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ABSTRACT 

The purpose of this study was to develop graphical procedures 

(nomographs) for the design of continuously reinforced concrete pavement 

(CRCP) for implementation by the Texas State Department of Highways and 

Public Transportation for a range of specified local conditions. Use of this 

set of nomographs as a supplementary design tool with the CRCP-2 computer pro­

gram model will facilitate the design of CRCP, substantially reducing both 

the time and cost involved in the design process, and at the same time 

accounting for the effect of regional and local environment. 

First, regression equations were developed for the prediction of three 

design parameters, and then principles of nomography were applied to these 

mathematical relations to prepare three corresponding nomographs. The choice 

of equations was made following multiple linear and nonlinear least squares 

fits to a fractional factorial of simulated observations which were output 

from the CRCP-2 computer program. Theoretical models developed at the Center 

for Highway Research and the variations of the three design parameters with 

each of the relevant input variables over the range of the simulated data 

were considered in deciding on the form of the regression equations. 

"Standard error of residuals ll and "R2" (proportion of variance explained 

by the regression equation) statistics were considered in the final choice of 

coefficients for the regression equations. Confidence prediction limits were 

determined using multiple linear regression techniques for application to 

nomograph predictions. A recommended procedure for the use of the nomographs 

has been outlined along with an example. Limiting criteria were established 

in a separate report (Ref 18) for each design parameter (inference space) 

following an accuracy analysis of the nomographs and inspection of residual 

plots. These criteria should be used with the nomographs for the particular 

set of environmental conditions applicable to the locality of the planned 

pavement. 
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KEY WORDS: nomographs, continuously reinforced concrete pavement, CRCP-2 

computer program, environment, regression analysis, least squares, fractional 

factorial, variance, confidence prediction limits, limiting criteria, 
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SUMMARY 

The CRCP-2 computer program, developed in Research Report Number 177-9, 

"CRCP-2, An Improved Computer Program for the Analysis of Continuously 

Reinforced Concrete Pavements" (Ref 8), provides a comprehensive procedure 

for the detailed design of continuously reinforced concrete pavement, 

accounting for the effect of variation in environment. Using this program. 

simulated data were prepared for a selected range of values of input variables. 

Following an analysis of variance and studies of earlier models, the regres­

sion equations were fitted to the data using linear and nonlinear least 

squares techniques. Nomographs were then prepared from these equations 

for use as supplementary design tools for the CRCp-2 program in conjunction 

with limiting criteria on important design parameters established in a 

separate study. Accuracy analyses were performed and inference spaces 

'established along with confidence prediction limits. A step-by-step 

procedure for the design of steel reinforcement in continuously reinforced 

concrete pavement has been recommended and a design example outlined. 

ix 

t 

f 
I 

I 
! 

t 

I 
I , 
I 

r 

~ 
~I 
t 1 
''; , I 
~, 
p, 

" 





IMPLEMENTATION STATEMENT 

The nomographs, regression equations, and confidence prediction limits 

developed in this study can be used in conjunction with the limiting criteria' 

established in a separate report, being prepared contemporaneously, for the 

design of steel reinforcement in continuously reinforced concrete pavements. 

The procedure outlined in this study enables the designer to recommend a 

detailed design for the particular environmental conditions appropriate to 

the locality of the planned road. The procedure is comprehensive, is easy to 

use, and allows the designer to specify a range of values for design param­

eters corresponding to the uncertainty in the design. 

This design procedure should be incorporated into the Texas State 

Department of Highways and Public Transportation manual for the design of 

continuously reinforced concrete pavement as soon as possible. 
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CHAPTER 1. INTRODUCTION 

Backgroun~ 

Continuously reinforced concrete pavement is considered a relatively 

new pavement type by many engineers, although it has been in use since 1921 

when it was first introduced by the Bureau of Public Roads, on the Columbia 

Pike near Arlington, Virginia. The next reported use of continuously 

reinforced concrete pavement was in the fall of 1938, when the State of 

Indiana, in cooperation with the Bureau of Public Roads, constructed an exper­

imental pavement involving several test sections. 

The highway departments of the States of Indiana, Illinois, Texas, Cali­

fornia, Mississippi, New Jersey, Michigan, Maryland, and Pennsylvania have 

laid other pavements of this type that have provided good service for a number 

of years. The oldest of these are approximately 30 years of age. 

After there were several successful experiences with CRCP on experimental 

projects, the use of CRCP increased substantially, especially during the six­

ties. Several research studies in rigid pavement design led to the develop~ 

ment of the design procedures currently used for CRCP (Refs I, 2, 3, 4, and 5). 

In 1972, and NCHRP study was conducted at The university of Texas at 

Austin. It consisted of a review of design and construction variables, theo­

retical studies, field surveys, and laboratory investigations. The fundamen­

tal philosophy of this review was that, through a combination of field obser­

vations and laboratory studies, reliable procedures could be achieved to 

develop mathematical models that simulate field performance of CRCP. Based 

on these mathematical models, the CRCP-l computer program was developed to 

calculate the stresses in concrete and steel, the crack width, and the crack 

spacing reSUlting from concrete volume changes due to temperature and shrink­

age (Ref 6). 

Generally, the engineer is encouraged to design each pavement for the 

soil conditions, traffic, materials, etc. present at the site and to be wary of 

inappropriate boundary values and practices. However, in order to cover such 
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a wide variety of input variables, he needs a large-scale experiment to 

anticipate the effects of the individual variations of the variables and the 

variations in groups. Thus, a sensitivity analysis of the behavior of CRCP 

using the CRCP-l model was conducted for the Texas SDHPT as reported in CFHR 

Report No. 177-2 (Ref 7). From the results of this study, the relative 

importance of about 15 input variables was determined in order to investigate 

the effect of changes in values of these variables on the CRCP behavior. 

The list of the input variables includes the steel properties, the concrete 

properties, the friction-movement relationships, and temperature variations, 

In addition to establishing relative importance, the study revealed several 

inconsistencies of the initial model at extreme boundary conditions that 

resulted in modification of the computer program. 

The next step in the development was to include the effect of wheel load 

stresses on crack spacing history. The NCHRP 1-15 Study, "Design of Continu­

ously Reinforced Concrete Pavements for Highways, II found that heavy volumes of 

l8-kip single axle loads resulted in reduced crack spacings (Ref 6). The 

study of the effect of wheel load stress on pavement behavior and its inter­

action with the other input variables is discussed in CFHR Report 177-9 

(Ref 8), which describes the development of the CRCP-2 model. This develop­

ment process is outlined in flowchart form in the upper part of Fig 1.1. 

Summary Capabilities of CRCP-2 

The CRCP-2 program (model) has the capability to predict the time his­

tory of crack spacing, crack width, concrete stress, and steel stress for a 

range of material properties, environmental conditions, and pavement structure 

geometry. The concrete properties of shrinkage, strength, and stiffness, as 

well as the temperature, are allowed to vary with time. The remaining con­

crete properties, steel properties, and geometry are time invariant, with the 

exception that the time to the first wheGl load application may be selected. 

Figure 1.2 shows plots of the daily temperature changes from the concrete 

placement temperature, average crack spacing, steel stress, and crack width 

history for a given set of conditions. The first day on which there is a 

280-psi stress resulting from a wheel load placed on the pavement is also 

shown. These histories would vary drastically, depending upon the input 

variables. 
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Fig 1.2. Time history of temperature change, crack spacing, crack width, 
and steel stress for a typical set of conditions (Appendix B) . 



Thus, with established limits Ci. e., design criteria) for each of the 

factors, a pavement thickness and a steel reinforcement may be established 

for the other inputs, using the computer program. 

Design Needs 

In a design for estimation purposes, the need @ften arises for an 

approximate solution. Thus, the application of a detailed computer program 

is not necessary from the point of view of a feasibility investigation. 

5 

An alternative to this is the development of design nomographs that 

permit solutions for crack spacing, crack width, and steel stress considering 

only the most sensitive variables and fixing the others. The designer may 

then obtain an approximate solution that recognizes predetermined confidence 

limits. At the time of final design, a more exact solution may be obtained 

by use of the CRCP-2 computer program. 

The lower portion of Fig 1.1 outlines the steps used in developing the 

design nomographs. First, a factorial computational experiment was estab­

lished to obtain all relevant interactions and, hence, the basis for a 

statistically reliable model. Solutions of CRCP-2 were made for all the 

desired combinations of input variables. Regression equations were then 

developed that permitted solution of crack spacing, crack width, and steel 

~stress for the most sensitive input variables. Using the regressionn 

equations, nomographs were then plotted. 

Obj ective 

The objective of this study is to develop graphical (nomograph) ,methods 

for the design of CRCP: 

(1) to provide sufficient steel to insure that transverse cracks in 
the concrete are small enough to prevent passage of surface water 
downward into the underlying material, and to provide adequate 
aggregate interlock for load transfer across the crack; 

(2) to keep the steel stresses below the predetermined allowable values; 
and 

(3) to develop an acceptable average spacing of the transverse cracks. 

"­
j 
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Use of the nomographs will facilitaLe the CRCP design process by 

substantially reducing the time and cost involved, particularly where 

computer facilities are difficult to access or estimating phases of the 

planning process do not permit a detailed analysis. 

Scope 

This report describes the development of a set of nomographs to be used 

as a supplementary tool to the CRCP-2 computer program. The interaction, 

range, form, and limiting criteria for all appropriate CRCP-2 input variables 

are established. The significant input variables are related in mathematical 

and graphical models to crack spacing, crack width, and steel stress. 

Specifically then, the scope of this study was to quantify these relationships 

and present them in graphical form (nomographs), along with boundary 

conditions for the appropriate inference spaces and confidence prediction 

intervals. 



CHAPTER 2. PROBLEM AND APPROACH 

Description of the Problem 

In traditional CRCP design procedures, four subsystems are considered, 

each as an independent process. These four are closely related and almost the 

same set of variables is used for each of the procedures. The four subsystems 

are 

(1) pavement thickness design, 

(2) reinforcing steel design, 

(3) subbase design, and 

(4) terminal treatment design. 

Previously, these procedures were independently applied and then combined 

to form the resulting pavement structure (Ref 4). 

The CRCP design procedures must take into account not only the stresses 

developed by external forces (wheel loads) but also the stresses developed 

by internal forces. The ext'ernal forces affect pavement thickness and subbase 

design, and the internal forces affect the design of the reinforcing steel and 

the terminal treatment. These two aspects of the design problem must be 

treated together because it is the resultant interaction of these internal and 

external forces which affects the overall pavement behavior. 

Approach 

The CRCP-2 program (Ref 8) models the interactions mentioned above and 

outputs predicted final values of crack spacing, crack width, and steel stress. 

Hence, the appropriate input variables for the graphical models (nomographs) 

were selected from the variables used as inputs to CRCP-2. 

Further, in order to build the nomographs, it was necessary to quantify 

the relationships between the significant input variables and the design 

parameters crack spacing, crack width, and steel stress. To do this, multiple 

regression analysis and analysis of variance were performed using simulated 

data (observations) generated as output from CRCP-2 from an appropriate set 

of values of the input variables. 
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The mathematical formulation of these relationships having been 

established by the regression techniques (Chapter 3), principles of nomography 

were then applied to these equations to develop a nomograph for the prediction 

of each of the three design parameters (Chapter 4). 

Regression techniques were also used to determine confidence prediction 

intervals for each nomograph. An analysis of the accuracy of each nomograph 

as· a predictor of CRCP-2 output was also performed to ensure that predictions 

are within design tolerances. 

Use of CRCP-2 Output 

Referring to Fig 1.2 (page 4), it is apparent that the three dependent 

variables decrease in discrete steps with time since construction, while crack 

width and steel stress inc~ease· gradually between steps. This figure has been 

plotted for the first 28 days to illustrate this trend in each case, for the 

typical set of data listed in Appendix B. 

However, the values of these dependent variables which were used in the 

regression analysis were those eventually attained when the pavement had 

reached equilibrium. These values are shown under the heading "At the end 

of the analysis period," for the typical set of data listed in Appendix B. 

In this manner, the values of the dependent variables used in the regression 

analysis were obtained from the CRCP-2 outputs for the different sets of 

conditions described in Chapter 3. These values are summarized along with 

the corresponding values of the independent variables in Appendix C. 

. ,. 



CHAPTER 3. DEVELOPMENT OF REGRESSION MODELS 

Regression equations were developed to model relationships between 

relevent input variables and the design parameters crack spacing, crack width, 

and steel stress. The choice of equations was made following linear and non­

linear least squares fit to a simulated set of observations generated as 

output from the CRCP-2 computer program. This development occurred in several 

stages. 

Choice of Input Variables and Design of Experiment 

In order to generate the necessary observations of the three design 

parameters, it was decided to vary 10 of the 21 CRCP-2 input variables 

(factors) at three levels each while holding the other 11 constant. This 

decision was based on the findings from the sensitivity study (Ref 7) and 

subsequent studies. Values were selected to cover the appropriate inference 

space after consultation with the Texas SDHPT. The variables used and the 

values chosen are listed in Table 3.1. A more detailed explanation of these 

variables is included in Ref 9. 

In order to obtain a manageably small yet truly representative set of 

observations of variables for prediction, a 1/35 replicate of a 310 

factorial experiment (Refs 10 and 11) using a completely randomized design was 

carried out. This design was chosen with all two-factor interactions 

measurable, so that all main effects and two-factor interactions could be 

accurately estimated from only 35 , or 243, observations. The design 

factorial is incorporated in this report as Appendix A, and a typical CRCP-2 

computer printout, as Appendix B. A summary of the complete set of 

"observations" resulting from the experiment, showing values of the three 

design parameters for each combination of values of the ten input variables 

which were varied, is given in Appendix C. 

It should be noted that all important combinations of the input variable 

values likely to be encountered in practical CRCP design were covered in the 

9 
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TABLE 3.1. VALUES OF VARIABLES USED IN ANALYS IS OF CRCP-2 

(a) Input Variables 

Values for Levels 

Variables Symbol 1 2 3 

Wheel load stress (psi) cr 60 170 280 
w 

Daily temperature change ( OF) liT. 8 34 60 
1-

Final temperature change ( OF) llTF 35 55 75 

Friction movement ratio Fly -10 -80 -150 

Concrete slab thickness (in.) D 7 10 12 

Concrete shrinkage strain Z 2 x 10-4 5 x 10-4 8 x 10-4 

Concrete tensile strength (psi) f t 500 650 800 

Thermal coefficient ratio a; Ia; 0.75 1.00 1.50 s c 
Bar diameter (in.) if> 1/2 5/8 3/4 

Percent reinforcement p 0.40 0.65 0.90 

(b) Variables Held at Constant Level 

Type of reinforcement Deformed bar 

Yield stress of steel (psi) 

Elastic modulus of steel (psi) 

Thermal coefficient of steeL (in. lin~ 1°F) 

Unit weight of concrete (pcf) 

Flexural-tensile factor 

Curing temperature (OF) 

Number of days to full-strength concrete 

Number of days to minimum temperature 

Number of days to wheel load application 

Slab movement (in.) 

1 psi = 6.894 kPa 

1 OF 0.556 °c 
1 in. 25.4 mm 

3 
1 pef = 16.02 kglm 

60,000 

29,000,000 

6 x 10-6 

150 

0.86 

75 

28 

28 

14 

-0.1 



factorial, extending over the extremes of the ranges of each variable. 

Hence, this experiment can also serve as the basis for a sensitivity 

analysis of the CRCP-2 model. 

Theoretical Background to Form of Regression Models 

Theoretical relationships developed at CFHR (Ref 9) between the design 

parameters and the relevant input variables (Table 3.1) were considered in 

the initial investigation of the form of the regression models, From these 

relationships, it is apparent that 

where 

f 
a l 

a
2 

a
3 x ~ x a t s 

crack spacing is proportional to a
4 as 

p x a 
w 

and crack width is proportional to 

b
l 

b
2 f 

t x ~ 

b
3 

b
4 

p x a 
w 

aI' a 2 , a 3, a 4 , as' bl , b2 , b3 , and b4 are positive constants and 

the other variables are as defined in Table 3.1. 
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These theoretical trends were confirmed by an inspection of the variation 

of each of the design parameters with the input variables over the appropriate 

range using the simulated data set generated by the factorial experiment. 

This was done using a series of plots of each of the design parameters against 

each of the input variables with the other input variables held constant, 

using the complete 243 observations. From these it was clear that 

crack spacing increases with increasing D , f t 
but decreases with increasing a 6T

i w 

crack width increases with increasing Z f t 
, 

but decreases with increasing a w 6T. 
1 

, 

steel stress increases with increasing 6Tf • D 

but decreases with increasing a 
w 

6T. 
1 

a la s 
6T

f 
, 

a la 
s c 

6T
f • 

and ¢ , 
c 
Fly z , and p; 

and ¢., 

Fly , D , and p; 

a la ,and ¢, 
s c 

Fly z arid p • 

[ 

, , 
~ 
~ 

~ 
~ 

," 
r" 
~ , 
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Form of Independent Variables in Regression Models 

In order to ensure reasonable prediction of design parameters from the 

nomographs for all values of the input variables (independent variables) 

likely to be encountered in practice, each independent variable was trans­

formed into a format based on its extreme (boundary) values, for the 

purposes of the regression analysis. The format used for each variable 

is shown in Table 1.2. For example, for the variable ''wheel load stress" 

(0 ), the transformation (1 + 0 /1000) was used so that the value used in the w w 
regression equation would lie between one and two for all values of 0 

w 
likely to be encountered in practice (even for the zero wheel load casil). 

Description and Results of Regression Analysis 

The final choice of regression equations was then made following 

mUltiple linear and nonlinear least squares fits of the transformed input 

variables (independent variables) to the simulated set of 243 observations 

of the design parameters (dependent variables) previously described. Step­

wise linear regression computer programs, SPSS Multiple Regression (Ref 12) 

and STEP-Ol (Ref 13) were used in the linear analyses, with logarithmic 

transformations of both independent and dependent variables to reflect the 

exponential nature of the relationships discussed earlier. Better fits 

resulted using these transformations than any other tried (e.g.,orthogonal 

polynomials), with more variance being explained by fewer independent vari­

ables (and less prediction error) for all three dependent variables. Also, 

these regression analyses confirmed the trends established by the theoreti­

cal developments and plots discussed previously. Copies of the results 

of these analyses (computer printouts) are included in this report as 

Appendix D.l. Computer program BMD07R-Nonlinear Least Squares (Ref 14)­

was used for the nonlinear analysis. This second approach was adopted 

since, owing to the exponential nature of the relationship (and the bias 

introduced by the transform), some improvement in fit might be obtained by 

nonlinear analysis, particularly if the error was additive rather than 

multiplicative. Results of this analysis are included in Appendix D.S. 

• 



rrABLE 3.2. TRANSFORMATIONS OF CRCP INPUT VARIABLES FOR 
USE IN THE REGRESSION ANALYSIS 

Independent Variable 

cr 
w 

F/y 

D 

z 

0'. /0'. 
S C 

p 

Transformation Used 

cr 
w 

1 + 1000 

1 F 
1 + 200 Y 

D 
1 + 20 

1 + 1000Z 

1+..:1.:. 
2 0'. 

C 

1 + ~ 

1 + p 

13 



14 

Residual plots, standard error of estimate and R2 (proportion of 

variance explained by the regression equation) statistic-.s were considered 

in the final choice of coefficients in each regression equation. These final 

equations are summarized in Table 3.3, and the nonlinear equations, in 

Table 3.4. 

Nonlinear Regression Models 

In general, if linear regression is performed using logarithmic trans­

forms of the dependent variable(Y) and the independent variables (Xl' ••• Xn) 

the model becomes 

or 

where 

log Y 

Y 

Co + Cl log Xl + ... + Cn log Xn + error term (E) 

c 
C X 1 

o 1 

C , ••. , C are constants. 
o n 

Hence the error term is multiplicative in this model. 

where 

However, the nonlinear model would be 

Y 

K 
K X 1 

o 1 

K 
X n + error term (E~) 

n 

Ko' •.• , Kl are constants. 

Hence the error term is additive in this model. 

A comparison was then made of the goodness of fit of both the linear and 

nonlinear regression models, since the form of the error term was unknown in 

this case. The results of this comparison are summarized in Table 3.5. It is 

apparent from these that the improvement in fit owing to the use of nonlinear 



TABLE 3.3. LINEAR REGRESSION EQUATIONS FOR DESIGN PARAMETERS 

x 

a 
s 

where 

f t 6.70 1 + ~ 1.15 ( ) ~ a) 
1. 32 1 + 1000 2ac 

( 
2.19 

1 + cjJ 

1 + ~ 1 + 4.60 
( 

a 5.20 ( ) 
1000 p 

R2 90.2% 

Standard error 2.12 feet 

0.00932 ( 1 + ~)6.53 (1 + ~)2.20 

( 
1 + ~)4. 91 ( )4.55 1000 . 1 + p 

= 92.7% 

Standard error = 0.013 in. 

( 
LlTF)0.425 

47,300 1 + 100 ( 
ft )4.09 

1 + 1000 

( 
a )3.14 

1 + 10;0 

Standard error 9830 psi 

x = Crack spacing (feet), 1 foot 304.8 nun 

LlX = Crack width (in.) , 1 in. ;: 25.4 rom 

a = Steel stress (psi). 1 psi 6.89 kPa s 

All other variables are as defined in Table 3.1. 

Note: Analysis of variance indicated, for each equation, that the 
inclusion of further terms (independent variables) did not 

significantly improve either the R2 or standard error of 
residuals statistics. 

15 
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TABLE 3.4. NON-LINEAR ALTERNATE SET OF REGRESSION EQUATIONS 

x = 

a 
s 

where 

1.72(1+~t33 (1+~t70 (1+r67 
( 1 + 1:~Oy·03 (1 + 10002)1.87 (1 + p) 6.23 

R2 90.4% 

Standard error = 2.11 feet 

(
1 + ~)4.l0 (1 + )5.03 

1000 p 

Standard error = 0.012 in. 

( 
llTF)0.402 

47,300 1 + IOO 

(1 + 1~~0)3 .07 (1 + 

R2 92.6% 

Standard error 9570 psi 

x = Crack spacing (feet), 1 foot = 304.8 nun 

L'lX = Crack width (in.) , 1 in. 25.4 rmn 

a = Steel stress (psi) . 1 psi 6.894 kPa s 

All other variables are as defined in Table 3.1. 

Note: Analysis of variance indicated, for each equation, that the 
inclusion of further terms (independent variables) did not 

significantly improve either the R2 or standard error of 
residuals statistics. 
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TABLE 3.5. COMPARISON .OF GOODNESS OF FIT OF LINEAR 
AND NON-LINEAR REGRESSION MODELS 

SUMMARY STATISTICS 

Mean 

Standard deviation 

Degrees of freedom 

Linear Model 

Crack 
Spacing 

6.314 feet 

6.705 feet 

236 

Standard error of residuals 2.124 feet 

R2 90.21% 

Mean square error (MSE) 4.513 feet
2 

Nonlinear Model 

Standard error of residuals 2.108 feet 

R2 90.36% 

Mean square error (MSE) 

F-Test 

F = 
MSE linear model 

MSE nonlinear model 

Level of significance 

Improvement of nonlinear 
fit over linear fit 

2 4.444 feet 

1.016 

> 25% 

Not signifi­
cant at 25% 
level 

Dependent Variable 

Crack 
Width 

0.0503 in. 

0.0465 in. 

238 

0.0127 in. 

92.67% 

0.000161 in~ 

0.0115 in. 

93.95% 

o .000133 in~ 

1.213 

'V 6% 

Not signifi­
cant at 5% 
level 

Steel 
Stress 

66,031 psi 

61,830 psi 

237 

9,826 psi 

92.24% 
2 

96,545,000 feet 

9,572 psi 

92.63% 
2 91,615,000 feet 

1.054 

> 25% 

Not signifi­
cant at 25% 
level 

1 foot 304.8 rom, l,in. =,25.4 rom, 1 psi 6.894 kPa 
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coefficients was not significant at the 5 percent level for crack width and 

at the 25 percent level for both crack spacing and steel stress. It was thus 

decided to use the expressions derived from the linear fit because strict 

confidence intervals were to be determined using linear regression procedures 

(Chapter 4). However, the alternative set of regression equations with 

coefficients based on the nonlinear regression are listed for completeness in 

Table 3.4. It should be noted that if these equations were to be used, the 

confidence intervals shown in Chapter 4 would be conservative. 

Outliers 

For all three design parameters, regression analysis which were performed 

with major outliers removed from the data set showed no significant improve­

ment in prediction accuracy. 

Summary 

In the light of the foregoing, it was decided to use the regression 

equations summarized in Table 3.3 as the basis for the construction of the nomo­

graphs. These equations gave satisfactory R2 and standard error values 

and agreed with the format indicated by the previous theoretical development 

and summary plots from the sample data. Some slight improvement in goodness 

of fit to the sample data was seen for the equations developed using the non­

linear analysis (Table 3.5). However, this was not considered sufficiently 

significant to offset the uncertainty which would have been introduced if 

these equations were to be used with the confidence limits described in 

Chapter 4. This uncertainty would have occurred because the confidence 

intervals were derived using a linear analysis (with logarithmic transforms) 

and as such, are conservative on the equations in Table 3.3, but not neces­

sarilyon those in Table 3.4. 



CHAPTER 4. CRCP DESIGN NOMOGRAPHS AND CONFIDENCE LIMITS 

Design Charts - Nomographs 

Using the principles of nomography (Refs 15 and 16) and the regression 

equations summarized in Table 3.3, separate design charts (nomographs) were 

prepared for the prediction of crack spacing, crack width, and steel stress 

in the design of CRCP. These are shown in Figs 4.1, 4.2, and 4.3, respectively. 

Confidence Prediction Limits 

Using the CPIY linear regression program (Ref 17) and logarithmic trans­

formations of the appropriate dependent and independent variables, the 90 per­

cent and 97 1/2 percent confidence limits on each of the three design param­

eters, crack spacing, crack width, and steel stress, were calculated for the 

regression models summarized in Table 3.3. A copy of the output from the 

analysis is included as Appendix D.3. These confidence limits can then be 

used with the nomographs in the design procedure. To this end, graphs of the 

variation of these confidence limits with the value of each design parameter 

for the appropriate inference range are included as Figs 4.4, 4.5 and 4.6. 

It should be noted that since the regression equations are of an expo­

nential form, strict confidence intervals cannot be determined using existing 

computer software (e.g., from the nonlinear regression models). Hence, it 

is necessary to use logarithmic transformations and the linear regression 

techniques in the program CPIY to determine these confidence limits. 

Transformations of these confidence limits are then conservative for the 

exponential models. 

In practice, use of Figs 4.4, 4.5, and 4.6 in conjunction with the corre­

sponding nomographs enables the designer to estimate the uncertainty asso­

ciated with the values of the design parameter (crack spacing, crack width, 

and steel stress) indicated by the nomographs. These values are for the 

chosen value of percentage of steel and the values of the other input vari­

ables determined by the properties of materials used and the appropriate 

environmental conditions. 
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That is. a range of values in crack spacing can be determined from Fig 

4.4 such that this parameter will be within this range with either 80 percent 

or 95 percent probability. Similarly, two upper limits on each of crack 

width and steel stress can be determined from Figs 4.5 and 4.6, respectively, 

such that the appropriate parameters will be below these limits with either 

90 percent or 97 1/2 percent probability. 

Accuracy Analysis 

A set of test data consisting of 35 different combinations of the 

CRCP-2 input variables which had not been used in the initial regression 

analysis was prepared. Values for the different design parameters 

(crack spacing, crack width, and steel stress) corresponding to each of the 

35 combinations were then computed with the CRCP-2 program. 

Initially, design parameter values for some of the combinations, as 

obtained from the nomographs, were compared wi th values from the regression 

equations. Subsequently, the parameter values obtained from the nomographs 

were compared to the computed values. A further check on the amount of 

variation accounted for by the regression equation was accomplished by 

fixing values of the regression variables and varying the values of the 

variables not included in the regression equations. 

Nomographs Compared to the Regression Equations. The nomographs compare 

well with the regression equations (Table 4.1), particularly when the values 

of the design parameters fall within expected maximum boundary vlaues. 

Using the root mean square residual as an estimate of variance for the 

samples, coefficients of variation of roughly five percent were obtained from 

the comparison within the boundary values. 

Nomographs Compared to the Computed Values. When unbounded values,of 

the design parameters are used in the comparison in Table 4.2, coefficients 

of variation defined and calculated as above are greater than in the case 

where the data set results in parameter values which fall within the pro­

posed boundaries. In the latter case, coefficients of variation of 11 to 

20 percent were obtained. 

