SUI090 10 

~.*.* ...... ¥.*.~*.* •• ~ •••••••••••••••••••••••••••••••••• sal09020 
SiUO~030 

Sif.i09040 
Sfl.J.090!)O 
SH1Il90bO 
SlilO~070 

c 
• ~UdaUUi1Ht STARTS AT THIS POINT 

'-

c······*·············································· .. L 

C··" 
~ .. . 
'- .. . 
C··· 

I.: •• '" 

.;):JOD.Vuru.i. Cl; .. G1N Shl.0\10bO 
~uciauN ICCNS~SI A,e,C,ANEH,ENEW,CNEW :)aIO~090 
~uddvM IU~LI I,Y,S,FI,FY,N,KGUNTS,LIN,NDRV.9,SIG,DELG SI1I~~100 
J .i. t, :; It.;;.1 V .1 1. ( 10) , Y (10) , S (1 0) .:)1 G (1 0) , D EL G ( 1 0) , H ( 10 , 1 0 ) S HI 0:1 11 0 
Ln ... ~bIT~A1 VA~iAoLE VALUES ARS IN X, AND rHE CORRESPONDING SHI091~O 
IUN~l~vN "LU£ 1S IX. Sh.OY130 
~dL S~Ad~n DIB£L~ruN VICTOR IS 5, AND THE INITIAL STB? SIZE STEP. SHIO~140 
11~ l~ U~iD iO ~OUIT THi NUMB~B OF FUNCrION EVALUATIONS AND N IS SH10i1~0 
la,. ;'1.10;:; ... <1 ul:' VaRiABLES. Sli.l.O~lbO 
PA=Fd=i~=rA 5H109170 
lJ,,=j)jj=IlC;:U. SHIO!l180 
J..: .... i?=1.v 51;jlO~bO 
O·~Iti 9HI09200 
A=-2 Snl.09210 
(1 =11 S i:1J.O':l220 
~lArll ..:HE SEAacH lHE 3CU~D THE MINIMUM 5HIO~2JO 
J~ 2 .=l,J S1110y2~0 

.:. q1l=.q1)+j).S(1, SH1,h250 

~ ••• 
c 
C 
~ ., 

.. 

~A~1 fU~tY,i) SHIO~260 
<\=1\+1 Sn ... I1~270 
... !i~=L.I1H 1 Sti~Il~2ov 
..:r(i-r~ 5,3,0 5HI09~90 
d0 ~D'N~~ ~~ FU~C110N VALUE. iETUFN WITH VECTOR COBR2SPO~DIHG T' Sn10931l0 
~U~~~luM VALUZ LF fA, EECAUSE IF THE FUNCTION VALUE IS INDEPENDENrSH10jl1J 
Ji rli~~ S~A"CH ulrtSCTIG~, THZN CHANGES IN THE VARIAELE VALUES HAY SHI093£0 
iJ.d.r.:T :'0';; .1.\.:: f'ROGaAii CONVERJENC?: TESTING. ShlO~330 
Dv.. 1= 1, N .:) H10':l 340 
ii..:l=I.(·i:)+ilA·S(I) SHl.v9J50 
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VI!/SP CONVERSATIONAL MONITOR SlSi'EI! 

.; "' .. * .ltl.:. i:J,"(;'~Iuii i.:i S'.::1LL ;:ECREASING. INC"EASE THE STEP SIZE Bl 

SI1109300 
Sll10':l370 
.:iIUO~3aO 
.:iH.l.O:1J!:IO 
S HIO~~OU 
SHIO~410 

Sh ... 0:;~20 
SHI09~30 

SHIO~Lt40 

Sll.db~SO 
SHI09400 
SHI09~70 

~ J~U~lL lhc. ?.tl.1V~OUS I~L&EASE 19 STEP SIZE. 
J !C=£~ ~ ia=FA $ FA=F 

u~=Jb ~ uo=uA $ DA=D 

.; u .i.u 1 
~ .*¥ d~~ ... jUJ ~S U0UNuED 1N AT LEAST ONE DIR3CTION. 

o lrlt<) 7,0,'1 
dr~l~~ct IS BuUN~ED IN UNE DI~~CTION ONLY. PEVERSE THE SEARCH 

i:~=F Sli~U9480 

ud=u .l> 0=-v Ji SIEP=-STEP SHI09490 
.;u ru 1 .:i H"'09S00 

~ ~l~~dUd I~ duU~~Eu IN 30rH DIRECTIONS AFTER ONLY TWO FUNCTION Sdl09510 
~ LVA~~~llu~.:i ~uNi ~lrHER SIDE OF THE ORIGIN]. PROCEED TO THE SHIO~S~U 

~ ", .. i1i1lJo"- ... C ":iil.c;itP0LI\TIIJN. SIU.0~S30 

d i~=Uj ~ } d=1"A j; FA=F SHIO~!)40 

v..;=Vl.l .., DB=uil .; DA=D SHI095S0 
.... v £u ~ 1 Sttl0:1So0 

~ ~dL ~LNlrlUct ~S aOUJDED AFTER AT LEAST TWO FONcrICN EVALUATIONS IN SHI09570 
~ J.uc. :,A,'I':' ulilLCl' ... Otj. iVALJATt: THE !"TJNCTION A'r STEP SIZE= (DA+DB)/2.SHIO,)SdO 
~ iHI~ ~lLL lc.lLD 4 ~QUALLY SPiCED POIUTS BOUNDING THE ~~NI~UM. SHIO~S~O 

j u-:::=uil .Ii Db=DA ;jj DA=1: SHlu960J 
F~=fl.l .Ii rd=FA :£ PA=F SHIU9010 

1 V ';=J. j. (JA+'>o) S lilO~620 
uv 11 I=l,N .:iHIO~630 

11 t l~) =X (.'::j +u.:; (~) SH ... O')o"O 
CAL ... fiJ:i li', F) Shlu~b50 
~~R=LrN+l SHI09ti60 

~ ••• ~u~ llAV~ IHA! ~A>Ffi<FC ANO THAT FA>FC?C ASSUMIGG T~AT THE .:iH~OY670 

~ iU~C~ ... 0~ I3 UNIHuDAL. REMOVE EITHER POINT A OR POINT 6 IN SUCH A SalO~600 
C ~AY iHAi Id~ FUbCil0N IS BOONDED AND !A>fBCPC [THE CORRESPOJDING.:iHI09690 

.:.l'.:.P ':'> ... "l.;;; ,\t\'::; UA>DB>DC 0" DACDBCDC ]. SHI09700 
1..: H(\ .. C-J)¥\U-:,)0J) 15,13.18 S1:U.0'7710 

~ ...... JLAIIu~ uf ~l~I~UM IS LIMITED BY FOUNDING ER90RS. RETURN WIT3 B. SHIO~7~O 

13 uv H I=l,N SH.IOY730 
1~ i l~) =X (I) +Da*.:i (I) SHIU97 .. 0 

iY=fo .:iHI09750 
o>. .. .rUIl" S H~O~76v 

L ••• idE pulNr D IS I~ THE RANGE DA TO DB. SHIO')770 
b ... iU-rll) 10,13,17 SHIO~700 
10 i~=FD i fB=f SH~097'70 

J~=~O i Da=D SHIO~BOO 

~ . .J ru 21 SHl09dl0 
17 :iI.=£ Sll~0~d20 

~A=D SHIO!:l8JO 
";U Iu 21 S li~O')840 

C ••• ~Hc. p~I~r D IS 1~ ~HE RANGE LB TO DC SHIO,)d50 
ld ... f\r'-~~J 19,13,..:0 SHI09doO 
b r'.\=fD Ji fil=f S<U.O~d70 

v~=Jo ; DB=~ SHlO')bdO 
";u J.U 21 ... Hlu~d~C 

.;u f~=r SHI0'790U 



V~/SP CONVERSATIONAL MONITOR S~SrEM 

c "' .. 
il 

"'..; 

~.) 

~,. 

C ••• 
~j 

~ .... 

~l 
C ... ~ 

':v 

~':J 

C ¥.* 
C 

C 
(. 

30 
31 

C 

i)";=.; 

~u~ ~~.kU~M ~JE PA&ABOLIC INTERPOLATION. 
A=rA.,uo-DC) +Fb. (uC-DA) +FC. (OA-03) 
Lr (a) 2<:,JJ,..:2 
,,=u.:J. , (';J. i;J-uC.uCj .;: A+ ([:C.!)C- CA.D A) .F3+ (D A.O A-D B. DB) '" FC) IA 
Cb~CK r~AT Td~ ~0~~T ~S GOOD. IF SO, EVALUATE THE FUNCTION. 
if (( jj iI- Ii I • , D- jJ l.)) 1 3, 1 3,23 
uu L~ i=l,N 
'i. (1) =X (1.) +U.S (~) 
..; ..... .i. tllN (~,F) 
....... =l..Ll+ 1 
C"~CK FuR C0NViRGtJCE. If NOT ACHEIVED, R~C~CLE • 
Ii:' \AUS (i:u) -u.OJIlOl) L5,25,26 
.. =l.u j ~~ Tu 27 
"=l.u/Fo 
.i.r lAo.:i((iB-f).Al-.0001) 2d,2d,12 
";~~V~d~AN";~ AC~.i.1V3D. hS:URN ~lTH THE SMALLER OF F AND FB. 
H(i-ltl) ~'1,1J,1J 
l'i=£ 
Lii ... U t111 
~H.i. ~AaAo~~lC I~T~RPOLATICN ~AS PRcVENTE~ B~ THE DIVISOR BEING 
~~iJ. lE IH13 IS IHE IIaST TI~E THAT IT HAS HAPPENED, TRY AN 
~Ni~~d~ulATi Si6P SIZE A~D RdCYCLE: OThERWISE GIVE UP AS IT LOOKS 
~l~~ A ~u~£ CAU5E. 
~f (.1J ..il ,';1, 1J 
41=(1+1 
';U iu 10 
.:oj .. 

~ .. Ol.K iJA':j, 
";UuMUd 10~~1 ~,1,~,FX,FY,N,KU~NTS,LIN,ND~V,H,SIG,DELG 

U.l..·ll:.i~.:j~ON X(10l,Y(10),S(10) ,SlG(10) ,DELG(10),iI(10,10) 
~uaM0~ IC~j~r~1 A,~,C,ANEW,B~iW,CNEW 

iidA W 131 

L····~~¥¥·*·~*··*···*···**········¥···*············*·· .. L • 

A SJBJu~ilNE START~ AT T~IS POINT 

c·····························.··········· .. ·.·· .. ··.· .. 
~JBciOiJJ.·INA i~N (X,EX) 
JHj;:;~':)luN X (10) 

~ in~~ ~JoaGUrl~~ PROVlD~ TSE !QUATICN AND kEST3AINTS 
C t~~ TdH h~I~ ~iaGiA~. THE EQUATION IS 
C 
C 
C 
l. 
C 
l. 
C 

~ = A • X •• B • EXP ( C • X ) 

x (1) 
X iLl 
j{ (3) 

A 
b 

5 H.l.u'191u 
':;HI09920 
Sii.l.0'19jO 
5 ii1.09~4U 
SHIO~'1Su 
.:ihlO:l'1oU 
Sn..l.0~'::I70 
.:iH1.09980 
SiU09990 
5Hll DOvO 
SHI10010 
StU,10u20 
SHll0u30 
SHll0040 
5lUl0u~0 
SH110060 
SH ... l0Q70 
.:iii ... luu80 
Silll00'::l0 
5 H ... l 0100 
SIL.1U llu 
SiUl0l~u 
::; 11.£. 1 U130 
S HI 101,.0 
SHll u1;)O 
S ill 1 0 1 bO 
.:iHll0170 
SHll0180 
S n.i 1 \) hO 
Si:ill020u 
Sli1.1 0210 
Still0220 
.:iHll()~.JU 

5H.L lu2,.0 
SH11025") 
SHll02bO 
SH~ 10270 
SHll0LtlO 
.:irl~10290 
SfU.1J31l0 
.:iH.1.10~10 

.:in..l.1U320 
5H110330 
:iH ... l03~0 
511 ... 10350 
SHll0300 
SH.!:10370 
SHllu3bli 
SHll03~0 

Stiilu40J 
SHll0 .. l0 
::;H..l.l0~20 

.:iH ... lIl4JO 
SHll0,.40 
S ti.i 1 04 ~O 
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~~dduW ,~~T~l~' ~UKWGr,!IPWG7,SUMVAe,EI2VAa,CPT 

~",M1U..l ,'iri.i<:i.i:..S/ .GrBASE(20) ,RAT(101) 
":"," • .:1,,,1.1 /I?L ... :4D/ Al:<".i:'ii(3S) ,B(35) 
;..".1dul~ /uA:iiC/ Ii. (35) ,SiUtsIZ (35) , tiA,NGROlJP 
~uadu~ /PASS/ ~iA~5 
.; .... i,t;i~:i10N Al 13':i) , A2 (35) , FACT (10 1) 
~~.:i.1o..i'~ /IKIiGj;/ :.::KWGr (2, 10 1) ,WG'IPROJ (101) 
... F~;; = 0 
1E IH ~". E;l. 0) Gu 10 100 
U = d..;)'; ( 10UOOvuOOOO.00 / :«1) * 1(2) / 1 (3) ) 
.. ..; Iv :1:1'" 

lOu JV 1v I 4,:i:' 
i!~ =. .f~VAl (1+1) 
4it~i.~~.~i~ GO 10 5 
rd.": ... (1) '" X(1)*ITI(\iGT(2,I) .. :«2» * EXP (TKWGT (2,1) * 1(3» 
.. "',;:.?,,,uJll) = lKIIl.iT(2,1) * FACT (I) 
Gu ..:0 lJ 

:;; .CA\.i i..L) :; loA;: (.I) 
.",Ti'110J( ... } = IKiiGI(2,I) '" FACT(I) 

