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PREFACE

This is the sixteenth in the series of reports describing the work done
in the project entitled "Development and Implementation of the Design,
Construction, and Rehabilitation of Rigid Pavements.'" The project is con-
ducted at the Center for Highway Research, The University of Texas at Austin,
as part of the Cooperative Highway Research Program sponsored by the State
Department of Highways and Public Tramsportation and the Federal Highway

Administration.

This report presents the results of an analytical study undertaken to

" develop regression equations and nomographs for use as a supplementary tool

in the design of steel reinforcement in continuously reinforced concrete

pavement by the Texas State Department of Highways and Public Transportation.
The writers are particularly grateful to Gerald Peck, Larry Buttler, and

James L. Brown of the Texas State Department of Highways and Public Transporta-—

tion for their assistance in the selection of the simulated data throughout

the course of the study; to Ion Raconel for initiating preliminary investiga-~

tions associated with the study, to Virgil Anderson, from Purdue University,

for his guidance in selection of the design factorial; to David McKenzie,

from The University of Texas at Austin, whose expertise in the fields of

statistics and computer programming proved invaluable; to James I. Daniel,

and Gary Elkins, for their assistance with the regression analysis; to

Patrick McIntyre and Arthur Taute, of The University of Texas at Austin, who

prepared the nomographs; to Julie Muckelroy, who drafted the charts and graphs;

to Mona Roberts and Marie Fisher, who typed this report; and finally to

Arthur Frakes for his efforts in editing the report and coordinating the pub-

lication.

Christopher S. Noble

B. Frank McCullough

James C. M. Ma
August 1979
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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'' and ”Rz" (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 envirommental conditions applicable to the locality c¢f the planned

pavement.
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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 enviromment. 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 E
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.
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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

Backgroungd

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 1, 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-1 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-1 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 1list 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 conditioms 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," found that heavy volumes of
18-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 CFBR 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 spaéing, 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 wheel 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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Thus, with established limits (i.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 often 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.

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
istress for the most sensitive input variables. Using the regressionn

equations, nomographs were then plotted.

Objective

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 st
downward into the underlying material, and to provide adequate "
aggregate interlock for load transfer across the crack; f%

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

e

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

R .
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Use of the nomographs will facilitate 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 external 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 (Chépter 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 Qutput

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 increase 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 morée 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

4
B,
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TABLE 3.1. VALUES OF VARIABLES USED IN ANALYSIS OF CRCP-2

(a} Input Variables

Values for Levels

Variables Symbol 1 2 3
Wheel load stress (psi) o, 60 170 280
Daily temperature change (°F) ATi 8 34 60
Final temperature change (°F) ATF 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 % 10_4 8 x 10~
Concrete tensile strength (psi) ft 500 650 800
Thermal coefficient ratio as/ac 0.75 1.00 1.50
Bar diameter (in.) $ 1/2 5/8 3/4
Percent reinforcement P 0.40 0.65 0.90

(b) Variables Held at Constant Level

Type of reinforcement
Yield stress of steel (psi)
Elastic modulus of steel (psi)

Thermal coefficient of steel (in./ini/°F)

Unit weight of concrete (pcf)
Flexural-tensile factor

Curing temperature (°F)

Number of days to full-strength concrete

Number of days to minimum temperature

Number of days to wheel load application

Slab movement (in.)

Deformed

60,
29,000,
6 x 10

bar
000
000
6

150

0.86

75
28
28
14

-0.1

1 psi = 6.894 kPa

1 °F = 0.556 °C

1 in. = 25.4 mm

1 pcf = 16.02 kg/m3
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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 o0f the form of the regression models. From these

relationships, it is apparent that

S ! &3
It x ¢ X as
crack spacing is proportional to 3 3
4 5
P X0
b b
ft 1 x 6 2
and crack width is proportional to 5 5
3 4
P oxo,
where
a

1’ az, ags a4, a5, bl’ b2’ b3, and b4 are positive constants and

the other variables are as defined in Table 3.1.

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 , ft ’ as/ac , and ¢,

but decreases with increasing OW s ATi s ATf » Fly, Z , and p;

crack width increases with increasing Z , ft s as/ac , and 0.,

but decreases with increasing o, ATi , ATf , F/ly , D, and p;
14
steel stress increases with increasing AT D, f£,_, as/ac , and @,

f° t

but decreases with increasing OW , ATi s, Fly, 2 , and p .

e o e ST I S
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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 3.2. For example, for the variable "wheel load stress"
(ow), the transformation (1 + Ow/lOOO) was used so that the value used in the
regression equation would lie between one and two for all values of O

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

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-01 (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.1. Computer program BMDO7R-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.



13

TABLE 3.2, TRANSFORMATIONS OF CRCP INPUT VARIABLES FOR
USE IN THE REGRESSION ANALYSIS

Independent Variable Transformation Used
GW
%4 1+ 1500
ATF
ATy 1 +-166—
ATF
ATg 1+ 160
1 F
Fly 1+'26'6y
D
D 1+ 70
z 1 + 10002
ft
fe 1+ To00
a
13
¢ c
$ 1+ ¢
P 1 +09p

~q
1
3

2
43
D
Pl
7
;
his,
#
PR 1
Lk
ey
: {i
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Residual plots, standard error of estimate and R2 (proportion of
variance explained by the regression equation) statistics 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 (X,, ... Xn)
the model becomes
log X

log Y = Co + C + ...+ Cn log X.n + error term (E)

1 1

or

where

C, +«¢., C are constants.
o n

Hence the error term is multiplicative in this model.
However, the nonlinear model would be

K K
Y = KX Xnn+error term (E7)

where

X .o K, are constants.
o’ !
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
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TABLE 3.3. LINEAR REGRESSION EQUATIONS FOR DESIGN PARAMETERS