Variables not Included in the Regression Equations. As confirmed by the 

regression analysis, the variations of the design parameter values produced 

purely by changing these variables are small, as may be seen in Table.4.3. 
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Fig 4.5. Confidence limits for crack width (to be used 
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TABLE 4.1. COMPARISON OF RESULTS OF DESIGN PARAMETER VALUES AS 
OBTAINED FROM NOMOGRAPHS AND REGRESSION EQUATIONS 

Dependent Variable 

Crack Crack Steel 
Spacing Width Stress 

Statistic: 

Degrees of freedom 24 12 21 

Root mean square residual 5.5 feet 0.0163 in. 21.5 k3i 

Coefficient of variation (percent) 33 23 21 

Statistics obtained when 
design ~arameters fall 
within these boundaries: 

<20 feet <0.1 in. <100 ksi 

Degrees of freedom 14 10 11 

Root mean square residual 1.177 feet 0.0089 in. 6. ~ ksi 

Coefficient of variation (percent) 20 19 11 
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TABLE 4.2 COMPARISON OF RESULTS OF DESIGN PARAMETER VALUES 
AS OBTAINED FROM NOHOGRAPHS AND COMPUTER VALUES 

Dependent Variable 

Crack Crack 
Spacing Width 

Statistic: 

Degrees of freedom 18 9 

Root mean square residual 3.09 feet 0.0042 in. 

Coefficient of variation (percent) 17 6 

Statistics obtained when 
design Earameters fall 
within these boundaries: 

<20 feet <0.1 in. 

Degrees of freedom 10 6 

Root mean square residual 0.44 feet 0.0005 in. 

Coefficient of variation (percent) 5.4 1.2 

Steel 
Stress 

20 

14.Lksi 

14 

<100 ksi 

11 

1.8 ksi 

3 



TABLE 4.3 SENSITIVITY OF DESIGN PARAMETER VALUES (DEPENDENT VARIABLES) TO CHANGES 
IN INDEPENDENT VARIABLES NOT INCLUDED IN REGRESSION EQUATION 

Independent Variable 

Daily temperature change 6T,(OF) 
1 

Range 

8 to 60 

Number days to first wheel load {14 
application, and and 

final temperature change 6T (OF) 55 
p 

to :nJ 

35J 
Final temperature change 6T (oF) 

P 

Friction movement ratio F!Y 

Thickness of concrete D (in.) 

75 to 35 

-80 to -150 

7 to 12 

Range of Values of Design Parameters 

Dependent Variables 

Crack Spacing Crack Width Steel Stress 
(feet) (in.) (psi) 

4.17 to 3.34 0.039 to 0.031 62,460 to 54,710 

3.33 to 2.96 o .031 to 0.024 

2.96 to 2.96 0.033 to 0.024 

2.96 to 2.96 0.024 to 0.028 45,860 to 50,960 

3.89 to 3.89 0.036 to 0.036 59,980 to 59,980 

Coefficient of variation 15 percent 18 percent 13 percent 

1 of 

1 in. 

1 foot 

1 psi 

0.556 °c 
25.4 mm 

304.8 rum 

6.894 kPa 

::;': t4;":"!:'Y'h~t-'~~?!~~r'~;"~~~.:' 

N 
\D 
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The small sample of values tested shows coefficients of variation calculated 

as above ranging from 13 to 18 percent for the different design parameters. 

Summary 

(1) Values of the design parameters as obtained from the nomographs ar.e 
generally within 25 percent of the computer program values, pro­
vided that the initial and resulting parameter values fall within 
a practical range. 

(2) Lvss of accuracy due to the use of nomographs instead of the 
regression equation can mostly be attributed to the lack of 
accuracy of the "end result scale" of the nomograph. When con­
sidering the variation and uncertainty of the input used. it can 
be said that this small loss of accuracy is insignificant. 

(3) When extreme values of input parameters are used, the "turning 
lines" of the noma graphs have to be very long and may have to be 
extended. Use of values normally encountered in the field, how­
ever, does not create such problems. 



CHAPTER 5. DESIGN PROCEDURE 

Design Procedure 

In order to use Figs 4.1, 4.2, 4.3, 4.4, 4.5, and 4.6 to design the 

percentage of steel reinforcement in CRCP, the designer should first determine 

the values of concrete-tensile strength, coefficients of thermal expansion of 

concrete and steel, wheel load stress, steel bar diameter, shrinkage strain, 

and maximum temperature variation for the materials and environmental condi­

tions appropriate to the design situation. A method for the selection of these 

values is detailed in Ref 18. The procedure then becomes one of estimating 

the percentage of steel to be used in order to satisfy the limiting criteria 

for these conditions on crack width, crack spacing, and steel stress as estab­

lished in Ref 18. This is achieved by following the steps outlined below. It 

should be noted here that the contemporary design slab thicknesses of CRCP 

range from 7 inches to 12 inches. A procedure for the selection of thickness 

is also detailed in Ref 18. 

(1) Mark the values of the appropriate input variables (as listed 
above) on their respective scales on each of the three nomographs. 

(2) Choose a likely value of the percentage of steel to be used (p) and 
mark this value on the scale for p on each nomograph. 

(3) Working from left to right, draw a line joining the marked values 
on scales land 2 for the crack spacing nomograph; then proceed 
until the line intersects the first turning line. 

(4) Draw a new line from this point, joining it to the marked value 
on scale 3, and proceed until it intersects the second turning 
line. 

(5) Repeat this process for the remaining two turning lines and scales 
4, 5, and 6 until the value of crack spac can be read from 
the scale on the far right. 

(6) If this value is not inside the recommended range for the appro­
priate environmental conditions and material properties specified 
in Ref 18, repeat steps 2 through 5 for larger percentages of steel 
until the limiting criteria are satisfied. 

(7) Repeat steps 2 through 6 for the crack width and steel stress nomo­
graphs and relevant limiting criteria. 
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(8) If the values obtained in steps 6 and 7 for all three nomographs 
are inside the respective limiting criteria, then repeat the entire 
process using successively smaller values of p until one of the 
three nomographs indicates a final value (of crack spacing, crack 
width, or steel stress) which is "just inside" the limits. This 
value of p is then the design value to be recommended. 

(9) The designer should then enter Figs 4.4, 4.5, and 4.6 on the abscissa 
scale with values of crack spacing, crack width, and steel 
stress (respectively) obtained from the corresponding nomographs 
for the final value of p recommended in step 8. The upper and 
lower confidence limits for crack spacing and the upper confidence 
limits for crack width and steel stress should then be read from 
the respective ordinate scales of each figure. 

(10) Thus, the designer should finally recommend a steel percentage~ 
along with both the corresponding 80 and 95 percent confidence 
limits on crack spacing and both the 90 percent and 97 1/2 percent 
upper confidence limits on crack width and steel stress, which use of 
this p will predict. That is, the designer recommends a percent 
$teel, along with a range of values of crack spa~ing that will include 
the actual value 80 percent of the time (or with 80 percent cer­
tainty), as predicted by the model, as well as a slightly wider 
range that will include the actual value 95 percent of the time. 
Also, the designer recommends the corresponding upper limits on 
crack width and steel stress suc.h that, for the chosen value of 
p , these parameters will fall below these limits 90 percent (or 
97, 1/2 percent) of the time, or with 90 percent (or 97 1/2 per-
dent) certainty. 

NOTE: These ranges could be used in conjunction with limiting 
criteria established in Ref 18 if a more conservative 
design is required. 

(11) The eqoations should be used as a check on the nomograph design. 

Example: 

Predetermined values of design inputs: 

f = 800 
t 

psi: concrete tensile strength, 

a = 280 psi: wheel stress, 
w 

z = 0.0005 in. lin. : shrinkage strain, 

¢ = 0.5 in. : steel bar diameter, 

a 6 x 10-6 in./in./oF: thermal coefficient of steel, 
s 

10-6 
a = 4 x in./in.;oF: thermal coefficient of concrete, and 

c 
liTF = 75°F: maximum predicted temperature drop after cons true tion. 



Recommended limiting design criteria (Ref 18) for the previous 

environmental conditions and material properties: 

Limiting range on crack spacing: 3.5 feet < X < 8.0 feet. 

Upper limit on crack width: 

Upper limit on steel stress: 

I1X < 0.048 in. 

a < 6 7 • 5 ks i. 
s 

Initial (assumed) value of steel percentage: p 

First iteration: 

= 0.65 percent. 

33 

From Fig 4.1, corresponding values of crack spacing X 4.5 feet. 

From Fig 4.2, corresponding values of crack width !:c.X 0.034 in. 

From Fig 4.3, corresponding values of steel stress a 65 ksi. 
s 

Other ~terations: 

All limiting criteria are satisfied here. How'ever, other designs 
using less steel or reduced slab thickness ,vould be considered in 
this example until the most economical design was obtained. 

Confidence intervals (use Figs 4.4,4.5, and 4.6): 

Referring to Fig 5.1 on the following page, the 80 percent confi­
dence interval for crack spacing is from 3.4 to 6.4 feet, 
and the 95 percent confidence interval for crack spacing is from 
2.8 to 7.6 feet. 

The 90 percent upper confidence limit for crack width is 0.046 inch, 
and the 97 1/2 percent upper confidence limit for crack width is 
0.054 inch. 

The 90 percent upper confidence limit for steel stress is 78 ksi, 
and the 97 1/2 percent upper confidence limit for steel stress is 
87 ksi. 
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95% Lower Confidence Limit = 2.8 feet 

C rock Width 
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25.4 rnm 

6.894 MPa 

Fig 5.1. Use of confidence prediction charts in design example. 



CHAPTER 6. CONCLUSIONS 

Conclusions 

Based on this study, the following recommendations were made. 

(1) A set of nomographs based on regression analysis of the results 
computed by the CRCP-2 computer program has been prepared. The 
uniaxial force equilibrium model used in the computer program 
CRCP-2 is the only rational model available which considers the 
internal forces caused by the difference in thermal coefficients 
between the concrete and the steel materials and, therefore, is 
the most suitable tool available for the analysis of CRCP. 

(2) Spacing of transverse cracks that occur in continuously reinforced 
concrete pavements is the most important variable affecting the 
behavior of the pavement. Relatively large distances between 
cracks result in a highter accumulation of drag forces from the 
subgrade due to frictional resistance, thus producing high steel 
stress at the crack and large crack widths. Closer crack ~pacing 
reduces the frictional restraint and, thus, the steel stress and 
the crack width. 

(3) Nomographs produced in this study can predict steel stress at the 
crack (where the stress is maximum), average crack spacing, 
average crack width at minimum temperature. 

(4) The limiting design criteria for the above dependent variables 
are discussed in Research Report No. 177-17, "Limiting Criteria 
for the Design of CRCP." {to be published) 

(5) The nomographs (Chapter 4) should be used in conjunction with the 
limiting design criteria (Ref 18) for the design of steel percent­
age in CRCP for the materials chosen and local environmental con­
ditions, as outlined in Chapter 5 of this report. Explicit-guide­
lines for the selection of values of the input variables to be 
used with the nomographs and a detailed procedure for the, and 
design of slab thickness are given in Ref 18. 

(6) Charts giving confidence prediction limits should be used in 
conjunction with the nomographs in order that the designer 
can specify a range of each of the variables (crack spacing, crack 
width, and steel stress) corresponding to the uncertainty inherent 
in the procedure. These limits may also be used in conjunction 
with Ref 18 in place of the mean values (recommended by the nomo­
graphs) if a conservative design is warranted. 

(7) The major recommendEltion is that this entire CRCP design pro­
cedure should be incorporated into the Texas State Department of 
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Highways and Public Transportation Operations and Procedures 
Manual as soon as possible as the only rational guideline available 
at this time. 

j 

I 
L 
! 



REFERENCES 

1. McCullough, B. F., and W. B. Ledbetter, "LTS Design of Continuously 
Reinforced Concrete Pavements," Journal of the Highway Division, 
Vol 86, No. HW4, Proceedings of the American Society of Civil 
Engineers, December 1960. 

2. Zuk, W., "Analysis of Special Problems in Continuously Reinforced 
Concrete Pavements," Bulletin 214, Highway Research Board, 1959. 

3. AASHTO Interim Guide for Design of Pavement Structures, American 
Association of State Highway and Transportation Officials, 
Washington, D.C., 1972. 

4. MCCullough, B. F., "Design Manual for Continuously Reinforced Concrete 
Pavement," United States Steel Corporation, Pittsburg, Pennsyl­
vania, January 1970. 

5. Carlson, R. W., "Drying Shrinkage of Concrete as Affected by Nany 
Factors," Proceedings, Vol 38, Part II, American Society for 
Testing Materials, 1938. 

6. McCullough, B. F., Adnan Abou-Ayyash, W. R. Hudson, and J. P. Randall, 
"Design of Continuously Reinforced Concrete Pavements for 
Highways," Research Report NCHRP I-IS, Center for Highway Research, 
The University of Texas at Austin, August 1974. 

7. Chiang, Chypin, B. F. McCullough, and W. R. Hudson, "A Sensitivity 
Analysis of Continuously Reinforced Concrete Pavement Model CRCP-l 
for Highways," Research Report No. 177-2, Center for Highway 
Research, The University of Texas at Austin, August 1974. 

8. Ma, J., and B. F. McCullough, "CRCP-2, An Improved Computer Program for 
the Analysis of Continuously Reinforced Concrete Pavements," 
Research Report No. 177-9, Center for Highway Research. The 
University of Texas at Austin, August 1977. 

9. Strauss, P. J., B. F. McCullough, and W. R. Hudson, "Continuously 
Reinforced Concrete Pavement: Structural Performance and Design/ 
Construction Variables," Research Report No. 177-7, Center for 
Highway Research, The University of Texas at Austin, May 
1977 . 

10. Anderson, V. A., and R. A. McLean, Design of Experiments, A Realistic 
Approach, Marcel Dekker, Incorporated, New York, New York, 1974. 

37 

" ! 



38 

11. Connor, W. S., and M. Zelen, Fractional Factorial Experiment Designs for 
Factors at Three Levels, National Bureau of Standards Applied 
Mathematics Series 54, U.S. Department of Commerce, Washington, 
D.C., May 1959. (Reproduced by National Technical Information 
Service, U. S. Department of Commerce, Springfield, Virginia.) 

12. Nie, N. H., et al, Statistical Packages for the Social Sciences, Second 
Edition, McGraw-Hill, New York, New York, 1975. 

13. "STEP-Ol Statistical Computer Program for Stepwise Multiple Regression," 
Center for Highway Research, The University of Texas at Austin, 
Oc tob er 1968. 

14. Dixon, W. J. (Editor), Biomedical Computer Programs, Second Edition, 
University of California Press, Berkeley, California, 1976. 

15. Van Voorhis, M. G., How to Make Alignment Charts, McGraw-Hill. New 
York, New York, 1937. 

16. Levens, A. S., Nomography Second Edition, John Wiley and Sons, New York, 
New York, 1959. 

17. McKenzie, D., "CPIY Multiple Regression Program," Revised Version, 
Center for Highway Research, The University of Texas at Austin, 
March 1978. 

18. Ma, J. C. M., B. F. McCullough, and C. S. Noble, "Limiting Criteria for 
the Design of CRCP," Research Report No. 177-17, Center for 
Highway Research, The University of Texas at Austin, August 
1979. 



APPENDIX A 

DESIGN FACTORIAL FOR SIMULATED DATA 
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The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See Page 9 of text). Twenty-seven 
observation are indicated here. 

Observations used in design factorial (Continued). 
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The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See Page 9 of text). T\>:len even 
observations are indicated here. 
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selected for use in the data set (See Page 9 of text). Twenty-seven 
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The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See 9 of Twenty-seven 
observations are indicated here. 



The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See Page 9 of text). Twenty-seven 
observations are indicated here. 
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The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See Page 9 of text). Twenty-seven 
observations are indicated here. 



The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See Page 9 of text). Twenty-seven 
bbservations are indicated here. 
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The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See 9 of text). 'IvJenty-seven 
observations are indicated here. 



The squares marked in black indicate treatment combinations (observations) 
selected for use in the data set (See Page 9 of text). Twenty-seven 
observations are indicated here. 

49 



~" 

::1 
{, 

t 

I 

:1 

I 

I 

I 
f 

t 
• 

t 

, I 

, J 

r 

i , 

f , 

I . 

I 



APPENDIX B 

CRCP-2 COMPUTER PROGRAN - EXANPLE PRINTOUT 
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CRCPNn~ TEST RUNS 
?S 

PROB 
2 OASERVATInN COOEz ?22~212~~t 

••••••••••••••••••• * •••••••••••••• ** •• * •• * •••••• 
• • 
• STF-Fl PROPFRTIES • 
• • ••••••••••••••••••••••••••• * •••••••••• * ••••••••• 

TYPE OF LONGITIJrlINAL REINFORCE~ENT IS 
DEFORMED AARS 

PERCENT RfINFORCF.MENT 
AAR DIAMETER 
vlnn STRESS 
ELASTIC MnOllLUS 
THERMAL COEFFICIENT 

= 6.Sc:l0F-0t 
= 5.tlI~~E·01 
:a 6.(iI!"'VlE+rMJ 
:: 2.cHH~E+~7 

= h.~"Hlf·Vl6 

•••••••••••••••••••••••••••••••••••••••••••••••• • • 
• 
• 

r.nNCRETE PRnPERTIES • 
• ••••••••••••• ** ••••••••• *.* •••••• ***** •• * •• *.**. 

SLAB THICKNESS :: t.200E+~t 
THERMAL COEFFICIENT • u.0~~E.V16 
TOTAL SHRINKAG~ :: 5.~e~E.~4 

IINIT WnGHT CONCRETEz 1. 5!il0E+~2 

Tf~SILE STRENGTH DATA 
••••••• ** •••••• * ••••• 

NO TENSILE STRENGTH DATA IS INPUT BV US~R 
THf FnlLO~ING AGE.TENSILE STRENGTH RELATIONSHIP 
IS USE~ WHICH IS BASED ON THE RECOMMENDATION 
GIVEN A'll U,S. RLJREAU OF RECLAMATION 

AGE, TENSILE 
(DAYS) STRE~GTH 

11l~0 0.1/l 

1 , " J(/Jq.@ 
3,0 UQ1.1 
5,~ 582.3 
7,0 bJIJ,9 

Ill,(/) 724,3 
21," 775.5 
r.!8.(/J 7Qq,Q 
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••••••••••••••••••••• * •••••••••••••••••••••••••• 
'II 

'II 

• 
'II 

SLAB-RASE FRICTION CHARACT~RISTIeS 
F.Y RELATIONSHIP 

'II 

'II 

'II 

• ••••••••••••••••••••••••••••• * •••••••••••••••••• 

TYPE OF FRICTION CIJRVE I~ A PARAFIOLA 

MA~I~UM FRICTION FO~CEc 
MOVE~ENT AT SLIDING c 

••••• * •••••••••••••••••••••••• 
• • 
* TEMPERATURE DATA * • '* .* •••• * ••••• * •• ** •••••• ** ••••• 

DAY 

t 
2 
3 
a 
5 
b 
7 
8 
q 

1£1) 
t t 
1i? 
13 
1" 
15 
tf, 
17 
18 
tq 
21'1 
21 
22 
23 
2L1 
25 
26 
27 
28 

CUR!NG TEMPERATURE: 75.0 

MINIMUM DROP IN 
TEMPER ATURE TEMPERATURE 

6S.~ 1"'.~ 
b5~0 10.~ 
65.0 If'1,l.11 
15,~ 60.~ 
15,fIl he." 
J5,0 be,A 
1S,~ h~.A 
15.121 b0.A 
lS~" M~ ,111 
lS,H 6~.0 

'5.~ 6~.0 

15.111 60.0 
lS~V,I h0~~ 
15.0 6P1,0 
15~~ Mi.0 
15."1 60.0 
15,~ hM,A 
lS,~ 60.0 
15,0 6(.l,'" 
IS.0 bA,0 
tS~0 60,1'1 
15,tlI b0,~ 

15,Pl b0.0 
15,0 b0.~ 
15.0 h0.A 
t'5~A bl2l,0 
15~0 bA,0 
15.0 be.A 

MINIMUM TEMPERATuRE EXPECTF.D AFTER 
CONCRETF GAINS FULL STRENGTH 
DAyS BEFORE REACHING MIN. TEMP, 

= 12J~~ DEGREES FAHRENHEIT 
:: 28.2 DAYS 



*********************************************.*. 
* * 
* 
* 

* 
* 

************************************************ 

WHEEL LOAD STRESS (PSI): 2.8A~E+~2 
l.OAO APPI IF:1'l AT = t IJ. TH OA Y 

************************************************ 
* * • ITERATION ANn TOLERANC~ CnNT~oL * 
* * *******************************************.**** 

MA~IMUM ALLOWARLE NUMBER OF ITERATIONS: b0 

RELATIVE CLOSURF. TnLFRANCE= 5.~ PERCENT 
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CRCPNOM TEST RUNS 

PRnA 
2 QRSERVATION CO~EI 22202122 

MAXIMUM TIME TEMP DRYING TENSILE CRACK CRACK CQNCRETF. STRESS IN (D.A'I'ln rll~np SHRINKAGt: ST~GTH SPACING wInT4 STRESS THE STEEL 

,50 1""" 3~072E'.M 21Gl.l ?4U,1 q,65~E.~4 7,S0QE+Vl! l.312E+"4 , 
1,50 1~,0 q,\5eE·~b Jb4.1.1 2144,1 2,lIblF.-"3 1.35<lE+~2 2.22bE+l!lll 
2,50 Ie," 4.53bE-05 454,3 2411.1 7.5?3E-WJ 2.389f+02 3.745E+134 
3,28 U~, " 6;312E-~5 S(lJb.4 21.14.1 1.3uSE·~2 3.2(:11E+0? 4.Q20EHlQ 
3,30 21'1," 1\,13I1E.05 S1l7.7 2QI.I~1 2.l315E->l2 3.91tlE+02 b.lt Ll E+0Q 
3,33 30.0 8.2bSE-0S 50q,1 ?Q4.1 2.728E-0!2 lI.561E+02 7.1eQE+0Q 
3,37 tlfll~{:1 8~4!'E.P5 51~,b t 22. t ?, f1151IE-~2 3.GlU7E+>I? b.283E+IHI 
3,£11 5~.0 8, 5q2E .. ~5 512,5 122.1 2.4AUF. .. CJ? 4.3QIE+1'I2 6.Qb3E+01.1 
3,50 60:0 Q,005E-~S 51o. q 122.1 2.<lSIE-f),2 Q.732E+11I2 7.b313EHHI 
4,51'l blil~0 1,31 flE-1'1IJ 51,,1.4 t?2~1 3.Q7~f·r2 S.13GlE+fII2 1I.133EHlQ 
C;,S0 b0,1'1 1,b8~E-CiJQ 595.Q ! 22,1 3. cn7E-V1? 5,tl66E+~2 8.53P1EHlll 
6,50 b0,~ 1,qebE.~Q &22,l' 122~1 tJ.2 9f.tE.(:I:? S,727E+02 8.842E+>'IlI 
7,5 0 6"',A 2 ,2'1 7E-V11.1 6/J! .7 122. ! (J.611E·~2 S.937EHlt? 1:1. (/)91 E+I"I.I 
R,S~ 61'1,0 2,£l68E-04 hS':>. ! 122.1 lJ,877E .. ~2 ".1 'H\E+~2 Q.291E+01.1 
9,50 60.'" 2.6S9E-0l1 66~.2 122,1 5.1~'H:·1-l2 6.2S3E+02 9.U60EH~jj 

10 ~ 50 613;2 2~82QE·0C1 6 R1,l 122,1 5.H3E·~2 b.378E+02 9.6Il£lE+~(J 
11:50 6111.0 2: 96H:.CiI.l bQ3.7 122.1 '5.iJQ3E .. (.!2 n,lIB7E+02 Q.729E+QlIl 
12~50 6111~1/l 3~0q/jE."Q 11~b. I 122,1 5,6'.i2E .. ~2 6.'51\2E+~2 Q.838E+PlI 
13,5'" 61'l,0 3:2i16E-0Li 718.3 122,1 S. 79H-~2 b.61o.7E+02 Q.Q3QE+0U 
14,50 60;0 3~306E.01l 72"'.1 Q5 ~ 1 2.355E-"2 7 .01J3EHl2 6.0Q1E+(~1J 
15,5 0 6O,0 3,39SF.:.0l1 73S.1l IlS,l ?,3 9nE- 0 ? 7.(:IAtE+0? 6.122E+0tJ 
16.50 Mol, (It 3,tl76E-~Q 71J3.0 tl5.1 2,UDE-1-l2 7,II IJ E+02 6. 150EHII.I 
17~50 60,1!! 1,5 Q<1E-1:I4 7S(I',Q IJS.1 2. II b 7 E -(3 2 7,145E+02 6.11SE+>lQ 
18,50 60,0 3.61SE·01l 757,7 QS.l 2.lJq8E"~2 7.IBE+02 ho1 9SEH11J 
)1:1,5 0 60," 3;b76E .. 0l1 1hIJ,9 lIS.l 2.52bE .. 02 7.IQRf+1'!2 1>.21QE+Cl£l 
20,50 60,0 3.731E-0Q 772.0 45,1 2.S53E .. ~2 7,221E+02 b.231\EHHI 
21,50 b0-;t1 3;782E-\1Q 777.3 '1'5.1 Z.S7bE.1tl2 7.2<l2E+~Z b.2SSE+0Q 
22,50 60,0 3,830E .. 01J 11\1'1.1'\ IJ 5. 1 2.5Q8E-~2 '.2btEH'J2 6.27I1lE+01.1 
23,S~ b~,0 3,873E·~£1 7AQ,' QS.1 2.b!8E·~2 7.2HE+i1!2 b,2e1.lE+01J 
2Q,50 &0,0 3.Ql£lE-04 7f11.1'1 US,l 2,b37E-i1!2 7,2 Q5E+02 b,2Q1E+ell 
25,59 60,0 3~qS2E-0IJ H\ .3 QS~l 2.bSI.lE-1'2 7.310E+1'I2 b.3QJC1E+01J 
2b,S0 b~.1tl 3,9S7E- vltl 1C14I.7 II S. 1 2.671E-02 7,32 LJ E+02 b.320E+0a 
27,S~ 60:~ tl,t!!20E-01.1 7QIl.2 Q 5, 1 2,bAflt=-C'2 7.:B7E+02 b.331E+01J 



AT T~E E~n OF THr ANALYSTS PERInu 

CRACk SPACING = 1~7~SE+~~ FEFT 
CQACK WIDTH : 3.382E.02 INCHES 
~AX cnNCRETE ST~F-SS= 7.HQ?F+02 PSI 
MAX STEFL STRFSS = 7,M~7E+0a PST, 
cnNC.TENS~STRENGT~ = 7.qqqE+~2 PSI 

STA­
TION 

1 
2 
3 
to 

S 
b 
7 
A 
q 

1~ 
1 1 
12 
1 J 
14 
p; 
! 6 
11 
18 
19 
2e 
21 
22 
23 
24 
2'5 
21-1 
27 
28 
2q 
30 
31 
32 
33 
JIJ 
35 
3;, 
37 
38 
H 
4t1J 
tj ! 
U2 
U3 
1.14 
a5 
lJb 
a7 
LlR 
aq 
S0 

DIS­
UNCE 

~.0 

.2 
~c; 
~7 
.q 

1 , 1 
1 ~ a 
t.6 
1~8 
2~" 
2.3 
2,S 
2,1 
2,Q 
3.2 
3,£1 
3~o 
3,8 
1.1 • 1 
Q~3 
Q,s 
'1.7 
s:e 
5~2 
S,L1 
5,6 
5,9 
b, 1 
b,3 
b.S 
b~8 
7,0 
7,2 
7.LI 
1~7 
7~q 
B. i 
8~3 
a,b 
8:8 
Q~1l! 
Q.2 
q~S 
9,7 
9,9 

10,1 
1I1J, 4 
U,O 
1'~,8 
11.0 

r.om:RETf 
Mnvr:M€~JT 

Vl.~iWfHHl 
.. 1.6"iC),E .. f'l£l 
.. 3.2QQE-P1a 
.. LI ~ q IJ q F. .. ~ £I 
.. 6.t;QQE .. ~LI 
.. R , 2 1J 8 E .. ~ II 
.'1. fIlHiE .. "'4 
-I • l-;'jE .. ~B 
-I • 32~E .. ~n 
-, ,4SSE-ln 
.. 1 • 6 S~· F .. ~ :; 
-t,81t)E .. ~3 
"1, Q8V'E .. cq 
-?14SE .. r., 
-? J HlF ... In 
-2.a71IE ... "'~ 
.. 2.t,lQf.cr!. 
-2, f.Hl£I E-ti13 
-('.9i'1qF .. ~3 
-~.134F-'n 
·3,2 QQ E .. (B 
-3,46I.1E.rn 
.. 3.62QE-Wl, 
.. 3.7qaE::.~3 
-3 ~ 9,9E-W3 
.4, t24f-W.\ 
-L1.2f\QE-Vl3 
- II ~ IJ 5 U E • ~ :5 
-1l.61QE-~3 
.4.78I.1F •• n 
-Ll.qllqE ... ~3 
-5.11!If .. ~3 
.. 5.279E"~~~ 
.5,I.H~LlE-'n 

.'i,bVlQE-~3 

-5.774F-(B 
-5.93C)F·~3 

.. 6~104E.n3 
-h.?bQI-: .. 03 
.. f,.1.I3L1E .. W5 
.. 1,~5Q9E-v.q 
-b,76L1E-I13 
-h.92QF-C-13 
.7,VlQI.lE·03 
-7 .2SqF.-W~ 
.7 ~ Ll2JE-03 
-7.58f1E."~ 
-7.7SLlE.03 
.. 7,q19F-~3 
.fI.0B5E .. ~3 

F ~ I C T r (H.! 