1 v ";L;,i.i:itWE 
i)v 11... jo,101 
t'ti\..r( ... ) = u.S * (fACT(90) ... flICT(95» 
Wul.?RvJ(I) :: ..L1'\wGlt2,I) * FACT (I) 

11 ..:I.H<i· ... NU r; 
;;U,1 iIIlJl' :; J.O 
.,udV .. " =. v.O 
.• "':1. .. '; = 0 
\.n .... ~ '::;i,;Ui:i'lIE; 

c \..AL';JLaJ.~ !ti~ VAR1ANCE OF S-CURVE 
:>U.1o = 0.0 
.jUdAijl :; 0.0 
:iJdAo =. 0.0 
';U;112.:; = J.O 
.1": :i .. aQut> I,,; 
1I.:lJ. .J.t'T = A (,'q 
.J,j lei 1= 1, NI.i.c\OUP 
• f ll. !:;."l. 1) A 1 11) = A ( 1) / :2.0 J.r, .... i .. .;.l) All ... ) (A(I-1)'" AU)) / 2.0 
i.", ( ... J = Al (I) - AUDPT 
.,lL-:.:I '" SUjd + 3 (1) 
:;ul:ilull= !/Udabl + Al (I) * BU) 
.;nJ .... I..il '" jJ.'IAD ... A,,; (I) * BU) 
.. ;J;il\2.., = ';;;U~'iA .... b + ;\2 (1) * A2 (I) '" 9 (I) 

lb ';" ... iLWE 
.;~aW~..L = ~vMADl / SUMB 
.)~~~A~ = (SUft~2.:1 - SU!AB * SUMAS / SURB)/ SUMB 
£A = Ad~ (~J~WGr - EIPWGT) 

c*****************************************************"'* 
C 

A ~UBa..;U!~N~ STARTS AI Tar:; POINT 

Slii 1 il4b 0 
Siu.lu<t70 
.':i1i ... l04bU 
::iHl11.l490 
.:H:l.L 1 0 SuO 
Slillu510 
SHl10520 
S Hll 0530 
SH! 11.1:'40 
SHll1.1S50 
SiU1050J 
SH ... 10570 
'>Hl10SdO 
S iiI 1 1.1590 
Slil10bOO 
SHll0010 
Sii.i.1062v 
.>Hlluo30 
SHI106 .. 0 
Shll0050 
SHl10bbO 
SHl.1Ub70 
SIU 10tll:lU 
SIiI 1 00 !:I 0 
SH.l.1070v 
SHI 10 71 0 
.iHl1V720 
SHl.l0730 
SH.I10740 
Slil.l0750 
.jH.i.l1.1760 
SHll077U 
S lU.l 0780 
.:> hi. 107'Ju 
SHI1080il 
S iu. 1 01:11 v 
SH.I 10820 
SHllUd30 
S Ii .... 1 vl:l40 
!:illll0850 
SHl10doO 
!:iti .... 1uo70 
SHll0880 
Stu.l 08:iu 
S IU. lI.r::l 1.10 
SHll0910 
;;/1 .... 109,,;0 
S HI 1 0':131.1 
5Hi 11.1')40 
SHl.lV95v 
SHll 0~60 
SHll0970 
SH~10:;jl:lv 

SHI1099v 
S H.i. 11 OOv 
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C 
~ •• ** •• ~.¥.$ •.• * •••••• *** ••••••••• * ••••••••••••••••••••• 
C 
L 

friI:; SJonJUTIN~ I.::i TO FIND T~E MATRIX-INVERSE 
jJdrlvUrI~~ hAlr~V(AA,N,AINV) 

iJ •• 1 .. ,~.:il(;N AA (J,j) ,AiNV (3,3),A (10,20) ,10(10) 
.~!i = ,,+ 1 
,~" =,,·N 
uu ":UU 1=1,11 
..,0 ":OU J=l,ti 

2VJ nl:!:,J) = AA (l,J) 
t<= 1 

Jl 

51 

o 

~u 1 I=l,L. 
u0 1 J=i-lN,li2 
A(I,J) =0. 

,ju .: 1 i= 1 , N 
1\ Ii, 1'4+ I) = 1. 
.u) (1) = I 
';u • .-I.l.NU.:; 
t<1\=K+1 
... ..)=i< 
ri=K 
d=A.;).::i Ii< (K, K)) 
o)u 3 ~=K,,~ 

UV j J=i\,N 
... ;: \J.D~ (A (..l.,J)J -il) J ,],31 
~.:i=i 

i i=J 
.;)=ao:; lA (l,J)) 
LJI' .LINJ.:; 
.I.; lI.::i-") ~,4,~1 
.;J .. 2 J=K, ,.2 
,-=A (is,J) 
A 11.::i,J) =A (i< ,J) 
A (K,J) =C 
"uIHUWE 
... ill.L-Kj J,J,51 
1;;=';'.; (A) 
... oJ lK) = ... J (II) 
...... ( ... i) =lC 
J..; 5.: I=l,N 
c=,. ~I,Ir) 
d (I, IT) =A lI,K) 
A ( ... , Ii) =;,; 
,;uN.L i i~J E 
If(a(K,K)) 6,1":J,b 
~v1,ii.N!J~ 

uv 7 J=KK, tl2 
.. (h,J) =ll (K,J)/A (K,K) 
uu 7 r=liK,N 
w=A ~i,K).A (K,J) 
d li.,.J) ;: A (..L, J) - iol 
i.l ( Ao.::i (A (I, J) ) - • Oil 0 1. A BS ( W) ) 71 ,7, 7 

S HIll V 1 0 
SHr 11 0 20 
SH:!: 11030 
SHIll040 
:) lilllu50 
SilIll000 
SH~11070 
5011108v 
SHIll090 
Sh.411100 
SHIllll0 
05 HIlll..:0 
SHl11130 
:;HIll140 
SH.4111S0 
Shlll16il 
SHIll170 
.-i H.i 11100 
SH.!.11190 
SHrll~Ov 
S H.I. 11..: 10 
5HI11220 
SHrll~30 
:) H111240 
SHIll":S0 
SH ... ll~uO 
S H1114!7 0 
SH1ll.<!80 
Sh.l. 11290 
SH.!.11300 
SHI 113 10 
SHI11320 
SHIl1330 
.-iH.l.l1340 
~Hll1J50 
SHI11300 
S 1i.L1137 0 
:;H1113dO 
SH~113~O 

S ii.l. 114 uO 
SHl11410 
SHll14~O 
SHll hjO 
.-iH.l.11440 
S H~ 114~0 
Sh~11460 
SHIl1470 
:;hl.114dO 
.::iHrl14~v 

.::ilill bOO 
Slll.1151O 
SHJ..11520 
.-i ri .... 11 :>30 
ShJ..l1S40 
SHIll S5u 

l33 



134 

VH/SP CJNVERSA~IONAL HONITOi S~SIEH 

11 "p.,.:ij=O. 
7 ...;".iIHW£ 

1\" II..{ 
.r IK-N) 2, d 1, 1.d) 

01 .I.e (A(.i,NJlb,1.:v,8 
d ':J::'I.l.tiUc 

';U "1 J=N.~,['j2 

,,(.~ ,J, =A \II, J} IA (N, Ii) 
,-u.~l'.lW':' 

ill" )/-1 
l)u 1\1 i:l=l,lil 
"=J.~-L'l 
.L.':= 1+1 
.. oJ lJ K=.ll, N 
::Jo..J 10 J=l/i., N2 
.. {.: , J.I = A (l, J.I - A (1,:q • A (K, J) 

HI ~u:i'rJ..lh'E 
ilu 11 I=l,N 
!Ju 11 J=l,ii 
. ..r IIIJ(J) -i) 11,111,11 

111 IJU llL ~=N3,N2 
11... &iloV (1,1\-,'} =A(J,K) 
11 .:ui'iT .... NUc 

l~J ~d .... l~(2,1000.l 
IOd. .... :;c(3, hlUu) 
4"\;':'.r U.:t..L4 

l..J..J..J iuda,,1(10~,1~n ~Ar&IX 1S SINGryLAR) 
.:.~ .. .u 

A ~U~a~U~~~C STARTS AT TH:S POINT 

.;,,, • .atvUl 1:1 t. .1AT.',UL (A1NV,C VEC, BV[;C) 

c ~~.S SJ~i0UT.iNc DUiS ~ATRIX-~UITIPLICATIO~. 
~ wJt.Ll ~.JX3J(3) = (3) OPERATIONS CAN BE DONE IN THIS SUBROUTINE 

.; •• 1 ... 1i.::i-O'~ IlI:iV(J,J) ,CV~C(3} ,BV::C (]) 
'- J..H .... j D0 1~C~j uFEJATES MATRIX MULTIPLICATION 

.;" lJ .J..=l,J 
BVi:.C(1) = D.\) 
uul1J=1,3 

bVt.C(J..} = cHe(l) + AINV(I,J) • CVEC(J) 
11 ";u •• "i1NUE 
1 J ;".Ju.r l.'IUi:. 

~t.LiJ,,~~ 

:.~Jo 

SH ... 11500 
SHIll:l70 
SHI11580 
SHl.l15~0 
SHlllo()() 
3H1llbl0 
o5lil11620 
SHI11630 
05 iU 11640 
::;HlllbSJ 
SHl11600 
o5d.i11670 
SHl116t10 
SHlllb~v 
Sb.J..11700 
SHrl1710 
SH.J..117,0 
:>iUl1730 
SHll1740 
5 bll17jO 
511111760 
SHIl1770 

. SHIll 71:10 
S HI 117"10 
SHllldOll 
Sli.i.11610 
SHllld20 
S1Ul1830 
:Hlll1d40 
SHl118S0 
SHIl1860 
sa..llt170 
SHll1880 
SH.i.118~O 
SHl.1190U 
.::iH.rll~10 
05 dl 1192() 
SHll19JJ 
S rl.l. 11 ~ 4u 
SHll1950 
5 Ii.!. 11960 
SH.A.ll~7u 
~Hrl1980 
5 UJ. 119 90 
SH":l~OuO 
;;Hll.010 
SO.i12020 
5 h.&. 120 30 
:;H ... l~O"O 
5 h ... l.0511 
SHll.iObO 
SHrl.070 
jci ... l~OtlO 
SHll~090 
SlU 1 i 1 00 



VM/SP CONVERSA~IONAL MONITOR SISfEM 

C 
~ •••• ** •• * ••• * •• * ••••••••••••••••••••••••••••••••••••••• 

A ~Ud~uU~IN£ SIARTS AT THIS POINT 
I.. 

~ •••••••••••• * ••• * •••••••••••••••••••••••••••••••••••••• 

SJDduUrIN~ XSQUAii (NSTCP) 
~U~au~ IfLA~~1 IFL~G(10) ,NPIAGS 
':'.;i11,ON Id"'>ICI ii013T (35) ,SAMSIZ (35), HA, NGROIJP 
u ... J .. 1'4,ji0N ina' (0) ,CHISQ (35) ,YEXP (20) ,COL3 (.10) ,COL4 (20) ,COL5 (20), 

+ "(~,,),I (-'Il) 
~uct~u~ ILuNsrSI A,B,C,ANEW,BHEW,CNEW 
~uh~.uN IVAhIE..i1 WG.!.BASE (2() ,RAT (101) 
t.i A:;' iO ( ~ Il I~.;t ( ... ) , 1 = 1 , 30) I 3. 8" 1 , 5 • ~ 91 , 7 • 8 1 5 , 9 • 4 80 • 11 • 07 0 , 1 2 • 5 ::I 2, 

.1 .... u07,15.5J7, 16.)10, 18.307,19.75,21.026,22.302,23.685, 
• .;,+.~::Io,~6.~96,2.7.5tl7, 28.d69, 30.144, 31.410,32.671,33.924, 
.LJ.1J..:, jo.,+15, 31.652, 3t:.8c5, 40.113,41.337,42.557,43.7731 
~.1 = ... 0 
uU 1 Il i. = 1, ~ 0 
J.J -= 1 + I.;j 
it. (i.) = iIIG.,BASL(i) 
'{ (IJ = iiAl (is) 

10 ,-vi.1Ir.UE 
oJ ...... 0 1=1 ,~0 
i .. Alt( ... ) = A • "(l) •• B. EXP (X(I) .C) 

";;0 ';vl~lINUi:; 

.:.iJdl..uL:>=O.O 
uv 2j J=l,Ni? 
i.:vd (J) Yi.U (J) - Y (J) 
.:0 .... ,J) = COLJ (J) • COLJ (J) 
';v~j(J) = CJl."(J) I IEXP(J) 
~JKl..u~~ = SU~LOl;j + CCL5(J) 

2:' ';.;IIJ: ... Nili. 
.LbQ = 10 
",0 Lu i.=1,IHLAG3 
_£ ,i.iL .. "p.) .L,J.'NOCHI') NXSQ = 0 

~o CuLii.i.NllE. 
.. £ ,i:oX;:,,J. '::'0/.0) GJ Ia 990 
.:'.L.i..l~l' :>00 

51lv iurtdAi(.1*,/l0X,.C9I-SQUARE TESTING ON GOOONeSS-OF-FIT OF ., 
+~r~L aULT ... ~L .. ~rt 1~UAT10N*I,10X,64(.=.),II) 

.. lIl.~f JO:> 
:>J:> Funb.i(10X,.iQilArI~N FITTEO:.,10X, 

+ J5.11 .. J..? = A .. (X >eo. 8) • EXP (X • C) ,I) 
.:' ttl II":; ;j 1 J, A, 0, I.. 