.
) 32(1 . ft >6.70 (l + i)l.lS (1 .o 2.19
i 1000 c

X =
o 5.20
W 4.60 1.
(1 + 100;5 (1 + p) (1 + 10002)
R = 90.2%
Standard error = 2.12 feet
f 6.53 2.2
0.00932 ( 1+ ——lir> <1 +¢)% 20
AX = 1000
o] 4.91
1 + w {1+ 4.55
1000 ‘ P
RS = 92.7%
Standard error = 0.013 in.
( ATF>0.425 ( ft )4.09
4 _ .t
os - 7,300\ 1 + 100 1+ 1000
o 3.14
W 0.494 2.74
+
<1 + 1000 ) <l + lOOOZ) (1 p)
R2 = 92.27
Standard error = 9830 psi
where
X = Crack spacing (feet), 1 foot = 304.8 mm
AX = Crack width (in.), 1 in. = 25.4 mm
O = Steel stress (psi). 1 psi = 6.89 kPa

s

All other variables are as defined in Table3.1l.

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

‘ 2
significantly improve either the R~ or standard error of
residuals statistics.




16

TABLE 3.4. NON-LINEAR ALTERNATE SET OF REGRESSION EQUATIONS

ft 6.33 as’ 1.70 2,67
_ 1.721 1 + EO—O 1 +E— 1+ 9
X =
O \4.03
s \1.87 6.23
(1 + 1ooo> <1 + 1oooz> <1 + p)

R = 90.4%

Standard error = 2.11 feet

f 5.89
t 2.32
px = 0-01% (1 +T6cﬁ) (1 * ¢)

o \4.10
i W 5.03
RZ = 94.0%

Standard error = 0.012 in.

( ATF>0.402 < £, )4.03
oo 47,300 \1 + 755 1 + 1566

s g 3.07
w 0.468 2.75

2

R = 92.6%
Standard error = 9570 psi
where
X = Crack spacing (feet), 1 foot = 304.8 mm
AX = Crack width (in.), 1 din., = 25.4 mm
o, = Steel stress (psi). 1l psi = 6.894 kPa

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

. . 2
significantly improve either the R~ or standard error of
residuals statistics.




TABLE 3.5.

SUMMARY STATISTICS

COMPARISON OF GOODNESS OF FIT OF LINFAR
AND NON-LINEAR REGRESSION MODELS

Dependent Variable

17

Crack Crack Steel
Spacing Width Stress
Mean 6.314 feet 0.0503 in. 66,031 psi
Standard deviation 6.705 feet 0.0465 in. 61,830 psi
Degrees of freedom 236 238 237
Linear Model
Standard error of residuals 2.124 feet 0.0127 in. 9,826 psi
R 90.21% 92.67% 92.24%
Mean square error (MSE) 4,513 feet2 0.000161 in% 96,545,000 feet2

Nonlinear Model

Standard error of residuals

R2

Mean square error (MSE)

2.108 feet
90.36%

4.4k feet®

.0115 in.

93.95%

.000133 in%

9,572 psi
92,63%

91,615,000 feet2

F-Test

MSE linear model
MSE nonlinear model

Level of significance

1.016

> 25%

.213

6%

1.054

> 25%

Improvement of nonlinear
fit over linear fit

Not signifi-
cant at 25%

level

Not signifi-
cant at 5%
level

Not signifi-
cant at 25%
level

1 foot =

304.8 mm, 1.in.

= ,25.4 mm, 1 psi =

6.894 kPa

o T ——— e RTRETI i aa AN C -
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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.

Qutliers

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 comservative on the equations in Table 3.3, but not neces-—

sarily on 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

S
is necessary to use logarithmic transformations and the linear regression zét
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

envirommental 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 with values from the regrassion
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 equatiomns.

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. 1In the latter case, coefficients of wariation of 11 to
20 percent were obtained.

Variahles 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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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 ksi
Coefficient of variation (percent) 33 23 21
Statistics obtained when
design parameters 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. 6.5 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 NOMOGRAPHS AND COMPUTER VALUES

Dependent Variable

Crack Crack Steel
Spacing Width Stress
Statistic:
Degrees of freedom 18 9 20
Root mean square residual 3.09 feet 0.0042 in. 14.1 .ksi
Coefficient of variation (percent) 17 6 14
Statistics obtained when
design parameters fall
within these boundaries:
<20 feet <0.1 in. <100 ksi
Degrees of freedom 10 6 11
Root mean square residual 0.44 feet 0.0005 in. 1.8 ksi
Coefficient of variation {percent) 5.4 1.2 3




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

Range of Values of Design Parameters

Dependent Variables

Independent Variable Range Crack Spacing Crack Width Steel Stress
(feet) (in.) (psi)
Daily temperature change ATi(°F) 8 to 60 4.17 to 3.34 0.039 to 0.031 62,460 to 54,710

Number days to first wheel load 14 o
application, and » and to and. 3.33 to 2.96 0.031 to 0.024 - -

final temperature change ATP(°F) 55 35

Final temperature change ATp(°F) 75 to 35 2.96 to 2.96 0.033 to 0.024 - -

Friction movement ratio F/Y -80 to -150 2.96 to 2.96 0.024 to 0.028 45,860 to 50,960

Thickness of concrete D {in.) 7 to 12 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 °F = 0.556 °¢

1 in. = 25.4 mm

1 foot = 304.8 mm

1 psi = 6.894 kPa

62
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The small sample of yalues tested shows coefficients of variation calculated

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

Summary
(1)

(2)

(3)

Values of the design parameters as obtained from the nomographs are
generally within 25 percent of the computer program values, pro-

vided that the initial and resulting parameter values fall within
a practical range.

Luss 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 can-
sidering the variation and uncertainty of the input used, it can
be said that this small loss of accuracy is insignificant.

When extreme values of input parameters are used, the "turning
lines" of the nomographs 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,k4.5, 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 sitﬁation. 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 1 and 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 spacing can be read from
the scale on the far right.