FORCE 

"."'~eE+~(il 

" ~ r;I b" E .. t12 
S. 7 41J E·(12 
7.17J3SE .. ~? 
R.123E"~2 
Q ~ ~H~2E .. n2 
C)~qaqE·!~2 
1,075E .. Q!1 
1,1I.lqE-~1 
1.218E .. kll 
1.28IJE .. v1 1 
1, 31171:: -~ 1 
1,407E ... ~' 
1,LlbllE- V1 1 
t~520E-~1 
1.573E .. ~q 
1.625r:-~1 
1~b75E-~1 
1.723E-~1 

1 ~ 77~E-'" 1 
1,81H-rq 
1~B61E-,q 
1 ~ q~5E- (1\ 
!.9t18E .. 1?1 
1~99H-01 
2,031E .. IH 
2.~7a:·Vll 

2~l1VlE-"'1 
2. 14QF ... (:ll 
2.187E-01 
2,225E-cq 
2. 2fd [ .. ('I 
2.29AF- Ol 
2.333E-v\1 
2~3b8F-01 
2. 1l 03E-"11 
2,/J'37E-~1 
2~Ll71F .. 01 
2,S~t.lE·el 
2.S3bE .. 01 
2.So QE-C'll 
2.b~1e:-~1 
2.b32r:-~1 
2 p ob3E-i:ll 
2,bq4E .. ~11 
2,725E-~1 
?75SE-~1 
2.785E .. 1'I1 
?R1L1E-vlt 
2.ALlJE .. Pl l 

CntJCRETE 
STRESS 

5.~q2E+ilI2 
5.I'IQ2f.+r12 
5.0'12£+"2 
5.~q2E+02 
S.~Q1E+Vl2 
5.0Q1E+"2 
C;.0I9tE+~2 

5.091E+f'l2 
5.~qlF'+Vl2 

5.091E+02 
S.(tIQtE+02 
5.~~~lE+02 
C;.W)lE+~2 

5.e"I1E+Vl2 
S.0CllE+I1? 
5.~qlE+02 

5.HQ1EHl2 
'5.~CflE+fl2 
'5.0Q1E+~2 

'5.~91E+02 
5.Q!91E+ilIii' 
S.flQ1E+el2 
S.~qlE+"'2 
S.~qlE+\-l2 
'5.",cnE+~2 

S.091E+"2 
~.~,q1E+11I2 
5.(!IQ1Efo02 
5.I!IQ1F:+P!2 
5.0<HE+02 
5,~q1E+\l!2 

5.QlC1IE+Vl2 
5.0CllE+02 
5.~q1t.+11l2 

1:i.0Qtt+02 
'5.{II QeE+02 
S.(IlqVlE+~2 

5."9eE+02 
5.(~CfV'E+02 

S.~qeE+02 
5.pH~H+Vl2 

5.~qPE+~2 
S.~q{i\E+02 

S.0<H'E+02 
S.OIQPE+02 
S.09H+02 
5.'lbtJE+~2 
IJ.Cf7H+02 
1I.IHt-E+Pl2 
".7l\3E+"2 

STEEL 
STRESS 

.. 8.1AbE+~3 
-A.18bE+03 
-11.186E+03 
.. e.186E+0J 
-8.t8hE+~3 

-8.186E+03 
-8.186E+03 
-Fl.tfl6E+03 
-f\.tR6E+~3 

-8.186E+03 
-R.186E.j.03 
-8,! 8bE+QlJ 
-8.186E+03 
.S.186E+""3 
-8.186f.+~3 

-A.186E+03 
-8.186E+03 
-f:'\.186E+03 
·B,186E+~3 
-8,18H+03 
-8.186E+~3 
-8.186E+03 
-8.186E+03 
-8.18bE+lilJ 
.. e.1S6E+"J 
-A,18oE+03 
.8.18bE+~3 
.. R.18bE+03 
.. 8.18bE+0J 
-8.1ebE+03 
-S,laH+1'I3 
-B.186E+0J 
-8.18bE+0J 
-B.18bE+03 
-Fl.18E>E+0:; 
-R.187E+03 
-B.187E+"3 
.. 8.1SH."] 
·f',.187E+0] 
-8.187E+03 
-fl.187E+03 
-8,!87E+W3 
... fI.187E+03 
.fI. t87ftel! 
-8.187E+03 
-e.1a7E+0! 
-7.788E+03 
w6.347E+03 
-Ll.Q0SE+0! 
.. 3.4b3E.Ii13 

57 

I., ' 

:t: 

(COIlt inued) 



58 

51 11.3 -S.21511:·Pl3 ~.872E.0\ l.t.bSqE+02 • 2 • ~ 2 1 E + 0,3 
52 11.5 .8~ul7E.ln 2.gelE-Al LJ.S9SE+11'I2 -S.79SE+02 
53 tl,7 -8 JO S84E-e3 2,93~E-Qlt tI.SfA1EH12 8,622E+02 
514 11,CJ -S,75tE-03 ?qS8E-At LJ,t.l08E+02 2,304E+A3 
S'5 12.2 -R.CJlaE-03 2.q8bE-~1 LJ,:3 \lIE +~2 3,7UbE+03 
56 12 ~ 1I .9~085E-03 3,01IJE"~1 'l,22P1E+1iI2 5.188E+03 
57 12 ,f> .Q.2S!E .. 03 3.~HI2F.·"'1 LI,12bE+Pl2 6.6Z9E+Q!3 
58 12~8 -q~Q21E-A3 3,0b9£-01 lJ ."'33f+02 8,071E+03 
59 13,1 .9.sa9f-03 3.ClIQ7E-01 3.Q3QE+02 9,513E+03 
bl'l 13~3 -q.756E-03 3.12ilE-~1 3.845E+ril2 1.0q5EHl4 
61 t3,5 -9~Q21E-~3 3~IS1E .. Pl 3.751E+02 1.2Ur;,E+A4 
62 13,7 -1.1'I1V1£-Ql2 3,I77E"~1 3,bS7E+t12 l,38UE+01.1 
03 11.1,0 .1 ~e27E.~?- ' 3,2~ilE-~1 3,564E+~2 l,528E+01.1 
64 14,2 -1 ~0Q3E.02 3.230E .. 01 3.470E+02 1.672E+04 
65 1U,4 "1.~60E-02 3. 257E"~ 1 3.376E+21Z 1,8UE+04 
bb 14.6 -1~"78E.02 3,2BlE.Pl 3,282E+02 l,CJ61E+llHI 
67 14,9 -I,f19SE-fl2 3.3""8£-(211 3. H~QE +02 2, t0SE+01.1 
68 15,1 -1~lt2F.-02 3~.HllE-fll J,M5E+02 2, 2QqE+'H~ 
bQ 15,3 -1,t2QF.-Pl2 J.3b(~E·~1 3,~'01E+~c (,.3CJ3EH!1I 
70 15,5 -1,14bEw[lJ2 3.3B5E-~1 2. Q 07E+02 c.S37E+011 
7\ 15,8 .t~ln3E.~2 3.ll1~E.~t 2.AljEH'12 2.b81E+All 
72 16,0 ·l,18~E-02 3~Q3SE.01 2.12I/lE+~2 2,826E+A4 
73 16,2 -l~lCnE-~? ::S.llb~E-~t 2,b;:JH+02 2,970e:+~4 
71J 16,4 -t,2'SE-02 3.il85E-Vl1 2,532E+02 3. t1 tlE+eLl 
75 lb,7 -I,232E-02 ::S,510F-~1 2,Q38E+02 3.2S8EHlQ 
76 16,~ -1~2t1qE.02 3~535E."H 2.311SE+1i'J2 3,402E+(HI 
77 17,1 -1,267E-A? 3 ~ IijS9E-v!1 2.251E+02 3,546E+01.1 
18 17,3 -t.28l1E-Vl2 3.S83E-~t 2.151E+1'lI2 3.bQ1E+04 • 79 1',D -l,31i11Ew~2 3~6A7E.0t 2.0b3E+11l2 3.83SE+011 
80 17~8 -t,31qe:.02 3,b32E-klt I,Qb9Ev02 3 ~ 9HE+01.1 
81 18,0 -1~33bE.02 3,&56E·~1 1.876E+02 4,123E+4'l4 
82 18,2 -I,3St.lE-02 3.67QE-lill 1.782E+02 4,267E+0Q 
83 18,5 -1~37tE-A2 3 ~ 7H]E-I' 1 t.68SE+e2 4.ilI2E+04 
8Q 18,7 ·1~3aqE-02 3~721E-1iI1 1.SQ4E+02 4,556E+04 
85 18~Q -1~4V'16E-02 3.7seE-IH 1.501E+Vl2 U.711l0E+IIlU 
86 141,1 .l,4241Ew~2 3.773E-[H l,I.I~7E+02 4.8QI.IE+04 
87 lQ,Q _1~442E-el2 3,7q7E-~t 1.3t3E+11!2 4, QS8E+04 
a8 1C"b -l JO "SCJE-02 3,820E-01 1.21QE+02 5.132£:+04 
89 11'1,8 "1."71E-"'2 3,843E.{I11 1.125E+02 5.277E+04 
q", 20," -'.4qSE-~2 3,866E-01 1,032E+02 5,421E+04 
'H 20,3 -t.512F.:-"l 3 ~ 88qE.~n q , 37 8f' + 11'1 5,565E+04 
Q2 2111,S -1.S:H!Ew02 3,qt2E-~1 EI,tl/a~E+lIll 5,711lQE+0Q 
Q3 20,7 -1.S aeF-02 ~,93t1Ew~1 7,5f12E+0t S,AS3E+011 
q4 21," -t,5&6E-R2 3pq57E-l~1 6,565EHH S"CfQ7E+01.1 
Q5 21,2 -t~SR3Fw02 3,q79E.~1 5,627E+01 6,142E+04 
qb 21,4 -t~60!Ew02 ~,"'11!2E-01 lJ,bSQE+01 b,286E+04 
1'17 21,f> ·1~b1qEw~i? 1.I,02 4i f:'- P t 3,751E+01 &,43"'£+04 
q8 21, q .1~b37E .. 02 4,~l.IbE.e1 2.813E+01 o,S74E+04 
qq 22,1 ·1~bSSE-~2 tI~"b8E.Vlt 1,875E+"'1 b,718E+04 

HIli! 22,3 -1.673E-Vl2 4,0CH~E-01 9.371E+00 6,8b3E+04 
101 22,S -I ~bqtE-~? 4~112E."t .1,7SeE .. 03 7,011l7E+0t1 



APPENDIX C 

SUMMARY OF SIMULATED OBSERVATIONS 

I 

r 
I 
i 
r 





\""" 
ii : t 
~-' i 

61 
~\ 
I' , 
;l 

cr lITi lITF Fly D Z f
t 

ex lex ~ p x lIx Os ! IN S c 

(psi) (oF) (oF) (in. ) (psi) (in. ) (%) (ft) (in. ) (psi) f· 
I 
I ,; , 

b0~ 8' '3'5~ .II'I~ 7.~~~~2 5"'~, ,751'! ,r:;i:l0 .~"PI 12,?1I1> ,"'SEll/II Q!II!50, I' 
2/1"" 1'" 7'5, .1II! , 7 "t'l0it'lo:; IHHI, ,75O ,751'1 ,l.Ii'1i1l <1,1'\<1<1 ,12"71" l"'b3~Vl, r , 
170, ~P, 515, ., t'I. 7,,111\1''''1 60:;01 •• 75'" ,625 .tJ~(;\ '5."74 ,11111385 ~bi!S~, I &111, lU, 5o;,·I'i"'~ I "'n ,lClt'lC; 5 r1 i11.I,S0'" ,625 ,Q"'iIl 2, '5/1 ,111171'" /j0 1PIi1, 

~ 2/1"" &0, 3'5~.I'5\11, 1I'I"OHI011 8C>10~1,500 ,SIl" ,11"'0 1 , 35<1 .01"8::! 321<10, ! 
171'1, 8~ 75,-I'5t'1. 1"" "!'iA? b'5 A.l,5"'1'I ;7511 ,<l1iI1'l IJ,!33 ."'2''13 5175\11, 

&0 110, 7Ci, -111'1, 12 .. "'''''''8 5(1@. I. o CHI ,75'" ,&SA i!'.sq<l ,"'3 75/1 ~&321l. 
2M" ' B, 55: -AI'I~ 1<?~~(.l(.ll2 B"''''.1,0''''' .b25 .115"1 7. IJ87 .0425", 74b ll lll. 
171'1: 3 11 , 3'5,.-110, 1?,,(.1I"'0I5 ~50.1.l1Ie0 :5fl0 .65111 1.3B • Qi2b2<; 5&37t'1 • 

f,A II, 3C;~",C;PI, 1'''"M~P5 IH'![~ • ~7SA ~751'1 .U1'l0 23.012& .lq<lS", I /J I <lIH'I. 
28l'1' la, 7'5.-150. I ~"I',C>l11I11 &511!. .75A .1125 .IIIH'I 2,<1711 ,"'U8S7 '58/J7"', , 
t '70, 11"', 5'5~';"C;"'; t'''., ClDlDl 2 SC'lC1, ~ 7'50 ;5 A'" ,/I"'~ 3,571 ,O255(1 1I1!'/l<l"'. 

IIA 3U, S<;, -111'1, 12,,1'I1II~8 11"''''.1,5111''' ,S00 .QP0 3.2?? • A 3bq(A 6 ~ 11'1 t" .• i, 
211"': /I~, 3'5. _111'1. 12., (;""I'.II? b"i~.1,5"'1iI .7Si'I .<lA'" 2.~3U ,~1II7S' 27 11

""". 

I: 
\ H' : B, 7'5: _I\QI: I? .. "'tH!" 'H' '~ , I ~ '5"'0 ~b2S .'1"'13 1 .21" • ~ 1 I 13 3IbCl". 
b0~ b"', 75~ -I"'~ 7~~\~fl~2 81'111,1,000 ;b25 .65" I I • /) 5 01 .I'IH7b 1(1"111''''-. 

280, A, e;5: -I"', 7"P(.I"C; b'5"'.I,"'''0 , '5~1 '" .b5P1 1.1'0(17 .~IS3Q 3Q761", 
17 0 , 3", 3'5~ .. 1111, 7 nVlr~"'B '5C'0: 1,0M ,7SI<l .&51i1 l.bB7 .t1I<1/111 27",1,"', " 

bA, A 3'5. .. A0, 12,,01(:'1011'1 11'50, ,75(.1 ,b25 .4V'1> 1.?16'" .IUbll~ 1~3/1Colr>l. I: 
2/11ll, llJ ' 7O:;~ -1'10, I?" OIC'r..l;l 0;""', ,7SPI .'5"'''' ./lQlIiI ! • 'i 3 ('I .11142£1 41"lIr~~ 

II , 
ITA, b0, 50:; , .RA, 12,,"'('1lle; ArtA, ,7sa ~75l'1 .UOI'" 1'5.""'''' • I" 18 '" 12UIl~". 

bIll, 1 11 , 5'5, -10. 7" "'II"'? ~5(11~I,SPI'" ,7511 .11(>1111 ~.266 ."J377 b 311"", 
28"'. II"'. Vi. -I;! • 7 ., 1~'Hi15 O:;"''''.t.'5~''' .b25 .'I0I1il .SBII • I.HItI.lJq 15 12 i ' • 
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62 

o 
w 

(psi) 

2(1)0: 
1'71/1~ 
6"', 

2""~ , 
UPJ • 
U~ 

280, 
!7~ • 
be: 

280~ 
17A, 
60. 

~(lJe~ 
17 0 , 
60. 

2R0~ 
17 I! ~ 
60. 

2R0~ 
1'7'" • 
b0~ 

211"', 
17'" , 

60, 
280, 
17CJ1. 

b0: 
2lH~ ; 
170, 
60, 

28 111 , 

17111, 
b0, 

280. 
17"'~ 
b"'. 

280; 
170. 
60: 

2lH" 
170' , 
be. 

28~; 
170, 

bill, 
21HlI, 
17"', 

b''! 
iHI"': 
170 t 
b0, 

28C:''I, 
17!ll, 

611l. 
2M~ 
17'" , 

b9l, 
281'1, 
1~0, 
b~. 

28"'~ 
I 'H'I. 

Fly 

55: -'''', 
l'S: -10: 
35~ -80: 
75, -eC!l~ 
5'5, -80, 
5'5, -\li'r 
35~ -I"', 
75, -'''', 
75,-1';0l, 
515,-\5 0 , 
35,.'50, 
35, -'0, 
75, -'''', 
5S, -1"'. 
515,-150, 
35.-t50, 
7C;~-1C;"'~ 
75. -Al'l. 
51§~ -A0; 
35,. -80, 
35,-15 0 , 
71§~-1'50~ 
515,-150, 
55. -A()I. 
~5~ -80~ 
75, .80. 
7'3: -tli\~ 
55~ -10~ 
35, -10, 
35, -,110. 
75~ -8CJ1~ 
55, -!Ie, 
'55, -t o, 
35. -lIo!l. 
7'5~ _10~ 
7C;~-1511!~ 
55,-150, 
35,-15 111 , 

l5. -1 ill, 
75~ -I"'~ 
55, -,iii, 
155.~P;"'. 
3S~-15CJ1~ 
75,-t50, 
75. _Rill. 
5C;~ _IH1!~ 
35. _tH~, 

3'5, -I"'; 
75, -H~, 
5'S, -t o, 
5t;,-15 CJ1 , 
35~~15"', 
7'5,-15~, 
7'5, _RIi', 
55, -API, 
35, -El0, 
35.-150 , 
7'S~-15"', 
SS,-jC;~, 
155, -80, 
3S~ _RC'J, 
75. -8(11. 

D z 

(in. ) 

f
t 

(psi) 

a la s c ¢ p 

(in.) (%) 

t2~~~~~8 ~~0,1,000 ~15~ .q~0 
12,,~~~2 65CJ1,I,00~ ~b25 .q~0 
lCJ1~,~~~2 R~0, ~750 ,5e0 ,65~ 
1~.,~0e5 650, ,75~ ,75~ .b5~ 
1~.,~~0R 5~~~ ,750 ,625 .65~ 
12,,~~~5 800.1.5~0 .b25 ,U~0 
12;,~~eB 6S0~1~5~0 ;50~ ,400 
1?~,~0~~ 5CJ10~\,5~0 .75e .400 
7,,0~eA R~~,\,000 :75~ ,qp,~ 
7,,~~~2 650,I,0~0 ;b25 .q~0 
7 •• ~0~S s~~~',e~0 ,5"e .q~0 
12~~0~05 650~ ,750 ,750 .b~~ 
12,,~00A S0~, .7S~ ;625 .6S~ 
12,,~0~2 800, ~7~~ .S~0 .650 
7,,~~~8 65~~1~S0e ,5M0 ,~~~ 
7"A~~2 5~~.I,S~~ .750 ,a~~ 
7,,0CJ1~5 8~0,1,500 ~625 .40~ 
1~~,0~02 650,!.0~0 ,b25 .900 
10,,~~e5 5~0~1~P~0 ;5~0 ,9~0 
1~,,0~08 ~00,t,~~~ ,75~ ,Q00 
1~,,~0~A ~~0,1,CJl00 ,5~0 ,4~~ 
1~,,~00? ~~0,1,CJl00 ,750 ,~00 
1~.,~0~5 650,t,000 ,625 .~~0 
1~;;0~02 500. ~7SCJI ~62S .q0~ 
l?,,~~P~ ACJl0, ,75P ,500 .qe0 
!2 •• 0~P8 bt;0 • • 75e ,750 .q00 
7::~00t; S~0~t:~0~ ,750 ,6S~ 
7~~~00A ACJl0~1~50~ .62~ ,b50 
7,,~~02 65~~1~5~0 ~5~~ ,650 
l?.~~p~ A~A,l,~~P ,75~ .U00 
12~;~~05 b5~,t,~~0 ~625 .U~~ 
12"P~(1I8 S~0,t,~~0 ,5~~ .4~~ 
7,,~~~5 ,II~0, ~7S~ ,5~0 ,Q~~ 
7.,~~~R b5~~ ,750 ,750 .Q00 
7,.~~~2 5~0, ,750 .b25 ,q~~ 

10~~0~~8 8~0,t~500 ,b25 ,b5~ 
1~,,0~~2 ~5~,!,5~~ ,5~0 ,65~ 
1~ •• ~M~5 5~0,1,S00 ,15~ ,650 
7~;~~0t; b50,1,00e ,625 .U~0 
7,,~~08 ~~~,1,000 ,500 .U~~ 
7~,~~P2 8~~,1.~00 ,75~ ."0~ 
10,,~~0A 650, ,750 ,75~ .q00 
tP,,~~02 ~~0, ,75~ ~6?5 .q~0 
10.,~0~5 A~~~ ,750 ,5~~ .q~~ 
12~,~~~2 h50.1,500 .5~~ .b50 
12,~~CJl05 ~~0,1,51i'~ ~75n ,b501 
t2,,~~08 A0~~1,5~~ ,625 ,b50 
ICJI,,~~~2 ~~~,1~~0~ ~75~ ,Q~0 
l~.,~~~S B~0,1f000 ~625 .q~0 
1~,,~~0B 650,1,0~e ~~0~ .q~0 
'2,,00~S 5~0. ~7~0 ~S~~ ,050 
12~t~008 8~0 •• 750 ,750 ,b5~ 
12,,~~02 bS~. ~750 ,625 .bS0 
1~,~~~a 5~~~1,S~0 ,625 ,~r~ 
7,,~riI~2 8~01,l,5CJ10 ,C;"'" ,~\II0 
7,,~~e5 6S0.1,S~~ .7~~ .I.I~~ 

12,,~0CJ15 AP~,l,~~~ ,b25 .Q~~ 
1~,,~~~~ 6S0.t,0~0 ~S~~ .q0~ 
12,,~~~~ 5~~.1,00~ ~750 .Q~0 
7~,~~0e ,II~0~ ,75~ ,75~ ,650 
7,,~~01 650, ,750 ,b25 .~50 
7 •• ~~~5 5~0. ,7~~ .5~~ ,6150 

x 

(ft) 

2.~15 
4~301.1 
7.586 
2~341 
1,709 

~1,750 
4,041 
Q,1b2 
3,858 
I ,b 14 
,q7t 

5,552 
,796 

7,5'36 
8.213 
1.1.348 

t2.70r 
lI,3!11 ll 

,lIq2 
J,086 
5,laQi 
13.1B~ 

Q,lI7Q 
2.152 
2,324 
? 163 
~.281 

'.3 IJ 2 
7.636 

lJf-,fI'5e 

lI.4l1' 
?~.qa 

,.213 
1,3143 
1.?1 111 
b.q'2 
3~221 
?258 

\A,Qb0 
1,1300 

:B,1.I70 
2,57Q 

.7bf.. 
2.2 QS 
~,Qlllq 

1.0l1o 
5,lQ Q 

3,~tlP 

2, 4 H~ 
I.H7 
2.512 
3.57'" 
3.69" 
6.4(i12 

14,3311' 
13. 6b~ 

6.11118 
,873 

1,742 
7.1538 
3,tlo 
1,0SA 

b.x 

(in.) 

,031/l~~ 

,1II1seb 
,0381<'2 
.0300Q! 
.0246/\ 
.23 Qb'" 
,043SR 
.048911 
,0SSt, 
,0~Qb0 
,00786 
.0481~t 

~0132~ 
,0518q 
,QlQ34ii'i 
, CJl lblf11 
.112301 
,f'.lZQSl 
.0I047q 
.V!3Sl,q 
."'b(ll76 
,0Q452 
,QI~72' 
,"'lsell 
.P2VlLll 
.0352A 
.0377q 
,e3 QaS 
,e2S!? 
~lB3'l(~ 

'.01J€\Sq 
,~~7SIJ 

,013371'1 
.~q7~(1 

• III 11 1 ill 
,085 1J ? 
.01 4 55 
.~\63' 
.142501 
,01Sbl3 
,1831C~ 

,03686 
,"'0~2(l1 
,02A8Fl 
~QI~I.II.1Q 
~Ii''''AS6 
,0551lJ 
,0! 27~ 
.0263\ 
,01757 
,¥'!2b1.l7 
.°"1.1 6 2 
,~B31r. 
,0792, 
.06l'Bq 
.~QIJ51 

,"'''fl7, 
.0128~ 
,211"'21 
,1057Q1 
,1'I1bllQ 
,rJl1lQ/\ 

o 
s 

(psi) 

3Q20l~, 

47 Of 70, 
7723"". 
43 01 101 , 
~5~20, 

17lH!0J. 
6Q610. 
77 '3 20. 
60f170, 
32HIlI, 
2u71J(l. 
bt 730. 
25271A~ 
q~37P!. 

113r~~Q, 

41/J3~. 
121:1"'00, 
~2 I /,I!.1I, 

lq(110. 
~I.I/ll t1, 
8~3/J0, 

1~!2v"', 
t"01.1~~. 
~q56C1'. 

146'>~e , 
4c-171H'I. 

S9S9Q1, 
5728(11, 
b5A'Hl. 

lL1bt'~0, 

7t?5 C11 , 

b131<i1, 
02R50. 
23C'~",. 
31 tdU", 

Q5?1C1!, 
5011 'P, 
3l3S Ol , 

1323"'~, 
33/J~(,l, 

lUC;q~li', 

42S~tlI, 

\"'5~~ 
55HIII, 
9082e. 
?2S7C1!, 
70USV'. 
35"'3 01 • 
~QeIlCl!. 

3Scll(,. 
S3f11~, 
'H'I02t'1. 
bl11~, 
9f11Q80. 

10b31110, 
Qb7~(I!, 

72P~(I!, 

2Q82 01 • 
3~75t1', 
eQ/J7(1'. 
1.1242~, 
33Q40, 

I 

i , : 

i 
I , I 

t 

I , ! 



a 
TN 

(psi) 

&0~ 
280, 
t7C11 ~ 

t. 91 • 
i!80; 
171iJ , 

b('l, 
2A~, 
1 n~, 

bOl 
2110: 
17~~ 

bC,~ : 
28C11~ 
17[.l~ 
b~. 

281i1' 
17~: 
f,~~ 

2111'1. 
1701 ~ 
60. 

2!H'!, 
17~ • 

M:'1: 
?8C11: 
17~: 
&"'~ 

21'40; 
t 'H", 
6"', 

2!H'! • 
17"': 
b0: 

2801~ 
17 I'! • 

br." 
28~: 
17~ , 
f,~. 

2e",' 
17"': 
b"'~ 

280. 
170 : 

&0: 
?81l1' 

7"" 1 , 
60, 

280, 
17 0 , 

b(1J. 
280: 
iTA ~ 

bq>l, 
280. 
t70~ 
&0, 

t'lH'I. 
1'71:1 : 
601~ 

21'4(11. 

75~ -10; 
';5, -1\'., 
~'5. al~, 
315. -flQI. 
7S~ al\V'I~ 
SCi. -8"'~ 
55~ _1(.1, 
35, -1(", 
75, -,~, 

75~a'5"', 
ISCi,.IIiIi'l, 
35.-150, 
3'5~ -f\0, 
75, -eo, 
55, -~(,\~ 
515. -HI, 
l5, -lc:1, 
715 •• ,~. 
75~.'50!~ 
55.-1150. 
V5~.t150~ 
3'5, -1~, 
7Ci. -I"'. 
515~ -1~: 
155: - jl5V!: 
35~-15Q1~ 
7'5.-1'5~. 
75: aMI: 
55: -8(J1~ 
35~.-/\1'1~ 
35,-15"', 
7'1.-1150. 
55:·tr;~': 
55~ -Fl"'~ 
3'5, -8111, 
71). -8"'. 
7'5, -H'~ 
55. -till, 
35. -H~: 
35: -8P1: 
75, -8\11; 
55. -/\~. 