~1~ i~an.i(/lu",.~rltRE A = .,fl0.41 
+ ~VA,.D = *,Fl0.4,/20X,.C = .,Fl0.4/) 
.:'ddT 515 

:J b r .... II'U·£ ( 1 6 X, • ( 1) "', 1.1 X, * (2) ., 12 X, • (3) ., 12 X, • (4) ., 12 X, • (5) ., 
./10" • • ACrUAL*, :1X, • .:.XPEC'lEO., 7X,. (1) - (2) .,0X,. (3) X (3) ., dX, 
.~ ('+)/(~) .,/l .. H,"'V,\lUE:i.,'JX, .VALlTES.II) 

l.Iu JO J=l,~? 
.1a ... liJ. :>21l,J,Y (J) ,Y'::XP (J) ,COL3 (J) ,COL" (J) ,COL5 (J) 

!:i1i ... 12110 
SHll~l~O 
ShJ.12130 
SHl.l.2140 
Shll.::1:)O 
SHll.2160 
SHI12170 
SHJ.l:.!lbv 
SHll~hO 

S Iii 1.22 IJO 
SHl12210 
SHll~2~0 
S Hll ~.230 
!:iHl122'+O 
SHI1U50 
S iL.12:.!00 
SHl12270 
SHJ.12280 
S nI12:.!~0 
'>Hll..JOO 
S iii 12310 
SHl12320 
5Hll.d30 
SH ... 12340 
SHl123S0 
SHll~JoO 
StiJ.12370 
S H.I 12300 
SH.I 12390 
S H ... 1 ~400 
SHl12"10 
SH£.1;';l+.20 
SH ... 12430 
SHll.:'+'+O 
S iiI 1 ~450 
SH.I 1~460 
SHll ... l+70 
SH.li400 
SHl12,,'JO 
SHll~5ilil 
SH ... l.2S10 
SHll.2520 
StUliS30 
SO.12540 
SHll"SSO 
SH.l.li:>bO 
SiU,12570 
SH.Ili;)dO 
S i1l1.2;)~0 
S I:U. 1 ,,6 VO 
SliIl";;o10 
SIi ... l.:6.20 
SHl1263IJ 
SHI1"::640 
S H ... 1 ~6S0 
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JO C~d~I~U2 SHll~b6~ 
J.<:u rJrt.1i1.T(7A:,~j,.)(F13.6,3X)/) SHll~o7\) 

i.i.l.iH :)..!:),SU,'j\,:ui.5 Sa..l.<:bbO 
~~~ iu~ctAi(~l',.Cdi-S~ilARE VALUE .,F15.6/) ~Hll~b~O 

~uc~ = 1~ SHll~70U 
iflSU~COL5.~I.C~~SQ(ND~G» SHl12710 
.Jal~~ jj.) SH11272~ 
~~(~UctCvLj.bi.CtlIS~(NDE~) SHll~730 

T,~-,'Iut' = 10 5lii12740 
Iil..,UiiC01:l.Lc.l.HlSQ(NDEG) PRINT 540 SHi.l.;7S0 

~j~ FuaJAi(l\Jl,.id~ Cn~-S~UARZ VALUE EXCEEDS THE 5~ SIGNIFICANT VALJE.SHll~7bO 
.,/luX,.r~t CUiilICIENTS ~IVE3 SHOULD ~OT Bl RELIED UPON •• n SH.l.l.;770 

~,+O .:u .. d ..... (luA,.'HiE CHI-SQUARE VALUE IS wITHIN TH::: 5 PERCENT SIGNI., StU127bO 
•• i1Li£~r ., SHll~7~0 

•• ~A~UE •• ,/10X,.lriU~,!HE COEFFICiENTS MA~ BE USED lOR THE EQUATlaN.Sri~1~600 
.1) SH.l.12bl0 

:I:IU Cu.l1'';:~iJ;:; 

.. ::;!UR.~ 
...:,,,,u 

~ ...................................................... . 

SH.l.l.:8~0 
S u~ 14:dj~ 
SHll~d4\J 
'::;H11.<:b50 
5 Hi.121:1bO 
Srill.<:870 
S Hi 14:6 dJ 
SHll.<:ti90 
"' n.ll ~ 9 00 
SHl12910 
S hJ: 12920 
SHI12930 
.jii.l.l~940 

SI1.l.1~'J5J 

SHll~9bO 
SH11L97u 
SHll ~9dU 
SIiJ.l~~90 
S ti113000 
5HllJ01~ 
SiillJ02v 
SHll.J03~ 
SHI 130~0 
Siil130S0 
5H113060 
SHl13070 
S hi 130bO 
::iHL1309~ 
SI:U 13100 
5 Hi. 1:; 110 
SH113120 
S H'" 1.313 0 
.j Iii. 1 3 1 ~ 0 
SHllJ1S0 
~ HJ. 1 J 160 
SHIlJ 170 
SlUljliiU 
SHI13hO 
S liJ.l J200 

C ~ ..,UbhuUT';:N~ STAR~S AT THIS POINT 

~.*~~ •• ~** ••• * •••••••••••••••• ~* •••••••••••••••••••••••• 
..; 
..: 

~Uud~UTISi CAL~~T 

C IH.i~ :;ua.:t. .. uaL~E PRuDUCES 101-4 OF 101-5 TABLES FOR THE 

10 

C .... 'id.;L~ IV:"2.I~;j1 WGiBASE(20) ,~AT (101) 
~ua~uJ 1~~TLldl :;iJctWGT,EXPWGT,SUHVAR,EXPVAR,CPT 
~urt~Ud ICLN5~~1 A,d,C,ANEW,BNEW,CNEW 
Cui"in';.'! /;il.IoGT/ H!ljG'£ (2, 101) ,WGTP5.0J (101) 
UJ.'H.N.::i10L~ fACT (101) 

~jJ.~ uO LOuP CALCULATeS THE PROJECTED WEIGHT AT 1 ~ 

I~T~ttVALS ~Nu C0~PUTES TH~ AVERAGE WEIGHT 

htUJ!Ij~r J.O 
oJ\) lv I ~, 'is 
t"c.: l~1 AdEW. (.i:KWGT (2, I) •• BNEW) • EX? (TK~GT (2, I) • CNEW) 
,U = f.l.UAI (IT1) 
l.(c>..:.i..E.C!?£) ~U:;:O 5 
.. ';lriWJ(I) = TIOiGr(2,I) • FACT(I) 
';u 10 10 
r L\C': (I) = RAT (i) 
h.~C>nUJ(ij = 1'll.Ii"I(2,1) • FACT(:;:) 
..;..;.~:'l::WJ:. 



VM/SP CONV~RSATIONAL MOSlrOR 5~S;El 

c 

C 

C 

(.; 

11 

buv 

0..11 

fuR ':I:J - lu"'~, l.HE FACTOl\S USED ARE BASED ON THE AVERAGE 
.;i fAU (~OJ AIL) FACT ('15). THE MATHEMATICAL "lODEL TENDS 
£u u~V~ LUAEi VALU~S AT TaE '15 P~RCENTILE AND UPWARDS. 

oJ" 111= 'Jo,lJl 
r,,-.;r( ... , = u.5 * (t!\CT(~O) + FACT(95» 
lIult'1\uJ\I) = f!l.OiGi(2,I) * FACT (I) 
,-U:f'Ii:-lJi:; 
<'<tIn uilTPUiS 
~rili;;'(o,ovU) 

i~ddat(.l.,//luX*~~OJiC~EU TRUCK WEIGHT DISTRIBUTION *, 
+1Jd (SJi. lli.lEdVAL.S) /10X,50 (*=*)//) 

... d.":;:' (0, ou 1) 
luaj~~(10X,·AC~.F~iQ •• ,10X,*FACTORS·,10X, 

+·~~lGhr·/luX,·(Ei&CENT)·,27X,·(KIPS).//) 

Jv I~ 1= 1,.;0 
i'i:D.C:r = !. • 5. U 
i.:J = 1 + I • :J 

• d~:;:i:.lo, bU":) .? .. .it'-T ,faCT (IS) ,WGTPROJ (IS) 
oO~ iJulAI(11,f15.4,5X,2F15.4) 
1, \..lJ~ d.NUE 

d .. .l:U"N 
.;:;tiu 

.;.* ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

A ~U&~JUfI~& SlA3TS AT THIS POINT 

\.. •••••• * •••••••••••••••••••••••••••••••••••••••••••••••• 
C 
.; 

;) UBauUJ.~ti1 ;;)P~lil 

oJ ... ,~"u,') ... 0S X AX ... ;;) (4) , YAX.LS (4) ,':"ITL3 (5) 
i~liGiH XbXIS,~AXI;i,TITLE 

~':'i1c;():l /0.1..\.511.':/ WurST (35) ,SAI'ISIZ (35) ,N,NG!lUTJ? 
(;u.·.:1u.~ /~J:ji)iX/ .i.VJ:.,j (3) ,lROAD(2) ,ISTAn (!) ,IFLG 
~udI1ui!i /rl.U .. D/ ACCFH (35) ,PERCENT (35) 

C ~"l~ ~J~~uJTIN~ ~wuTS A TITLE PAGE 
.; ~~L~~Af.. ~i1~~LUT 

~~w~ ~1~r~(0,0,~L2LOT) 
~ ~~i iti~ CJHR~~~ DATi INfOR~ATION 

... AJ..L iJA'lE (IllA.'::) 
~uVc ~~N 10 a ~c~ P()SI~lO~ AND seT ORIGIN 
-"';[11.1 t'LOJ:(1.u,.:.u,-3) 
CAL."- .jHlij(~L (J.o5,7.,.4,12!lTRUCK WEIGHT,0.,12) 
... ",d. ';;~:1L)-';L (0.tb,O.3, .~, 12HiHSTRIBU'1'10N,O., 12) 
~"J..L ,')~jBuL (1.bS,5.6,.4,dHSdIFTI~G,0.,8) 
CA.l.J.. ~L1"VJ.. (1.u5,4.9,.4,11H'!ETHuDOLOGY,0.,11) 
... ,,1.1.. ~Yi"lolJi. (..:.1.1,3. ,.25,ILlAn,0. ,10) 
':Ai.i. ";Y,i00L (-.13, -.5,.2, ]4HCENTER POR TRANSPORTATION RESEARCH, 

+u.,J .. ) 

.:iHI U210 
SHI13~~0 
S ti.l13~)i) 
.:iHI 1J2~O 
SHl13bO 
5 Iii 1..l2bU 
SHIl3270 
SHI Ultiu 
S hL 1.3 2'10 
SHi 1.3300 
SIi.J.U310 
.:i iii 13320 
SHIl3330 
SaI133~0 
S HI 1335u 
SHl133bO 
SHl1.B70 
SH.l13J8u 
SHL1J390 
SIU.13400 
SHl1341u 
.:iHl1..l420 
SHIU430 
S9i13440 
SHIlJ .. 50 
SHl1J~bu 

,')HI13470 
SHl134du 
.:i 11113~90 
SHI13:;OO 
.:iHj.LlS10 
SHl1352Q 
SHI13530 
SIU 13540 
SHl135S0 
Shl135bu 
SHl13570 
SHl1J:,8u 
:;,,-,-13590 
SHIUbuO 
5H.i.13010 
5 ii.J.1.l6lU 
SliI13b30 
5£1113040 
5 1i ... 13b50 
SHl1.JobO 
SHI13b70 
:;iU.13bb<J 
SHl13b90 
SHL13700 
SH~13710 
5H113720 
.:i1U.13730 
5 1t.l.13741i 
SHl13750 
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_ ... LL Sl.'ltiOL (1.5,-.b,.2,13HAUGUS'I 1,1~81,0.,1J) 

1.. ..... 1. 2 .. 0'£ (0.,0., ~:1':i) 
I.. ~u ~u N~Xr .?aG~ AdD PLcr CUBVE 

~.;l.Al.\" = 1.0 
.,,,,,;)(11..:£ = J.':i 

~fl~r .. ~.L~.JOOJ.OR.IFLG.E~.6000) ENLARG=2.0 
";~.i.J:.l=.14 

F~Tu~ = 1./~~LAaG 
C iJ Cal. .. 2~TAPLul SUBROUTINES -- iNITIATE 

'-A ...... ;:> ... or" (0,0,4"I:>LO'r) 
~ lv rlUVL P~~ 10 ~HE ALLCCATED ORIGIN 

":<I.i..1 i'l.uT (1.d,1.5,-3) 
~A"L FA~Iu.i (RECU(;E) 

C l~ ilUT l 7 l~(;b .XIS WiTH TICK MARKS AND AN~OTATIONS 
.{=v.u 
l=.J.J 
Uv lull i= 1,1" 
I..A ... w ? .. ur (1,0. \) ,3) 
10. : J.. + 0.5 
I. : I. + lJ.u*lAIO~ 
..:A ...... l'i..uI (X, 0.0, 2) 
":.d.i. l'i..u';: (X, 0.1,2) 
~"'w" ~U~~ .. i (X-J.09,-.25, O.105,Z,0.0,-1) 

luJ ":vl<L..l'WE 
i.. = O.\J 
JO jliJ I:l,l:':1l 
'-""w .?l.UI ,1,1l.0 ,3) 
'-ALi. t'1u£ (X,0.05,2) 
.( = i. +0.05 

j hI CuM ':"::i:'lU.:. 
~ iJ ~nirJ:. fo~ r~~L£ FOR THE PLOT 

_ ..... L SYrtdul.(O.O,-1.0,SIZE1, 
+~~n~rtU~K W~i~n~ DlSIRldUTION SHIFTING PROCEDURE ,0.,44) 

~ iu M~i~~ ~YMciJ"'''; FOR X-AXIS 
li(li .. ';.E,J.300u) ~AL1 SYMBOL (0.75,-.5,SIZ~1, 

+'::)11 ';~;1<.il.';:; AlLLt WhI"HT (K.rPS) ,0.,28) 
.it (lil.<.i.E,J.bJOJ) UILL SY:1BOl (0.75,-.5,SIZ21, 

.. "on '~AIIj).El·l AX ... ]:. lOt;lGHT (KIPS) , 0.,28) 
~S: l~fL~.E\,!.<;IlOU) (;I\LL 5Y;1BOL (/).75,-.5,5IZE1, 

.. .;oH "nv:;!:i I:lU(;!\ iji;,iGllT (KIPS) , O. ,28) 
c ~u ~LU~ .~ d-IbC~ I-AXIS WITH TICK MA3KS AND NU. 

i = O.J 
M: U. J 
JJu 1u1 1=1,10 
~"Ll. ~l.0T (J.0,Y,3) 

'- j~'w~ IHE Y-aXIS 
i = :1 + 0.3 
.; = ii + 1.0 
..... L.l. j ... ur (0.0, 1,2) 
_Al.L <,LUT (O.l,y,~) 

~ <'l.i.i: luJ:lchrtS Ul~;)tl\ riCK "lARKS ( NUl'!IBER = XXX. XX) 
J..:a<..;r: = J 
c ... l.l. i'iUi'lri..:-R (-0.15,1-.1, 0.105,10 •• w,90.0,IDI";IT) 

1{)1 -.: ..... '::ll.UE 

SiU137bO 
SkU 13770 
SHI13780 
S ttl13BO 
S H.l13bOIl 
SHlU810 
S hi 1 38~0 
SIL.13b31l 
SH.i13840 
S ril13b50 
S HI13ti biJ 
':;HIlJ870 
Sh ... 13bbO 
SHl13d91l 
SHl139uO 
SH.L 13~10 
SH1139.0 
SHl 13~30 
SIU 13940 
SHl: 1.j~;)0 
SHl13~oO 
SHl13970 
SHl139dO 
SHl13990 
!:iH..l14000 
Sii..,14010 
S H ... l .. 020 
SHl140JO 
S Iill .. 01+0 
SHl140SIl 
SHl140bO 
Stti14070 
SHI140bO 
SHll .. 090 
oS iiI'" 1 Oil 
SHll .. 110 
SHl141~1l 
::i lU 14130 
SHll1+11+u 
5Hl14150 
S .dl1416J 
SHll .. 170 
::iHll .. 180 
5li ... 14hO 
S Hlh"OO 
511.114210 
SHl14220 
:iH114230 
SH~ 14240 
SHl14250 
Siill1+2bO 
SH~14270 
SHI14280 
Sri.i 1 I+~ ~O 
S Hll 1+30i) 



V~/5P CO~VER5AfIQHAL MOH1rOR SYS1EM 

'i = v.O 
U...J Jll I =1,100 
i = ~ + II.Jd 
':'i\ .. L nor (u.o, 'i,3) 
... ,d.L ... Lor ( 0.0:>,Y,2) 

311 ':'v."I'lli."tiJi; 
..; Lu i:' .. v£ ;;Hiilul.S fOR Y-AlU5 

':'lll..l.. ~:t,iO...JL (-''',1.5,SIZE1, 
+JOri ilCCUdU1AJ:i;;r; fREQUENCY (:.) ,90.,JO) 

C ru ~bljr inE Hl~HWAY TYPE 
A= 1 • ~ 
i=9.v 
";A1l ;;YdBOL(O.,Y,SlZE1,IROAD,O.,20) 
i=:t-.2:> 

~ LV ... aINT Tai V~HIC.L.L TYE 
.... 11 SY~dOL(I.I.,Y,SIZ~1,IVEH,0.,30) 
'l='l-.~:) 

~ ?dlil r8~ SlAI~ 
Crtl1 ~'l~dUL(0.,1,SIZE1,13rATE,0.,20) 

C u~Fl~i rH~ ;;Ci .. E iOR IHE GRAPH 
.(;;..;~~~ = LO •• ~ATJR 

... 

..; 

.. = iliGl:iUUc' 
Wih.;il (N+l) O. 
~ulSi,I+~) X5CALi 
ACCi,,(.Hl) = O. 
ALl. L.'i (lH.i:) 1 L. 5 
i..id • .L LING (ilDIST (1) ,ACCFa (1) ,H,l,l,l) 
C~.L .. ~wuT(O.,O.,~9~) 
",IIH\t< 
'i~ lJ 

C·*··················································· .. 
~ SUbaO~T~YE STARTS AT THI5 POINT 

..; 

C··*····**·················*··*·····**················.* 
~u~auUTlhE 5CURYE 

L ~dl~ 5U34vUT1~~ ~uNVERTS CUTPUT INTO W-4 OR W-5 TABLES 

... u~~~N /~~~ru/ ACLFR(35),PERCENT(35) 
";vl·.~iU~ / UoiGr/IKW:iT (;;:, 101) ,WGTPROJ (101) 
";U~LWl~ / od;jLC/ WDl;;T (35) , 5A1'IS IZ (35) , NA, ~G ROUP 
~ucirluh /WGILIH/ 5U~~GT,EXPWG~,5UMVAR,EXPVAR,CPT 
LuriduN /2A5~/ ~fA;;S 

ilGJ:£'"OJ(l) = v.O 
., = 1 
L = 2 

:> I~ (CI.i.". NG30iJi?) GC TO 13 
.. f(L."r.1Ql) Gu Tu 13 
li~.oi,,·Ii?i\JJ(l.) - Id)151(8)) 10,11,12 

10 1 = I + 1 

5 Hl. 14310 
:;81143.20 
S H.!: 14331.1 
;;81143 .. 0 
;; H1143jl.l 
5 Hl1 .. 300 
58114370 
5 til 143l:h) 
5H114390 
SHlh .. OO 
5Hll .. 410 
5HI14420 
5HI h .. 30 
58l14 .. 40 
58114450 
58.1.14401.1 
581.h470 
5Hlh .. tiO 
5 d.ll .. 4~Q 
58114:)\)0 
SH114510 
S 8114520 
5Hl14530 
.siU14~41) 

5d. h550 
5H114500 
5iU 14570 
5 Hl1451;i0 
5H.!: 14591.1 
5HlhoOO 
5H.L14010 
5H114020 
5 Hl14030 
5H11'+040 
5ii! ho~Q 
5H.!: hooO 
':>Hl.l"070 
5til14btiO 
SH 14090 
S IU. h 700 
SHl.h710 
Sti.h7~0 
Sdlh73Q 
58Ih740 
5 11114 7~O 
5d.d4700 
SHI h770 
5 ill 14 780 
5H. h790 
S81h&vO 
.;i ii. 141:1 10 
S81 h020 
':>8114830 
Sill14040 
SHlhl;iSO 
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VM/SP CONVERSATIONAL ~OHIrOR Sr~£i! 

C 
i... 

..:: 
~ 

.; 
C 
.; 

..: 
..: 
..; 

-: 

-.;...lu 5 
11 Ai...~fu.{a).: (1-1) * 1.0 

l. " I + 

I.:. 

1.J 

14 

b 

0.)\.1 

ou1 

10 
1:102 

bO') 

:/, 

:1=:1+1 
JiJ .W 5 
A(.UR{.l) = «l/ul:>'iIM) - WGTP30J(I-l»/(WGT?ROJ(I)-WGTPROJ(I-1» 

• + (.J. - 2) ) * 1. 0 
~ " 1l + 1 
..iu .. u ;) 
vu 14 ~ " rt, N~AOUP 
a,-Cfii (Ij " 100.0 
~~~.~ . .i"J~ 
,:-LtcCJ:.rlI (1) = Ai...CFR (1) 
ldlS Uu ~UU? CALCULATES THE PEFCEHTAG! OF TKl DISTRIBDTIOH 