(6) If this value is not inside the recommended range for the appro-
priate envirommental 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)

(9)

(10)

(11)

Example:

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.

The designer should then enter Figs 4. 4 4.5, and 4.6 on the absc1ssa
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.

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
steel, along with a range of values of crack spacing 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 such 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.

The equations should be used as a check on the nomograph design.

Predetermined values of design inputs:

ft = 800 psi: concrete tensile strength,
o, = 280 psi: wheel stress,
z = 0.0005 in./in.: shrinkage strain,
¢ = 0.5 in.: steel bar diameter,
qS = 6 X 10_2 in./in./°F: thermal coefficient of steel,
a, = 4 x 10~ in./in./°F: thermal coefficient of concrete, and

ATF = 75°F: maximum predicted temperature drop after construction.
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Recommended limiting design criteria (Ref 18) for the previous

environmental conditions and material properties:

Limiting range on crack spacing: 3.5 feet f_i-f_S.O feet.

Upper limit on crack width: AX < 0.048 in.
Upper limit on steel stress: o < 67.5 ksi.

Initial (assumed) value of steel percentage: p = 0.65 percent.

First iteration:
From Fig 4.1, corresponding values of crack spacing X = 4.5 feet.
From Fig 4.2, corresponding values of crack width AX = 0.034 in.
From Fig 4.3, corresponding values of steel stress OS = 65 ksi.

Other i terations:

All limiting criteria are satisfied here. However, other designs
using less steel or reduced slab thickness would 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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Crack Spacing_

For X=4.5 ft, Fig 4.4 Implies

95% Upper Confidence Limit = 7.6 feet
80% Upper Confidence Limit = 6.4 feet
80% Lower Confidence Limit = 3.4 feet
95% Lower Confidence Limit = 2.8 feet

5 10 1520

X= 4.5 feet

16 Crack Width
14 ‘

12 L / For 8X=0.034 in, Fig4.5 Implies
- / 97-1/2% Confidence Limit=0.054 in.
10F / 90% Confidence Limit =0.046 in.
08| /
06k’
04F

4
D2F
|

0O .02| 06 .10
i
AX=0.034 in.

140 Steel Siress
100 7 For Og =65 ksi, Fig 4.6 Implies
805 /4 97-1/2% Confidence Limit =87 ksi
90%% Confidence Limit= 78 ksi
60 //
40 4/
20
] 1 it |
0 20 GOJ 100
)
O'S =65 ksi
1 foot = 304.8 mm
1 in. = 25.4 mm
1 ksi = 6.394 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)

(2)

(3)

(4)

(5)

(6)

(7}

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.

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 gpacing
reduces the frictional restraint and, thus, the steel stress and
the crack width.

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.

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)

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.

Charts giving confidence prediction 1imits 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.

The major recommenddtion 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.
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APPENDIX A

DESIGN FACTORIAL FOR SIMULATED DATA
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APPENDIX B

CRCP-2 COMPUTER PROGRAM -~ EXAMPLE PRINTOUT







CRCPNOM TEST RUNS
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PROB
2 ORSERVATION CODE: 2228212201
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* *
* STEFL PROPFRTIES *
* ®
NAAR AR AR R R AR R R R AR AR AR AR AR AR R AR RN R AN R R AR R AR

TYPE OF LONGITUDINAL REINFORCEMENT I8
DEFORMED BARS

PERCENT REINFORCFMENT = 6,500F=021
BRAR DIAMETER 2 5,000E=01
YIELN STRESS 3 6,A0RE 444
ELASTIC MODULUS 2 2,990E+07
THERMAL COEFFICIENT S 6,000E=06

AR RS R AR AR IR R R R R R RE R RS R

1] *
* . CNNCRETE PROPERTIES *
* *

LA RS2 RS TR A X X RS R R ARRECRER AR RE R

SLAB THICKNESS = 1,28QE+Q1
THERMAL COEFFICIENT = 4 ,NQRFenb
TOTAL SHRINKAGE 2 5,PC0E=04
UNIT WEIGHT CONCRETE= {,S@QE+a?

TENSILE STRENGTH DATA
AARRRA RN A RARRAR R kR RN &

NO TENSILE STRENGTH DATA 18 INPUT BY USER

THE FOLLOWING AGE«TENSILE STRENGTH RELATIONSHIP
1S USEn WHICH I8 BASED ON THE RECOMMENDATION
GIVEN RY U,8, RUREAU OF RECLAMATION

AGE, TENSILE
(DAYS) STRENGTH

e,a
199,8
493,14
582,53
634,9
724,3
775.5
799,9
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*
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*
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65,0
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15,0
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15,0
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15,4
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15,0
15,0
15,0
15,0
15,0
15,0
15,0
15,0
15.9

MINIMUM TEMPERATURE EXPECTED AFTER

DROP 1
TEMPERAT

i9,#
10,0
18,0
60,9
40,0
60,0
60,0
60,8
60,0
60,0
6A,0
62,0
e,
67,0
6n,Q
eB,0
64,08
60,0
6%, @
60, @
60,0
6p,.d
60,0
68,0
60,0
60,0
62,8
6a, 2

N
URE

CONCRETE GAINS FLULL STRENGTH
DAYS BEFORE REACHING MIN,

TEMR,

= @,8 DEGREES FAKRENHEIT
= 28,8 DAYS

s wngregy

[———

s o g

wironas:

R



IR RR R AR R SRR AR RERER SRR

* ]
* EXTERNAL LOAD ' *
* *

12222222 RRR R Rl R R R SRR RRRE R

8RAE+R2
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CRCPNOM TEST RUNS

PRNA
2

TIME
(DAYS)