5r;~ -\"'~ 
315 •• ,(iI. 
7'5~ -1Q\~ 
75,-151'1, 
S'5.~tlj0, 
J5,-151'1, 
315, -I"', 
7'5. -lf11, 
55. -to, 
SCi.-l'5 l11 • 

3'5~-,r;0I~ 
7'5,-1~H"p 
75, _'Hli, 
5'5. _Alii, 
3c;~ _erl, 
31;,-15 01 , 
75,-1'5'1', 
5Cj,-150, 
5'5, -~!l1!, 
315. _1\0. 

D Z 

(in. ) 

11",~~(.1r;1;t 
HI •• ~Pl0'5 
\"'~~[lIQlc;lA 

7 •• tHHHI 
7:~~hH~2 
7~,I"QlC'l'5 

1(11"r,HH'Ij? 
191 .,IIII?I"''5 
111l,,1t"1.1~8 

t2nVlIll~5 
'2,p"'~[le 
12 •• ~~(.12 
'I r ~ ; rl IHI 5 
1~ •• ~~"';\ 
\r'1;;0~[..l? 
12"r~~8 
12" r'~02 
12qlrlC"If'S 

7 n ;.I~02 
7 II ()(:It'l5 
7~~~11I~8 

\2,,·>V1~A 

P n l"t'll"2 
12 •• (lI~IiIS; 
7,~~r~~2 
7 •• rC·1(l'Ej 

7~:;:.\0~8 
I"::r",~.:; 
It'l~~II'~~A 
1''' •• \~(i1Ql? 
7.~MIil2 
7 .. I1IO!Ql5 
7~~"''-'l11l1'\ 

1 r" C.\~Hlr; 
1 Cl., I;' [..l11l f! 
1~ •• 0V"~2 
1?~:~i'lI{1R 
12~~~1\1il2 
12~,(;\~PS 

12 •• ""lfS 
1?~~\A"'r8 
I? .;' G\ l" 2 
7,~~WVlA 
7.,vHI~2 

7 .,"'~Qlr; 
1 ~, 1 rWV'li? 
plI., el("I 01 5 
lC1 •• (j1(..\~1l 

7::'~~Ql8 
7~~'iH"~2 
7.,11I0£11C; 

1 ,~ •• vH~ ~? 
1111~;"'1?I~5 
PI" :,i11l\"l8 
12,,£,1(,1"15 
I? .I-IIMHI 
t2~~"'~1112 
1 (Il,,!'I1II!(I 

1'~" ~QlB5 
1111 •• "'"'121/\ 
12,;f?Ii1~S 
!2 .. V"11It'l8 

f a /a 
t s c 

(psi) 

!H"~.1~5til~ 
&5£11.1,5£11'" 
51il1?J.!,C;QlQI 
6S(i1.1.~"'''' 
C;"'0,1~~e~ 
AQlrI!,1~£II~Gl 

f,50 •• 75 III 
5(.1~ •• 7SPI 
8\~0 ~ .750 
650,1~5~'" 
5Q1I11.t.':i~QI 

"V'li.'I~I:5P'1Il 
S~H'I~\.0~0 
/\11IC'l.\~"'0111 
foJ5(,1.\:0~" 
'51'1111: ~ 75r1! 
BPI"'. ,7513 
&StII. ,'S(1J 
5\11~.1.5111'" 
A~0.1.51?11il 
65~.1.5QlPl 

8"'~.1~0£11Q1 
6Cj01.1 , QlPlC" 
SV"'"'.\.tlIIilCol 
SPlt'l. ~ 75Gl 
65~. • 75~ 
5V'1Iil. : 750 
RV"t-I.!:SI1l£ll 
&5~.1:5Q10 
5~C'I.l.5("~ 
b5Q1.t,00£11 
5c;1"'.t.Qil/lQi 
8(,101.1:PlQ'1il 
651.1. ~ 7Sfrl 
5~0, .75CIJ 
8,","- •• 750 
65101.1:lje,,, 
5~~~t.5~H'I 
,\£(: e.. 1 ,'50P1 
Seo0.1.S~~ 
A"'~.1;50t:l 
b,;r. \ .51'10 
5~r.t~~"'''' 
A"'rt.l.t'I~t'I 
6C:;YI.l~P1~~ 
5N~. .75111 
RCHI. ~75e 
65"'~ ,75~ 
8~~,1,50~ 
650.1.51:1'" 
S0~~1~500 
81iHl, 1 , (?iC/lt'l 

6C;OJ.1."'0~ 
'5~~~I~OJAl'l 
8MI. ,750 
b'50~ p 753 
5o", •• 75r1! 
foJ50~'~5C/1'" 
5~QI,1.'5~0 

A(~i2I.I.5~1'I 

65P1~I;C/lC/ICil 
c:; II! i2I • 1 • II! 'I C/I 

~ p 

(in.) (%) 

,5f11OJ ,40~ 

,75'"' .4t'l'!l 
,b25 .4~'" 
.S0t'! .CHI0 
; '50 ,qe0 
.&25 .ql1l1'1 

~b25 .&50 
,5~2i .e50 
,150 .b'5~ 
.751:" ,4C110 
:"25 .UC/l11I 
:5~1/l .a~1/I 
:b25 .650 
p C; l~ '" • b '5 QJ 

.7S\/! .b5'" 
~75,) ,40C11 
,b25 ,i.I~frl 
, 5~H' .IJC/I~ 
,5~11I .Q"'17I 
• 75('1 .IHH~ 
~b25 .qeel 
,5 '" ~1 • b 5 PI 
.75~ .bS~ 
.b25 .6St'! 
~ 62'5 • UI/II'! 
.5111~ .41'!~ 

:750 .1101' 
:750 .qPlIJ. 
~b25 .qfllfrl 
.51'ilOi .q11J0 
~75tol .6SPI 
.625 .65P 
: r;QlQI • &Sfrl 
~5\A'" .41?frl 
,7'50 ,4r1C/! 
,/:Ii'S .lIe~ 
~/:I2r; .q(ll~ 
• '5 frl V' • q ~q ... 
~ 7 r; (.:l • q",,' 
:'3(.1~ .4~~ 
,75~ .401-1 
.60'5 .401111 
~b25 .cHl0 .'5", •• q",~ 
:7SIi' .qli'l~ 
~75Vl ,&5P1 
~62C; .&'5 111 

.51t11i'1 .b'5ri1 
: 75Vi .4rt'! 
~b2'5 .a~tol 
~ 5 to! PI • II !1H~ 
• C;r.(/I .9"'''' 
~ 75,1 ,qC/lI~ 

.~2S .9r'~ 
~b25 .651i' 
~5~W .651' 
.75'" .&5'" 
:e~5 flll1l~ 
:5(AV'I .aPlC1 
: 1'51i'1 .41110-
~75t!1 .q00 
.6;>'3 .q(JIf/l 

x 

(ft) 

32.7b~ 
6.725 
Ll."'SI 
2.~"I70 

• 96S 
3.224 
7.880 
.~7B 

4,211 
15.QQPI 

! .329 
~2.7b0 

IJ • 45 e 
2. 'H~7 
"'.~7& 
6.742 

11."'''111 
b.r.1QQl 

2. 765 
3.!i196 
1 ./o)! 7 
5.70t1 
4,25e.;l 
1.5&7 

21.7&(.1 
3. 177 
2.712 
(0,.1 q2 
1 • I 37 
1 • ~ 14 

12.7'5'" 
,i'?3 

3.51,6 
\0.15~ 
l.hSq 

18.hS~ 
2.156 

.73/\ 
'5.lJtt' 
7.977 
!;l,~51\ 

19.12Q1 
l.b16 
".137 
?3Iq 
4.?uq 
3.437 
2.37(0, 

27.1711l 
12.7Sc~ 

Ll.I11 
6.Aq5 
1.S?2 
t • \' 1 \1 
".A73 
t.?~J 
1J.71H'1 

22.311'1 
1 , qC:;4 
q.5Q~ 

3.8(0,5 
.':5R7 

!ox 

(in. ) 

.1626r, 
• 05£181 
.I?IIIJ/.l5 
.~236~ 
.~11'725 
.~13~e6 

.053211 

.00621?1 
,"'6t1tlr; 
.13!\2~ 
.~ll5qq 

.lw!3~0I 
~~3410! 
.03 4q 7 
.11131:120 
.0QS22 
.tlbH'? 
• Cil7bl(o, 
.~ILlllJ 

.ill2S13 

• '" t75;l 
.Ci1b 4 3' 
.r;13077 
.01/l qq 

• ! Ll 5 1\ C'I 
.Vl28 IJIJ 

.0\/JQ5? 

.~541"'5 
,ill!357 
,"'~t>3lJ 
.05(11715 
• I1IVl9? 1 

• Ci11J6e S 
.1~51~ 
.0211~ 
.1622P, 
~ Pl272~ 
,I'IQlJIJI3 
.~J76'5 
.0S IJ 3& 
• \ 14:3 0\ 
.O!B~87 

• Pl2l~qq 
,'" H6P' 
~p?5n 
.1C~7Ll6 
, 037W~ 
,("\2 Q1J 5 
,27840! 
,~b77lJ 
,03311 
:Ql3&Q" 
• !/I12lJ!J 
.~147~ 

• ~!\UB2 
• ~, 751J 
• 'l2Lltll 
.Ql723' 
,l3tSl!lJ 
,15sar, 
.03'5 IJQ 

.2Itlbqq 

a 
s 

(psi) 

63 

1 nb0~. 
71~2'~ • 
,:, III 1 41~, 
aLl5~O!, 

25(J00 • 
5J1I70!~ 
fl132(!1, 
1 q 1 1"', 
1,563(11. 
121Q~". 

2QQqQl. 
''3'55~'''. 

58t'f!(1. 
5A'7Vl~ 
(0,2161". 
~3aqL~. 

88k,QQl. 
t~I?C~O' • 

151 1 q [,l • 

45/J~"'. 
3(l1Q3r'1. 
~71,13"'. 
c;bPC;rt. 
3361~. 

I'3Q4V101, 
56R HI. 
£17760, 
73(1150 ~ 
?7r:1lJ!/I. 
3\I,IAIZ. 
1lJ6Q"'. 
25bq~. 

7('1u1JP. 
1233'i1~. 

213211'. 
l(jb'3r~'l\. 

U61"50!. 
23C;1l", 
5696~, 

IIq920. 
I QlI r O! Ii', 
I"" 8 V' (~\II. 

3lJ3'H". 
S;?3 IJ CII. 
4255"'. 
59110, 
57tJ01?J. 
(jQ"5f1. 

16'5 Q CH'I. 
Qq 79!l1, 
&8v.1J~~ • 
7BIIl'''. 
2S51(~. 

2F1S 'T r~. 
Q47qOl • 
1266P, 
Ll 19b1/l • 

1~I?IQQlQI~ 
QA1l1l0, 

12V10"""'. 
53180, 
t511i/1. 

, I 

'I! 

:j, : 

! 
I 
I 
I 
l • 

! ~i 



~. 

I~ '''; " 
F' ',' 
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:1 
i 

liT. llTF Fly Z f a la Q> 
l a D p x llx 0 I 

W ~ t s c s 

(psi) (oF) (oF) (in. ) (psi) (in. ) (%) (ft) (in.) (psi) 

( 
I 

11~; ~"'; 7'S~ -M: 12~~~()I~2 8"'()I,l.~"'0 :SBPI .fHHl U.IH .Pl28C1i.j bfl76~. M'. ~U, 7r;~ -t~~ 7::~Q\~8 ~~0: ,750 ~,00 .6S()l 2.534 .~U!e? bl~4~. 't 2e0~ 4)~, r;s; _'0~ 7,~~CllrII2 S()l0: :75" ~750 .6S~ t.I{I{lI8 .01t175J 22480. 
11111 , e, lllj •• 1~, 7"e005 80A, ~ 7'50 .b25 .651-1 7,364 .111~31'i 81510. 

, 
60, 8, 35,.1~0I~ 1?,,0 CA 0e r;QlIll,1.50'" ~750 .q~0 2.(7\~Q ,02207 32540. 

280, 34. 7'5,-1'50~ 12 •• ~H1~2 8~L<l~1:50~ :b25 .q0(d 4.3£'111 .1IJ23~4 58~5~, 
, 

17"'. 60; SS.-lS PI , 12~~0~e5 bCiA.l,5f'Q\ :S~0 .q(ilt'i 1.7?? ,~13q7 /l(;jbQ~. I bll! 31.1, SCS. -1\(..\, 7,,~!IIli'I2 S~0.1,"'001 ~S00 .b5~ 4.i?Q2 .Q1235r; blf-3CA, , 
281;11' bill, "S'; , -1101, 7 ,,~~05 8!ilQl,1,Ii'PI~ ,75" .bSIll 4.172 .('13J57 S()l7~"'. 
170' 8. 7';. .111"'. 7q~[JI!'I1I 65Q1,l,~HHI ,625 .bs0 2.224 .ll!32!FI 4721 t4 • I • ,1 b0~ f,1lI: 7"': -t~~ 1"' •• ~C1P!S C;£'I0 • • 7SIlI .1,25 ,4tH" b.31S • 01 783,., q~3!n;~I. 

280~ 8 ' 55. -10. 1I!l.~ftl\l01! 8\"~ • ~7Stll .501/1 .4c.JQI b.0S9 .~8bSq 1 ~ IlIiHII. • 
17~; 3t1; JS: -t~~ tI~~;~~02 b'50, ~ '5,", :750 .I.I~'" ?1II.r;11~ .(i1QQ07 UJtl3I(!P. 

6(1!, 8, 35. -8~; 7.,0101"'2 I\tHJ,l,5(:11~ :~25 .q(/!II! IlI.loV' .1!!4337 77"71'. , 
2,11",. 31.1, 1'5~ _lilli, 7 .. IIIA~5 bs~,1.5A0 .c;e~ .QAil 1. ! #'0 .(~'~1' 3su2 r,; • (, 
170: b(/!, 55: .SI!!, 7.~~11~1\ I:j(01V'1.1.'5~A ~7S~ .q'iHI ! .I/.If. • 1iI 13blJ ~421J~. , 

I::IOI~ 34 , '55~ - H". 1 III , , (A (~PI 5 IIVlPl.I ~I2Hle .75(/\ .bS" , ? • 7 I (i) .113q~ 11' 5 7 r~ (II. 
28 01 , 1)01 , 35. -llil. 1 01 n filCll V'A ~S~.I.1II1I!11I .b25 .65~ 1.5b/.l • ~1847 JVll PI • 

" 
17(11, ,II, 7'5~ -t lil , tll!ni'j~(/!2 5(/!IiI.l.~0t:1 ,5~V1 .0'5" 2. ! /.I" .015 14 b lll\84111. 

6P1. l)t1, 75.-'CiPI. 1?.0VlPlA IH'IOI • • 75~ .500 .41i1?! I'" .i-'M' .tElA!" 15C/1f,~"'. 
?8V'1~ B, 'i5,_'51i1~ 12~~~~fil2 b5~. ,751'1 ,750 .t1k\0 IOI.V"(IIOI .1117"'53 g53u~1. 

171'1, 3t1, 35.-1;;0, 1? .. ~"'t'I'5 1:j~0 •• 750 .b25 .4 V1 P iI.S5? .~:l3qq/l ~ tt,iS'I. 
&01, 8, 35. -,~, PI.~Qlt:lA'5 e'5I11.1~'5Q1" • !lliHl .q~~ 3.6Fi5 .~;?4C18 571'151i'. f 28(.1, Jll, 7'5. -I"'. 1"'.,iI!l-lQ!A '5"''''.'~'50!11 ,750 .ql1'VI .737 .~tllq'56 2241\111. , 

170, &I~ , 55~ -1111~ 1"',,001"'2 1!~!i1.1~501'1 ,b2'5 .ClC/lPI b.ilb1 ."'276'5 62'56~. 
bil!. 31.1. 55.-150~ 1? .. ~(/!(lIA 6501.t.AOIA .b25 .b5Q1 tJ./lUA .05b81 7Y'L}~k'. 

2Ml: ~~: ~'5~ .. ''50: 12.:~rit:l2 S~0.1~1ll11!CJ1 :50~ .65~ 7.edJ? .1il33V,6 I qI,H". f 170; 1\" 75~-15~~ 12~~:.:lVlQl5 8~0.1~~i1" ~75(J1 .bS"" 1:>.3'5 1, .~bBItl2 7l3ljl". , 
I be. O~. 7'5 •• ,11"'. 7" 0V1~2 "''5~. .7'51'1 .75~ • U(,Hl , 5, '=i I:> \~ .1352t' l?t:>'rt~. 

28~: 8: S'5~ -AQI~ 7 •• (~0"'S S1i'I0. .75t'! .62'5 • u~QI 1 ,"'(Pi .('I18~~ 3S61~ • 
110 ; 3t1~ 3O;~ -80, 7~~\,'1~0/1 81-10 •• 750 .5111~ • 'I iii 0 Q.0,111; • !1\?1q~ 11QIJ(""' • I bf/! 3 t1 , 35. ·U~. 12,~CIll1i'l2 51i!1lI~t~'5~~ ~625 .65O 1(.<.'.13(;1 .Pl32Ylh 1)6 '5 CIt'l, 
2811)' ~~ . 7C;~ -t"': 12 •• Ii'I1i!(!IC; /lliIt'I. 1 .51Hl .';Q!y, .65'" ~.755 .1113382 7~P7~. • 
11'.'1: 8: 55: -U~. 12.~t:1t'1Q1,11 b5~.1~'5I'1t'1 ~75V" .613'" 4 .27? .t:l a qS6 Sq51'!~. 

60~ b0; 55~-150: 7~,IH105 5 Jl10 ,t,IiIQlt'I ~15l1 .U(lIQI ~. 1 (I A • 1i'I7437 A2~C)(> • 

I 2!Hl' 8, !'5~-Ir;(1~ 7 •• (~::lC!~ P~(/!.1.00l\ll ,62'5 • 41111" 7,Q51 .CAQI5a Qa35V' • 
17(:": ~I.I, 715.-1;;"', 7 ~ ~ r, (1 V' 2 650~t~1iI01i'1 .5Clftl .1.IQ'1iCI CI.!l3b • 1iI 6U5A 1 r;\4H'~. 
60, fI, 75: .'Hl. I iii "QI(j>IQlA '5 (~~ , .15~ ~5f.1ii!l .qQlel 1.153 .\'lltl7 'I 35!Clfl1. 

28"'. 31.1. '55~ -M: 1 iii ~, Ql0'~2 iHHI. ~75~ ~7S~ .q(:llll '.u,." .021.!ElQ U721.1i1'. 

t 170~ &0; 3'5~ .8111~ P'l" 1II~0'5 650, .7'i1ll .625 .q"", l.uII'! .~12b'5 277 tHJ. 
601. JU. 35.-1'5il!. 7" tH"c.\Cj IH10,l,S00 ,5t'!f/! .b5~ !I. q~i~ .t1SQ8b qj,i2IH~. 

280~ ~~: 7S:-150~ 7 •• ~(.l(ll1\ &50.t.5~~ .7S~ .6S~ 1.8 V1 2 ."'2325 3b 12"'. 
171!1~ 8' 55~-1'5~, 7~~~1il~2 '5e0~I,S~0 ,&25 • be; (~ t1.47t;\ .0l1Q3Q! '5 i?" I' VI , , 
60. &0, SS, _8 01 • l~n~001! IH\0~1,QlI'IIlI ,&25 .tlV\~ !6.UClr,l .2 070(,1 1'5:;F.0"'. 

2A!1I~ €I, ~15 •• 8~, t~.,l'IylI!I2 ",C;PI.1."'~VI .5t)" • tJ \' VI \9J.B~ ~V\LJll2C1 ~5t-IH'. 
17~. 34 • 7S. _III"". 10 .. 00Q1S 5Q1e.l .0QlA ~75P. ,4t'''' 1I.711~ .0518,11 h&620. 
b0~ A· 7Cj~ • 1(.\, 12;;~~1il2 lilll~, ,751'! ~ 75kl .Q"'C1 6,152 .~5377 72 Fl3 \' • 

280. 31/ 55. -1 1ilJ • 12 •• (iI~VlS &50. .7511! .b25 .q",p' 1 • 1 33 .~"2(J3 o?bQ,.. 

17c;,; b0' 35, -to, 12,~(i\r:lQlI! C;0PI~ ~75@ :5 0P1 .qr;,Cl .<;1.01 .0118'" 2415"'. , 
65 0 .t,5""" ~750 ,0Sq81 bill. lU. 35, -90. 10,,~fl08 .b5P' 5.f,Q" bbo?v\0. 

280~ iii' 75, -80~ I"'" ~"'t1j:1 ;(lI"',1~5",e :625 ,65V' ! • I ~V! • 0~&3~ 2Q73'" • 6 , 
170, 8, 55. -80, It:l n ?,,por; 8(~0.1,5~1'I ~S0('1 .b~" b.3'57 .!3t1 q8 2 86"bl~ • 
~0, &0, SSt -Hl, 1?,,"'~02 651i1.1."'P'~ ,S~0 .4\11111 1,11.:.r.7 tJ1 .0Q Q21i1 1312M. 

280. 8 JCi~ _I. r. , 12 •• ~1(:Hl5 S(.'lIil.l~PI'l0 • 750 .4V~ 2.ll?3 .fII]QQ! 3S711~ • 
170~ 3t1' 715 , -II/!. 12~~1il0tH~ 1=1"'0.1,11100 ~b25 • U(I'0 l(21~b0c;l .1S120! !2780~. , 

&QI, 8, 75~.tcs(i\~ 7.,r~Q!01:) #150. .75e ,025 • qC't, ?ll 77 .031 03 '50 t1Q 0, 
28~, 34, 5r;.~\-;", 7.,r~C/I~A 5"''''. ,75 e ,'5~0 .c1"'" .1J77 .QI(}I7\':~ 18730. 
170. ~e. ~'5.-tl50. ' •• 1~klC1'2 fI('I ~ ~ .7SPI • 7'50 • QllC/1 tJ.~3B .0?1~' U4t1S~ • 
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RESULTS OF REGRESSION ANALYSIS 
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APPENDIX D.l 

LINEAR REGRESSION ANALYSIS (LOGARITHMIC TRANSFORMATIONS) 





**************************************** * Cl"~PIJTAT!Ot>J CFNTfP * 
* IIt.JrVFC?STTv nF TExAS A'f AIJ~TT"J * 
* !; () r. T A'S rTF ~I r F s r: n M P I 'T 1 ~. r. l A Fl 0 RAT (1 Ji) V * 
**************.**********.************** 

~ p ~ ~ - - ~TATTSTTCAL PArKAGF FOR THF ~nCTAL SCIENCES 

cor I-r~t)!r-1/rYAFR ,,,, VfRSIt:1N 6.C; - HI~HI' F~ t 1 hl'R fln7 

«<NI"TF»> TN THTS VERSInNt 
r. F T A ~ C ~ I V F' A ~ [J ~, r Ji) G EFT L f S N n T A V A I l A ~ L F 
SORT rASFS NOT AVATLARLF 
~1!1Nt INFHI ,,:nT AVATLARLF 
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R UN ~i A~F 

FTl F NA~F" 

VAklTARlF 'IST 
N OF rASFS 

~111'. TTPLF RFGFH~!;STnN FOR CRt:P2 NO~nGRAPHS.3nvs A"II) 191!VS 
SPST~EO QEGRF!;STrN nN PA~ DAT~-THfnQETYt:hL A ANOVh RAST~ 

A,R,r,n,F,F,r.,H,T,J,rS,cW,ss 
"in 
I' T S \( P.I P II T ~ F n I 1i!-4 

T '" P II T F n ~ !-A A T FTXFn(~F~.~,F~.U,FC;.~,1F5.1,Ff~.],F'~.5,F1~.~) 

A(.rOPf'lHIr; TI) V\1\1 C HIPUT FnR~AT, V/iPIARLFS ARF Tr 

VAP!ARLF FOPMAT RF'rOQ('\ r Cll,lJJoI II: S 

A F 5, (,1 too ~ 
R F C;. ~ 1 6- H' 
C F S. p 1 11 .. 1 r:; 
1'1 F c:;~ QI 1 16- ?~ 

F. F c;~ Ii' ?1. 25 
F F" Ci. a 26- 3('1 
r. r: 5. (..' ~,- 315 
1-1 F c.;' • 3 ~6- IJVI 

T F Ci. , Uf- o&:; 

.T F f;j. ~ /lb- c:;e 
rs F 1 ()\. 3 51. 6ti" 

rw F\~. C; f'o1- 7~ 

5S 1='1"'. '1 71. F;CiI 

T~F INPUT FnRMbT PQnvTnFS Fnp 11 VAPTA~LES: 
IT PRnvTDES FnJi) 1 ~ECnROS (*CAPOS*' PER rASf: 
I;V'I "C(\l.UMN~* ARF USEI') I'lN A RfCORD. 

RF READ AS FCllt.O.,S 

,~ iI-:ILl ~E P~AI) 

A MflX!MUM OF 

r 
~ I U 

f 



70 

VAR LARFLS 

C('lMPUTF 
CI'IM!=IUTE" 
tCl~PUT~ 
CM~llTE' 

cnMPUTE 
COMPUTE' 
cnMPllTf 
r.n~PUTE 
COl"PUTF' 
CrlMPllTF 
CrlMPUTF 
r.OMPUTE 
CI"IMPUTF 
RF~QESSIrlN 

rs C~ACK SPACING FT,I 
rw CRACK WInTH IN.I 
SS STEEL STRFSS PSI.I 
A W~EEL LOAn ATRESS PST.I 
R DAILV TE~~FPATURF VARIATION DFG:FI 
C FINAL TF'f.'PfRATlIRF PHJGE DFG.F I 
D FRI~TtON MnVFME~T RATIOI 
F CO~CRfTE SlAR THrCKNE~S I~.I 
F CO~CRETF ~HRINKbGf STRA!NI 
G cnNrRFTE TENS1LF STRFNGTH PSI.I 
~ THEP~AL COEFFtCJfNT RAT!nl 
T STEEL RAR DTA~ETFR TN~I 
J STEFL PFRC~NT Rf!NFORCf~ENT peTI 

I Nr~.Lt,I(r:S) 
, r.;rloJaLN(CW' 
L~~Sslt.J(S~' 
L~A'=LG1~Ct+A/l~~~' 
LGR!=LG1P('.~/1~~' 

LGrl=LG'~r'+r/l~~' 
LGnt=LGt~r,·n/20~' 
LGF1.lG1M(1.F/?~' 
lGFlaL~,~rl.,~~p~F' 

IGG1=LG\~rl·G/1~~~' 

LGI11=UHOIr'+H/2) 
LGI1=LG!t'I(1+n 
LGJ1=LI'~1~(\+J' 
VARiARL~~=LGCS,U;C\ll,LGSS.1 r,Al TCl i.GJtl 
Rr~PF~ST~~=LGCS ~tTH LGAI -0 LGJ1"REsrn:01 
PF~~F5SI~N=LGC\ll ~ITH LGA' Tn LGJ\')RfSln~~1 
PFr.RFs~!nN=Lr,ss WIT~ Lr.hl Tn LGJl "RESID=~ 

STAT{STTCS !,2,3,a,~,R,q 

PF"A('! P!PlIT !jATA 



VARtAfHE' "1fAN gTANOlR!) DEV 

lOCS ~M'III 1 ;11116 
LGCW -1,Q'5'11 ,382t 
lGSS 1I,1S!6 ,<'363 
LGAI ,~66C1 ,0335 
LGal ,'215 ,~69C1 

LGCI ,18n , Iililb 1 
LGOt ,t3bt! ,09U! 
LGf't ,111:1l2 ,1'13045 
LG!"! , 11~2 ,0122 
lGGt ,21b3 ,0324 
UlH! " SC;8 ,P1I311 
LGY I ,21 01 il ,1'12111 
LGJt .<'lill .05113 

CORRELATION cnEFFTClfNTS; 

A VALUE OF qq:"'PIilIill'l r~ PRTNTfO 
IF A COEFFICIENT r.ANNnr Rf COMPUTFO: 

LGCW ;Q022'5 
LGU ,'H58 \ ~cn9b2 
LGAI _,1I\1U6 - ,43H'11 -~lJtlUJ1 
Lll!H -,9'511 4 -,1'1571'5 .,l!b CJ 11 
LGCI .,"'96b2 .,1'15641'1 ,08301 
LGOI -,(112'''\21 -,02 11 01 -~1'I3082 
LGEt • !II 2C1 j!ll ,1113 138 .1'12485 
LGFt -~3'W'2 ,061(118 -~t511186 
LCIH ,51C'lCi] ,5'5378 ,Slot'51 
LCHt ,ll~83 ",l'Il'Ul ,i'l63aA 
LGTI .,11l~"1 ,15118 .pil11n 
LCJI _. '51'1I!('Q -.~£I~611 •• b3e21l 

lGrs LGCW LGSS 

CASP'S 

21.13 
j!IJ'5 
j!4! 
j!1I] 

ell 3 
2/13 
2113 
.,113 
eU3 
2U3 
203 
ca3 
243 

.;U0ill 

.. ,000U! .. ~0011100 
-,901'100 .,011101'10 _~IU"'11l0 
-,0101'11'1'" .,1'I0 Cl1 P.1'I .~0ACII9111 
-,1'101'11'10 .,"II'I"'1'I1l .. ,0a0"!! 
-,IHI0il0 .,0il"01l _,000111111 
",1110000 .,01110"'111 _,1!I0fIH!lf!! 
-,1110000 .,1'II'I00S _,0001:'1111 
-.1'1"'1'1010 ."'111"'1'10 ~ IH'I0'''' 

LGAI LGS! LGtl 

<," 

",.(11011011 
-.AI"""6 -.(HI'Be 
-,0BIIIIII _.901110111 ",0001'J0 
-,1I1I1II!01'1 -."lU'IS ",0"'III0e 
-,11101'911 •• 1II0c,!l3e -,0011113111 
-.1'101110111 _.1II110S' -.1'01110111 

LG!)! LGU LGF. 