Jv 15 I ;:: 2, ~GFOU? 
..-'ih";;:.i.H(IJ " AC('FR(I) - ACCFR(I-l) 
":"i'iJ.'Ii;iUJ:. 
...: (i''''!;;';;. i.';'. 0) (iU 'ro ':J 9 

nlI ... l ..;UT£lUTS 

·:( ... 1'''IO,oJO) 
i u fll'lAf 1* 1 *, I 

+/1I.1 ... ,*J:'I:tUJc.CT.t:D WEIGHT DISTRIBU'!IOH*,/10X,29 (*=*) II) 
11.(.1.1'':'10, bOl) 
iU4~Ar(10A,*WELGHI*,15X,*PERCENTAGE*,10X, 

~.aCCU~ULal~D*/7&,*DIsrRluOTICN*,33X,*fREQUENcr*ll) 

+ 

~dl;; 00 LLCF PRI~IS THE OUT?1T 

vu 16 I " 1,3JMOUP 
;,j"ill:: 10,60':) WDlST (I), PERCEST (I), ACCFR II) 
"::"N'r~NU':; 
~u~~Ar(lvX,Fl0.q,lQX,Fl0.q,10X,Fl0.U) 
~aii~lo,u03) suctWG£ , SU~VAR 
C"04.'>A'i:1I/1JJ(,* .. ViA\iE WEIGdT 

10 lC,* Vil.RIANCE 
.. .o:'A;:;;; '" 10 

*,F10.1.j/, 
= *,F 1 o. U/) 

A ~UdR~UTINd SiABTS AT TKIS ?OINT 

C**·*******************~*********************·********** 
C 

~ub~O~rI&t ~Ni~O~ (COMBAND) 
Cu~~Lj /i~AG~1 ItLIG(10),NFLAGS 
Cv~dv~ l~uTL~~/ SU~~GT,EXPWGT,SUMVAR,EXPVAR,CP~ 

r:.fLG.di C\,i.idJ.ti0(1) 
1:1. ..... 1) p, 1 00) CuiiiiA/ji: 

SH...\.l"dbO 
:l!iJ.11.j&70 
SHr ll+dl:!O 
S H~ 11+890 
S 11 ... 1 ij~QO 
,;;Hllij910 
S Ii..i..ll+':J4':O 
SKI1II930 
SHJ.ll+~NO 
S l:U h9S0 
:lHJ. h\loO 
3H.J. 1<+970 
SI:II1l+~dO 
SHl.1 1.j990 
Si1~l!:>OOO 
SlUlS010 
.:iliJ. hO~O 
SH~15030 
s ttl. 15040 
SHI15Q50 
S lL. 15060 
SHJ. 15070 
Sii1150dO 
S 1:1115090 
SHl15100 
S.liJ. 15110 
SH.l b120 
SH.l1!:1130 
S Il.L 15 hil 
SHI.15 bO 
SHlblbO 
S.ilJ.1!'>170 
SH! 15180 
S Ii ..I. 151::10 
S li.i.15200 
SHll!:1210 
.:iHJ.15~.20 
S.a.I. 1 ;'230 
Sril 1:>~40 
Sri1.1S250 
S HJ.1 :>200 
.:iHI. 1;),.no 
SHJ.152bO 
SH.l152':1Q 
SHJ.b300 
S.i:ll15310 
SHL153..:0 
.s ILi. 153;0 
SHI1;)34Q 
SHI1!:1j :>0 
SH ... 1!:>J60 
5Hlb370 
SHJ.1S3dO 
S oJ. 1 Sj \Ii) 
SHl1:>400 



r.. ...... : .. dlb.IN fuRIRAN a VM/SP CONVERSATIONAL aONlrOR SYSTEh 

c 

1..,0 Fvo1L'1U (A 7j 
1 = i) 

.L = I + 1 
,~l:' LA",S=1 
it (t;Pl.AGS.";I. 10) GO TO 2 
nr.AlJ P, 11 J} IF LAG (l) 
... t (l.HA" (.:.) .i'.!. I I)':;\.l TO 2 
->IJ '':v 1 

2 rt.:.Au(:J,12iJ) i:.Xi?WGI,EXl?VAil.,CPT 
11,) rU~~lil ... (AS) 
1.:() iui:idAi(ifl0.5) 

d.:.,(Udl.'4 
L.~U 

c····················································· .. 
A ;;iUDi,,)U"IJ.Ne !:iTaTS AT TlUS POINT 

C 

c·*······················.·.·.························ .. 

~ i~o!.S SUBduUTlt;£ MAKES THE CONCLDSION OF ANALYSIS 
i.. 

C 

C 

C 

'-
C 
l. 

C 

C 
\.. 