)59
1,50
2,50
3,28
3,39
3,33
3,37
3,41
3,58
4,59
5,58
6,58
7,50
8,50
9,54

19,58

11,59

12,580

13,50

14,58

15,50

16,50

17,58

18,50

19,580

2@,50

21,58@

22,58

23,50

24,59

25,58

26,58

27,59

ORSERVATION CODEs 22282122

TEMP
BROP

10,8
10,8
10,0
19,0
20,9
3a,
un, @
54,0
60,9
62,9
60,0
60,0
6%,@
62,0
60,0
62, ¢
62,9
62,9
60,9
60,2
60,2
62,9
60,8
68,0
63,0
60,0
6854
GB'B
62,0

68,9

60,7

62,8
60,0

GRYING
SHRINKAGE

3,072E«09
9,158E=a6
035365-85
B'BIZE-“S
B,134En0S
8,265E=05
B U11E=DS
B,SQEE'HS
9,PA5E-05
1,31BE=0
1,68“5.@“
1,986E=04
2,24TE=RG
2,U6RE=Pu
2.659E=04
2,82uE=04
2,96 7FE-04
3,894FE=RU
3;256E-ﬂﬁ
3,306E-04
3,395E=R4
3, 4T76E=04
3,549E-04
3,615E-ﬂﬁ
3,676E=4
3,731g~0u
3,782€=004
3,830E=04
3,873E=00
S.QiﬂE-@Q
3,952E=-04
3'°87E-Gﬂ
4,720c=0u

TENSILE
§TAGTH

219,14
364, 4
484.,3
S¢6,0
s87,7
5069, 1
51%3,6
512,5
516,9
561,4
59%,9
622,27
bat 7
655, 1
66K, 2
681,14
693.7
7886, 1
718,3
728,14
735,86
743,09
T80, 4
787, 7
Tht,9
712,89
7771.,3
7882 ,8
T84,
7TR7,R
791,3
794,7
7968,.2

CRACK

SPACING

PUu,
244,1
244,
244,
LU
244,14
122,11
122,.1
122,1
122,.1
122,1
12¢2,1
122,1
122,1
122,1
122,1
(22,1
12,1
122,1
45,4
as,1
45 .1
4s,1
45,1
45,1
45,1
45,1
45,1
45,1
4s,1
s, 1
45,4
as, 1

CHRACK
WINTH

9 ,6SBE=AY
2,Ub1FE=F3
7.,503E=23
1.345E=02
2,815E=02
2,728E0?
2,A50E=02
2, URUF=?
2,951Em-012
I HTPEmC2
3,91 7E=N2
4,294Ew02
U,611Emw¢?
0'8775‘82
5,1¢¥9E=12
5.,313E=02
5,491Felp
S5,652E-02
S,796E=02
2,355E=02
2,396E0C?
2,U433E=012
2 ,i6TE=D2
2,498E-22
2,526E=02
2,553E-02
2,576E=02
2,508E=02
2,618Ew2
2,637E=02
2,654F=02
2,6T1E=B2
2,6B6Fe?

HAXIMUM

CONCRETFE STRESS IN

STRESS THE STEEL
7.505F+@1 1.,312E+24
1,359€4012 2,226E+04
2,389f«22  3,74SE+84
1.,271E+@2 4,920E+024
3,915E+02 4,114E¢+0u4
4,561E4M2 7,189E+24
3,9UTE+B? 6,283E+84
4,341E+02 6,963F+84
H,732E+02 T.63BE+R
S.139E+042 8,131E+04
S, UbBE+@D B,S3INE+AY
S,727E¢@2  B8,842E+3d
S,93TE+2? 9,891F 434U
6,108E«@2 9,291E+BU
6,253E+02 9. UEBE+2U
6,378E+82 9,604FE+34
b UBTE+R? Q,729E+24
6,5R2E+@2 9,838E+04
b,667F+@2 5,93UE+QU
7T,0U3E+A2 $,091E+04
T.ARIE+B2 6,122E404
T.114E+B2 &, 150E+04
TJ145E40@2 6,175€+84
7,173F4@2 f,198E+04
7.,19RE+032 b,219E+a4
T.221E+02 b,238E+24
7,242E482 6,255E+34
T.261E482 b,270E+04
7,279E+@2 6,284E+084
T,295E+@2 6,297E+24
T,318E+@2  6,389E+04
7.324E482 b6,32QE+24
7,3375+082 b, 331E+G4
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AT THE END OF THFE AMALYSIS PERIND
CRACK SPACING = 3,755F400 FEFT
CRACK WIDTH = 3,382F=02 INCHES
MAX CONCRETE STRESS= 7,.892F+02 PSIT
MAX STEFL STRFSS = 7,4ATE+d4 PST,
CONC ,TENS,STRENGTH = 7,999F+@2 PSI
§TAe DISw= CONCRETE FRICTIONM CONCRETE STFEL
TION TANCE MOVEMEMT FORCE STRESS STRESS
1 B,O00F00 0, PARE+AR S, U92E+M2 =B, 186E+03
2 ‘m],650Ewy 4,P62Eet'2  5,492F+02 =A,1B6E+B3
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ATF Fly
(&)
75 -lﬁ'
55: -1%:
35, =10,
35 -pa’
75, =80,
5%, -Bﬂ;
55, =14,
I8, =10
75: .1ﬂ’
75,=158,
55 ’1§ﬂ’
35 -15@
3§, -89
75 -8@;
55, =ad,
58, =10,
35 -1ﬂ
75 'l@
7‘ -jSﬂ
S5.=150,
!5'-159,
35 =10,
75 -t@,
55 -10,
55.-15ﬂ'
35, =150,
75, -150
75 -an
554 -Bm;
35, .-89'
35 -15ﬂ
75 -1:@
55, '15“
5%; -ﬂa.
35’ -HW’
75, =ae,
75, -1¢,
SS' -‘ﬂ.
15, =10,
35, =80,
75, =89
55° wpo,
55’ et@
35: n‘ﬁ:
75, =10
75’-15“:
55,150,
38, 152,
3‘; -10’
75. -1?,
55. -19'
55.-157,
35,=152,
78 -15ﬂ
75' -BB
5%, -39
35‘ -5”
3‘ -lsﬂ
75 -155
55.=159,
55, =80,
35. «fB,

D Z

(in.)