... 0""S0 
-,1110000 •• 0011100 

.04'1000 .00000 

LGGI t,.G111 

,il0"1110 

LGI1 

-...J 
f-I 

"'<"'~'~~""~'<'I 



• * * * * * * * * * * * • * • * * * * * * * * M U L T T P L F R F G R F. 5 S ION * * * * * * * * * * * * * * * * * * * * * * * 
DFP~N~F.~T VARIAPLF:: LGCS 

MFAN RESPONSF. :60117'5 

VARIABLF.CS) ENTFRFD ON ~TEP NUMRER 

MULTIPLE R 
R SQU.R~ 
ADJUST EO R SQUbRF 
STO DEVIATION 

;sqel'q 
, J'57q'5 
,355?q 
• J3Sl'q 

STn: DEV; : IJ !?'i8 

t : : LGJ 1 

ANALYSIS nF VARIANCE 
REGRESS tON 
I<F.STDlJAL 
COEFF OF VAI/IARTLYT\, 

OF 
1 , 

2Q I, 
SS.U PCT 

SUI' OF SQUARES 
t'5,t04f>q 
27,l1Iq21J0 

MEAN SQUARE 
l'5;lI'JU~ 

• tt 2u2 

F SIGNIFICANCE 
tJQ.3&254 " 

••• __________________ VARTARL!S IN TH~ FQUATION ••• _--_._----_ ••• --_ •• _._ •• _._ •• VARIABLES NOT IN TME EQUATION •••• _.----. 

VARI HILI': 1'1 STD ERROR R F AETA . VARIABLE PARTIAL TOLERANCE F .-.-_._.-.. - . -.--.---. --•....•• --. 
SIGNIFICANCE ELASTICITY SIGNIFICANCE 

LGJt • U: bllII'lJ2662 :lq~A65q7 13U: 362154 -:'5Q82Q26 LGAI .:'520QQ 1."0U0 8,.alH71 
III -t:621181 

CCONSTANn I :'!i8Q7blt :87&S71155E.0\ 328:Qt7S8 
0 

LGBI .:07131 1.1110000 1.22&53'52 
III ,26Q 

LGCI .:12058 1.111001110 3.540QUI 

LGOI .:ra2Q04 1,1110000 
.061 

• 202'5Ul]7 

:036'513 
.6!1] 

LGEI 1.0111900 .]201120f> 

.;38653 
.572 

LGFI 1.01'11""0 U2,15'53418 

: b4837 
.0013 

LGGI 1,00000 174.USQ5 
0 

LGMt :IUQ55 1.00000 5,QQ00811 

: I He'S 
.0211 

LGII 1,00000 7. Q48 7115/1 
.O111'5 

-.-J 

N 



* * * * * * * * * * • * * * • • * • * * * * * M U L TIP L f II E G R F S S ION •• * * * * • * * • * * * • * * • * * • * * * 
DFPENOENT VARI4AlE:: LGCS 

V'RIAALFrSl ENTFRFD ON STEP NUNAER 

MUl TII'U R 
II SQUARE 
ADJUSTED R SQUARE 
STn D~Vtn!nN 

;79238 
,&278& 
,621116 
.2l1sn 

2~: I.GGI 

ANALVSIS OF VARI~NCE 
REGRESSION 
RESIDUAL 
COEFF OF VARIABILtTY 

DF 
2. 

240, 
112.3 PCT 

SUM OF SQUARES 
26.119 11116 
1'.1,703211 

ME'AN SQUARE 
13~211783 

.1'65113 

F SIGNIFICANCE 
201!."6052 . ,A111 

••• __ •• _._.:_~.;_;_:. VARTARL£& IN T~E EQUATION •• - ••• ~~.-•••••••••••• •••••••••• VARIABLES NOT IN THE EQUATION ••••••••••• 

VARtARLF: R STD ERROl! 8 It ' RnA . -...... ---. ..•......• 
SIGNIFtclNeE flASTYCITY 

VARUBLE PARTIAL TOlfRANt! F •••.....•..• 
SIGNIFICANC! 

LGJI .. 1I:b01:'12bU : 30277l!211 2311.8'52A9 -,59829 26 

" -1.&2881 
lGGt 6:bl:llll:llj02 :!1'l7I1a537 1711 ~ 9689lj ~'51"261 

:'"17SH7 :1285201\9 
~00" 2~ JqOllt 

(CONST"'''' , ,llb'S2IH 

~2'" 

LGAI • ~ 681131! 1. 1110 11111111 2101.901:'124 
0 

LGBt .; 0'9366 1.981'101:'1 2.11'511185 

.:1'5838 
~11l1 

I.GCl 1 .0~000 6.1/11;5238 

.. :1:'13&111 
.111111 

lCOI 1.11I~0I11rIJ .311823185 

LGft : 0111911 1.1:'1000" 
.556 

;55~51ft611 

LGfll .:'50171 1.l!IrlJel:'le 
.4'!1Q 

113;I1I0I:'1eJ25 
III 

LGMI :11j&1I! 1.1111:'101'11:'1 '.5'16372 
.01'12 

LGII ~l!518 1.000C1lI11 U. 'Q2856 
.0111111 

<rrj.$f; 

-...j 

w 



* * * * * * * * * * * * * * * * * * * * * * * ~ U l , I P L E R E r. R F S S r n N * * * * * * * * * * * * * * * * * * * * * * * 

OEP~NOENT VAAIARL~~: LnCS 

V4RtAI'ILF{!O FNTFRFn nN !IffI' NlIl-'l'If.F1 

MUL TtPLE R 
R !!QUAlH' 
lDJUstEO R SQUARE 
ST!) I'F.Vp TInN 

;8'15 .... 2 
,Mt!t3 
,"'l65 
.11\6'11 

~ .. I.GAt 

ANALYSIS OF V~RIANCE 

RFGRESSroN 
R~StOU'L 
(OEFF of VARrA~rLTTY 

OF 
1. 

2'34, 
]c:l.9 peT 

SUM of SQUARES 
H.8q'786 

8.11l4QII 

MEAN SQUARE 
1 I; 21!262 

.1131143 

, SIGNtftCANCf 
12~.46133 • 

-~.;;:-:-~.:.~~:.;.;~ VARIABL£S IN T~E FQ'1ATION ••••••• ---•••••••••••• • ••••••••• VARIABLES NOT IN THE EQUATION •••••• - •••• 

VARTtBLE PI S10 ERROR !! F BETA VARIAF.lLE PAlaUL TOLERANC! F 
................ .,. ........• .,. ..... __ ...• 
SIGNIFICANCE ELASTtCITV !tGNt!"ICANCE 

LGJt -1I: .... 1!1"261!12 :12t2lbIl1 032:3116096 •• 59829J6, LGBt .. ~ lUllS I,GI0l!1fl111 3.94lS'51!12 
fJ .t;UlU!t .0111 

LOG! 6:641.19402 ;1101<116t> 32 ..... 0168111 .514'521>1 LaC! .;21121 I. ''''11011 11.111UU 
II 2:1911111 ,901 

LG" t -~:21'107"'74 :3581151>211 l10.501l!2Q .; a 11t.1'589 LGOI .~052J1 1.001Hll! ~6'51nbl9 
e .;'57'533 ,1120 

U:ONSTANTl :14A'~I>!I'!6j :'1692110771::-01 ?S:r.;l!5t2~ LG!!1 ~ 065111 1,"1'10"'''' 1,931t5U 
• III 0 I'! ,110 

LG!"I .~b9621 l.fIl001/11!l l!l!1.9'$t'1'!5 

~lU3e 
.008 

LGHI 1,1"1000 18.6222119 

;U2!5:J 
lUI!! 

lGII t .1')000" 21.6111112 
.01111 

-.-J 
~, 

'f 



* * * * * * * * * * * * • * * * * * * * * * * ~ U l T r P L F REG RES S ION * * * * * * * * * * * * * * * * * * * * * * * 
O~P~NOENT VA~TA~LF:: LGeS 

VARIARlf (8) ENTEI<Fn ON STEP NUMBER 

MULTIPLF R 
R SQUARE 
AI)JUSTEn R SQlJARE 
nn n~VIATtON 

;qq7&& 
8118&'1& 

:8'11>34 
.llUti 

I.l:: LGF! 

ANALYSIS O~ VARIANCE 
R"GR~!'iSION 
RESIOUAL 
COEF~ OF VARIABILITV 

OF 
tI, 

238, 
22~2 PCT 

SUM OF SQUARES 
37~8q5b2 
4,Jr.lIt.8 

MEAN SQUARE 
"~1I7391 

.!!1801 

F SIGNIFICANCE 
52t1,1&5t10 ,000 

~;~;-:-;-;;;-~~;-;-;. VARIARLES IN THF EQIJ.TION ._ ••••••••••••••• __ ••• .--------. VARIASLES NOT IN THE EQUATION __________ • 
VARJAIILE e STD ERROl! R F /lETA VARIABL! PARTIAL TOLERANC! F ............. ----_._--- --.---...... SIGNIFICANCE ELASTICITY SIGNIFICANCE 
LGJI -1i;bIl1'l2Hl : 15'1131'14 8l5;7~155 -.'5'182'12& LGSI -~17M5 1,0001110 7,811I1'b UI'I& 

:2&b70I1&& 
.1II1!fI1 .1~&2881 

.00& LOGI &:"ClOqqI1l2 1>30;ltl234f ~!'lq52&1 LGC I .;102&1 1,0000e 23.8q02U 0 '~Jq4111 
,11100 LGAI .":20P17I'1n :25783200 406;8&'5111 ·.1J171J5811 LOOI -;1172811 I,Ql00U 1,2&'54&77 .1'1,,,,1 ";57'331 ,2&2 LGFI ·1:7C1?2q&~ :llnbS7u 223;9SI7'!1 •• 'Hlq717l LGEI ;nlS9 1."''''Il'''''' 2,"''''50821 

:7qIJ699&5 :72631129IJE .. 111 ."'''''' .;5iltiH 
• 1'5 II (CONSTANT' 11'1:7t'!HII LGHI : 37530 1."'~0~0 H,851J1§2 " (3 

LGIt ;1111']11 I ~ 00901!1 5','51597 
&I 

-...J 

\..11 

~"''''''~'.-''%~ 

~., 21)),,· l·U! iSJP)lUS$ ,a., dilL SUtl 0.' qat j $I' US.," ,,41, $ 4it!iiJi1jW ~~,," ~.,,~"- __ ""~"" ......" •• ,. 



• • • • • • * * * • * * * * * * • • * * * * * ~ U L T T P L f R f G RES 5 ION • * * * * * • • * * * • • * * * * * • * * • * 

OEPENOfNT VARTARLE:: LGCS 

V.lRTAFlLf (5) f'-JTFRI'1l O'-J STfP '-Jli"'BfR 

MULTIPLE R 
R SQUARE' 
ADJUSTED R SQUAR~ 
STO OfVTATlnN 

;IJ'j8116 
,'HMII 
,'H6IJ2 
.1211136 

5:: LGII 

ANALYSIS OF VARIANCE 
REGRESS TON 
IlFSIOIiAL 
(OEFF OF VAlltARTLJTY 

OF 
5, 

237, 
IIJ,'I PCT 

SUM OF SQUARES 
J8.7!>III!> 

3,IIBIII 

MEAN SQUARE 
7;7'5283 

,1111114'1 

, SIGNIFICANC! 
53'5.20126 0 

;;;;;;~;-:-;-:~;~~-~- VARTARLES IN tH£ ~QI}ATION ~-----~~---.--.-~.---- ••••• ~ •••• VARIABLES NOT IN THE FQUATION ••••••••••• 

VARURLF " STO ERROR 8 , 8ETA VARIABLE PARTIAL TOLERANCE , 
... ------- .. -. --.......... "' ............ 
SIGNfFtCANCE ELASTICITY SIGNIFICANCE 

L9Jt .iI:1'I0~2fl62 :1424bI811 Il'I42: 7U4 .~'5'1S2'1i!. LIIBI .;zanl 1,0111001 9.S653255 
e .1:1128111 ,lUi! 

LGGI 6: b'l II '1'11112 :2387b5b5 1Sb:21111l9 .5111'5261 LGCl .::nS73 1.00000 30~5878111 
0 i!:3114111 ,01l1! 

LGAI .5:~11I"'70H :231il8221111 501:6'5514 ... 1I17I1S8'1 LGOI .:08158 I.A0000 1. !S8US82 
I!I .;57'533 ,21e 

LGFt .j: H22'163 :1"721IJ'5~ 27'1: 42C131'! .;30117172 LG!l : II!I253 1,1il11l'H'11'J 2,50710115 
111 .;'501137 ,115 

LGtt ;:O:lA&Ql1!l 11 :21121127'57 SCI: '157'5'17 ;14]061'111 LGHI ; 42010 1,000"'0 S8 ~ 575'1n 

" ~7'5'1311 ,AI1I1'1 
(CONSTANT) :"5I1b2Q9 :81!011!'1QQSE·01 \1I:S2Bb50 

• 1'111 I!' 

-..j 

0' 



* • • • • • * * • * • * • * * • • * • • • •• M U L T r P L F R t G RES S ION * * • • * * • * • * * • * * • • * * * * * • t 

OEP~NDENT VART.AL£:: LGCS 

VARIUIL!!(Sl ENTER!O nN STrp NIJMBER 

MUL TrPU: R 
R SQUARF 
ADJUSTED R SQUARE 
lITo !)I!:VIlTION 

;q~5qZ 
,9331'1" 
, q31lta 
.II'IClII5 

.. 
II •• LGHI 

AN'LV!I! OF VARIANCE 
RF:'GRESIlION 
RFStOIiAL 
cnEFF OF VARIASTLtTY 

0' 
fI~ 

236, 
le.l PCT 

SUM 0' IHilUARES 
39 ~ 37005 
2.82125 

MEAN SQUARE 
b;5blU 

.01198 

F SIGNIFICANCE 
5111.12533 . ,00' 

•••• ----••••••••••••• VA~tARLE8 IN TH~ EQUATJON •• _~ •• ___ ._. __ w_ ••• __ • .--------_ VARlj,SLES NOT tN THE EQUATION --------.-• 

VARI4I'LE B STO ERROR 8 , II!.U VARUBLE PARTIAL TOLERANCE F .............. ..... -.... .... ---..... 
8IGNUICANCE El'IITICny StGNIFJCANCE 

I.GJ I ..a:UI!!2bb2 : 1295511113 12U;SIIIilI ·,5~nZCl26 LGBI .:22073 1, 1!I1l800 II? ,n6519 
e -I ;62$" ,IiI01 

LOGt b:b91l9C1Bl :21113318 95e~ 11'181. ~".'!I"1 LGCI .: l13i!7 I, "011100 )8.l'lt.li!21l3 

• 2~nUt III 
LUI ."1:"1'11'111111" ~nq00qfl!l 613:841691 .~"J u,,,. I.GOI .~08089 l.fJ01!0111 1.9\(IIlClQ' 

II -.57531 • 1611 
ltJ'I -1: 19(,I?'1b.l : 97'50~2q0~.0' H1~680U -.3M1172 LG!t : I uoa 1.II"eAI!! :1. "I3e4061 

~25bR)92.1 
~;H'e .~'50q31 .083 

LGI! 2:iSI!'It'llll 12:aQ91jCII ~ I a~que 

l:i'S10il'35 : 111213199 
~A0. ~7!1'3" 

LSHt 50;57,981 ~ 1198112 

:U121A93 : e55111 !0bf.11 
.IIIIU! ;3'511Z1 

(CONtIT u.n 2.1'I09Z11l15 
,158 

-J 
-J 



* * * * * * * * * * * * * * * * * * * * * * * M U L TIP L ~ R f G R F. S S ION * * * * * * * * * * * * * * * * * * * * * * * 
DEPEND£NT VARtA~L£:: LGCS 

VAR!A~L~CS' ENTFRrD ON STEP NUMRER 

MUL TIPLE R 
R SQUARE 
ADJUSTED R SI'lUARE 
BfD DnlATtON 

;Q71'l'74 
,ClII213 
,flQPI&2 
.111117b 

7:: lGCl 

ANAlVSIS OF VARIANCf 
REGRI'SSrON 
RESIDUAL 
COEFF OF VARIABILITY 

01" 
7, 

23'5, 
16,8 PCT 

SUM OF SGUARES 
3q,763C16 

2,0333" 

HEAN SQUARE 
5;6811157 

.01035 

I" SIGNIFICANCE 
541'1,61'l215 B 

••••••••••••••• __ •••• VARIAqLEs IN TH' EGUATION _ ••• - ••• ~ ••••••• - ••••• •••••••••• VARIABLES NOT IN TME EQUATION ••••••••••• 

VARIA"lof R aTO ERROR 1'1 ,. BETA VARIABLE PARTIAL TOLERANCE I" 
~ .............. . ............ ....... _-.... 
SIGNIFICANCE EUl!TfelTY SIGNI"ICANCE 

LCJ! .1I:Ul'llbU :120 1111 6117 11158:7197 .,5~82qU LGBI .;23193 1.11I1H112I1ll 1Il~041C111C1 
111 -1,62881 ,011111l 

LOl11 6:bfJII9C102 ~2Rl@bH2 111911: 931!!/t ,5,1152111 lCDI -;MblllIl I. 1Il0RQllll 2.l17e8U 

" 2.3414111 .UI 
LSAI .5:2MI'7111711 :111515223 '71"':IC1'54b ... 1I}'745811 loGEI :121'78 1, URi'll! 3,52l61111 

III •• 57!5" .11I6Z 
LGI"\ .i:;9.,2q63 :ClAb51113IAE-01 3C1I11:CI\3811 • ~ ]04111 '7Z 

I! .. ~'5043'7 
LGll .,: Hlb'1I'l!1I :238182'52 Al:87C1l11lb ,14J116bl'l 

111 ~ 7SCI 3CI 
LcHI ':I5302j5 : 1'5973261'1 '!8:'!I U225 :11C1B272 

e : 351127 
Lr.Cl .:B'7II113t131!1 :1111773413 38:111422013 .:I1IClbblH 

'" 
.:2717111 

CCONSTA"'Tl :2115"12693 :8385013'7E-01 11:'5C1'51J23 
,0Q11 

-...' 
'X) 



* * * * * * * * * * * * * * * * • * * * * • * ~ U L T t P L ~ II ~ G R f S S rON * * * * * * * * * * * * * * * * * * * * * * * 
D£PFNDENT VARTARl~~: LGC8 

vARIAfll!(S' EN"RED ON STfP NUM~ER 

MUL TIPU II 
II SQUARE 
ADJUSTED II saUARE 
STD OEVIATION 

;t/121.12 
, t/IJ '5 blil 
,Q IJ 31 11 
.01)t/A5 

, , 
Rt • U:St 

ANALVSIS OF VARrANt! 
FlE'GRESSiON 
RESiDUAL 
COE" OF VARIABILITV 

OF 
II, 

234. 
U.4 PCT 

SUM 0' Sr.1UAIiIES 
]!I. 'Hli 72 

2,2Q558 

MEAN SQUARE 
4~t/817t 

.I/H1t/81 

F SIGNIFICANCE 
5~8,4i2b~ .00t 

•••••••• -.---.-.-~--- VARtABL!8 IN THE EQUATION ••••••• _ •••• --•••••••• • ........... VARIAflLES NOT IN THE EQUATION ••••••••••• 

VARUI'Il[ R 810 ERROR fl , 8fTA VARUB!.! PARTIiL TOLERANCE , 
............... . .......... . .•......... 
SIGNIFJCANe! ELASTICITV 8IGNIFtCANC! 

LGJI wIJ:MHll2b&2 :11123719 153t/~6Q66 _,5t/1I2"16 

6:UUq~Z 
, -I ~62181 

LGGI : 1 "unt" tI b0: "71111 ~!J95US 

" !. ,9 Ill" 
lGA! .1Il:.lI/11170n ~ IM"'52Ui! 1IJ9~bn8l! ... Gt7C1'589 

III .~!15!3 
lG1"1 .,; 7QU9f.tl : S823a941Ewl! 1 412:&111112 w.3097171 

LGDI .;09976 1.11100"'''' 2.lII225U 

;12538 
• t 27 

LG!I 1.0001!1111 1.72\11\1'18 
.I!ISS 

, " .,51!!1I]7 
Lilli 2: 11"691'11'11 :232 11 21'119 68:53IJ\2, ,1 11 ]11&08 

LGHj , : i 53021'5 : 11I071&IIJ 61:7&1::: 
~759,q 

,t~gel"J 

.:117/111311311 :131I1Q6311 
~'l!n .!SIIZ? 

lGC' 1J0:1'53aloll .~1'!9b&'79 

.:3a I121120 :9'A!283t!.lat 
.0011 .,27'70 

LGIH \IJ:011199. .,"51tUI 

: 32MQ'll1l1 :1!2162"Iil7E.CH 
• ,BIlII! .. :06115. 

(r:ONSTANH 15.7b1911O , 
~"I!l' 

't"<"j\f\''''''''~_; 4 i :eM ,,.;;4 .1!44Ua 

'-l 
~ 



* * * * * * * * * * * * * * * * * * * * * * * M U L TIP L F REG RES S ION * * * * * * * * * * * * * * * * * * * * * * * 

D~PENDENT VARTARL~:: LGCS 

VARfAALI'CSl ENTERED ON STEP NUMB~R 

MULTTPL~ R 
R S~UAR~ 
ADJUSTED R SQUARE 
511l Ilf:VYATlON 

;q7;!!l6 
,'I4bIl5 
,Qa 43 11 
.M!llI8 

q:: LGEI 

ANALYSIS OF VARIANCf 
tHo'GRESStON 
RESIOIJAL 
COEFF OF VARIABILITY 

OF 
«1~ 

i!H, 
16.3 PCT 

SUM 01' SQUARES 
311.'n781 

i!.i!51111Q 

MfAN SQUARE 
lI;aJ7lJ3 

.001170 

I' SIGNIFICANCE 
1157.b0063 '" 

.-.-----------_ •••• _. VARIABLES IN TM~ EQUATION ••••••••••••••••••• - •• • ••••••••• VARIABLES NOT IN THE EQUATION ••••••••••• 

VARIAAL~ " !TO ERROR II I' BETA VARIABLE PART! AL TOLERANCE " •....•....•• . .......... . ............ 
SIGNIFICANCE fLASTICITY SIGNIFICANCE 

LGJi .II;MH~2h62 :1165b134 1557:11032 •• '5~82I1Z6 
0 .1.6288t 

LGGI ":"."91111'11 : 19535646 1t1I1;U&!I ~!llIJ!lUt 

LGOt .: 1Il1!l5b 1.I!lIUell Z.3698362 
.125 

II! 2~39GGt 
UHt .5: 201'1 71'1 7IJ :t888573'1 758~3i/773 _~4174!1!!'I 

0 -.57!1]] 
LG'! .,: ;lIn«163 :8172b24IE.01 417;40734 •• 30'171 12 

PI .~'5I21"3T 
LGTI i!: j Mile! (4 :Z310M15 89;563711 ~ 143Ub8 

PI ~'5I1n 
LGHI ,:i530215 :14581064 bZ:LlH42!1 .1148272 

0 ~ 3511Z1 
LGCI .:e7llUH38 :\3721'1087 110:"201148 _.1'19"617'1 

III -.27170 
LGBI .:3Q!12t120 :II050805I'1E-01 I a :20'53111'7 .~0571361 

:111'111171871 :207723511 
~ I'II/IIIJ ,.~(l6856 

LGEI 3.7211111l8 .""2'1211112 

:2IJa;1I5113 ;elll'l2a23E.el 
.11155 ~1lZ17 

(CONSTANT' !!.II I !!931Z 
~"'Illl 

co 
c 

:1 



* * * * * * * * * * • • • • • • * • * * • •• M U L TIP L E A E G RES S JON * * * • * • • • • * • • • • * * * • • • • • • 
DEP~NDENT V'RTIAL~:: LGCS 

VARTAAL~(S) ENTFR£O ON STEP NUMB fA 10~: LSD1 

MUL TI pur R 
R SQUAll! 
A"JIlSTEO A SQUARE 
STI) Il,.VT AT IrlN 

;'1131/1 
, 'Ill 71'10 
,94411 
.09819 

ANALYSIS OF VARIANCE 
REGRESSION 
Rf'SIDIIAL 
COEFF OF VARIABTLrTY 

0' 
t0~ 

232, 
!t •• ! PCT 

SUM 011' SQUARES 
39,96065 
2.2~fl65 

MEAN SQUARE 
];996111 

• (!lIItI 611 

, SIGNI,rCANCE 
4!4.411881 .001 

.. __ ... _w .......... __ ViAtAALPS IN THE EQUATION ~ ••••••••• _ ••• ____ •••• ••• -----•• WA~IABl!S NOT IN TM! EQUATION ••••• -.---• 

VARIABLE III 

LGJ\ .li:6~026b2 

LOGI 6:"9119902 

LGA! -5:2007079 

LGFI .,:,922961 

LGII 2:i8b90{Q 

LQMl t:153~235 

LGCl .:~1U43A3A 

LGRI .:~U!'2U2e 

Lr.Et :4~01!e11 

lG~i .:,0617"A2 

(CONSTANT) :213400'11 

STIl !:AROA B 

: 1 U?'21'1!1 

: 19418411 

:18631111,,1 

: e'1llbClljUbE-ill 

~2!IHlellrll5 

; I 45/HI]?] 

:'~b79q33 

:QIl2031b4E.rIlt 

: 21'1711 '565 

:,,93U 3t/5E-1H 

:S<lInbBIIH-el 

ALL VARtABl!! ARE I~ TH~ ,QUiTION: 

, 
............. 
!lIGNInCjNC! 