'-

'-
C 

CUL'ldui.'4 /.GrL1~/ SUK.GT,EXPWGT,SU~VAR,FXPVAR,CPT 
Cv';ilui~ /uaS.iC/ A(JS) ,SAl1SIZ(35) ,NA,NGRO!JP 

";0111 .. (0,000) 
cJJ r..Jlld., ... ·(.1.,j/l0X,.CO:fCLUS10N OF ANALYSrS./l0X,22(.=.)/) 

• till ... lO, 0 10) tlU?WGT ,EXPVAli 
blJ r'uRdA ... (l10A,.1.N.?U"I ESTIMATORS :.// 

to,,'; 

+l~x, • .:.",~iCrtD a .. AN = .Fl0.2,/ 
+l"::A,.r;Xi?£CT~~ VARIANCE = .Fl0.2/) 

";d .... .:.(o,o,,O) 5JdWG1,SUl1VAa 
runjA~(/10X,.cOL'lPUTED EST1~ATORS:.// 

+1,,',. ci~~N .Fl0.2./ 
+1"",,. VAi.iANC~ = .Fl0.2/) 

~IJ~iUrL Tne T- AND CH1SQ-VAlUES 

t'l .. r'LtiJ::N";J::: 
R.J • .L.Ai\SEN, M.L.MARX 
il~ 1Nldu~UCT~ON TO MATHEMATICAL STATISTICAL AND ITS 
U~1 ICAT iON 

PRENTICE HALL lY80 
~-.':;;!:ir; PG 3,,4; CHISI,,!-TEST: PG 288 

1 = a tiS (AJAR - lBAR) / (SDEV / S.JRT (N) ) 

if N~ROJP * 1.0 

.:Hil15410 
S lU 151020 
~HI151t30 
S iL. 1 5 .. 40 
5 rio!. 1:>450 
5H115460 
;;iU15470 
!:i a.!.154bO 
S iU 1::1 4 ::10 
5 Ii.!. 1 :J500 
SHI15510 
5HI155..::0 
S OJ. 15530 
SH~15540 
5H115550 
SH.!.15560 
5HI15570 
Shl15560 
5HI155:10 
Sli115bOO 
SH115010 
SliJ.l 56:': 0 
S 1ii,15b30 
5Hl15040 
Sdl15050 
5HI15bou 
SlLL 15070 
SH.i150dO 
SHl15090 
5lLL15700 
SHI 1:>710 
5bJ.15720 
SHl15730 
SH115740 
5~ 15750 
5HI1570v 
SH.l.15770 
StlL157bO 
SH1157~O 
5HI1500u 
SiL.15010 
5HI158;;:0 
SO ... 1563V 
SH11584() 
SH~15850 

5ill15dbv 
SH~15870 
';;1i.!.b6CJO 
5Hl15b90 
5HL1:>900 
5iL.15110 
Stir 1::10;,20 
5H11:>930 
SilllS940 
SH115950 
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I.,. 
l.­
I.,. 
I.,. 

oJJ 

Oo.lIJ 

VM/SP CO~VERSATIONAL MONITOR S~STEM 

11 = (dPwGI - SUMiiGl) / SQHT (SU:1VAB I RT) 

HiE Cii.i.SQ VALUE 

(N- 1) * CuNPUTEC VARIANCE I EXPECTED VARIANCE 

,-HI:>", (.;A - 1) * SlJ:1VAR I EXPVAR 
iJt = HvAT (NA) 

~rtI~r CJhdd~IS ~ND 6ESULTS 
w.dL;. (o,bj(j) r,CHISQ,Df 
i v d d do .. (/ / 1 0 X, * :> r Ad S T .:;: CAL T ES TIN G *1 , 1 0 X, 1 9 (* - *) I I, 
+10~,*T-rEJT (Tv T~ST IH~ ACCE?TABIL:TY OF THE CO~PUTED MEAN)*' 
+luA,*CdlS~-TEST (lU TEST THE ACCEPTABILITY OF THE VARIAKC~*I 

+1110',*1-IE51*/1 
+1~4,*~ilL1 il~~OTriESIS : CO~PUTED MEAN = EXPECTED MEAN*I 
+/12~,.a11ERNA~E H~POTHESIS: THEY ARE KOT EQDAL*I 
+/1JX,*r-VA1U~ = *,Fl0.411 
+1J~,*Cd.i..:iI.!-Ti;SI*11 

.:;; ci .... 1 :>960 
So115~70 
.::iH11S::;dO 
SIU1!>~90 
SHI1bO,,0 
~H110010 

SH110020 
5H.:10030 
SH11bO~0 
Snl1b050 
5Hl10060 
~HI10070 
SH.i.160dO 
~HI160:1U 

50110100 
~ii~1b110 
5HI1b1~0 
SHI16130 
:i li~ 10140 

+1.iA,*('j(JJ..L EiY?ulriE'::'I5 CCMrUTED VAFIANCE = EXPECTED 
+/1.d:,*d.i..lr:ctNid .. iiYPOTHr;SIS: THEY ARE NOT EQUAL*II 
+1JA,*l.-jIS~-VALU .. = *,F10.411 
+lJA,*uLG~E£ ui fREEDuM = *,F10.0/1) 
.dl.i .. (b,b~OJ 

hirtdAiVI, 

VARIANCE*':;;HI1bbO 
SH110100 
S HI 16170 
SHI 10 180 
.:;;o1.161::1v 
Sd ... 1620u 

+lvA,*~dGl~EE3:> ARE RESPON~IELE TO CHECK B07H THE*I 
+1UA,*~-'\'Nu CIi~;; .. -V.nUC;S WITH THE T-AND CHISQ-DISTRIBUTION*I 
+10~,*i~~LiS i£~~ECTIVELY.*1 
+1IJX,*';"P 8 ... 1:H HYPutHESES AilE ACCEPTABLE, TAO; COMPUTED*I 
+1UA,*~ .. lGbt Ci~IRl~U110N CURV£ SHOULD BE ACCEPTABLE.*/ 
+1JX,*~r v~E OF IHE HYPCTHESES IS REJEC~ED, THE~ IT*I 
+10X,*IS Ut' ill 'fnL r.l'tGINEERS 'IO USE THEIR OwN JUDGEMENT*I 
+1UA,*l;u ACC.:.d OR REJECT TilE DISTFIBUTION CURVE. *11) 

,,£~ uJi/j 
idJ 

:iHI1b.210 
:i H.d 0220 
SHI1b230 

'­
I.,.**~***************.************************************ 

SHI16.240 
SHl.10.250 
Stu.162bO 
':;;H11 0270 
50.16280 
S H.L 16.2::;J 
';;H~10JOO 

::ih..L16310 
SH~10320 

SH.10330 
S H. 10340 
SHI10350 
Slil: 16300 
SHI1t>370 
SH~ 1 oJ80 
S1U163::;O 
SHi 10400 

A SUbROul~~~ STARTS AT THIS POINT 

,-*~~***** •• * •• *********~**********************.********* 
..: 

c 
I.,. 

..: 

~~i5 ~UdRuUTrNi PLcrs A HISTOGRAM TO SHOW THE DISRIBUTION OF 

-':viLiOi~ /I,IDEXI IVEH (3) ,IROAD(2) ,ISTATE(2) ,IFLG 
,-va~U~ 18~~:CI D(J5),SAMSIZ(3S) ,NA,NGR01P 
C0cldU~ I~LOT~I 'CCPR(35),PEBCENT(3~) 

":A~L t'~Ol~(U,O,4~P~CT) 
':;lii.L l!1uI{1.S, .... S,-3) 

SHI16410 
SHI16420 
SH11b,+30 
.:ihl.16 .. 40 
.:iii! 1b450 
SHl10'+00 
5i:U.1047U 
SH116480 
SH11 04::;0 
511110S,)0 



V~/SP CONVERSATIONAL ~ONlrOR SYSTEM 

:,l.kZl=O. H 
;;j i.L.l:."=0. 10 
J~t~~~ LEJ~Tri Of X-AXIS 
....... u; • .; = () • ..::::> * (hG:WtJP +~) 

L ~~~81L rUL ~TAillh~ POINT OF X-AXIS aEADING 
.... i.J..: = u.:l * ( .... LOl • .; - (:;lZEl * 25.0)) 