1p,, 20072
18,,6005
19, ,2008
7. mama
7 aapp
7',amm5
12,,0002
1q ,P005

,?MUB
12 , OPUS
1?,,aeae
12,,0002
?,,Mnas
1f,, 208
e, 2002
12,,0008
12,,6002
12,,04005
7,,%002
7. oeus
7 ’P\MGB
12,, 7728
172,,0002
12..ﬂwms

,u002
7..0"F5
7..7008
te,,pans
19, ,pean
17, ,2002
7,,%082
7,,028%
7,,7208
10, ,0405
10, ,¢An8
1@, ,02e2
12, ,4008
12,,70m2
12,,27208
1?..?Pv5
12,,70¢8
12,.7002
7,,440R
70,‘””“2
7,,7008
10, 0002
17, ,0005
10, ,A00R
7, . #40R
7,.00082
7,,0005
18, 00872
10, ,MAES
!H”Mﬂﬂa
12,,0245
12,,0008
12,,0702
14, ,0002
1e,,00ns
12, ,A028
12,,2905
12,,70m8

(psi)

A%V, 1,520
650, 1 ,5P0
SnD, saa
659,1 ' naa
5aﬂ;1;uea
ROA 1,000
65@, ,750
Sd, ,75@
arg, ,7s0
650,1, sua
520, 1 saa
BRd, 1,500
Smn;t,amn
8RG, 1,000
65U, 1,000
5ea, ,75@
apa, 753
650, 7sq
SaR,1, 'san
860, 1.500
650 ,1,5@8
807 ,1,000
652, 1 @an
San, i, 000
8aa, 750
6508, 759
5en, ,758
RAN 1 800
65¢1,1,508
SpA, 1,520
857, 1,027
Sea, 1,00
Bun, 1, 0ea
650, ,75@
sun, ,752
ez, ,75¢
65¢,1,580
5Ae,1,580
Bue,1,500
See,1,50a
sen, 1,500
650,1,50@
50¢,1,a00
RrQ, Y, 0009
650, 1, 08¢
5pa, ,750
RAW, ,75¢
654, ,758
8aa, 1 sem
650 1, "Sup
saz;i;soz
8a3,1, 000
6508,1,000
503,1,000
8nn, ,7%8
658, 758
5¢0, ,754
652, 1,500
500,1,500
AN9 1,500
657,1, 000
508,1,@00

(in.) (D

,500
, 759
, 025
,5An
750
2625
, 625
, 508
, 752
750
.625
500
L8625
pSuA
L7597
;750
Y-H
y 500
, 560
.750
YL
, 520
.750
Y1
,625
$5a0
L7150
.15@
2625
570
,750
0625
J5en
;sum
, 750
» 625
, 625
,Sav
L75¢
541
y 759
625
, 625
Rl
L7150
.75¢
,625
,5um
,75@
L, 625

Lupe
Ty
Lu0n
rr
920
.qan
2650
.OSG
.659
YY)
,4a0
J400Q
650
659
0650
yuda
,U08
Luen
YL,
\ 900
9e0
2650
.50
650
Ju00
Y
Juee
LT
900
900
650
«65¢
. 658
Juee
Luno
Luen
,900
T
Y T
Lana
LU
oy
. 900
.900
.900
0650
650
o650
Lurn
Lueu
Juey
1
T
Yey
.659
$650
.659
Luan
L4
Luan
900
902

X

(ft)

32,760
6,725
4,nst
2,270

» 965
3,224
7.882

478
4,211

15,947
1,329

32,7602
4,458
2.407
hea376
6,742

11,h60
6,190
2,76%
3,796
1,617
5,736
4,250
1,567

21,7607
3,177
2,712
h,192
1,137
t,A14

12,757

R23
3.566
ta,159
1,659

18,650

2,156

.138
S.,418
7.977
9,758

19,120
1,616
4,137
2.319
4,249
3,437
2,376

27,17¢

12,750
4,111
6,R95
1,522
t,10
6,873
1,2#3
4,780

22,319
1,954

13,590
1,865

. 5R7

63

g
S

(psi)

1736022
71820
LY BRI
a45en
25u0ey
53470
1320
1911w
65630

1219¢0,

20999,

135500
S8vRn,
5837@,
h216¢,
A1494,
gauenR,

121200
51199,
4suie,
30934,
R7430,
S6RRM,
13612,

1394v0,

56832,
47762,
7375,
27740,
I148e,
Tub690,
25690,
TQuue,

1233722,
27320,

146309,
4650,
2351,
56560,
g9920,

fe1cae,

1086000,
l4l9qe,
52340,
4255¢,
5931@,
57420,
49RS5N,

165990,
99797,

»
[ ]
.
]
[ ]
.
[
]
]

uBULD,
121029,
53180,
15112,




o1

A0,
75 -1“;
55 -!0;
. *19,
35,-150,
755-15@,
55,=15A,
55, =R¢,
35, -8R0,
wRO
TR -155.
-l@:
-1“,
wf
-BB;
» =82,
S5, =10,
-1?.
75, =tn,
75.'15“-
55,=157,
35;-15@’
-!Q,
o =17,
55, =19,
55,-15¢,
35;-!50,
'.35@,
wRA
-8%;
=80,
-12,
-{d,
. =10,
55,=152,
15,=157,
75,-15“,
7%, =AQ,
55, 8@,
315, =80,
15,=152,
55,157,
S5 «an,
. -Bﬂ'
78, =R@A,
ol
-1@:
-t{®
-BG:
75, =80,
-SG'
-15_‘"
-1?
7q -1”

78 -15@‘

55 Lm15¢,
35,-15@,

D Z

(in.)