156":71>06 
II 

! te1~3!t4 
iii 

7b2~186n 

~ "''''' Iqll~8"'33 
tI 

1I1l: 1'191113U 

"2:e412~~ 
.1'1011 

Ilrll:eS92U 

llj:Ca~::~ 
~ QlMI 

~.1ICJ2eq4 

~e50 
Z~3b91361 

.12!! 
9.3l1li9015 

.l'Ii12 

A'TA 
-~.-..... . 
!LASTIClTY 

-.5'U9U 
-':61881 
~5l'516t 
2;lU41 

.~41 711589 
.. ~57'533 

-.1091171 
-.51'!14l1 

~ 10]4"'8 
:,5939 

~IJ'82'" 
.35U1 

•• 0966119 
.. ~!1111i1 

-. 0!11! 3U 
-.1'16115" 

.9i!92 4112 
~ t 1211 

.~Pl2n6n 
_:021.11'5 

VARIABLE PARTIAl. TOlERANCE , .. " ....... " .. 
SIGNIFICANCE 

(X) 

f-' 

Z. Lid j .U #..$ 2 Va' Q ~-,....,.,...." 

---" ,,,"-q,y, """"""'''''1 



* * * * * * * * * * * * * * * * * * * * * * * M U L T J P L ~ R ~ G RES S tON * * * * * * * * * * * * * 

OFPENDENT VARTAPLF:: LGeS 

COE'FtCJf~TS ~Nn CONFJOfNCE INT~RVAlS: 

VARJ,\ALI': A 5TO ERROR B T q~.~ PCT CONFIDENCE INTERVAL 

LGJI _/j~1I0"'266! ~II&22"'21 .]q~582]21 .11;82'12/181 , .. /j~3112843 
LGGI l'I,lIqIlQq0! .1'111'6412 ]11,37122'1 1I.31121H 1,0787~32 
LGAI ."i .20010'I'C/ ;IA8]~4111 .27,618581 .5~5717117 , .. 1I~82q7021 
LGFI .,; TC/22q1l3 ,81/1bQ5I1bE.01 .2~,IIQA518 .1,qb1l1l325 , .1,111'1'11101 
LG!I 2,\811'1111111 ,23011080'5 'I,U'II'5925 ~ .1)2'111'111 2,11408531 
LGHi ! .1530235 ,1115 11 11313 7,927112'5'1 • 8111111b11 14 , ,,1I3q58C!8 
LGCI ",8111/13838 131119'133 .6,1'121211'1 .!,143q662 , .,1I0/jqI0~1 
LG~i .,34112 11 2, :qIll2a3IbIlE.~1 .3,18111111558 -,'518q250~ , -,111332333 
LG~I ,1111"'7\81\ ,2~TII'5~5 l,q]U1'5~2 .,73l1q2322E.02, ,6111818e.611 
LOOI -,1011111092 ,693613q5E·01 -1,53'111212 .,211311]555 , ,2988" U!-'" I 
CONSTANT .213/11l1!19t .8911311111116£-01 3.0511'1432 .9119025'1£.01, ,411961156 

VARIANCE/COVARIANCE MATRI~ OF THE UN~ORMALIZEO REGRESSION COEFFICIENTS, 

LGAI ~"'3'51111 
LGBI ,A01110'" ~III081a 
LGCI ,0111000 , 0002IIIJ ,01871 
LGDI .I'II1IIIIA'" ,111"''''''1'1 ,""H'I1!IIIl ;1'101181 
LGEI ;"'~"'0'" ,"''''000 , ""Hl00 ,1110901 ~ 0429111 
LGFt ,"'01'101'11 ,liH!l1'I1Il1l , """"''''11 ,1:!0PIIGl ,1Il1lJ1!I1lI!I ;"''''1115 
LGGI ,1'10"'01'1 ,1'10'''''111 , (H'I0AIII .0"'00" .AIHHlJII! ,1'1111900 ,031911 
LGHI ,1'109"'111 ,"'91119~ , !! 11 11 9'" , 9091l11J .1119091'1 ,0111091'1 ,911100'" .e!ll~ 
LGft , "'QI 1110 CI! _,9"'1111'111 , Iill!I'I"'" ,"'''009 ,1/1111111"'''' ,1lJ"''''1I1'I ,1111199'" ,110000 ;0'33r.!19 
lGJI .1'1"'''''''''' •• 1119"'1'10 -.OI"A"!! .001ll01l1 .011100111 ~1l001l0 _,1'111000 -,111'101/10 -,000"'. .Bll!!1 

LGA! LOBI LOCi LGOI LGEI LGFI LOOI l.!;MI LGI! l.GJI 

00 
Iv 

, 



• * * * * • * * * * * * * * * * * * * * * * * 
DfPF~DENT VARtARL~:: LGCS 

ST~p VARIA!!L! F TO 
ENTFRF'O PFMOVFD fNH"R OR REfoiOVE 

t LGJI 131.1~3/i2SU 
2 LGGI 17 U,1'l108q5 
3 LGA, 21''', IjCl02U 
II lGl't Z23, '1'5 t'7S 
!I LG II SII, q'57611! 
I:> lGHI '50,57'591 
7 LGCI 38,1'l1l2U 

" LOBI 14 ,011200 
'I LOEI 3,72tUt 

10 LGIH 2,31oQ8a 

M IJ L T r P L E R F G R f SSt 0 ~ * * * * * * * * * * * * * * * • • • * * * * * 

8 U "1 MAR Y T • e L E 

SIGNIFICANC! MUL TtPLE R R SQUUI[ R SQUARE SIMPLE R OVERALL " SIGNIfICANCE 
CHANGE 

" ~5q82'1 ; 3!17CJ5 ;357'15 .~5q82q 134,3I>25 U " " , H238 ,027116 ,Uqql ~'Hq53 21'12,116052 .01"'" 
III ,eQSbZ ,81!213 ,171.127 -,111'71.11:> 322,'110133 " :1'1"0 ,'11.1'7&6 .8'1806 ,0'15'12 -,30'172 S211.16'5U1!1 ~00e 

" ,'158116 ~9tll64 ,1112058 ,lU!47 '535, lI2I 126 e 
~Ii!ln ,'165'12 .':)330'" ,01436 ,1198! 547,725n ~0e0 

!oJ ,'He711 ~qIH!3:r ,0"'34 _,1119662 !lU,6e2!!! II! 

; o "'" ,'1'72112 ,'HI5U ,01!!J2b -,05'71 11 508.422U ~ 000 
,1'15'3 ,'1'721111 ,9U&45 ,00086 ,02q Zl.l I.IS7.UG!6l 9J 
.125 .qi'llil ,'11.1'700 .e0!l54 -,02327 1114.4'11181 ~00e 

CXJ 
W 

qA~~ 



* * • * * • * * * * * * • * * * * * * * * * * M U L T I ~ L f REG RES S tON * * * * * * • * * * * • * * * * * * * • • * * 
OEPENDENT VARrARL~:: Lr,CW 

MEAN RESPONSE -I: 115<1 11 

VARUBLErS) ENTERFO ON STEP NUMAER 

MULTIPLE R 
R SQUARe 
AOJUSTED R SOUAR! 
8TD eEVTATInN 

;b1l6U 
,1I111tS 
,1I1'5T3 
.29207 

5TO: DEV~ ;:HI2HI 

1 •• LGJI 

ANALYSIS OF VARYANeF 
REGReSSION 
RFSIOUAL 
COEFF OF VAPIABYlITY 

OF 
1, 

2111. 
20." PCT 

SUM OF SQUARES 
111.77nl!! 
2111.55808 

MEAN SGUUI! 
\1I;'713lJIII 

.1i!8530 

, SIGNIFICANCE 
113.19215 0 

••••••••••••••••••••• VARrA~LEI tN THE FQUATION ••••• ~~ •••• - •• - •• ---._ •••••••••• VARIAeLES NOT IN THE EQUATION ••••••••••• 

VUHA8LF .. STO EI!R('lR R F BETA VARIABLE PARTIAL TOLERANCE F ..... ,. ........ . .......... ................... 
8IGNH'lCANC! ELASTICny SIGNIFICANCE 

LGJt .II: Ij411611l1! : 345101128 t1]~lqn5 -.6tl6UU LUI .;S6!H I 1,00000 112.68!583 

.;1'7511 
,011! 

LG8t t .10001l 1.38351133 
e .U76! 

(CONIITANn .:081111311118 ;,U561i'l1lIi'lE.el 110~1l3366 

; 013 fUI 
.2111 

LGCt t.11I001'10 1.3193161 
I!l 

.;031118 
.252 

LGDt 1.130000 .238Hl041 

~lIl4t14 
.U6 

LGft 1.0001111!! ~1I1'1689561 

:08794 
.5211 

LOFI 1 .00'1'1111 1.610115111 

; 725lJ9 
.113 

LGGI 1.C11IIHIlI'I 2&1.11126~ 

.. ;0251.15 
.000 

LGHI 1.00000 .t55511766 

;Z0685 
.6C1iO 

LGll 1.01!1001'1 10; 12738. 
.001 

---~~--- -------------

co 
.<--



• • • • • • • • • • • • • • * • • * * * • *. M U L TIP L F ~ E G R f 5 5 ION ••••• * • * * * • * * * • * • * • • • * * 
DFPFNOENT VARIARL~:: LGCw 

VART'~LECSl ENTF.R~O n~ STfP NUMAER 

~UL TI PLF " 
R !ll'lliARF 
AOJUSTEI'l " SQUARF 
STO OEVTATtON 

;e5116 
,7::?QII:! 
,722'33 
.2" t 27 

2. : LGG! 

A~AlYSIS OF VARYANeE 
"'EGFlE~S.10N 
RESIDUAL 
COEFF OF vARtAe!LTTV 

0' 
2. 

24fl. 
U.8 PCT 

SUM I'll" SQUAR£'S 
2'5,60qlll 

111.72257 

MEAN SQUARE 
t2;8Ci1I1TI 

.011C!51 

I" 8rGNIFJCANC~ 
316.~81q3 .001 

-::;~;-~~:-:-:~:.:-:- VARIABLES TN TH~ EDUATION ••• ____ • ______ •••••••• • ••••••••• VARIABLES NOT IN TME EQUATION •• ~.-•• - ••• 

VUURl! A lITO ERROR B I" BETA VARIABLE PARTIAL TOLERANCE , 
.-.--------. ..-.--_.-.. . .............. 
SrGNIFTCANCE nASUC!TV SfGNIFICANCE 

LGJI .1I:1II/JIIII>U8 :23823A5l 3/JQ:69121 -.641>61115 LOA! .:821711 l.a0e01 tllt6,QnU 
B .6b7fl1J! 

LGGt b~,!301"b3 ::SQ9287Q1"1 21>7:U126"1 ~"~:S184! 

., : 11 Q 7] II! 22 :Ul1i!759 
:I'll'lfl -. "6196 

CCONSTUln 351~qQ272 

" LG81 .: I 100. 1.1111)01110 2.cn21082 

;18152 
,088 

LGC! I. aelHUI 2,11152821 
0 .0"6 

LSDI .; 0115'18 I.QlQlC!08 ,511lt'H U2 

;05"82 
.117'1 

LGEt t .'HUll"0 .858U535 

: I un 
.355 

LG'I 1.1!I0t1!011l 3,"7}11I416 
.047 

LGMt .~0311Jt I,UB'" .32776708 

LGIl ~30018 I • 0QJ!1J0 0 
.568 

23~ 772415 
,fl00 

-------------------~.~ •..... '. 4€i ~+":er' ,~ .,.,., _ h h Uk _" Mil ij%i MfIi 

00 
V1 



* * * * * * • • * • * * • • • • * * * * * * * M U L TIP L E ~ E G R f S 5 ION * * * * * * * * * * • * * * * * • * * • * * * 
DFP~NOENT VARTARLF:: LGCw 

VARIARLEtS) ENTERFD ON STEP NUMRER 

MUl TIPU' R 
R !lQUARI!' 
ADJUSTEO R SQUARE 
STO D!!'V t A HON 

;~5"27 
,'HIl6" 
,'l0'l!ii 
• I 14." 

3~: LGAt 

ANALYSIS OF VARIANtI!' 
REGRESSION 
RESIDUAL 
tOEFl' nil' VARIABILITV 

DF 
3, 

c3'l, 
1.'l PCT 

SUM OF SQUARES 
n,111.170 

3,15728 

MEAN SQUARE 
10~12"'l0 0" 132 I 

, SIGNI;ICANC! 
811.65392 a 

._._;;~;~;~;.: •• __ ••• VARIAAL!8 IN THE EGUATION •••••••• __ •••••••••••• ..-•• ----_ VARIABLES NOT IN THE EQUATION .----••••• ~ 

VARrA""! R no ERROR II If BETA VARUBLE PARTUl TOLERANC! , 
..•.......•. ........... . ...... __ ..... 
SlSNII'ICANC! !LA!lTtCnv SIGNIFICANC! 

LGJI .11: '5""611.111 : IlbA1I5&1 11I8:35!1I -~611661115 LG81 .; lIHI" 1.1'l1'l0"1!l 9.i261137 • ~6616!1 ,IH13 
UJGt 6:53l:!1163 :l280t2U 8U:Z267J .5?J1ell3 LGCI ~ IIIUII 1. "0 I!I 1111 8.18511163 , -0'6196 .lIe3 
LGA, -":"13'8es :220112&68 IIq6~CJ7'lU -,1I3106!J2 LSOI .. :88033 1,I!I0III1II1 1.511511811 

11 ~2n31 ,215 
(CONSTANT) .':56115'5111 ;59&0111,,"'£ .. 1111 b'2~595511 lau ~1"1I'8 1.llIIl011" 2.b5Z1116 , , US 

LGI'1 ~ 2Zll111 1 .10l!ae 12.bl'l672 

LaMI .. ~e64.a 1,00000 
.GI"0 

1.00nSIll 

~!21el 
,JI6 

LGlt t ,lIIIelll 91.CJI1l8l!1!t 
GIl 

CD 
(J'\ 

-



* * * * * * * * * , * * * * * * * * * * * * * ~ U L T r P L E R F G RES S I 0 ~ * * * * * * * * * * * * * * * * * * * * * * * 
OEPFNnE~T VARTAALF:: LGCW 

VARTABLECS) ENTFRF.O ON STFP NUMBER 

MUL TrPLF It 
R SQUARF. 
AOJllSTEIl " !!QIIARF 
STO tll!VTHI(1N 

;qb72] 
,<I~r;'53 
,<134/15 
.0q7!11 

4~~ LGTt 

ANALVSTS OF VAprA~CE 
REGRESSION 
RF.STOliAL 
eOEFF OF VARIABILITY 

OF 
II~ 

218. 
b,1 PCT 

SUM OF SQUARES 
33,e5428 

2.21170 

MEUI SQUARf 
8;26151 

.0QllJS1 

F SIGNIFICANC! 
8b3.41e1Q ,00' 

•• ----~-••• -.-•• -. ___ VARIABLES IN TH! EQUATION •••••••••••••••••••••• • ••••••••• VARIA8LES NOT IN TM! EQUATION ........... 

VARIARLI': A 511l ERROR 8 F BEU VARIABLE PARTIAL TOLERANCf F .............. . ..•....•• .... -_ ....... 
SIGNrl"ICANCP: ELASTTCITY SIGNIFICANCE 

LGJt .a:~4q6Ia8 :1!!!7q~i!1 1'111]:7/136 •• 61166/115 LOB! .~2i!"'HI 1,00000 12~lJ2n0t 
,0!il1!! .bn65 .1'1011'1 

LGG! 6:0;31'117&] :,qIl07A/l1i In2:215Q .553111/13 LOC1 :7221/1 1.l!IlIIl!!ee 12,302358 
.001'1 .~Q6n6 .esl 

LGAI d: cJt3 cH101! :181&1115/1 /l8"~015/15 •• 11)111'''52 LGOI .~",q/l58 111!!~11100 2.1392158 
11 ~22S3t .1ilS 

UHl ~~t''''~16'''1IJ :22q55q63 ql:q0~2111 .151711115 LGI!:I ~123U 1.000011 3.b7&/>78) 

" •• 1Ib13 .056 
(CONSTANT' -2:113"'71'1\2 :6QQaeq7U:.01 !\1I2~01876 LGFI :26/119 1.01'1000 17~71136/12 

" .0011 
LGHI .~07U6 I,A~1i!01l I.H36/11'5 

.239 

co 
--.j 

'~""'''''~'I 



* * * * * * * * * * * * * * * * * * * * * * * M U L TIP L E Q E G R f S SID N * * * * * • * * * * * * * * * * * * * * * * • 

DfPENnr~T VARtA~LF:: LGCW 

VARIABL~(Sl ENTF~FO ON STFP NU~BER 

MUL TIPLE R 
R SOUAR~ 
ADJUSTED R SQUARE 
8TO nl!VIATION 

;q&q'5'5 
,qIHI~:S 

,'nsn 
• AQIl'55 

s:: LGFI 

ANALYSIS OF VARIANCE 
REGRfSSION 
RESIDUAL 
COEFF nF VARIABILITY 

OF 
5~ 

237, 
".5 PCT 

SUM OF SQUARES 
:5:5.213211 
2.IIA72 

MEAN SQUARE 
";611265 

.IIIIIS"11 

F SIGNIFICANCE 
7113.046'58 8 

-.--_.~_. ____ •• __ ••• ~ VARIABL£S IN TH! fQUATION •• ~~ •••• - __ ••• ___ ••••• • ••••••••• V4RIABLES NOT IN TH[ EQUATION ••••••••••• 

VARIABLE B srI' ERROR !I , BETA VAIUA8LE PARTIAL TOLERANCE F ..•. "' ......... ~ ..... -.... . ...... --.... 
SIGNIFICANCE ELASTICITY SIGNIFICANC! 

LGJI .11:511"&11111 :1l1 Cl I!l38 I 6!12: /)1116 .. ~II~lIlIql! LG81 .:23583 ! .Ill!lllee t3. 8 'let 1111 
1/1 .U7U .11111111 

LGGI ":531'11763 :18''5611841 1212:l/Igl/Z ~55H843 LGCI :l!l8H 1.''''HIIilIl 13.221177 
II -~'IfJ7'111 • "'011 

LGAI .U:III,Q838 :18132QSI 7311: 3'il2Q2 •• 11311!1I1n LGOI .: "'11896 1."1/I1il1l1l 2.2'11158311 
II .22531 ,Ilt 

LGI! 2:2~"'7bA8 :22tAllqe2 QIl:31'1'1bIll1 ,157180'3 LGE! :12815 1,1/11/101'11/1 3 ,'IIIIIIU72!1 

" .:31&73 ,I/IU8 
LGFI :3'5'32011/5 ;81122'1161111e:-1l1 17: 71136112 ~ ~~71!17'l4 L.lilofl .:071)28 I,BUIlIIJ 1.4'1125524 

(CONIlTA"IT; .. l?:I'IQil'§I!1II :6QI3Q0I'l'FE-1li1 
~ IHlIII -,111111113 ,223 

'IIIQ~"!68 
III 

OJ 
OJ 



* • * * * * • * * * * * * * * * * * * • • *. ~ U L TIP L E REG ~ E S S ION ••• * * * * * * * * * * * * * * * * * * • * 
Df~ENDENT VARlARL':: LCCW 

VARtABLECS) ENTERED ON STEP NUMRER 

MUl TtPLfI R 
R SI'JUARt: 
ADJUSTED R SQU1Re 
Sf!) Ol"lIfATl(1N 

:"7121 
;943H 
,'1/H 'I! 
.!Il'l"Ile 

b., l. G81 

ANAL¥~IS OF vARtANCE 
REGRESSION 
RFSIOUAL 
COEFII OF V4RI4atLJTY 

OF 
!I, 

23b, 
6.3 PCT 

SUM 01" SQUARES 
:n.BIII 

Ii! ,000(11' 

MEAN SQUARE 
5~5S518 

,01'1848 

F SIGNIFICANCE 
655.22059 ~00e 

-;;;-:~;~;~:.;;;.;~;~ VARtABL£S IN TH~ EQUATION •••••• - ••••••••••••••• • ••••••• ~. VARIABLES NOT IN THE EQUATION ••••••••• -. 

VARU!\lE " eTn EIIROA " " BETA VARtABLE PARTIAL TOLERANC! " .............. . •........ .............. 
SIGNIFtCANt! elASTICITY SIGNIFICANCE 

lQJI .. 1I:lIIlIqbI41 : 10 II 'I.HIl1li 1UZ;!!tl6' -.64661115 LOCI ~n'7llll 1.lrles08 U.986ul 
t ~"U,,! ,eu 

LGGI 6:~:UI '163 :UI2Ul5tl 1218;eZalll ~55nU! LODI .:1111'1 [,{IIlellll 2.4116!6! 

.11:9119808 : 176581118 
• 0f11 .;.", .. • 121 

LGAI 1111;361346 .~43tBn2 LG!t ~UU1 1.""'"08 iJ.t5fl9382 
• .22511 ,ell3 

LIB t i':i?"tnU8 :ZU0M121 193:7t1 iJ ZZ .1;,.,81111 LON 1 .~SIH!II t , 'oHH!0 III 1,5111n911l 
II •• Jun .211 

La"l :35511019111 ~82827j511!."1 U:751117S .11611194 

.::H5iJc/!7111 : 84628196£-1111 
.e01! .:UllIl 

LGIII 13:&98146 •• QlIJ17I1" 

.2~1!!!28"1.'" : 68112342£-01 
• 0I1l11 ~iI!2U8 

(CONSUNTl ''''',3Z'26 

" 

co 
1.0 



* * * • * * * * • * • * * • * * * * • * * * * ~ U l TIP l r REG RES S ! 0 N * * * * • • • • * * * • • • • • • • • • • • • 

DEPENDENT VARIAAlF.:: lGCW 

VIRtAAlEtS} ~NTfRF.n ON STEP NUMAIR 

MUlTtPL! , 
R SQUAR! 
ADJUSTED R SQUAR! 
Sfl) DE'HATH'!; 

; 972(11 
,qjjo~5 
,Q4ijCJ6 
.08CJU 

7,. LGr:l 

ANALYSIS OF VARIANC! 
RFGRfSS!ON 
RES IOUAL 
COEFF O~ VARIABILITY 

D~ 

'. 23'5. 
". I PCT 

SUM OF SQUARES 
33,1.1113/.19 

1,888119 

MEAN SQUARE 
1I;1'11,,1J 

• 01'1 BI!I IJ 

~ SIGNIFICANCE 
591J,521'1111 1'1 

••••••••••••••• N~ •••• VAR!ARL£S IN THr fQU'TrON ••••• - •• ~ ••••••••••••• • ••••••••• VARIABLES NOT IN T~E EQUATION ••••••••••• 

VARUAL[ B STO E""OR I!) 
,. arTA VARUSL! PARTIAL TOL!IUNCE ~ ............. . •.•.....• . ••........• 

SIGNInCANCf ELASTICITY SlGNIFICANC! 

LUI .1I:'4Q"11J8 : II'l"Hl!l!6 11138:113515 ·."4/)"11115 LOOI .: Inn 1.1'111101'11!! l.5521'"'' • ~6"'65 .111 
LGG! ":53011U ~t178nn lJII8:snS ~Sn784! Lon : I ,,71f 1.I1HU!l1l ",3'123412 • .; .. ", ,0 ]'7 
lUI _/l.CH 3981118 ;1119U38 U".97pa •• 111106152 LGM! .:98191 I .01'110(119 1,6616041 ., ~2l5S1 ,t 99 
LOIl ~:i!0"'1608 :ZI01!7IJ] "')9 ~ 115'!05 .157188'5 

t! .. ~!U13 
Lon :3'5520tClS :7q859!2f1e-.01 tfl:7B3lifl .,!(,101U 

.:311J1I9IjJIJ :'''!lIJ163I'lE-m, 
~n" -,011141 

LOBt I Q~662Q:U -.0,11497 

: Q61c!Q'ISCJ :12489121 
~lHIIIJ .0zue 

LGCI Il:QUUl ,Qi51J1J021 

.l!~ 1II1'11J71!l1 :'1l!1J25HEe0t ~"QI" .. ,A/JIII!! 
(CONSTANT) Q2!:1~021J1e 

Ii!! 

'-0 
o 



• • • • * * • • * • * * * * * * * * * * * * * ~ U L TIP L E REG RES 5 rON * * • * * * * • * * * * * * * * * * • * * • • 
DEPfNO£NT VA~IARLt:: LGCW 

VARTARlE(Sl fNTFRrn aN STEP NUMBER 

MULTTPLF R 
R SGUARf 
A~JUSTrn R SQUARE 
STI) OFVIATlON 

; cn3111 
,'U1S3 
,<lIIS711 
.0MBe 

R:; LGEI 

ANALVSIS OF VARIANCE 
REGRESSION 
RESIDUAL 
COEF' OF VARIABILITY 

OF 
e, 

23 11 , 
10.1 PCT 

SUM 01' SQUARES 
:33,11182<1 

1.853109 

MEAN SQUARE 
II; 1811n 

,001112 

, SIGNlFICANC! 
528,210383 .001 

;;.;~;;;-:.;.;~:~;.;~ VA~IABLES IN TH! EQUATfON ~ ••• - •• ~~_ •••••••••••• • ••••••••• VARIABLES NOT r~ TH! [QUATION .-••••••••• 

VAFlURLf !'I BTO EJlROJl !! I' eeu VARIABLE PARTIAL TOLERANC! " --.-.......... ... .... --.-- ....... "" .. ---. 
llIGNIFTCANCE fUSTTCITY SIGNIFICANCE 

LGJ! .. 4~~4Qblll8 : I A'Sli!AU I&u:nlll _.64U 1U'! ., ~~67n 
LGGI 6~53'''1763 : I '7b'!6'178 un~8U6 ~5531841 

• .;967.6 
LGAI -a:<l13<1808 : 111'169'77 !l28:,105311 .. ~1I3t01o!2 

LGOl .; t94811 t ,01110II1II 2,58115151 

.:08411 
.11. 

LIH! I,AIlI11l01!J 1.685184t 
.1'11 

1!':I'B0!7U8 :2l'!885'!81 
.00111 ~225Jl 

LSII Ilt.e3116 • 15 'TT ellJS 

: ]ISS;Hl ". : '.2MB. I r:d I 10:06&:~~ .. ~31"'J 
LGI'! ~06101114 

.:31511<1""5 :818!1!3J101!:.'1 
' ,001 .~0IIt41 

U~81 11I.81~S99 .. ~ 0!l1111t1 

:il61A'HISIl : 12 lUI ° '538 
,0E1" ;1'12628 

LOCI 11I~188~ell ,1156 11 911 

:3'131115112 : 181145t11 
~0BfJ .~IIlUt5 

LG!I G,1'Z31132 .I'I~I:J!!I' 

... :>:~0153?1I ~168"'18112E.01 
. ~ "3'7 •• eAse, 

(CONIITANT) !l2/!,112BI 
e 

\.0 
....... 

. --,'" 



~ • • ~ • • * • * • * • • • • • * • • • * * * M U L T T P l f REG R E 8 S ION * * * * * * • • • * * * * * * * * * * • * * • 
D!PFNOENT VARtABlF:: LGCw 

VARIAALECS) ENTER~O ON STEP NUMBER 

MUL T H'LE R 
R SQUAR! 
~DJUSTEO R SQUARP 
STO D!VIATION 

;'l1HI 
,94811 
,qabll 
.08U0 

9 •• lGIH 

ANALYSIS OF VARTANCf 
REGRF6SION 
RESIOUAL 
CO!FF OF VARlieILITY 

OF 
q. 

233, 
b.t PCT 

SUM OF SQUARES 
33~Q98b7 

1.83332 

MEAN SClU~RE 

3;7U!ll7 
.0"781 

F SIGNIF!CANC! 
473.04525 B 

................. ., ....... VARIABLES IN TH!' F.QUATlnN ......................... • .......... VARIABLES NOT IN THE EQUATION ............ 

VUUAl!' 8 no FRROR B , 
PI I;: " VAAl iSLE PARTIAL TOL!RANC! , 

............. .. -.... -_ .. . ............. 
SIGNIFICANCE nuTtCIT'I' SIG"<IFICANCE 

LGJf .4:1J1IIlb1ll8 : 18499484 1811;6111'1' •• bll6b11 11 LGHI .~"'8!l22 1 • 0I'Ji!I01! 1. ",nU6 

• .66161 
LOGt b~!]0IT63 : 1 1!J'11 12 un; un .5'53'1' 8G J 

~ 194 

• .~'67" 
UHf .4~9t3ql'lrM ; 1'1'01 lUll ~311 ~ ]94911 .. ,41 10652 

III • U!ll I 
UHt i?:.,rIII'I1608 :2"l\lSi!\" 1I1~7B729 .1 1J7T&e5 

" .~lt6n 
Len :3'5520195 ; 7'H'I2 11 !I1E-" I 20~205n' ,0610,,,, 

.~3t'109S75 :8!~2l18&tE .. 1t 
• Bell .~04143 

Lilli! 111:11156]41 ., i!lS111197 

:G(>7P98811 : 1 i!l!Ulb311 14:c8Z::~ ~t'l26U 
lOC! .rJt;bIHlZI 

: 3931175112 : lI'/'lt 11'15 
,e"'''' .~"'&1!11J 

LBP'I .II,1Il21'''5 .03131116 

.:I'HW5'3SII :Ubb21'1t2E .. I!! 
,e3'/' .~11I4'!i81i 

LIfO I 2,5895151 -.l'Il/Hill II I 

-2: j 937396 : 11021/11!3E-U 
~ lIII" ~"01111' 

(eO~SHNn 811~251i!U 
e 

.~ 

10 



* • • * • * * * • * * * * * * * * * * * * *. ~ U L TIP L E REG R E 9 S ION •• * • * • * * * * * * * * • * • • * • • • • 
DEPENDENT VARTA~L'-~: LGCW 

VARIARL£(S) ENTFR'-D nN STEP NUM8ER 1~:: LGHI 

MULTIPLE R 
R 9~U~Rf 
ADJUSTED R SQIIAR[ 
STD DnrATION 

; Q73QI!! 
,QlleQQ 
,Q1I627 
.0ee!1 

AN~LvSle OF VARt~NCE 

REGRESSION 
RESIDUAL 
COEFF OF v~RtA8ILrTV 

OF 
I ~. 