c.: .;c;: .... E .:ili.1 0F .. EllERS IN TITLE 
~~~~L = XLuNu / ~b.O 

L Jh~. A Llhc rJ~ X-AXIS 
_8~i P .. CI(XLuNG,0.0,2) 
..;.a.i. cLuliJ.0,0.O,3) 
'(Gu = O.:<::J 
~~L~ P.i.Uf("{GU,O.o,J) 
":.LL ~LOT(XGO,u.OS,2) 
AVA.i.UC: = 0.0 
";A~~ ltul1ticu (O.'<:,-0.15,SIZE2,lCVALOE,0.0,-1) 
";ft~L ~LOT(A~u,J.0,3) 

.)J 10 1= 1,i.GHuUP 
A~0 = XGO + 0.25 
";AL .. cLuI(1GO,J.O,3) 
CA .. L i~QT(XGU,0.()5,2) 
~~ ...... I~UNo .. rl (XGv-0.l,-0.15,SIZE2,D(I) ,0.0,-1) 

10 Cu.J I~;~U.:. 
iL.' (lF~~. SQ. 3000) CALL SY~i30L 

+l1"'~C,-0.:J,:)1lj;.1,..::SHSINGLE AXLE WEIGHT (KIPS) ,0.0,25) 
.J.. (~r.i..';. J:: .... 600J) CALL SYlIBOL 

+ (..{ .. v";,-0.:i,SIZE1,25HIANDEI1 AX.i.E WEIGHT (XI'?S) ,0.0,25) 
... t (u .. ';.'!;,i.:lOOU) '-ALL SYii9CL 

+(A~U'-,-J.S,.:iA.:i.Ll,2SrlGR0.55 TRUCK WEIGaT (KIPS) ,0.0,25) 
~rt~ .... :)~jBu~(u.0,-1.5,TSIZE, 

+~Jui4UCK .~l';Hl J~.:iT3IdUTION SHIFTING METHUDOLOGY ,0.0,Q7) 
":A~~ ~LOT(O.U,J.0,3) 

~A~~ P~uI(0.0,:i.0,2) 

!.iu 1 S L= 1, 1 () 
i V A ~U I:; = I • S. 0 
iJC = I * O.S 
~ALi. ~LuT(0.O,yuO,3) 

";~L.i. ~LuT(0.OS,YGu,2) 

~A .. ~ ~Ujd1n(-U.6,Y~O,SIZ!2,YVALijE,0.0,1) 
1 j ";i.Jl~I_JlJJ:. 

~A~~ j~~oOL (-1.0,1.d,SIZE1,10HPERCENTAGE ,90.0,10) 
..;~ .. ~ ~y~ovL(U.v,b.S,SIZE1,IROAD,0.0,20) 
..;" ... r. .; l:i o\j L (J. Il , Ii • :2 , S I Z E 1 , I VZ Ii, O. 0, 30) 
~.~L ~Y~duL(Il.v,S.j,SIZE1,ISTlTE,0.0,20) 
CA~~ 2~uT(0.0,0.0,J) 
iJJ 2u 1= 1, N ";hQUl? 
.... 'JJ = \).'<:S * .i 
~AL~ 2~O~(XGu,O.0,J) 
XJi.J = ~~h..;~~r(i)/10.0 
CALL ~~uf(XJu,YGO,2) 
~A ... J.. .'U.'!o:::i1 ("{Gv+u. 1, YGO+O. 1 ,.3IZE2, PERCENT (I) ,90.0,1) 
~aLL P~OT(X~O,YJO,3) 

~8~~ i?~~T (Auu+U.2S,YGC,2) 
~A .. ~ i1ui(XGu+u.2S,0.0,2) 

21.1 ~u .. l'.i~UG 

;;i Hl.lbSlll 
Stillo!>.W 
:) Ii": 1 bSJO 
;iHj, 10540 
5Hl.lbS50 
;:iIUlbSbO 
StU 10570 
SlUlbSdO 
5ii~ lbSIjO 
Slil.lbbOO 
;:iHA.16bl0 
5tillb620 
;:iHIlbbJO 
StillobQO 
SHA.lbbSO 
SHll0660 
5H~lbb70 
S.til16b1:W 
:) lill bb ~O 
;) ti.i 1 b 700 
Stil.1671U 
SHIlb1.!O 
SIi~lb730 
Stillb7QO 
:)HI 1 b 750 
51i-'.16760 
S HI 16170 
SHllli7dO 
';i:i.61bHO 
5 HI 16cll.10 
SliI16810 
:) H.i 1 bO 21l 
SHI 10830 
SHllbdQU 
S H.i 1 60 50 
Sal. 16tioO 
5HI1687u 
S ril16iHl0 
SHllb8~0 
SHllo\lOu 
5iUlb:ll0 
5HI16920 
SHllb930 
S iiI 1 b :140 
SHI16~50 
SHllb~bO 
51111b970 
SHllo\l80 
Sti.&: 16 9 90 
51i ... 17000 
5Hl.17010 
:)HI170~0 

Siu 11030 
SHl.17040 
.; Hl. 17050 
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CaL~ P~0~(0.0,g.0,JYY) 

"J:.:i:Uita 
.;.:~ IJ 

VII/SP CO!fVERSA'!'IONAL l'IOIUIOR SiSl'EI! 

S if.[ 110bO 
::iHL 17070 
Sd .... 110dO 



APPENDIX 3 

SOURCE PROGRAM OF "TAWEXP"-SHIFTING PROGRAM 

FOR TANDEM AXLE WEIGHT DISTRIBUTION 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



V~/SP CO~VERSATIONAL M~3ITOR SYSXE~ 

~~u~~Aj IA~EI~IINPUr,OUT~UT,PLOT) 

~ .n~S ~n0G~Ad 1~ US~D 10 ANALYZE THE PREJICTIO~ FOR 
c ln~u~j AALE DI5I&I3UTION. IT CAS B~ ~PPL:ED TO 2 
I.. d.::.", 0i ':a.aUCl\S lIN .. Y 3-A AND 3-S2. THE S3QOENCE 
I.. ~i ~u~Uf uaIA SctuULD dE ACCORD!NG TO THE FOLLOWING 
\,. u<iiJ r;J:( : 
~ 1. urt~SS V .. n~CLE ~EIGnT DISTRIBUTION DATA 
C ~. ~ING~~ AXLE WEIGHT DIST.DATA OF THE SA~E YEAR, 
~ J. rA~uE~ AiL~ WEIGET DIST.DATA OF THE SAME YEAR. 
c 
I.. fui d~SUL~ OF ruE A3ALYSIS IS PR~SiNTED I~ ACTUAL 
C A~~ ~~L~lC~~D TANDEM AXLE WEIGHT DISTRI3UTION AHD 
\,. ~O~ I..rl.-S~U~RL VA"U~ TO SHOW THEIR GOODNESS OF FIT. 

\,. UAr~ 0f r.iS~ V~RSrOH: OCTOBER 12,19&1. 
c w~l~lE~ ~Y PAU~ NG FUR THE CENTE3 FOR TRA~S?~ESEARCH. 

ullii. .. SION VALiILI3,101) ,TAWE (101) 
~~,lIIUtl /i:-AS.l.C/ illhST (35) ,SAMSIZ (35) ,H, NGRorJP 
~u~ci~N /~LUTu/ ~ccpaI2,35) 
";undu., /liiilEA/ IVi::H(3) ,IROAD(2) ,ISTATE(2) ,IPLG,IYEAR 
u.a ... l'iS.vN tSU,1 (35) , Y (J5) 
DL1L~::;ION GVI/(",35) ,AXU(2,16) 
.J it ~ A i J V W (1 ,.i.) , 1= 1 ,30) /4. , 10. , 13. 5, 20. ,22. , 24. , 26. , 28. ,30. , 32. , 

+ J '+ • , Jb. , 3tl. , '+ V • , '+ 5. , 50. ,55. ,60. ,65. , 7 O. ,72. ,75. ,d O. , 
+u:l. ,.,v. ,:/::>. , 1Uv., 105. , 110.,115./ 

u" I" 1 .; '{., t i. ,~) , I = 1 , 26 ) / 1 C. , 12 • , 1 1.1 • , 16 • , 18 • , 2 o. , 22 • , 24. , 26 • , 28. , 30. 
+ , J5 • , 'Ou. , '+ ~ • , ;:l\) • , ~:J • , b O. , b 5 • ,70. ,75 • , t1 a . , ti5. , ':I 0 • ,95. ,100. , 105. / 

u A l. A l A X~i. ( 1 ,1) , I= 1 , 13) /3. , 7. ,8. , 12 • , 16 • , 18. , 18.5 , 20. , :2 2. ,24. ,26. , 
+Jv.,3S./ 

.J it j,' A (A;(!.L 1'::,.1.) , I = 1 , 16) /0 • , 12. , 18. , 21.1 • , 30 • , 32. , 32. 5,34. , 36. , 38 • , 
+ '+ v • , '+ L. ,1.14. , '+0. , ~O • ,5;;. / 

uu :J~:J K=1,3 
~~A~ ~l,IYiAa,IhOA~,IVEH,ISrATE,N 

"1.., u.-! = 1. v 
It tlV~dI11.EI./.13-SL(33LOOI) DENuK =2.0 
~r-l.vi:;rl(1).::1./.13-.\(230000') Di;;~;Ot1 = 1.0 
«;.AoJ j1,IF .. -.; 
~fl.lii.G.E"'.jOOO) GO TO 601 
u(~iL(J.r;".bOUU) ~J TO 602 
.i.~ (li!.".t:.1.::WIJU) GO TO 6J3 
rt~<\u ~L, liiU..I.;)T t.) ,1=1 ,N) 
li u ~(J ~ 

bU1 J0 010 1=1,13 
61J .u.Sl (..:) = AXLL 11,1) 

~.,;,\uUP = 1J 

b0" DJ o1L I=1,10 
b 1 ~ • U~;; ~ (~) = A Xl.i; 1:2, I) 

;.i",,0J<, = 10 
uv l.u S 

oJJ d (IYLB.!.E.1:i5d) GO TO 620 
1,!'J 013 1=1,JO 
tlJ~~l 1.1.) = GVW 11 ,I) 
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61.J -:011.l.l.iji.I.:. 
l~"~iuUi? = 30 

o~J J~ ol~ 1=1,20 
01-4 .. .; ... .:.1(1) = ";h(L, ... ) 

.. J "CU? = ~o 
::J .1':;,1'; :)1' .. , (SMlSiZ (J) ,J= 1 ,N) 

.,Ji'i;3=O.O 
jj...., 1 J l= 1 , N 

10 ~Ucta=~JdB + ~AAS1l(1) 
oJ" 11 i= 1, .:i 
rlIJ '" SA~S1~(IJ/~U"B * 100.0 

11 ';Ua!.i.lliUE 
~ ... Ui1 \ 1) = Y (1) 
IJ" 1;':; r=2,,'1 

1'<; blit'l(l) '" Y';:;iJl'l1I-1) + YU) 
.1=1 
~rl~';K 0.00000001 
... =1 

.:v Ii: (11.::.1.2) CHECK=t.HECK - 0.00000001 
... 1: (CriB';i(. ";1.100.1) GO TO 999 
... r l ..... ~..t.J:i) ..iU TU 41 
i.qr.;.iJ~lI) - CH.i:.('K ) 40,41,42 

40 ... .; ... +1 
,,"OJ .LO .20 

'+1 HJ.UC; (K, ,i) '" iW.rST (I) 
.'I=ct+l 
~u~CK .: C~~CK + 1.0 
';v iu ,,0 

q...: r;jiJ,H 1=0.0 
if (l.l.iT.l) ~;;(JrUl=YSUl'I (I-1) 
.l.i ~ Y;;..J.'1 ( .... ) - YS;}i' .... 1) 20,20,43 

'OJ A,L'll =.J. \) 
.... f l1. ,>.I:. 1) All! 1:: Ii D IS.r (I - 1) 

V"/SP CONVERSATIONAL MJNIrOR SYSiiM 

vA ... u", (K,:l) =A.l.lil + lCHECK - YS!1!H')/ 
• (y:;url(.i) - Y.:.UoI1) * (WDIST (I) - AI",) 

,1=ii+l 
'; .. ';';1:\ ",,;,,oLi.:K + 1.0 
J", 1", .:0 

:U:1 ';"i,I.iNU'::: 

A'; '" -= 0.0 
.)v JV l=.2,101 
J.ri,<ii;;(l) = l'IA ... UECl.1) - VALUE(2,I»/DENOH 
;').I.i& = rA ..... ( ... ) - '!lALUE(3,I) 
urfiS~ .: ~IfF • D1FF 
~UHS~ = DlifS~ / tAW!(I) 
1S~ = ~sy + COHST 

jU "';v.iXINJE 
l. ",J! /tI.IUA.I.. uA7A .I.~'!'O VALUE (1,1) ,AND eXPECTED VALUES INTO vuun (2,1) 

Ju 31 1=2,11.11 
'iA.l..J .. ( .... IJ TAWE(l) 
ill.i: .. u.t. (1 .... ) ::: V ri,LU£ l3, I) 

31 "';vldUUl:. 
t\ 1 

lO1 :1" 1 



~iI. .. J"lK,l) = u.J 
1. = ~ 

l.JJ .t 1~.r;>l.40) Gu TO 113 
.:. f ( .i.,if. 1(1) Gu TO 11 3 
,~I=K+l 

V~/SP COUVERSATIONAL MONITOR S~S~EM 

... "\VA .. U .. (n,l)- U:"'E.(2,tI» 110,111,112 
llJ ... = 1 + 1 

-';u .LU 1 0 ~ 
111 ALI...r',qi\,ii) = (i. - 1) * 1.0 

.i. = I + 1 
1'1 = .i + 1 
Gu 'rl .. 10!> 

11 .. A..: .... '~(K,L1) «AXL::;(2,M) - VAL!JE(K,I-l»1 
\'1LliE(K,I) - '1A",-UE(K,I-l» + (1-2» * 1.0 

~j=rl+l 

.iu LV 1~;, 

113 Ju 11~ I = M,10 
il.L .... trt (K,l) = lu0.0 

11 .. ",: .. ;,1.1..IWi 
il:=l\+1 
1. (t..£J.") Gu 'I0 101 
~n.~i 30J,.~~AA,la0AD,ISTATE,IVEH 

SuJ }utlNAr(*1.,1110~,*AXLE WEIGHf DISTRIBUTION ANALYSIS*II 
+1\JA,_~,/10~,~Al\J,/l0X,2Al0,/l0X,3Al01111) 

t>,\I.H SO] 
~OJ iui~A.i.(10~,*TA~~£M.,4X,*ACUTAL*,8X,*EXPECTED*1 

+lui,* rt~L .. *,JX,*CUMMU1ATED*,5X,*CUtltlULATED*1 
+IJl,*.EIGril*,3,,*PLRC~~TAJE*,5X,*PERCE~TAGE*/) 

IJV '+:1'1 1=1,10 
4:1:1 L' ..... ,'j; 501 ,AXi." (2, ... ) ,ACCFR (1,1) ,ACCFR (2, I) 

I:'.i.i.~i ,)02, XSQ 
~\JI fVd~AT(oX,F10.~,JX,Fl0.2,3X,Fl0.2) 
~U2 r'~nclAlllll0X,*":~I-3wUARE VALUE = *,Fl0.4/) 
:'1 ;:""d1Al' (1~,X,~Al0,jAl0,2Al0,I5) 
~~ iv~ct~r(l~Fo.ll 

.,j~uLl 

':;;hl 
.>u .. ""U ... Ici.f: ~P .. OT 
lJ-id<:.t.':;.uN .ililAl,::; (<4) , YAXIS (<4) ,TITLE (5) ,ACC (35) 
~d.i.E~irt XA~IS,YAXl,:;,TrTLE , 
":vodON 1",,;;.i."':1 111)131'(35) ,SA!!SIZ (35) ,N,NGRO[JP 
_uddul1 lI.jDJ::XI lViH (3) , HeAD (2) , ISTATE (2) , IFLG, IYEAR 
":u~~ul'i IP~ullJl ACL~R(2,35) 

~ lu ... ~ ~Ju~uUI ... N~ PLUTS A 11TL':; PAGE 
C 1~IIIA1E lilA~~uT 

'; .. i.AlI.!.i = 1.0 
,( ;:;J J..: I:: = J. 'j 
.i(IfLG.~J.JOOJ.Oli.IFLG.BQ.6000) ENLAaG=2.0 
':;.i..:. £. 1=. 1 ~ 
'>1.:..:...:=.11 
j:,Uvn = 1.It:NI.Aii.G 

.... ~v 1...& .. 1 ZiTAPLGI SU5ROUTINES -- INITIATE 
..... A ....... · .. 01,:; (O,O,<4LPLOT) 
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~ ,~ j~V~ ~ZN 1~ ld~ ALLOCATED ORIGIN 
.. Ai- .. £' .. 0-1: (1.8,1.::>,-3) 
1.1\11 illCTU.iI. (rt~J.lUC!!:) 

VI!/SP CONVERSATIONAL iiONHOB SYS1:i.ii. 

l. Iu il .. u':i: A 1 ltil.1.l A'(1S WITH TICK ~AR!{S AND ANNOTATIONS 
01.=1.1.1.1 
.. =Ii.O 
Uv 100 1=1,1';: 
.. AJ..l. t' .... u!' (I,U.0,3) 
A. '" X + v.S 
~ '" l + lv.v*FA~Oa 
I.:.1LL ~i.')T \1, 1.1.0, 2) 
-':,U.L J?LO!' (A, 0.1,2) 
l.ai.. .. llJi1BER (li.-u.u"},-.25, 0.105,Z,O.0,-1) 

11.10 C,,;d":'NIl.:; 
I. ,. V.O 
1)0 310 ..: '" 1 , 1" a 
':AJ..l.. ~L.or (1,1.1.0,3) 
':ilLL i'1.)! (X,O. v5, 2) 
i.. = X +O.v:) 

310 .... vriI.~UE 