12;;uun2
;;aaas
PWBZ
7,,auus
12,,0008
12,,00022
12,,00e5
7,,wnna
7,,%025
7,,4008
1u JAARS
1@,;PBGR
10,,0002
7,.,0002
7,.%00@5
7, 0028
1, ,nans
10, ,A%068
ta,,e0p2
1?,,awan
12,,0002
12,,4005
12,,00805
1u;,awga
10,0002
1?2, .,7@004
12,.0002
12,,2%08
7,,7002
7..7005
7..,2008
12,,0002
12,,000%
12,,70028
7,,0005
7,.0208
7;;mm92
1a,,mnan
1a,,0802
1a,,9me§
7,,7748
7_.uua8
7,,0002
10,,0@@8
1, ,auuz
10,,0u95
12,4,4002
13,,muas
12,,0n08
1w nnea
10, eaa?
1a;,onu5
12,,00782
12,,0085
12,,7008
7 40!95
7',@0&8
7,402

t
(psi)

BUA, Y MR8
658, ,750
sea, 750
8od, ,750
%nm 01,567
smm 1,500
650, 1,500
Saﬂ 1, ' 00
BWG 1, nnn
bSG 1 ﬂwu

Se0, 750 .
8ad,

;75ﬂ

6%0 ,75@
M ,1,500
sw {.5a0

5An. 1,500
RO, 1,000
asm,x,mnu
Saf, 1,080
RAA, 754
654, ,750
508, 750
£59,1,599
5mu,1;5nu
B2A,1,500
50,1 ,020
5¢9,1,a00
RAD, 1,000
653, 750
sen, ,75@
aae, ,7s5@
Sar, 1,500
800, 1,500
657,14 500
spe, 1,200
R2B .1, 0O
650,1,200
sa@, 750
800, ,750
658, ,75@
800,1,500
651 .50
588,1,500
8n9,1 ena
66D 4 aua
Saﬂ 1,890
&ed, 750
650, »750
5pa, ,75@
650,1,500
s0m,1, 'sne
ae@ 1,570
657,1, eeo
sam,i;aaz
RRG,1,000
650, ,75@
sea, ,75@
BROG, 750

f a /o
s’ ¢

¢

P

(in.) (%)

,5a9
508
750
625
, 7580
«b258
. 510
,508
7sv
bPS
625
LS00
,750
625
,580
,750
.757
,625
,50@
,500
, 750
. 625
,508
750
y 625
625
L58a
750
. 75¢
. 62%
,50@
625
L52%
,757
.75¢
625
.50
Sl
,75@
0625
, 500
758
, 625
»625
,500
«750
,75¢
o625
,502
750
. 625
;sna
,500
L7580
f625
625
,500
.750

94N
114
« 657
0651
50e
, 904
,980
650
2658
650
LUce
JURD
439
. 9202
« 922
900
650
. 652
« 650
4PN
y1a
L4nn
902
92
9002
650
652
o650
JUB0
JUAR
JURQ
652
650
« 6502
JHUAR
JURR
Juee
90
920
-ras
0650
o650
bR
JueR
Juve
Al
,o0n
,900
0650
«65A
659
4R
1ds
e
LoD
970
%1

|

(ft)

4,137
2,534
1,708
7,364
2,049
4,308
1.727
4,292
4,172
2,224
6,315
6,259
20,210
14,360
1,166
1e146
12,710
1.564
2,14n
13,600
1o, paR
4,55¢
1,685
A Y
6,453
U, UUR
7,242
6,354
165,967
1,h95
9,0RR
te,43m
3,755
4,272
8,12R
7,951
9,186
1,15%
Y Uh
1,410
a,9np
1,802
4,470
16,490
10,330
4,788
b,152
1,133
TR
5,606
1,100
6,357
1R, 37
2,423
10,600
2, u77
L4477
4,238

Ax

(in.)

,A2864
JHu1e2
LR@7S3
JOA315
22207
L2324
11367
« 22358
n3357
?x234
27834
#8689
, 79967
JAu33y
JHIUTY
1364
11390
LU1847
J@154g
16830
27053
.A3994
M24SA
, A08S 4
22765
25681
23306
26882
13520
JA18h4
11092
32086
.233182
LT
JPATL3Y
29154
JABUSR
JH1878
02469
01265
.A8386
22325
.21832
22760
Jud2e
25188
#5377
01243
JA1180
. 45981
22630
LRU982
,26920
s 169
15120
,23123
2270a
L021¢1

g
s

(psi)

68760,
61040,
22u8u,
81510,
32548,
58057,
une9,
61630,
5nTer,
u4r210,
9349,
191460,
1943¢e,
77676,
5424,
24200,
1vs5710,
e,
4BB4R,
15600,
R53u4@,
61459,
57482,
22480,
62562,
TARRR,
19410,
78417,
1285¢n,
35617,
119une,
66592,
70070,
$8522,
R260P,
U35,
104720,
3519¢,
47240,
27744,
94280,
36120,
S5z220m,
193840,
RSeur,
hbt20,
T2R31,
e697¢,
24150,
beenn,
2973,
Beven,
1312n9,
365740,
127824,
Seusa,
187302,
4upsa,




APPENDIX D

RESULTS OF REGRESSTON ANALYSIS
TYPICAL COMPUTER PRINTOUT







APPENDIX D.1

LINEAR REGRESSION ANALYSIS (LOGARITHMIC TRANSFORMATIONS)
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ti****t**t*ﬁt**t*t*t**t***t**tttii*tttti
* COMPITATION CFNTFR *
* UNTVFRSTTY NF TEYAS AT ASTTIN *
* SOCTAL SCTFMCES COMPUTING LAROCRATORY %
*tttt**t*t*ﬁltﬁ*t***t*t**ti*tt*********t