232, 
6.' PCT 

SUM 01' SQUARES 
H.51198 
1,82~1!!0 

MON SQUARE 
3~35120 

.0217811 

, SIGNIFICANCE 
421,18465 ,000 

~._._. ____ •• _. ___ ••• _ VARIARLES IN TH£ EQU.TION ~.-~ •• - •••• - ••••• - •••• _________ • VARIABLES NOT IN TME EQUATION ----~-----. 

VARIA8LE II! 

LGJI .4:511Q6148 

lOGt 6:530176! 

LOAt .II:QI1Q808 

LOll 2:2007~08 

LGFI :~5!20IQ5 

lQBI .:3154Q575 

LOCI :II670Q~8a 

lGft :3Q31175112 

lGOI .:100AJ550 

LGMI .:,10Q 2Q51 

(tONSTANT) -2.16IQ791 

ITO ERROR II 

:10483812 

:i1511!!8!8 

:169862Q6 

:2078]Q]1 

:7BQIl1172E-et 

:8111 051511!.." 

: 12!110181! 

: t868]U7 

:6251>8452£-01 

:,111QQ61 

: 81i'11> 770R2E.~ 1 

ALL 'IIARU~LES ARE IN THE EQIlATION: 

t: 

SIGNIFICANCE 

188]: 2622 
~0U 

13~t~22U 
;18118 

e36~892U 
o 

112~1"86 
• ,0A0 

20.265707 
~ 'HIe 

15~020U611 
~0At 

I II ~ 3i!76J7 
~0f118 

4,11354145 
~0]6 

2~5Q7i!658 
.108 

1.6Q73~11I6 

~ 1941 
718: 12~211 

'" 

BETA 
.... -.-.---
ELASTICITY 

-;64uan 
;661" 

~5'!1!78U 
-:967'16 

-.4310611 
~2Z5't 

,157'7815 
-.31611 

~"'nQl7'l1l 
-:01114J 

-:0!77n1 
. : B2628 

.051>11021 
-~06015 

:9]1]8 16 
-~"'45e~ 

-.02401111 
~00945 

_~0IQ/j130 

: 021 77 

VARUIILE PARTIAL TOL!RANCE I' 
_ .. ---....... . 
SIGNIFICANCE 

\.0 
W 

~"l 



* * * * * ~ * • * * • * * * * * * * * * ~ * * M U L T r P L E R £ G RES 5 ! 0 N * * * * * * * * * * * * * 

DEPF.~nENT VARTARL":: LGCw 

COEFFICIENTS INn CDNFrOFNCE INTERVALS: 

VHlYARLE S !Tn ERROR B T 05~0 PCT CONFIDENC! INTERVAL 

LOJI .t.\;'l(j!l6111~ ;101183~12 -1I3~3qb5bO -11~15611t3 , .. 11,311]05811 
LOGI II, ~!I!lt '1'63 ,I7571H138 37 ,UII8511 6~ 18391183 6,IJ7UU3 
UHf -4,OnOIlAII , UQSb206 -211~Q2q001'll -S,21186510 , _11,570]1'106 
U1l1 ?20IH611'11! ,2A7830ll 1~.58e161 1.1012671 2.61025115 
LGII'I .3CJ5~0t05 ,7eOA3!72E-01 11,501111110 ~100111361 ~51~66020 
LOBI .; 11 !!W~515 ,81110515"e-01 -3,81562311 -,1I7SeS360 , _,1551010' 
LOCI ,116 '199880 ,12311~182 3,7851865 ,22306'116 , ,71'2!033 
LGI!'I ,303415112 ,186113167 2,10604211 ,2!3'11I23[-01, ,'61!70'2 
LGDI .,l1HHIJ554 ,6256e Q52E-01 _1,61161'13' _,2~lIlt052 , ,22430 11 54E-91 
I..GHI ·.110HO';! ,13110Q63 -1.31'128202 -.42'1121153 .81565480£-01 
C n~1!1 TA N T -2~'6U7tlli .8I'1lb17A82f-el -26.1010'11 -2;3200324 , .2~0e!02S1 

VARrANCf/COVAAI~NCE ~ATRrx OF THf UN~ORM'lIZfD REGAPSSrON COEFFICrENTS. 

LeA. ~p2e1l5 
Lt'lAI ,"'01'11111'1 ;~(II663 
LGel ,"'0I1e", ,PI""''''1l ~<l1523 
LGOI • 1l!0A IlH'I , (110 I'll I!!'" , 01110 III I!! ~ "Hl!lIt 
LGrt :OIMIHII ,(Ill'll!'!"''' , tillH'IIHI ,~"''''ilill ,GI]491 
LGFt ~"'000'" ,I'I0AI'I(II , (.11 Il'" I"! , 1'1 1'1 A 1'1'" ,"'"(.1IPI'I ;"'962! 
LGGI , 01 'H'! 0111 ,000111A ,"01'10" ,"'IH'III'II'I , '''''''''''I! ,"'''lUll!! ,0]0117 
LGH\ • 1'1 A (II "'A , 1'1 "''''lUI ,111"''''O111 ,(111'11'11:10 ,00Q1~'" ,0BA1I0 .1'1011011 .fIIl?!1 
LGYt • Al:'I01!10 , A IHHI I'll ,"'''AIU! , "'PflU • 01 A 1'1 ",II , 1"1 1'1 11'1 II I! ,00021t .00091(11 ~01132" 
lGJl ~1lI1'!1I01'1 - .I!IAlH11'I _. PII"'llfll .1.100110 • (.11 """'VI 1\1 .1'11111110'" _.111'10"'1'1 •• I'IA'HH~ ... "''''IiII''!1 .1tltnQ 

lGA! L GF! 1 l GC I LGDt LGft LOFt LGGI LGIH LGTt LGJI 

\.D 

-"" 



* * * * * * * * * * * * * • * • * * * * • • * .. U L T I P L r R F G RES S ION * • * * * * * * * * * * * * * * * * * • * * • 
DFPFNn~NT VARTA~L~:: LGCW 

S U fo4 .. A R Y T " B L E 

ST~P VARIA!'!LE F' TO SIGI;JFICANCE MUL TIPLE R R SQUARE A SQUARE SI"'PLE R OVERALL F STGNIFICANCE 
ENTI'"AFD RFMOVFtI FNTER OA RF"('VF CHANGE 

I LGJI 113; I '127'5 
'" 

;6116611 ;4181'5 ;41815 .. ;646611 t 7J~ U275 • 2 LGGi 267,4726§ ~01111!1 ,85tJfl , 'ilIAC! ,3"'668 ,55378 3U.I!I8"3 ~1I'I0111 
3 LGAI IIq6,9HU 0 ,951127 ,9111'U ,18581 -,1131"'7 811.853'11 • 4 Lui '11,'1(11828 II ,q6fU ,93551 ,02489 ,15,.,8 863.4707' ~ 19111 
5 LGFI 17,783611 ;Ufl ,'16'155 ,'11100] ,f/lC!la51'J ,06198 7113,04658 I 
6 LG81 I3,MaI5 , o Pili ,'17121 ,'111337 ,00334 -,05775 655,221'159 • ~III 
7 LGCt \3,<I8f,~CII ,pel'! ,'172'11 ~qa~55 ,rIII'I31! ,"'S6111! 5'111.52"'111 II 
8 LGEI 11,3923 11 ,I!n ,<173111 ,'111753 ,OJ0(11q8 ,~13138 528. 2~31!3 ~"'00 
'I LCD' 2,5aq5l ,11'19 ,'17]71 ;'111811 ,"''''0511 -,(112 11 (111 1173."'4525 

'" \llI LCHI 1,6'1734 ,1'111 ,9739'" ,'14811' ,(1101'138 .. ,01'1111 427.18116'5 ,lillHII 

.-----~-"-.- ._.-- ----~-.~,.~~' ., ---..... ,-.~. 

-.D 
U1 



• * * • * * * * * * * * * * * • * * * * * * * M L T t P L E REG RES S ION * * * * * * * * * * * * * * * * * * * * * * * 
DEPENDENT VART'PLE:: LGSS 

MEAN RESPONS! 11:1'58'55 

VARrARLF(Sl ENTFREO ON STEP NUMBER 

,",UL TtPLf R 
R SClU4Rf' 
AOJU8TED P SQIIAR! 
STD OFVtATInN 

;630211 
,5'72'! 
,JQ1l75 
• 1 Ill!! 1 

STO; OEY~ :i!3b26 
. , 

1 •• LGJl 

ANALystS OF YARIANC! 
RF-GRESSlON 
R!'SIDliAL 
COE'F OF YARIABILITV 

DF 
1 • 

21n, 
3.CI PCT 

SUM 0' SQUARES 
5.36612 
8.111209 

MEAN SQUARE 
5;3&&12 

.03378 

, SIGNIFICANCE 
198,833116 e 

.~.~.-.. ---.--..... -- YARIAALES IN TME EQUATION •••••••••••••••••••••• • ••• ~ •••• _ VARIABLES NOT IN TME EQUATION •••••••••• ~ 

YAFlURI.E " STO ERROR A F seu VARUBLE PARTUL TOLERANCE F ................ ............. ... ~ ............ 
SIGNlnC:ANC! !LUT!ClTl' SIGNIFICANC! 

LGAI .:97456 I ,QI "" i!I 118,2UU 

• ~ U9 10 
,.1. 

LGIH 1,"'0.8. t. ue159Z 

LGJI .2~1qllnU :2115636' 1'11:1'133116 .~UI!!2T7" 
0 .~ UlJ! 

(CONIITANT) 5: 'J1l'566J2 :1I11051i"IoI3! .. I!J! 1i!114~IlU 
.UT 

LGC t ; una l,eI!eElt'l 1~77451l92 
e 

·~n9n 
.El97 

LGDI t ,liHlue ,37816'66 

~ I!I!Ut 
,539 

I.GU 1,510009 ,2116111759 

LGfI .; 1'9432 l.ue01 
.62" 

9,41713114 

;72325 
.e02 

LOGI 1.llH'IlIIel 161,13399 
e 

LGHI ~01l1U1 1.00000 1.61 \1902 

.;0UQJ7 
,206 

LIn 1 t .1111"'0111 • t U45Z4J 
.733 

\D 
U' 



* * * * * * * * * * * * * * * * * * * * * * * M U L TIP L f REG RES SIn N * * * * * * * * * * * * * * * * * * * * * * * 
OFPENnENT VARYAALE:: LGSS 

VARIABLECS) ENTfRFn ON STEP NUMBER 

MULTIPLE R 
iii MUAR£ 
ADJUSTEn R SQUARE 
STD "EVIATION 

;SIHI12 
, n 2'50 
,11014 
.t27,,0 

2:: LGGI 

ANALYSIS OF VARIANt! 
REGRESSION 
RESlDUAL 
cnEFF OF VARIABtLITY 

01' 
2, 

2/,1111, 
2.7 PCT 

SUM 0' SQUARES 
~.b251! 
3.88311' 

MFAN SQUARE 
4~eu,. 
.0U18 

F SIGNI'ICANt! 
297,4"'.9 ',001 

- •• --~ •• ---•••• -.-••• VARIABLES IN TH! EQUATION •••••••••••••••••• --•• •• --.--•• ~ VARIABLES NOT IN THE EQUATION ••••••••••• 

VARU8Lr " STO fRROR 8 , SEU VARIABLE PARTIAL TOLERANCE , .......... " ... .-.... --... .'It •••••••••• 

SIGNI'ICANCE ELASTICITY SIGNIFICANCE 

LGJt .2: '7111.3f1l1 : 1 '50'HI1!1 nl~bU4fl ... blUn. 
iii • ~ 123111 

lOst 1l:0q~I!I'5qQ : 2523182'9 2.]~2:n" ; !!~UflU 

Li'iAl .:83198 1,lIn • 531.4UI1l1 

" LG8! .;12".1 1.100l1li a,1Il4!1)Q9" 

a:II611n!! ~ !>19I1l<'HI2tf-1! t • • .18MUI 
(CONSUNT) QBle:Q1U ~i!J4U 

,US 
LGCl 1.lIIfllI' 5,118.5., 

iii 
• ~I"U 

,Ill • 
LCOI 1.110101 ~ 192U95~ 

~U635 
.3111 

LQI1 !.11l111lIllt ~51455262 

.. :21138 
,414 

Lan t.IUIU8 2111.5n334 

; UUS 
.0111" 

LQHl !,nUI! J,389UU 

LUI .. ~0U •• 1.00000 
,0n 

~244:n5U 
.&22 

'.0 
"-J 



• * * * * * * * * * • * * * * * • * * • * ~ * M U L TIP L E R F. G RES 5 ION * * • • * * • * * • • • * * • * • • * • • * * 
DEPEN~fNT VARTARLE:: LGSS 

VART~RLF(S) ENTPRE~ ON STEP NUMBER 

MUL Ttf'LI" R 
R SQUA'lr 
"OJu~no R SIll/AilE 
STO OEVIATION 

; «IS 1173 
,"tl"l2 
,«110 4 1 
.0711172 

3.; lGU 

ANALYStS OF VARIANCE 
REGRESSION 
RF.5IDUAL 
CnEF~ 0' VARIABILITV 

OF 
3. 

23«1, 
1.5 PCT 

SUM OF SQUARES 
12.31297 

1.19524 

NrAN SQUARE 
4; I 1!l432 

.11"151210 

F SIGNIFICANC! 
820 .6«1851 • 

• ;;;~:.~~ •• ;.;_;~:.~~ VAPIARlES IN TH~ EQUATION .-•••••• ~.~ ••••••••••• •••••••••• VARIABLES NOT IN T~E EQUATION ••••••••••• 

VARIABLE ft nD "RRQR 1\ F 9rT' VAlUABLE P,RT! AI. TOLERANC! PI 

.... --....... •....•.•.• .. "" .......... 
SIGNIFICANC! ELASTICITY SIGNInCANCE 

L9Jl .2:14tql~1I ~1I37(ll58e2!·QI 1073:111076 _.6111277IJ I.G81 .~I.!:U!II 1 .0111"" 1,.605'!i!j 
II -;12338 ~II01 

lGGI /I ~ 1!191HIJ594 : t IJ02'HHll 851:6278 11 .561 !UI61 LGCI ;,n27 t • lUISI'll!! 29,132167 
e : 11I6U t'''' 

LIUt .,: tlHlltII'l<! ~ t '!Jb2~6!5 sn:llun •• 114611'0 t LGol .~ lU08 1.090n 2.'5unu 
II .~01142t .1011 

(CON8TANTl 4:670'S375 :U671bQtE .. 01 j /!I229. 7811 LGEt ~0n511 1.IHU100 1.6727161 
III .1" 

LGFt .~5''l717 t .0'UI01!1 82.410111U1 
.1r'H~" 

LGHt ~211111 1.00130" 11.3261121 

I..OU .~IIn61 1.0000. 
.001 

.7'922«1455 
• 3 '71! 

. .. .. , f , '!' , !r 'II ! , • !' 1!1 r 11 IF" 11 ..- " 

\.0 
co 



* * * * * * * * * * * * • * * * * * * * * * * M U L T r P L ! R £ G R F S S rON * * * * • * * * * * * • * * * * * * * * * * * 
DEPFNDENT VARTAALe:: LGSS 

VARIABLECSl FNTeR~D ON STEP NUMBER 

MUtTIPL!" II 
R SQUAR! 
ADJUSTED R nQUARE 
sro OI'VUTtON 

;96658 
,cn1l28 
,93311 
.IHoI"'8 

u~; LGFI 

ANALYSIS OF VARIANCE 
REGRESSION 
REST DUAL 
COEF' OF VARIABILITV 

OF 
II. 

238, 
t.3 PCT 

SUM 0' SQUAREI 
12,62901 

.88181 

MEAN SQUAR! 
l;USU 
.Inn 

, SIGNIFICANCE 
845.80901 .• 111 

- ••••••• ~.- •••••••••• VARIA8LES IN THE EQUATION •••••••••••••••••••••• •••••••••• VARIABLE! NOT IN THI! EQUATION ••••••••••• 

YARUllLE A &TD ERROR 8 , Bill VARUIlLf PARTIAL TOLERANC! , 
.... --....... . ....... ". ....... ,. .... 
S!GN~FICANel! ELASTICny SIGNIFtCtNCE 

LGJl .2~T41'3U : '22912111£·(11 1418:'126 -.unn. LGIH .:'6981 1. BIIIUI 18. &111111 It 
I ;;ia::; ~ 8n 

LGGt lI~nC0590 :UtlUi/l I till: 1188 LGCt :U4S. 1 ~lIIflJlllfJe 11.1!!0412U 
~ e ell • ~ tUIU! " LGAI -1: til II 1882 ~117132S8 7l1ll:,OI'J2' •• OIIU11l LQIH .~12G121 1. un. 3.475nn 
: eli'll! ';'~ilU2B 

:n6n 
.8611 

LGFI .:II."QIlt.111 :SIlIl09253£.01 82:H~IHII .~1'0e6n LGIt 1.1lI0001il 1.2111214161 
,1lII11 •• 1 t'I'., 135 

(CONSTANT) 1I:"'511~981 : l!9975&'5!.l!Il 217111.1U I.GI11 ;24'71' t .B0Ii!l1lll 15.03426 

" • lUll 
LGII .:"uu I ,1Il0l!l1!l 1.I!IU4IIU 

.313 

...0 
\.0 



* * * * * * * * * * * * * * * * • * * * * *. M U L T I ~ l E R f G RES S ION * * * * * * * * * * * * * * * * * • * • • * * 
OEPENnENT VARtARlF:: LGSS 

VARTAALF.{S) EMT£R~O ON STEP NUMBER 

MUL TIPU' R 
R SQUARE 
ADJUSTED R ~QUARE 
8TO DEVrHlON 

;q7014 
,qlll te 
,Q]qqa 
.1151'10 

Cj~: LOCI 

ANALYSIS OF VARIANCF. 
REGRESSION 
RESIDUAL 
COEFF 0' VAR~AaILITY 

OF 
5, 

231, 
1.2 PCT 

SUM OF SQUARES 
12~ Tun 

.HII5Q 

MEAN SQUARE 
2;!i4l273 

.!!IGlBI 

, SIGNI'ICANCE 
15e~1I1~03 e 

~;.;;;;;.;;;.- __ ••••• VARIAALE8 IN THE EQUATrON ._ •••••• _ ••••••••••••• • ••••••••• VARIABLES NOT IN THE EQUATION ••••••••••• 

VARIABLE 1'1 ITO ERROR " ..- BETA V"'Ul!IlE PARTIAL TOlUANC! , 
.............. . ............ 

' .. ---.--,. .. " 
SIGNIFICANCE ELASTICtTY SIGNIFICANCE 

LGJI .2~T4Ilq3641 :1>8536159£.1\ tl>ee~5U] ,,~o~U71e LGIH .;UIJU t ~a00111'1 21.895'21 e .,una ,eee 
l.GGt u:eQUS511l11 ~t111861110 12"GI~32a., .56I!U'16; LGOI .;12181 1.e81518 J~81SI6U 

e ;111618 ,n. 
UU\ .3~ 11111 leu : It t 0UU2 IHH :(,Qe52 •• ~A68"'l LG!t : 10246 1.U0Il! 2,513"'1112 

I!I .:e4ll111 .1 t!5 
LGlI't .:1I1)1I)U6211 :5t582010!.01 CU :Oqeate •• 1,18615 lGMI ;261"" 1.01i10i1i1 t1 • 3"" 128 

III -,"""67 ,eae 
LGCI :,IJ2II518U28 :e0e.T2'iUE.rllt 21: e011i!jjlI .0830711 LIHt .~07061 1.""9"1 t ~ 1837651 

e ~Iilua" .218 
teoN9UNH II:U1I66n ; 311 '!'e. i!1'l9 2!.et IIUl8l.81l 

II 

r-' 
o 
:;::) 



• • • • • * • • • • • • • • • • • • • • • •• M U L TIP L E REG R F S S ION ••••••••••••• * • * * * • • * * * 
DEPENOENT VARTAALF:: lGSS 

VARIARL~(S' ENT~RED ON STEP NUMBER 

MULTIPLE R 
R !I~UAR! 
AQJUST~n R lIQIJAR!: 
STO O~vrATIMl 

; 1172f1l 
,'1115'16 
,1111"511 
• 1'1 "i5 II 2 

II •• LGSI 

ANALYSIS OF VARIANCE 
REGRESSION 
RESIDUAL 
cnEF~ OF VARIABILITY 

OF 
II, 

236, 
I.Z PCT 

SUM OF SQUARES 
'12,77826 

.721111" 

MEAN SQUARE 
2;121171 

.15153011 

~ SIGNIFICANCE 
68B~5511] .010 

~;-;:;~ •• ~-:.;.:-:.~- VARIARLES IN THE EQUATION •••• -~.- •• --~.-----.-. .-.--••••• VARIABLES NOT IN TH! EQUAT!ON •••• ·.·P ••• 
VARUIIL!' " 8TD ERROR !! II' BfTA VARIUl! PARTIAL TOLERANC! II' . -.. _-_.---. _ .. " .. ---- ..... --., ..... 

SIGNIII'tCANC! ELASTICITV SIGNIFICANCE 

LQJl .~~ 1111 9!,,1I : "5!12I1nlll!.0 I 1134; III!!! .~,,]ezTTe LGDI .; 13211 1.011888 4,20424011 

; IIU211117 
, .~ U3J8 .Ut 

LaGI 4~l'Iqa05114 UU;c,U2 ~ 5615eU LGEt ; UIIIII I, usee 2~ '1tU1116 

" ~leU8 , tet 
LUt -3~ t/i4IA8I :1061151126 e"c,~0IUI36 .~446118t LGHt ;21213 1.000811 18~81!4Sf14 

I .~'Q4U ,BII 
LGFI .:411]'1411211 ~ 111I51111!1U .. 0 1 11':11161114 .~15'8615 LOll .~0731l 1,'011100 1,2636888 

I ';';11161 ,258 
LGCI :4115381128 : 77085.,,4£-01 30;I3~HIlI • 1~]III1l1 

-:n3&sc,0D 
,PIAl ,IUSII 

LGB! ;5111541l1IE.01 21:e1l511U .~&lbll17l1 

4:'1'1]&1611" : 33961 IIIIIIE.'" 
~100 .~B01J" 

(CONIUNT) 191711.8111 , 

"YCY, 'YYY ~,",'~1'i#'!!i,Yl~'i<T_Jiii;!%;ti~,lY:k~,~~:;;~'iti.~;y.~~m~~ii • IV , n~5 
'P' ,~,.~"' ',Y', N' '-"'~~"'1!'"Yi;r~O"\"I!V"'''''~ 

t-' 
o 
t-' 



* * * * * * * * * * * * * * * * * * * * * * * M U l TIP l E REG RES S ION * * * * * * * * * ~ * * * * * * * * * * * * * 
DEPENDENT VARTA~l~:: LGSS 

VARIABl~(S' ENTfR~D ON STEP HUMRER 

MUL TtPLI!' " 
R 9rlUARP: 
AOJUSTEn R SQUARE 
STO DEVIATInN 

;CI'71167 
,91.111C111 
,91.181.19 
• ",0; 3b 2 

1~: lGHI 

ANALVSIS OF VARIANC! 
REGRESSION 
RESIDUAL 
CDEF~ O~ VARIABILITV 

O~ 

7, 
235, 

I • I peT 

SUM OF SQUARES 
12,113255 

.Er75Erb 

Io4EAN SQUARE 
1;83322 

.8111288 

II' SIGNIFICANCE 
63'7,6e9118 8 

----._ •••• _._ •• _____ • VA~I'RL[8 IN TH! EQUATION .--•••••••••••• ~ •••• -. • ••••••••• VARIABLES NOT IN TH! EQUATION ••••••••••• 

VARU8LE ~ 

LGJt .2:'111C1!bll 

LOGI 11:'1140594 

LGAI .. 3:,0Ilt882 

LG~I -:U9]C!U62G 

LGCI :112538428 

LOBt .:2!3b5110D 

LGHt :3115Ib21" 

(CONSTANT' a:638934! 

STD ERROR B 

:b3116832111£ .. 1111 

: 1Il6!'72'7' 

: 10283394 

:477UG6Q! .. 1!lt 

: '7117IlUUE.et 

:119282153£.1'1 

~'7111.12'71.10lE .. 0' 

:lSlIllt2111E-1il1 

~ ........•..• 
8IGNInCANC! 

1866:382' 
Iil 

1481 ~3tU 

• 9311 :1154'7'7 
Q! 

U6~q2811!1 
III 

32:4i!H31 

22: II '7 C!45: 
~0'111 

18:881.150U , ° III II 
IU82.221 

8 

BETA 
..~ ... -.... 
ELASTlCrn 

•• 6JU'718 
• ,12n8 

.5615'''' 
~t81t" 

-.44b1!!'7lt 
-~IHI4U 

-,15QleU!I 
.. ~111116'7 

.fJ83l!l1n 
:01681' 

.,069171' 
·~QlQl5" 

.I1I633Q92 
~013118 

VARIABLE PAIfTUL. TOLERANC! , 
. ............. 
SIGNIFICANCE 

LGDI .. : !JU8 1,BBII' II ,'!I2'12'7'!12 

; llUI 
,n • 

LG!l 1,B!!lU' 2,1I2'!12'11111 

.. ~n"l 
,lin 

L.fHl l,eBIUJ0 l,leU,0'!! 
,241 

I-' 
o 
N 



* * * * * * * * * * * * * * * * * * * * * * * M U L T r P L , R F ; RES S 1 ~ N * * * • * • * * * • • * * • * • * • • * * * * 
D~PfN~ENT VAR1'Al~:: L;SS 

VARIA8Lf(S) ENTFRfD ON 8t£P NU~BER 

14UltYPL! II 
R SQUARP: 
AOJUST!O II SQUAR! 
8TO ",VUTInN 

;'H516 
,9509) 
,9a925 
_"5U2 

, 
1'1 •• L GI'lI 

ANALY~te OF VARfANCF 
REGJ:!ESSION 
RE8IOUAL 
COEFF OF VARtA8TLfTV 

DF 
e, 

UII, 
1.1 peT 

SUM OF SQUARES 
1 " ~ lWi! 8 

.66283 

MEAN SQUAR! 
1;&05., 

.U2e'S 

F SIGNIFICANCE 
566.&5158 .000 

.~ ••••••• ;~;.;~;.;.;~ VARIABL!S IN TH~ £QUAT!ON •••••••••••••••••••••• • ........... VARIABLES NOT IN THE EQUATION ............ 

'1ARIAI'IL! 8 STO ERROR B , 8UA VARUBLE P."TUL TOLEIUNCf " ............. . .......•• ............... 
SIGNlnCANC! HASTlCnV SIGNIFICANC! 

LGJt .2:,111936" : 1.299'0!2!e01 tat":4 t l!6 •• '~B271(IJ 
I ... 12338 

LGGt 1I:9IQUI59" ~ 1055eUIi 1'511~5U' ; 'SU '586'1' 

" ~ t eU8 
U:Al -!: tlll1t8ll1 :10207034 '148~nu. -.4469'1'1l 

LeEl ~llZlt 1.10O", !,9nUn 

.:,nu ,IU 
LOll 1,11'" 1."Iil2U36 

,an 

• ...041121 
LGF\ .:UQ3ClIl6211 : 11'711 12UClE .. U lte:S!llB -.1~te615 

" •• s 1 '1'6'1' 
LI'~t , :U53fU121 :'1l15192tE .. 01 32:'89256 .21811111 

... :n:U590i1 ;'llJ'H6205!.lt 
~""e , ~e16U 

LUt 22: 81 '1IIJ! , •. It'''l'' 
:31.1516214 ; 18t1lT610!-01 

~l'Jlle _.AI!t'!9' 
LGMI ,,: uet t! .l1b33q92 

.. :ellllltutl5'!1[ .. l'!t :375'11266£ .. 01 
~ IIIJIll ~0t3111! 

LGDt ".5292752 .. ,1'l)A811! 3 

1I~6IIq1l7qQl ~36eI861'l7E' .. 01 
~0J,Q .~"'''2'Ul 

(CONSTANT) 16665. 41 2' 
e 

!-' 
o 
l.JJ 



* * * * * * • * * * * • * * * * * * * * * _ _ ~ U L T J P l E A E G II' E S 5 JON * * - * * * * * * * - * * * * * * * * * • * * 

OI!PF.NOENT VAA!ARLF:: LGSS 

VARJAALEfS) ENTERED ON STEP NUMBfR 

14ULTtPLI! II' 
II' SQUARE 
ADJU8T[D R SQUAR! 
STO Dl!vtATrON 

;'''5/11 
,951'55 
"IIUS 
.11531111 

' .. tGE 1 

ANALVSIS OF YAAIANC! 
RF.GPE8SION 
R~8IDUAL 
COEFF 0' VAAIA~ILITV 

0,. 
9, 

233, 
1.1 PCT 

SUM OF $QUARES 
12,85H2 

,6511 119 

MUN SQUAA! 
1,112819 

.0IIl2S1 

,. SIGNIFICANce 
518~"141 a 

• _ •••• _. ____ ••••••••• VARIABLES IN 'HE !QUATION ••••••••••• ---•••••••• •••••••••• VARIABLES NOT IN TH! EQUATION ••••••••••• 

VAR! AIR! II 

LGJ! .R~.,ut936' 

LGGt 0;1119415'" 

LOA! .!:!A4IS&! 