~ £0 waiL1 lH~ tllL~ FOR THZ P~OT 

.:ILL ~y~~uL(v.J,-1.0,SIZE1, 
+~4rl aX~~ Wi":~HI D~S~R1BUTICN SHIFTING PROCEDORE ,0.,44) 

C 10 ~i.Ti 3XM~0L~ ~CB X-AilS 
(;~_l.. jY~cuL (u.75,-.5,S1ZE1, 

• .;o.i iAih).t::.!i AXL.:. W.t::lGH':' (KIPS) , 0.,28) 
I. ~U i~O~ .~ ~-~NCH I-AilS illTH TICK !!ABKS AND NO. 

1 = U.O 
.. = 0.0 
ut; lu1 1=1,11> 
.... d .... ~ iLiJ-r (0.0, 1,3) 
~l.Ai.;:. IHt I-AilS 
1 '" '1 + 0.1::1 
" '" Ii + 1.0 
(,; ..... ~ i?LJ'X ,0.0,'1,2) 
...:A ........ .i..0.i! (0.1, 'i,2) 

l. ~Jl ~Ud~~h~ U~J~i rICK BARKS ( NUMBER = XXX. XX) 
lvlGU' 0 
CALL ,.;urL:H;:ii (-..1.15,Y-.1, ().105,10.*W,90.0,lOIGIT) 

1U 1 cv .. :;:UI1E 
~ '" 0.0 
JU ..Ill I =1,10v 
'£ " Y + O.Od 
-.; A..... .t' .... 0 r (0. () , Y • j j 
.:.LL ?LUT ( O.J5,Y,~ 

.,11 l:Jci.l.I!'Hli: 
-.: LV ~l.V! 5Hl.:J0l.:; Foa I-AXIS 

~it ... l. .;1.,.30L {- .... ,1.S,SIZE1, 
.jUH A-::CU.1Ui..\:r~u f _t<::QUENCY (M ,90.,30) 

-.: AU 2dl~i lriE HI~HWAI TIP! 
..(;1. :.: 

1=:t. V 
I.Ai ... :;rJd~L(J.,y,SlZE1,IROAD,O.,20) 
1=1- • ..:: 

C .. u e.iJI ~nd V~HiCL! TIE 



~&M~ ~ldau~(O.,I,SIZ~1,IVEH,O.,30) 

'1=1- • .::5 
C ~~.JT Iu~ SIAr~ 

~a~~ 5IctoCL(v.,1,S1ZE1,ISTATE,O.,20) 
~ c~."r Iri~ YlAB 

i = i -.2:::0 
ILA~ = fLLATlli£ARI 
~A~~ ~U~d~R(O.,I,SIZE1,YEA~,O.,-1) 
J~~I~~ lbL SCAL~ FOB lhi ~RAPB 
A~CA~£ = 20. * FATOa 
.~ .: N",tt,JUi? 
.iu 31" 1=1,..: 
JU ~ 1j K .:: 1,N 
;'~~(i\) :; AC":;Pli(I,K) 

31..1 C:J.~iluUL 
liiJI;:;i(I.H1) .:: O. 
"lJi';;:"(IH:t) = l.sCAL~ 

.. c~ (ti+l) = O • 

... ..;C(.i+.c:) = 1'<:.:5 
(;1> ...... 1.1l'lE (liLIST (1) ,ACC (1), N, 1, 1, I) 

V:VSP COtfVERSATIONAL MONIlOR SYSIE~ 

.q .... .c:>J.1) .,;ALi. SY."if.lOL (~.O,2.0,.11,l,O.,-1) 
Itll • .!:.",.1) CAL.I. SY~JOL (4.4,2.0,.11,11IiACT!JAL DATA ,0.0,11) 
U(l.E>l.2) ~A ...... SYd3UL (4.0,1.8,.11,1,0.,-1) 
.il.l..':::../.2j CAL~ SI:~BOL ('+.4,1.8,. 11,15!!EXPECTED Vl'ILlJES ,0.0,15) 

.)12 LJaTUUi: 
Cd~~ ?.l.vTlO.,U.,9~9) 
,\"lUl:,-; 
r.i.u 
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APPENDIX 4 

SOURCE PROGRAM FOR SHIFTING OF TRUCK WEIGHT DISTRIBUTION 

BASED ON NCHRP/SDHPT PROCEDURE 



!
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V~/SP CONVERSATIONAL ~ONlr09 SYStEM 

t'r.uJli ... d hCdri~ (llwP'JT,OUT?'JT) 
C l~~~ inG~~Act ~aOJECIS THE SHIfTiNG OF TRUCK WEIGHT DISTRIBUTION 
C ":Uilw.c.!:i. Lil;; i~L:ilO~CLOGY JSED IS BASED UPON NCHRP 141 I?ROCi:.DURE 
C "L\ .I.Hi:. SiJHr.i: <'iluC1DURE DEVELOPED BY TEXAS tlIGHWAY DEPARTMENT. 

lJ .. d.c.ioS ... uS ldUA!i Ii) ,lV!:H (3), ISTATE (2) ,SA~SIZ (30) ,GVW (30), 
+ 1.:iiH1(30) , Y (.J0) , VAlIn (105) , ACCFll (30) , PERCT (30) 

iJA .. i\ (GVW(I),I=1,30)/ ... ,10.,13.5,20.,22.,24.,26.,28.,30.,32., 
+j". ,.)b., 30. , .. iI. ,4:>. ,50. ,55. ,60. ,65.,70.,72.,75. ,BO., 
+OJ' ,":Ii). ,'J;,. ,100. ,lOS. , 110. , 115.1 
a~~u ~v,~~v.,~ct~VwP,P~GVWF 

;)0 ',,~HA~(.)Fl0.j) 

a~~lJ ~l,~lLa~,lROi\u,IVEH,ISTATE,~ 

.ti""" :11, Ii J..AG 
Sl iu.ti~A.i:(I4,t,~A1J,JA10,2Al0,15) 

.,.:.Au ;,2, (..:iAii~IZ (I) ,1= 1, N) 
s~ iu~ctAIL1~io.l) 

.:iuLio = J.O 
uU 10 I=l,N 

10 .:iUdD = SUj~ + ~AMSIZ(I) 
jJv 11 I=l,N 
i (..I.) =:.A.1.:>12 (i) I SU~B * 100.0 

11 ,-uLiJ:lNiJj;; 
Y';; U.1 (1) = Y ( 1) 

jJ" 1~ 1= ",1l 
1~ Y.:iU.i (1) = ~.:iU.;(I-l) + Y (1) 

;1 = 1 
"';l~CK = O.OOOUJl 
1 = 1 

.;J .. r ,.1. E ... ~) C .. iCK = CHECK - 0.000001 
Ii:' (CHECK.131.100.1) GO TO 999 
':'i (I. ';;",i.;i) GU IJ .. 1 
1.·(~,;,Uii(.i:J - CriiCi\) 40,41,42 

4u .. = 1 + 1 
Ju .I.·U ,,0 

41 uLlL:.(.1) = "VII (I) 
.-1 = M + 1 
~aLLi\ = ChECK + 1.0 
.:ill i.'u ~O 

4~ [~iJJll = u.O 
ii:' (.i.. J1'.l) Y;;iUMll YSUi1 (1 - 1) 
.. C'(Y.:iUtdl) - YSU/E.l) 20,20,43 

4 J !\ 1.1 1 : O. 0 
ll:(I.Gi.l) All'll = "VW(l-l) 
~ .i;'JL (.'I) A HI 1 + (CHeCK - YSU!'!Il) I 

• \l;;iUd(I) - l;;iUiH 1) • (GVW (I) - AI~1) 
.. :;1+1 
~h~L' = Cd.c.CK + 1.0 
.. v Iv ,,0 

';I":IJ uu 150 1= 1, lJO 
ir \ iil ... i.iE (l) • L'I. ,;,GVW) GO ro 150 
... l(VA .. UJ:.(l).13T.;;i"Vio.A:iD.VALUl:.(I) .LT.PI1GVIIP) 

+viu.UJ:.(L) = VAl.J~(I) • (1.0 +(PI1GVWF/PI1GVIIP - 1.0)1 
+ (.?l·!~hf> - SGV~J • (VALUE (I) - SGViI» .!, J.i. .. U", (..I.) • ..il:.. r;i\iVWP) 
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v~/S? CO~VERSAT10NAL ftOHIXOR SfSXE~ 

+ H ... U.t:;(!) VA~UG(1) • iMGViP /PMGVWP 
bv ":0.n: ... alH. 
C 
L .di5 rArtT uf ?avGriA~ CCNVERTS VALUES BACK TO PERCENTAGE 

VA .... UE(l~ " 0.0 
.1 '" 1 
1 " "-

10;) .d'(d.;:;".3v) ... 0 Iu 113 
:i.ilLlii:.101) GO l'U 113 
J..l(wALUi( ... j - .iVil(,1» 110,111,112 

11v ..i.;: I + 1 

111 &~ ... .r.li ~,1) " (I - 1 ) • 1.0 
.I. '" .i. + 1 
1'1 " M + 1 
UU : . .'~ 1 \i 5 

l1L l\"':Li:lqi'i~ '" (l.iV\i(Mj - YALIJE (I-l)J/(VALOE (I) - YALU"P.(1-l)) 
• + li. - .. , J • 1. 0 
,1=,1+1 
"U :.LU lOS 

11:' 1.1> ... 1,... 1=.:1,3.,; 
,,\- ... tit(.I.) = 100.0 

11'+ i..:.J,' r::'NUl:< 
~'iit<..i:(lj ;; ACi..li't(l) 
;:; ....... ;:;U(l) = p';:'"I,;I(l) • sun / 100.0 
"Ij 11;) 1=2,-'0 
;;'t.41d(J.) '" "'C":£il(J.) - ACCFR(I-l) 
,jA:i::'l:t. (I) = naCT (I) • SUItB / 100.0 

11 J ..:" •• ':L1U:. 
\- ~g.l.;:; rn&r iiJ.N1S 1HZ OUTPUT 

.t'u ... JX bu~, ... I~~ll , lROlD,lVEH,1STATE 
oJu Eu,\;:\U(.1*,10X,.i?rtCJECT10li BY NCHRP/SDHPT METHODOLOGY.//, 

+lU~,~4,/lu&,L41u,/10X,3110,/10X,2A10/) 
... .i11lH oJ 1 

bo1 lukjAl(1DX,.GV~ INIERVILS*,10X,*ACCUftryLAT!D FFE~UENCY./) 
j,J 'J 11 6 .;.;: 1 , :W 
",,,,111:1: QJ2,GVii (I) ,ACCH (I) 

llt:! \,;Jt,lJ.uU:, 
,~A " 3u 
r4~~1 117,~Y~Ah,lR0AD,IVGH,15T~TE,NA 

111 i: uiti'lAl (* 1.,/~;+, X,LA 10 ,JA10, 2110, IS) 
iii.ll"I 11:1,lFLAIi 

11" iJ..i.Ul:(1'+j 
i'.11~,1 11 <I, (.:iAMSH (I) ,1= 1 ,NI) 

11.:.1 rJnuioI\1.2r6.1) 
Q~~ fuHHa£{lJA,F10.~,15X,Fl0.ij) 

.:irvi? 

.... .i) 



APPENDIX 5 

INPUT FORMAT AND ILLUSTRATION FOR "11EANWGT" 
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INPUT FORMAT FOR "MEANWGT" 

1. First card---Description of Data I 

Format: (14, X, 2A10, 3A10, 2A10, 15) 

a. YEAR Year in which data was collected 

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

c. IVEH Vehicle type 

d. 1ST ATE State in which data was collected 

e. N Number of distribution intervals contained 

2. Second card--Description of Data II 

Format: (14) 

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 

in the data 

159 

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

Format: (l2F6.l) 

a. [§AMSIZ(i) , I = 1, ~ 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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r ... L .:.: ... P~i~iK JJ11'i\ 3 VM/S? CONVERSATIONAL lWNITOR S ~ STEM 

••••••••• 1 •••• * .... ~ ....•.... 3 ••••••••• 4 ••••••••• 5 ••••••••• 6 ••••••••• 7 ••••••••• 

1 ., 71J .... , • ..: l:. ~i S l' A T ~ fluaA':' 3-52 (332000) STATE OF rEXAS " 900U.G.o:1lJ~.:i VE.-n":iE ilEIGriT 
J. Ii. o. 2. 15. 5l. d5. 117 • n. 61. 37. 31. 

JY. J2. J9. .,5. 117. 229 • 254. 157. 41:1. 39. 2 J. 4. 
I. 

1';1 i 1. ~~I.i'..:.i1.!;j'rA:1 flURAL 3-S2 (332000) STATE OF 'rEIAS 2 
:lUIiJ.';l1u5S Vt;dI":i.E WJ:.IGIH 

u. u. O. 1~. 41 • 95. 125. 114. 77. 48. 5'L 33. 
JJ. n. 1.; J • Uo. 201. 270. 217. 94. 12. 1 • 3. 1. 
l. 

197~. "'~~J:.i1;)i'ATE iWriAL 3-52 (332000) STATE OF 'rEXAS 
900 0.1.>.11::'::;:; V:::HICLE iiEIGtiT 

-u. -J. -u. 2. 5. 17. 23. 13. 16. 9. .2. 6. 
~. b. 17. H. 32. 5l. 31l • 15. 2. 2. 2. -0. 
O. l. 

l::17J.ll~il:.l\:;iAr~ li UnAL 3-52 (332000) STATE OF :: EXAS ~ 
:lOOu. ';alJS.:i YEti H .. .I.E ii~ ... GliT 

-J. -U. -U. ". 7. 17. 30. 2l. 15. 11. J. 10. ... ... 14. 11:l. 27. 59. 33. 24. 8 • 3. 2. 1. 
1::I74.1u'di:;.i:All:. IlU&A1. 3-S2 (332000) STATE OF ::EXAS 
'JOUJ.l.illv.:i.:i V~o.l\';LE ill:. ... GitI 

-I,). -U. -0. ... lb. 46. 39. 23. 16. 15. tI. 12. 
lu. b. 1.2 • i.7. 33. 58. 34. 22. O. 1. 

,. ., . 1 • 
1 ~ 1 a .1. • ..: .. Lt~rAT .. "uaA ... 3-52 (332000) STATE 01 TEXAS 3, 
::j\JU U. G.i . ..J.;:,:; VEHH .. ;"J;; W£IGiiT 

O. U. U. O. O. O. 2. 9. 29. 25. 5:1. 32. 
.lo. Itl. b7. 02. 91. 1 3(). 138. 146. 90 • 138. 206. 101. 
"i.. i.U. 11. 1. 3. 1. 

b 7 .l. l,~ ~ £ :to:..i. A .. r. 1'1 UltAi 3-52 (332000) STATE 01 l' EIAS :;, 
:1000. ~.\V.;)::; VEHICLE WEIGiiT 

U. U. \). 2. 3. 5. 36. 94. 155. 121. 10~1. 74. 
J7. J'+. 131. 11'1. 149. 173. 157. 316. 159. 196. 16~,. Sci. 
j~. lj. L. • 1 • 1. O. 

19 } ~ • ..!..i ... ':'.<1;;;": An: nUIiAL 3-S2 (332000) STATE OF 1'::XA5 2, 
9UuJ.GuO:;:; V';lil.CLE ilEIGriT 

Ii. u. \). O. O. 5. 24. 5~. 92. a2. 7 ~. 54. 
.. 1 • 4':>. ::11. ::10. 112. 126. 154. 221. 112. 159 • 171 • 99. 
.ll. ~ . 7. 3 • 



APPENDIX 6 

INPUT FORMAT AND ILLUSTRATION FOR "SHIFTIN" 
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INPUT FORMAT AND ILLUSTRATION FOR "SHIFT IN" 

(1) Nature of data 

(a) [COEFF] 

(b) [RAWDATA] 

(2) Optional commands 

(one card) 

Format: (A7) 

COEFFICIENTS for a linearized curve. The 
coefficients are the 1n (A). B. and C of 
the following equation. 

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

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

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. 

(up to five cards) 

Format: (AS) 

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

(a) [NORATIO] 

(b) [NOREGRE] 