S P R S =« « STATISTICAL PACKAGF FOR THF SOCTAL SCIEMNCES
£NeC ACAR/CYRFR 7R VERSINN 6,5 e INSTAI|FR {1 APR 1977

C<<NATF>>> TN THYS VFRSINNg
GET ARCHIVF AND MFRGE FTLFS NOT AVAT| ARLE
SORT CASFS NOT AVATLARLF
MANL TNFAR nNYT AVATLARLF

MAMF MUL TTPILF RFGRESSTNN FNR CREP?2 NOMNGRAPHMS=INVS AND 12TVS
FTLF NAMF SPRTHEQ RFEGRFSSTON ON RAW DATA«=THFORETTICAL A ANDVA RASTS
VARTARLF LISYT 4,R,f,R,F,F,G,H,T,J,0S,CW,8S
N OF CASFS ’ul

TMPUIT MFENTIM NPT SK )
TNPLT FORMAT FIXFN(SFS,0,F5,4,F5,0,3F5,3,F1R,3,F12,5,F12,2)

ACPORNING T YOUR TNPUY FRRMAY, VARTAR(FS ARF Tr HKF READ AS FOLLOWS

D MM O D>

|7, 2 N BEGURET B of
N

N xE

VARTARLF FQORPMAY RFEFCQORD COLUMNS
F S, o 1 {= S
F 5, v 1 beo {7
F s, 7 1 f1e 15
F S, @ ! 16= 20
Fs, ¢ 1 P1= 25
F 5, d 1 Phe 30
F g, ¢ 1 31e 35
F s, 3 1 Y6m un
F 5, % ] Uilw us
F 5, 3 4 leéw KO
Fia, 3 1 Sim 47
Fin, § 1 tle 72
Fio, & 1 Ti= AQ

THF INPUT FNRMAT PRNVINFS FAR 1% VARTARLES, . 13 WILL BE READ
IT PRAVIDES FMR 1 RECORDS (%CARDS*) PER CASF., A MAXTMUM OF
RA *COLUMNSw ARE USED ON A RECORD,

4
1
B

e e S

e



VAR LARFLS €S CRACK SPACING FT,/

CwW CRACK WIDTH IN,/

SS STEEL STRFSS PSI,/

A VWHEEL LOAD STRESS PST,/
DAILY TEMPERATURF VARTATION DEG.F/
FINAL TFMPERATURE PANGE DFG,F/
FRICTION MOVEMENT RATIO/
CONCRFTE SLAR THICKNESS 1IN,/
CONCRETF SHRINKAGF STRAINY/
CONCRETE TENSILE STRFNGTH PSI,/
THERMAL COEFFICTENT RATIO/
STEEL RAR DTAMETFR TN,/
Y STEFL PFRCENY REINFORCEMENT PCT/

- IH MM D

COMPLITF I NCSsLLN(CS)
COMBTE ENCWERLNECW)
tAMPUTE LNSS3LN(SSY
; : CAMPUTE LGAIELGIA(14A/1000)
] CNMRUTE LGRIsLGIA(14R/10AM)
; COMPUTE LGOI=LG12¢14C712@)
COMPLUTE LGP1elLGtAC1eN/20R)
COMPLUTE LGFialGLU(1+F/?2%)
COMPLUITF LGF1alGia(1+12A0aF)
CAMPLITF LGGISLGIA(14G/L7RR)
COMPUTF LGHI=ZLG1A(1+H/2)
COMPLUTE LGIt=LGIa(1+T)
CAMPTF LEI1=LG10ACi+T)
RFARESSINN VARTARLFS=LGCS,LGCW,LGSS,| GAY1 YO i 6GJ1/
REGRFSSTON=LGBLCS WITH LGat "0 LGJY 1)YRESID=2/

RFGRFSSIONZLGCW WITH LGAY TO LGJY "$IRESINEQA/
REGRFSIINN=LGSS WITH LAY TN {GJY 1IRESID=Q
STATISTICS 1,2,%,4,%,8,9
RFEAD TNRPUT DATA
FINTSH

ASTP2MA M NFFNOFD FNR RFGRFSSION




VARIARLE MEAM STANDARD DEV CABFS

LGCS L0047 pUtT6 243
LGCw =1 ,4591 g 1821 2us
L6383 4,7586 12367 243
LGAY SFh80 20335 243
LGRY ,1215 27699 243
Lect 21879 LT 243
L601 1368 a91e 243
LGF1 , 1782 7309 243
LGF1 s1702 par22 24%
L661 ,2163 ,0324 24%
LGHY , 1858 pP43U 263
LG 2100 yP274 243
LGS 2141 8503 243

CORRELAYION CAEFFTCIENTS,

A VALUE OF 99.AAA0R TS PRINTED s
IF A COEFFICYENT CANNOT BE COMPUTED,

LGCW ,o0223% .

LESS 293581 ;93962 .

LGAY w, 01746 =, 43187 = 44687 )

Leat “ 08714 =, A5775 =, 06917 =, 020008 )

LoCy -, P9662 08564 LPB38T - 00800 e, oQA00 )

LGOS -, #2327 Q2481 =,03082 =,80A00 =, 200P0  «,B0008 V

LGEY yn2924 L3138 LP2885  «,00008 -, 200GR  «,BARRD -, 00000

LCF 1 -,30972 36708 =,15886 =, 00A08 00000 »,08008 =,A0026 -,00000

L6GY ,51083 ,55378 LG8151 =, 20000 -,08000 =,20870 =,2R00@ «,00000 =,00000

LEHY L1198 w,?1941 L6307  «,MED2Q ,P000d «,00088 =, 80708 -,00088 -,00009 -, 30000

LG ,,lﬁ!“? 18778 -, 81713 -,20020 -, 02089 -, 200008 - 20309 -, 23008 -, 30030 =, 30908 . 2028

LBJY «.50829 w bUhbY ~,63C28 =, 00008 reaaa JEORR -, B0000 00280 -, 00020 LB0008 111 , 32200
LGrs LGEW LGSS LGAL LGB L6Ct L6D1  LGEY LGF LGGY LGHY LGIt

~J
=




L BN NN BN NN BN I BN BN NE DN DNE DN DN B N DN N O B AN B ]

DFPENDENT VARTARLF .