LGFI .:4q3911624 

LGCt :'~538/128 

LOBI .:23365'1' 

LG~t :345'6214 

LG~t .:8~11l1/1S55!.01 

LGEI :19266186 

CCONITANT, 4:6110915 

810 fRROR I 

:6l!n3~1I0!"J 

~ U5tal2l 

:lIHUUI 

:1.I72UIIS9E .. IU 

~ 73811 1112£-0 1 

:a811160n.lt 

; 185Inn! .. 8l 

:"41101111 II!:· I 1 

: 11179123 

: 4106111 Ul6E.01 

,. 
.•.....••..• 
SIGNIFICANCE 

19U~J5c/1I 
I 

15U:UIUI 
II 

956 ~ 882111 
CJ 

Uc/~A4ft38 

33:18U8: 
I 23:0.'13. 

~I\IIII'I 
19;nun 

~00t 
4.5671111127 

~0311 
2. Clb981111f 

~0M 
12911.531 

• 

B!TA ...... -_ ..... 
ELuncrn 

.~6'821T' 
,-.111311 
,5U58U 

~III'" 
•• AII611111 .:04U. 
-.151!l8611 

·:"'7U 
,eU1T1., 
. ;1168' 

.:16"1" 
.. ~1!I"5"" 

.M!]9CI! 
:1113 11 8 

•• I1I~Af.l18J 
•• l!02JfJ 
~~211851T 

~1!IG!6n 

YARI "'L! 

LGI1 

I'UTUL TOLUANtE pr 
....... -........ 
SIGNIFICANCE 

.. ~ 11111841 l.fl0l{ll1ll 1."saUl? 
.236 

I-' 
o 
+'-



• • * * * * * * * * * * * * * * * * * * * * * M U L TIP L E ~ f G RES S ION * * * * * * * * * * * * * * * * * * * * * * * 
D~p~NnENT VARJABL~:: LGS8 

VARtAALECS) ENTERED ON STEP NUMBER I~:: LGII 

MUlTI"Lf A 
R SQUARE 
AOJU8TEO R SQUARE 
Sf!) OEVUnnN 

;~15"2 
,q'!i1 811 
,Q4Q11 
.052Q'J 

ANALYSIS OF VAR1ANC! 
RfGRE'SStON 
RESIDUAL 
COEFF OF VARIAB1LJTY 

OF 
10~ 

232, 
1 ,I PCT 

SUM OF SQUARES 
12.851&Q 

,b5352 

MEAN SQUARE 
1 ;28577 

,0028" 

rr SIGNIFICANCE 
058.5'5241 .0~" 

•• - •••••••• __ ._.~._._ VARIA8L!S IN TM! !QUATIQN ~ •••• ---•• - ••••••••••• _ ••••••••• VARIABLES NOT IN THE EQUATION ••••••• -.-• 

VARUBLr A 

LGJt _2:,4193ba 

LGGI O:~q4059a 

LGAI .':'OG18~2 

LGFt .:'939462. 

LCti :425'8428 

LGSt .:2336590. 

LGHI :145t6214 

LCDt -:8~~14~'5!.0t 

LGEI :1~2b6186 

LGI! .:IQ"71~1 

(CONSTANT' ~:~4eI23~ 

ITO !I'IROII II 

: b2&11838(-11I 1 

: 1 g!1I1I4711 

: 1I1I15531b 

:1I7t72'!1]11!w1il1 

:7177b2071-lIl 

:1i1l&U15&!.et 

:,8438154E-01 

: ]140&168£.111 

: III &9797 

:124257U 

: 11821]075£.1! I 

All VARTARLE8 AR~ IN TH~ EQUATION~ 

rr 
. _--.-----.. 
!'IlGNtFICANCf 

1~tl;'5&11 
I 

ulII:Qat 
I 

q~8~'5!1na 
~I!U 

U9~6031!1iJ 
I!I 

33:24529' . a.., 
n:1l51011Q 

19;36;::: 
;0el!! 

a.515Si!1f/I 
~1!I33 

2.975I!Q'511 
.086 

1.41113217 
~2H 

112811;7901 
A 

B!TA .. •.......• 
ELASTICITY 

•• *' 31112 710 .; une .5.,58.., 
~t!l6U 

.~1I4607't 
-~"U20 

.~ 15086n 
.~iJt161 

,81131111 , 
. ,11611 

-.(1)691111 
.~1lJ05n 

.0un., 
~"1J41 

.~"lB81n 
.~"il2l11 

.0248507 
~IIIUI9 

-.01113111 
.~0~b52 

V&RUSL! PARTIAL TOLERANC! " ......... --_ . 
SIGNIFICANC! 

I-' 
o 
V1 

:<>""fJ"4-'';~~',,~,} '.- ,::'"C.~'5"l..:~ 



• • * * • * * * * * * * * * • • * * • * * *. ~ U L TIP L E REG RES S ION * * * * * * • * * * * • * * * * * * * * • * * 
DfPp.~n~NT VARTA~LE:: LGSS 

CO!FFtCJ!NTS AND CONFIOENCE INTERVALS: 

VARTARLE R STn fRRnA B T 115:" peT CONFIDENCE INTERVAL 

LOJ! .. t!;nPI36Q ;6267783AE .. 01 -Q3~7465e7 "2~86511269 , -2~&181111'111 
LOOI U,"'IIU05Q4 ,t05~4787 311,1173275 3,88708117 Q,30102111 
LGA! -,.111411\112 ,1 0155316 -3A,Q610B7 -}.3 Q4 2725 , -?Q aQ I 0 311 
lO'1 -,4113 911624 ,a7112537E .. 01 -10.Q11055 -,58688755 , -,41010011113 
LlIC I ,412'1381128 ,73776207E .. 01 5;7&5813. ,28002711 , ,570711126 
LGIH -,233~511011 ,"8&68356£-01 -4,8AI01166 -,3211'1117418 -,13777061 
LGHI ,lU5, &214 ,78Q1815QE-~1 .Q,"004368 ,1906ie0' ,11911701128 
LGDI -,AUIIIA5S!-"'! ,374067b8£-01 -2,131101176 -,1537 1524 ,-,631I1Q7111£-02 
LGE, , I Q20ft 1.8. ,1116Q7Q1 1,72"811&6 .,27410162E-01, ,111273388 
LGlI ".1 11111351 ,12 Q25746 -1.,8112526 •• ~lIa511'" , .~70Q3755!.Bl 
CONSTANT 0.61181231 .1I82331117'1E .. 01 116.361962 4.5530'23 , 4.711)15311 

VAR1ANCE/COVAR1ANCE MATRIX OF THE l/NNORMALtlED REGRE8SION COEFFJCI!NT8~ 

LGAI ~01B3t 
LGBI , 'HI III 111111 ; 'HI 211 
L!;CI ,00000 , 001111H'I ~ Illl'l/lll 
LODI , ,-""I A I".' ,00A011 ,00901 ~01l1110 

;01248 LGE! ,I1I0B1J0 , A0ue ,00000 ,""0U 
LGFI ,00A00 ,11101'111111 ,1"'100111 ,110000 , lUI 0 0111 ~A0Z23 
LOGI , 'Hll1' 00 ,01lAIllII ,1l00P111l ,00000 ,,,,eUIl • 1'11'1 1'1 I!II! ~ 8t 104 
LGHI ~A0111"1II , "0 "t"" ,IJ1IJ911l11 ,00000 ,001'111l1!1 ,0011U , 11l"''''' ,00 615 
LGtl , Cl 0121 I'll!! . , II I!! III 121 II ,BB00e ,0001'10 , "'I'Ialll1l ~CII""0' ,IlUIII ,I'II!IIUJII .01'5/111 LOJI • 1'1 ACII 0" -.III011lIllfi -.1'11'1"'"" .00000 • III 110 1211'1 .\l11l000 -.1111'11101 -.lili'lB01 .~IJ011B0 .003Q3 

LGAi LGAI LOCI LQOl LG!1 LG'I LGGI LOHI LGIt LGJl 

f-' 
o 
0' 



* * * * * * * * * - * • * * * * • * * * * * * 
OFPfNOENT VlRIAeLE:: lGS9 

STEP VARIABLE F TO 
ENTERFO RFP-IOVED ENTER OR REMOVE 

1 lGJt \SR:813U 
2 LOG 1 2b~~n399 
3 lGAj 537 ,110007 
4 LO"I 82,IIU4. 
'3 LOCI 27,81'11125 

• LOIJ 20 ,89591 
1 LGHl 18,881151 
8 LOIH 11,52928 
«I LOE 1 2,9bClU 

1I'l Lot i I.AUl2 

M U l TIP L E R ! G q E S S ION * * * * * * • * * * * * * * * * * * * * * * * 

SUM '" A R Y TAB l. E 

SIGNIFICANC! foIUL TIPlE R R SQUARE R SQUARE SIMPLE R OVERALL " SIGNIFICANCE 
CI4ANGE 

II ;6]928 ~ 39725 ;39725 .~U"28 158.83346 I!! 

0 ,8 1141 12 ,71254 ,:H529 ,56t51 297,tla769 ~ IHI0 
0 ,954n ,91152 ,19898 ",1146'" US,ollesS III 

:0I2I1II ,966" ,911128 ,02276 -,15016 SU,80«10S .00' , ,91111 U , 94 111l ,0011118 ,linn 758,111403 II 
'1118" ,91261 ,94"" ,081118 -,IU11 688.5St u ~e0' 
' fJllI ,9111n ,IU998 ,110492 ,003411 &31,61988 • 
'UII ,91516 ,"!in! ,I1lI'JIIClS -,03982 5116,115358 ~00' 
'0U ,97'5 111 .9'51'1'.1 ,MI1lU "a1l85 508,41111.1 !II 
!Z3f1 .9'7562 ~951811 ,MU9 -,111U 1158.55241 ~ 011 

f-' 
o 
"-...J 





APPENDIX D.2 

NON-LINEAR REGRESSION ANALYSIS 





BMDefR • NON LINEAR LEAST SQUARES • RtvISEO NovEMBER 1',1"1 

HEALTH Ser!NC!8 COMPUTING ~AC!LITY, UCLA 

PROSl'" COD! 

NUM8EIlt OF VAAUBLU 

INDEX 0' TM! nEP!ND!NT 

INDEX 0' TH! WUGIoIUNG 

NUMAER OF CA8~8 

NUMfilER of' PARAM!T!RS 

TOLERANCE 

VARUBU 

VAlUABLE 

CRKSP 

1 , 

211S 

1 

EPSILON .~elml' 

MAXIMUM NUMBER n~ ITERATIONS 2 

NUMBER OF VARIAAL! FORMAT CARDS t 

ALTERNATE INPUT TAP! NUM8!R 5 

REwrNO OPTION NO 

VARIA8L! FOR~lT ('5~0,!0X,'5:a,'5~0,JF5,~,'10.3,20X) 

ill 



VF-R8 4~6 MNF,t.e~nSCR1.l=OUTPUT,E=a.I,B.BMDSCR8~ 

0000008 

I'IPl100"'8 
0"'011101118 
fJ0el/l0i!8 
8IHII!I01B 

"'l'!0A52B 

0G110125B 

0002009 

0C119252B 

001,1324B 

000]768 

0004S1! 

0111151 ftB 
800520B 

• 2. 

• 3, 
4, 
5, 
6. 

• 1. 

• 8. 

• q. 

• 1'11. 

• , 1 • 

• 12. 

• 13. 
• ta, 

1S. 

C 
C 
C 

SUBROUTINE FUNCF,D,P,~) 
DIMENSION ~Cl), O(1), PCI) 

FUNCTION DEFINITION SUBROUTINE FOR BMD01R; 

A.t000~ 
Aal; 
e-2. 
F-(PC1))/(CX(1'/A+8).*pet))/Ce~C2).A+B).*P(2)).((~(3)1A+Bl •• Ptl)) 

41*ecxca)/C+8)**P(4))*CCXC5)+S)**pe!),/((XC6'+8,*.PC6') 
D(1).(.ALOG(X(I'/A+6)).ep(1))/eCX(I'/A+e)*.PCt)'/(C~(2'*A+B)**P(2) 

51)*C(X(3'/A+8)**Pt3)*(C~C4)/C+B'*.PC4)).CtX(5)+B)*.P t5')/C(X(6)+8) 
~2**PC')) 

D(2).(.AlOGCX(2)*A+B»).CPC1»)/CC~Ct)/A+B'**PC1')/((X(2,.A+8)**P(2) 
61'*((X(3'/A+B'*.P(3')*((~(4'/C+8) •• P(4"*((XC5)+e'**p(~)'/CCXC6)+B' 
62**P(6)' 
D(3'.(ALOG(~C3'/A+B)'*CPC1"/((X(t'/A+8'**P(t"/CC~C2)*A+B'**P(2)) 

71*e(xt3)/A+e) •• PC1)'.C(X(4)/C+S) •• P(4,)*(eXCS)+S)**PC5')/(CXC6'+B)* 
'2.P(~) 

Dca'.CAlOGt~tU)/C+A»*CP(1)'/((~(1)/A+B)*.P(1)'/C(~C2' *A+8'**P(Z" 
el.C(~C3)/A+R)**P(]"*C(XC4)/C+B)**PC4)).((~C5)+B'*.P( 5)'/(tX(6)+B'* 
82*P(b)' 
D(5).tAlOGe~tS)+e')*rpt7')/(Cxrt'/A+B).*PC1»/CCXt2)*A+B,**P(2»)*C 

QtCXCll/A+B)**PC3»*etvCG)/C+B) •• PC4,).ceXcs)+e,**PC5)'/CCXCb'+8'**P 
Q2(6» 
DC".r.AlOGC~(61+8')*(P(1)'ICC~(1)/A+B)*.P(t)/CCXCZ)*A+B)*.Pt2)1* 

101e(~(3'/A+A'*.FC31)*(e~(4)/c+e'**Pt4»*ce~C5)+B).*PC5)'/C(X(6)+8)** 
102p(6)) 

D(7).t/CC~Cl)/A+e)**PC1»)/CCX(2)*A+B) •• PC2»*CCXC3)/A+B)**PC3»*(C 
tttX(U'/C+B)**PCQ)'.ceXCS)+B)**P(S)'/CCXC6)+9).PC6') 

RETURN 
!NO 

I-' 
I-' 
N 



MINI~A ~10~0000~+tq.10~00~eE+t9.10~0~0~E+lq.l~.00A0E+19-'0.00e~E+19.1~.0009!+lq.l~.0~00f+t9 

MAXIMA 1~~00~~E+l~ 10:~000E+l~ 10~0000E.t4 10.0000£+1' t0~'.00[+lq 10.0000E+tQ 10.0~00E.14 
I 

ITEftATItlN E~POR PARA~f:TERS 
MEAN (' 

I : 
SQUARr f'. ( ~ \.\ I 

0 , U'~12'U!.~1 '2;00'0!w01 11~q230E.0t 66,q5e0E.~1 11,5300£-01 ll,86"E-01 46,eela!-'l J3~2tq0!.'1 
t 0 04,U!40l-Il 4I,3418!.I' 18,1340£.01 63,3110£-01 '6,Q6!9£.91 26,1151[-01 62,4ft1JE.el 11,2t1~E-0t 
2 11 Q4,U3_'!-0t 4A.14!G!.0, 18.'343£.01 63,3ell£.01 16,9'32£-01 26,1'44[-01 62,48Q8[.01 11.22001-01 

THE PROCESS IS NOT CONVERGING 

ASY~PTOTtc STANOARO DEVIATIONS O~ T~! PARAMfTERS 

2t.'I"!.~2 qq;0!l7E-~' 23~52ShE.Al J4~6043!-02 2l.5462!.~2 67.'431E-02 12.53U0E.~2 

ASV~PTOTtc CORPF.LATJON MATRIX 0' THE PARAMETERS 

J ? 
!U108 

l.I ~ ~ '1 
1 l,el!leRI .,002411 ;021 71 ~~n15 ., rn15& -;87106 
2 -,00244 1 , QJI'U'lI!lll! 05841 ,125J~ ,12331 .. ,0Q!11ft .,00957 
3 ,BIIU8 ,058411 1: 0"~1U • , Il!1 Ii' 8 .. ,11415 .U!£I0 ,548'32 

" ,0~1'71 ,usn .,n618 1,0001!10 ,ee361 ,3S858 ,31311 
5 ,03315 ,12131 w,11415 ,0836 1 1,00000 531112 ,41£151 

" .. ,071!h ., CUH 16 ,6050111 ,358'8 ,53412 1:0111080 ,9481f> , -.01106 -.eeCJ5' .548]2 .31311 .41451 .'4816 1 • ClJ !ll000 

t-' 
t-' 
W 
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MEALTM RCIENCfS COMPUTING FACILITV, UCLA 

NUMBER OF VARJ.ABLfS 

INDEX 0' TM!!: DEPENOENT VARIABLE 

I NOB OP' THF: WETGHThJG VAPIASU: 

NUMBER OF CASE'S 243 

NUMAER Olf PARAMFTfRS 5 

TOLERHICE .~"'A0U 

EPSILON .AmA0t~ 

MAXIIoIUIoI NlJM~ER OF ITERATIONS IS 

NUMBER CF VARTA~LE FORMAT CARDS 1 

AL HRNATE INPlJT TAPE' NUMBER 5 

REWIND OPTION NO 

VARIABLE FORIoIAT (F5~0,25X,F5~~,5X,2FS.3,10X,F1A~5,t~X) 



VERB 4~6 MNF,I.8~DSCR7,l:OUTPUT,E.4,Z,BaB~DSCA8; UT 20 bUill 11 

00000AB 

0000008 
0GilPJ0f!1I!8 

"""tl0Ze 
090"318 

glll01170e 

etUl1258 

0"'911628 

0~02t7B 

00025'8 
0Q10i!S:JlII 

· 2. 

• 3, 
0, 
5. 

• b. 

• 1. 

• 8. 

• '. .. 
10. 

tt: 
t2. 

C 
e 
c 

SU8ROUTINE FUN(F,D,P,X) 
DIMENSION X(tl, 0(1), PC1' 

FUNCTION nEFINITION SUBROUTINE ~OR BM001R~ 

A.t~00~ 
8.1~ 
F.CPCS»/CCX(t)/A+8)**P(I»*C(XC2'/A+B) •• P(Z»*C(X(3)+ 8) •• '(3»/« 

01X(U)+8)**PCQ,) 
O(1).(wALOG(XC1)/A+B».(PC5)'/«(XCt)/A+8'.*PCt»*(CX(2)/A+8)**PCZ) 

tl'.fCXC~).e,.*pr3)'/CCXC4).B).*PC4') 
DC2,.(ALOGrxt2)/A+B)'.CPC5»/rCX(1'/A+B) •• P(t»*CCX(2)IA+B) •• P(2)' 

~1.r(x(3'+S)**'13"/r(XC4)+B)*.PC"» 
O(3).CALOGtXC,)+S)'*(PC5»/crXC1)/A+B)**PC1».(CX(Z)/A+8) •• P(2')*( 

~ttx(,'+n, •• p(!»/(CX(")+B).*P(4)' 
Dca'.(.ALOGCX(Q)+B»*CPC5"I(fxCt)/A.B)*.P(1».CC~(2'1A+B)*.PC2». 

4tr(XC~)+8)**'(])'/C(X(4)+8) •• PCQ» 
D(5).1/CtXC1)/A+~).*P(t))*((Xtl'/A+e)*.p(2))*((XCl)+B).*P(]))/ceXC 

~14)+~) •• prQ)' 
~ETURN 
ENn 

...... 

...... 
VI 



££2£&& 4%&$ :&:iM\VJi:m:=i&&WJS$&Q ;Wii'!!lW,~"_",,,,,,,",P'_"" ________ _ 

~TNrMA .lm~000IE+lq.10~~000E+1~.le.0~0eE.lq.10.ee'0!+tq-l~.00e0E+l~ 

MAXIMA 10:~000F-+1' 10:0000£+lq t0~0000E+l' 10~0000E+lq Im~00~0E+lq 

ITfRATION !RROR PARAMETERS 
MEAN 
S~U'R! 

0 0 1&;0qq~!-m5 4q;1400£-91 6S~3~20!.0t 22~00e0!-0t 45.aq60£-01 qJ~2ee0! •• a 
1 0 15,310U!-05 UA,1515[.St 58,0864!.01 2S,t.e0!e01 S0,e834(e01 13,337.[.13 
2 0 l',~1"E.R5 41,0611!.ml 5Q,043q!.01 23,1785r.01 Se,!88!!-01 IS.Bl]'!.0! 
3 ~ 11,21a1@.~5 40,'444£ell ~8,QI54!.01 23,1131[-01 50,2816£-01 13,8Q271.03 
4 e 13,2146f.0S 40,"2~E.0t S8,'242!.01 23,1744!e01 51.2867E-01 13.8863E-03 
5 0 1'.27461-15 40,"15[.01 58,Q25.[-01 23.11 43!-01 5e~2B67E-01 13.8S67!.8' 

THE PROCESS rs NOT CONVfAOING 

ASVMPTnTte !TANOARD OEVIATIoNS or THE PARA~£T!R8 

lb.1212!.~2 l'~3SbU!-mz 18~0811E.m2 1]~1.mqE.92 21.'J36!-04 

ASVMPTOTIC CORRFLATtON MATRIx 0' TMr PARAM(T[RS 

t 

!"111 0'HlI 
1 II , 

1 1;11J0G!A0 ,0ARPJe .;"'011100 ,11666 
2 , R!!IIIIPIA 1,MI~"'11J ,IIHUIU .,IiIQU"UI .,18'"1 
3 , 91HHI0 , e001H11 t,Ii'IPI'H'I~ ,0P.10PJ11 -,6013' 
41 .,PJPJfl Cll 0 -,000II1II ,1:lI001i!11I 1,01010 ,3415a 
§ .1 t 6MI -.1"QIll1 -.ft013C, .341511 1 • lHHlI00 

....... 
l-' 

0" 



RMO~1R _ NON LINEAR LEAST gQUAR~S • R~vISEn NOV!MAER lq,1~11 

H~ALTH 8CIENC~S cn~PUTINQ FACILITV, UCLA 

PRO~LM eon! STSTR 

NUMBER OF VARIABLES 6 

INOfX 0' THE nEPENDENT VARIABLE 6 

INDEX 0' THE WEIGHTING VARIA8L! -9 

NUMBER 0' eAS~8 2~3 

NUMAER OF PARAMfTERS ~ 

TOL~RANeE ~~e001e 

EPSJLnN ~000010 

MAXIMUM NUM~!R OF ITERATIONS 2 

NUM~ER OF VARIAALE FORMAT CARDS 

ALT!RNAT! INPUT TAP! NUMBER 

REWIND OPTION 

VARUALf fl'ORMAT 

5 

NO 

(F5~9,5X.FS:~,lex,F5:Q.F5~H,19X,'5;3,20x,F10;e) 

t-' 
t-' 
-...J 

"\':i"'''.;:",,y~ 



ax _Z ==!JdIi!iii!i:;!&ik.,~tg,,;gz iJPi. M£m,;;;b~h%:;:;;¥4.t;;;WG4*-l&Jilifill"Hk&l%i&lmf'+Mi¥Jii&UNC&.,_,.'li&LUSi ,W;t@ii!!il &ue·j4£\PU44 . .QJ 

Vf~S 4~' MNF,r-SMDSCR7,LaOUTPUT,Ea4,l,8aBMOSCRe; 

0(i!QlPl008 

0IU.l0'HIJB 
0'''0'''''8 
0C1J(lJPl028 
11JI'IIIJIU!3B 

0111('10448 

00011t9 

000t~1t8 

fHI022 18 

IH!027I11B 

"'IU'n~B 

000400e 
0C1lt!IJ02B 

, 
2. 

]; 
4, 
5, 
b. 

~ 

7. 

• e. 
• ,. 
.'. to. 
I 

! 1 • 

I I'. 
I U, 

t4. 

e 
e 
e 

SUBROUTINE 'UN(',D,P,X) 
DIMfNSION Xct), D(t), P(1) 

FUNCTrON DEFINITION SU8~OUTrNE FOR BMD07R~ 

AaSS00: 
g-l~ 
C-100~ 
FaCP('))/(eXC1)/A+~)**P(t))*C(X(2)/C+8)**P(2))/«XC3)*A+S)**PC3)* 

11I1CCX(4)/A+8)**PC4»/CCXCS,+t)**PCS» 
~Cl'·C.ALOGCX(1)/A+B».CP(')'/eeWC1)/A+8)**PC1»)*(CXC2 )/C+B)**PCl) 

Il)/CCXC3)*4.8,**PC]»*CCXC4'/A+8)**PC4»/CeXCS)+e)**p(5» 
D(2)aCALOGeXCZ)/C+R»*fPC6')/CCXC1)/A+S)**pel»*CCXr2)IC+B)**PCZ)) 

21/CCXC])*A+S)**PC]»)*CCXC4)/A+S)**PC4)/lCXC5)+8)**PCS» 
DC]).C-ALOGCXC3)*A+8)*CPC6')/CCXC1)/A+B)**PC1')*CCX(Z )/C+a)**p(2) 

11)/CCXC3)*A+8)**PC3')*CeXe4,/A+A)**PCC»/CCXC5)+8)**P(5) 
D(4)·CALOGeXC4)/A+B»)*CPC6))/C(XC1)/A+8)**PC1))*CCXCI) IC+S).*PC2» 

41/CCXC])*A+8)**PC1))*CCXC4)/A+8)**P(4))/«XCS)+8)**P(5» 
DC5'.C.ALOGCX(5)+B')*C~C'))/CCxCt)/A+B)**pel))*CCXeZ)1c+e)**PC2»1 

51CCX(3)*A+S)**PC]')*«X(4)/A+8)**P(4»/C(XC5)+e'**PC5») 
D(6).Cl)*CPC6»)/CCXC1)/A+B)**PC1»*CexC2'/C+S)**PC2»1CCX(3)*A+S)* 

61*PC])'*CCXC4)/A+8'**PC4»)/(CXC!'.S)**PC!,) 
~!TURN 
~ND 

r--' 
r--' 
CP 



MINIMA 

MAXIMA 

ITERATION 

o ~ 

1 :3 
2 t 1 

f:RROR 
MI!'AN 
SQU.Rf 

q"~C;UIj0f+~6 
qt,6t ll H+ 0I 6 
c;lt .62A2P'+"16 

.10:0I0~eE+tq.l~~~00~E+tq~t0~0~00E+lq.10~0~00E+1q.10.00'0E+1Q.10.0000E+lq 

t0~0~~~F+tq 101~000~f+lq 10.0000E+1Q 10.00~~E+tq 10.0003E+lq 10.0000E+19 

PA~AMETERS 

:3t;U420!.01 42~5380E.0I2 UQ~3q50f.02 40,qU10f.01 27.4t90E.01 41.21 9 0E+03 
]0I,6825f.Al 40,218Uf.02 U6,8 11 10!.02 1I0~3052E.01 21.SZ3Q£.01 47,21Q0f+0] 
301.6112£.01 UA.2020E. 0I 2 46.82Qlf-02 401.3008£-01 21.5246£.01 41.21Q0f+03 

T~E PROCESS IS NOT CONvERGING 

ASyMPTOTIC STANDARD OFvI.TIO~S OF THE PARAMETf~S 

11~753QF.02 e0~20t3E-03 50~q539E.03 13.07q3E-02 17~q02eE.03 88.715Q£.03 

ASYMPTOTI~ CORRFLATYON MATRIX OF THE PARAMETERS 

? 3 1I 5 " 1 t;0~01"'0 .,OIOIACIIP .; Ii'IIH~00 .;0I0C11Qi0 ~0000~ ~15181 
2 ., Q,,'I0010 1,'l"'~CllIIl .,Ii'I"'~~ClI , 000'Hl .. ,~HHHHl .. ~HQ26 
3 -,0010100 .,0101001" 1,0I01001P -,00000 ,0000Cl! ,21022 
4 .,00"'01."1 ,0~"'1."I0 .,~~~1iI12I 1,"'00CHl -,PlL!l000 .,1Q3eQ 
15 ,00"'Q!~Ql .,~"'00A ,,,,~eHIII'I .,001111110 1 , (HHH!10 ,36354 ., .1157f11 •• J9q26 .211'122 -.7Q3SQ .36354 1.0001110 

I-' 
I-' 
\0 
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