(c) [NOCHISQ] 

(d) [NOPLOT] 

(e) [NOHISTO] 

To suppress the output from the subroutine 
/RATIO/. which is to compute the ratios of 
truck weight for two years at five percent 
interval. 

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. 

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. 

To suppress the plotting routine from gene­
rating an accumulated frequency truck weight 
distribution curve (shifted curve). 

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] 

(b) [EXPVAR] 

(c) 

(4) Latest truck weight 
distribution data 

Expected average weight for the predicted 
year. The expected average weight is obtained 
either from historical trend analysis or from 
an average GVW factor. 

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. 

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. 

(three to five cards) 

(a) First card-description of data I 

(i) IYEAR 

(ii) I ROAD 

(iii) IVEH 

(iv) ISTATE 

(v) N 

Format: (14, x, 2AlO, 3AlO, 2AlO, IS) 

Year in which data was collected. 

Highway system in which the truck weighing 
stations were located. 

Vehicle type. 

State in which data was collect.ed. 

Number of distribution intervals contained 
in the data. 

(b) Second card-description of data II 

(i) IFLG 

Format: (14) 

To indicate the type of truck "reight, 
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" (cant.) 

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

(i) [SAMSIZ 
(I) , 
1=1, N] 

(5) Base year truck weight 
distribution data 

Format: (12F6.l) 

The number of trucks recorded in the corres­
ponding truck weight distribution groups. 
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 

(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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a V~/SP CONVERSATIONAL aONITOd SYSiEM 

............ 1 ........... 2 ..... *' ..... 3 •••• * ...• 4 ...... * .... 5 ..... * ...... 6 ..... *, .... 7 ..... * .... ' 

..Iii.w jJl\'l.~ 

1 ... ::HI 10J.~ 0.0 
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APPENDIX 7 

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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8 VM/S~ CONVERSATIONAL MO~ITOR SYSlEM 
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'.40~ ~.vJl 4.o3~ 5.002 5.45ij 7.ijl0 S.66~ 9.965 3.823 ij.332 5.ij57 5.~61 
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APPENDIX 8 

SAMPLE OUTPUT FROH "SHIFTIN" 
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IoIULTIPLtF'RS OF THE INPUT TRUCk .WEIGHT nATA 
•••••••••••••••••••••••••••••••••••••••••• 

1.l;j?( 13~~~"n 
I NTF'R!II fA TI! JifUIHL 
SUTE OF TEXU 

ACCUM"L'TED 
FREQUFNCY 

" 1Ii.00"'''' 
tlil.01)\~.1 

tr;.",.,~., 

2~."'tl"'" 
;"1Ii .loHl~H 
]04. 14 I:! 14 11 
llli.00"'U 
Q~.1iI~00 
4i1li.~I-HI't 

51'1.0'~~0 
~1Ii.~j,1A.1 

tt .... "'011 
ellj.~'\I"'11I 
11'1. ":'fHl 
111i.~"'~0 

''''. ""ell", lillIi."'A"..., 
~"'."'''''H' qC;.Ii1~I~" 

1~"'.~"'0'" 

T"'I:: L Tr.HTF~T TRIJCI( 
R~C~RnEn 15 IN THE 

Yf6lHt' 
r,vw r1(19~' 

13:1Ii"~9 
21,q2o;(.II 
~?~t1a 
2l~.,o..,q 
~4I:'5qaq 

2S:"wn 
1t1:0qt~ 
2>1.q1t;0 
11~Qq" 
1~.2M1 
lq:"&&1 
4&:t~'i2 
aq.1178 
r;Z.1'57t1 
r;'5.'Jq~& 

1j7:"'''''t! 
1511:7414 
tI". 7~'C;q 
61: 'iC;IU 

tl7:""" 
8 '5 : OJ "W" 

OI~TRt~UTJn~ GROU 9 1 11:0;. 20:" 

THE HF,AVI8f.T TRUCK 
RF.CoRnEn IS IN THE 
otsTAt~UTtON r.AnU9t .",:11. 110;:0 

YFAR(2' YE'Rtl'/vEaRc2, 
r.VIll (KIPS) 

t1;51"011 
2a,2~~2 .q~ 
2t1,t282 .81 
~1.5~"~ .8~ 
2q't~'" .8a 
lt~2~bq .8~ 
311i;~81t .1~ 
lQ,q841Q .7~ 
4iC;,0'520 .1~ 
aq 21&3 .7~ 
52!84tq .7~ 
51jo.4Qtl .8J 
'51:4I0t7 .81 
'5q,151q .8~ 
tI~.~ttl~ .Ql 
tl2;3Qo1 .qt 
hl q1b4 .q~ 
e'5~1IQQ7 .q~ 
&~'4'554 .ql 
1t'322Q .Qa 
Q"':0~~'" .qij 
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~EGR~S~tnN 4NAlYSIS TO FtT ~ULTIPLIERS yNTO AN EQUATInN .=== •••••••••• = •••••••••• = ••••••••• = ••••••••••• = ••••••• 

A - '4UDIlC r J lC 3 1 

2"'.~~ 
77.2Q 

PH5.Q] 

7?211 
'~~t.H'1 

111'1'52.58 

INVERSe: OF ~ATRIX A [J1CJ1 

C- VECTnU 
-].3t 

-12.5& 
-153.'52 

-'J2.1I11 
t\.6~ 
-~211 

............................. 
[AINvl rcv!!Cl = (~VEC' 
9-vECTOR rCOF.FFtCIE~T~ A,B,A~~ Cl 

L'jOl • 
~ . 
e • 

t. q t22 
-.7870 

• ~ll q" 

1At5.~] 
QI'IS2.58 

S7?48~ U 
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o 

11 

12 

10 

CH[-~OtJ&OE TESTING ON GnOnNES~-OF-~IT nF THF. MULTI~~I£R E~UATtON 
••••• ::: ••• : ••••• : •••••••••• : •••••••••••• =: ••••••••••• c ... ·.·.c. 

A • 
~ . 
C • 

ttl 
ACTUAL 
VALUES 

:0(12'70<11 

: 14132841 

:1I~~H'i 

:lIaaq3C! 

:8t7qA6 

: h27aa 

:7f11.16l!i1l 

:6qq~34 

:7tC;6q2 

: 7C;"'flU 

:Aflq020 

:lIe'718i! 

:Ot 46h 

:qt8173 

:Ql'tt8f1 

YE~~ • A * tv ** ~, * Ev~ tv * Cl 

6.'7ti8'" 
-.711'7e 

• '" 1 Q~l 

(2' 
f,(~F.eT~O 

VALUES 

:1!&QQl1'7 

:81!i~au 

~IIJ"a~'7 

: 82bl!i]q 

:1113817 

: 7Q8HfI 

:7QltQ7 

:7Q2 0 ",'i 

:1!~0l!il'­

:81~&'7" 

:11201167 

:11211141 

:1I]&"Q7 

:El442l!i7 

: Elt;2'54'7 

:"6t3'iQ 

:872'7b)' 

_",&00tl 

-~~]Q1Q7 

-:"'33~t 7 

: 134 1 2" 

~1lI0rH8 

.~'0"01 7 

:0110,2.,7 

.\0100427 

: ~01l81l 

:00'71Q4 

:00~60t 

~~0,5c!4 

:0031\t 

:00<111\8 

:~0'R"] 

:1.1032lB 

.~0",3~5 

:1110,5,2 

.'1'" 'N~ 

:~lH"8 

THE eHt-~QUARE VALliE J~ "'YT"IIN THE C; PfoCE~JT SIGNIFICTENT V~LUE. 
THUS,THE Cf'EFFICIENT!! '1AY 8E IJSED FO~ THE EQUATION 
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RESULT~ "~TAINEO F~OM T~E ~owELL ~ETHOD 

••••••••••••••••••••••••••••••••••••••• 

FX 

~14J2ZnOIl.:+:1!2 .61b7'n3~E+'H -.71\'71110438E+09 

• 8248 'H;l"51!.~o • 0 1 lOZirHH!f.: +It t -.71!7So43'!E+A0 
FX xen X(Z) 

.H"'f)o'5811lF.+~t .ql~'7Z<lAItlE+At -."~6I1joI.l3~E+Iil" 

.ZnR"eoOZE_IIIIIj .ql~7LJ08~E+"'1 -.IJtlI2Q.qIHIF.+"'0 
I~E IS NOW • b:ZtA 

)C tl1 

• t 80'702 U,E-111 

• t 8070U4E-0t 
)((31 

.lqq7~llI.1E-"t 

.lc:107~2t4E-0t 

o FUNcTtON EVALUATIO"S WITHIN ~OWELL ROUTINE AND 
2b6 FUNCTION EVAL"ATION" DUPI"Ir. THE LINE S~APeHES. 

A~IAALE VALUESI_ .0, ~12~8"'E+~H 

COEFFICIENTS o~ THE EQUATION 

A • 0:127'. 
8 • .;RClttl 
C :: • (:'20111 

AVERAroE WEIGHT. '55.4408 
VARIA~CE. 427~1.I&12 



PPOJ~CTEn TRUCK WEIG~T Dt5T~t~UTtnN C5, INTERVALS' 
•••••••••••••••••••••••••••••••••••••••••••••••••• 

ACC. FRF..): FACTORS oiEtr. Io4T 
CPEIolCENn Cn.,S) 

').~"~'.1" t.lr;0'i 2'7. QO itA 
t". "ii~0 t.t2Cl7 lq.l.lt~3 

t 5.~A"0 t • t 1 \lit; 3fl.5:ht 
2"'.;J~~.J t.~Q~'7 11.8Q,\4 
?'I • ,A,' ('I.' '~~A0t 33.7Q,4 
30.IH1"i!1 1.~H.~t 37.5A44 
35.V!~00 1.0I1I)~'7 4it.?'(.'14 
40.1!011~ t .~bt& 47.82'72 
1.I;.v'~:HJ t. A7'5c- 52. 4'712 
15 t' • lHI v'I.' t • II'Q t'; 57.07." 
55.~"!il~ 1 • , t.il7«; 01.61,,, 
e~.,HHll1 t.t1!HI b4.ll1S 
bS.14r(10~ t.1311 ee.QA'73 
7'1.",~.1~ 1. t 4U 64.54.-8 
'7t;. 'J"~" 1. t502 72.1 445 
8t1.~lN'.1 1.leqb 7~.8~'7" 
~5. 001--,1 1.I RbQ 711.2tl>~ 
Q~.~H1All t.2115 82. q 3bQ 
as. ~t'!0I" 1.2204 87 .W~oQ 

tOfl\."'~~0 t~2204 10Q .83p'8 
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PQOJECTEn WEIGHT DI~TRTAUTtON 
=a=a=a.= ••• = ••••••••••••••••• 

WEIGJoIT 
n I STIU i3IJTtON 

a.",,,'A 
tril.tII(~~9 
t ,.tH'IAIiI 
2~. ''hlP~ 
l~. elyl"" 
2a.~~~'" 2". ~~lAI·1 
lA.~rlCII\i! 

3"'.An~~ 
~:? fI.,CIII1 

34 .I'''&:I~ 
lfJ.(l~~~ 
3A.p,,~e 

11I'.1'~1II)l 

4§."""n 
'5P.tA>t1ll1il 
'515. ~H;~A 
OIll.~~lh' 

" Iii •• 1 ",HI 
'7".~GI"1'l 
'1;:t. tII.""'j 
'1t:;.AVlGl0 

A.,. AI'~" 
"'5.!.l;J"'" 
Q~.Afllll~ 

~1i.~;'\IlI" 
1 ,~~. ""'Ii'~ 
tAt:;. 'i'H""~ 
tl".~fl~1'! 
115.0"11010 

AV€At;E w~IGI4T • 
VA"IA~~CIl! • 

.tC;ll1 

.2311'1 

.134 2 

.24CJ2 
~"'71'1'7 
.0'7,,'7 
.P'7,,'7 

lI.tQlit 
'7.41.t'1 
'7.'73'1 
'5."'8aCJ 
2."6158 
~.U43 
2.''744 
4~'71U 
4.o~QII 

1.1."2&2 
5.34 1h 
q."353 
CJ.1I11 CJ 
1.@4I..I11j 
5.1118 0 '7 
"."054 
'5.t~::!A 
'5~12'54 
t.&lq~ 
.3210 
.3210 
.3U1l 

" 

H:r.U'"'ULnEO 
FQE~UENCY 

.1534 

.3835 

.51'7'7 

.'7E1&" 

.843" 

."21113 

."Q'7" 
5.1 CJ20 

12.&243 
214.3§&'5 
21j.UlG 
28.30'71 
30.4514 
32.8215@ 
3'7.53"4 
41.le18 
11'7. 1/1 CJIIl III 
152.431" 
"t.4""" 
'70.M08 
'711.12'51 
A9.3t50 
@&.CJ"~4 
CJ2. tfiJ33 
CJ'7.42e'7 
"".1341. 
"".''''''7 
"~.68"1 

100.0"'V'I(! 
1Cl1C11.A0~QI 



CONCLU~ION OF ANALY~TS 

.===.===== ••••• == •• ==. 

INPUT FSTIMATORSI 

EXPECTFO MEAN • 
EXPECTED YARIANCE • 

"1 I!: AN • 
VARIANCE. 

STATtSTICAL TE~TI~G 
_._-.-------------. 
T.TEST eTO T~ST TH£ ACCE~TARrLITY OF THF CO"'UTED ~EAH' 
C~IS~.TE~T (TO TEST TH! ACCEPTARILITY OF THE YARIANt!, 

NULL HY~OTIo4ESIS 

ALTER"!ATE HYPOTIo4E!ltst THn ARE NOT EI2UAL 

CHts~·TEST 

NULL HY~nTHE~IS I r.n~~UTEO VA~IANr.! • EXP!CTEO VARTA~CE 
ALTEPNATE HyPOTHI:STSI THEY ARE t-.j('lT EI2I1AL 

DFGREE OF FREEOn~ • 

E~GrNEF~~ ARF RESPON~rRLE TO CH!C~ ~OTH THE 
T-AN~ CHIS~-YALUES ~rTH THE T_ANO CHISI',)_OISTRI~UTION 
TA~L~~ RF.~PECTIV£LY. 
IF ROTH HYPOTHESES AR£ 'CeEPT&RLE, THE r.O~PUTEO 
WEIGHT nT~TRIBUTION CURVE SHOULO AE ACCI:PTAALE. 
IF ONE O~ THE HYPOTHF5F.S I~ ~£JF.CTED, THEN IT 
IS UP TO THE ENGINEERS TO USF THEIR OWN JUOGE~ENT 
Tn ACCEPT OR R~JECT THE DISTRIBUTION CupvE. 
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