MFAN RESPONSE

LGCS

L60478

STh, DEV,

VARTABLE(S) ENTERFD NN STEP NUMRER 1,

MULTIPLE R $59829
R SQUARE 35795
ADJUSTED R SQUARF ;35529
STD DEVIATION .33529

cveceseccesnssscnsese YARTARLES IN THE FQUATION vemsccsceccvevenwucewes

VARTARLE ]
LGJ1 -Ul6002662
(CONSTANT)Y 1.5897631

MULTYTTPLEF

L41758

LGJY

ANALYSIS OF VARIANCE
REGRESSION

RESTDUAL

COEFF NF VARIABILITY

STD ERRDR A

J396R6597

WB87657455Ee81

F

SIGNIFICANCE
130,36254

3 a
328,91758
a

RFGREFEBSSTION

DF SUM OF SBUARES

1, 1%,10469
241, 27,09260
SS,u PCT

BETA . VARIABLE

ELASTICITY

-, 5982926 LGAL

l,6288¢
LG8
LGCY
LGNt
LGEY
LGF1
LGG
LGHY

LGI1

MEAN SGUARE
15,18469
(11202

PARTIAL

-, 52099
., @713
..12258
-, 82904
« 23659
» 38453
44837
L1U9SS

L11088

F

Ak & R & & K K & k& & K R R K &k * Kk & & & * %

SIGNIFICANCE

134 ,36254

TOLERANCE

{00800
1,06000
1,000480
1,00080
1.,00000
1.,00p00
1,200088
t1,00000

1,2003@

r

Tesscenevrwee

SIGNIFICANCE
89,4133714

)
1,22653%2
,269
3,54094801
961
,28256@37
653
32011206
572
42,15%348
.288
174,06895

e
§,4900811
820
7.9487456
P05

vasvesan=e VARIABLES NOT IN THE EQUATION acccsccewesn

¢l




o R R N R A K N % Kk K Kk kR R R R kR k% MULTTIPLE REGRESSTITON » P T B I B T N TR T T L A

DEPENDENT VARTARLE, . LGES

VARIABLF(S) ENTERFN NN STEP NUMRER  2,.  LGG1

MULTIPLE R ‘79238 ANALYSIS OF VARIANCE OF SuM NF SGUARES MEAN SQUARE r SIGNIFICANCE
R SQUARE , 62786 REGRESSION 2. 26,49406 13,24783 202,46052 N LT
ADJUSTED R SRUARE 162476 RESTOUAL 248, 15,70324 ,B6543

8TN DEVIATINN L25579 COEFF OF VARIABILITY 42,3 PCY

""" - sweowsevew VARIABLES NOT IN THE EQUATION wewwmuumows

SupTESsAREeY

VARTARLE B 870 ERROR B F- RETA VARTABLE PARTIAL TOLERANCE F

I YL P 2 LI I T2 2 L Lk ]

SIGNIFICANCE  ELASTICITY SIGNIFICANCE

LGJY i, 6002662 130277224 2312 ,8%289 -, 5982926 LGAY e, 68432 1,ana00 210,.%08024
o . ) ¢ .l ,62881 . 2

L8661 5,5949582 L89744537 174,06898 23195201 LGB1 ., 09366 i{,000800 2,1150a88
, . 08 2.39441 147

(CONSTANT)Y L14175337 L12852@8a9 1,2165201 LGty v.15838 1,00820 . 6,1495238
.21 ‘ R14

LGO1 -, 25814 1,0e0800 ,Y4823188

556

LGEY L4799 1,000080 ;ssasibau

. 4489

LGF1 ., 50771 1, 00008 83,72093%

]

LGHY 11964% 1,208008 9,5916372

on3

LGT1 L23518 1,00098 13,992858

,023




k & ok xR ok ok ok Xk K &k X X & * R A kK K % & *

DEPENDENT VARTARLF .. LGCS

VARTABLF(8) ENTEREN AN STFP NUMBER  3..

MULTIPLE R 289562
R SOUARE 84213
ADJUSTED R SQUARE '79965
5Th NEVIATIAN L1869

MyLTYTTPLE

1LGAt

ANALYSIS OF VARIANCE
RFGRESSTION

RESIDUAL

COEFF OF VARTABILTTY

RERRARFSE S TINON

DF SUM OF SGUARES

3. 331,84786
239, 8,34944
33,9 PCT

canmumsncmauncmownene YARTABLES IN THE FGUATION esemececemensavanssean

VARTABLE )
LeJt =0,6002662
L66GY 6.4509902
LGAY =S 2087079
(CONSTANTY  L4R968%87

$T0 ERROR B

22123607
2378791486
118845626

LO692UATTE=RY

F
(LT Y TP

SIGNIFICANCE
432,36696
sas.atsa:
21%.5332:

e
25.525126
8P

BETA

rosssvswen

ELASTICITY

=, 5982924
i 62881
+519%281

2,39441

-;ﬂ)?ﬂ!a‘

-, 57533

MEAN SQUARE
11,28262
+83493

4
322,96133

LI N N R N R R TR K I L I BN DN A N O BN N A I

SIGNIFICANCE
¢

snuwwowavenw VARTABLES NOYT IN YHE EQUATION evevuvevens

VARIABLE

LGBY
LGC1
LGDY
LGEY
LGF)
LGM1
LGI¢

PARTIAL

w,12845%
-, 21721
-, 05231
JBESTY
., 69627
126938
,32253

. 1,028000

1,80000
1,00008
t,000089

TOLERANCE

F

AL X2 2 2 2 4 2] ]

STGNIFICANCE

1,d0000 3
1,008809 1

1 heean 1

,9925%82
L2497
1,784408
881

,65323619

82€
8331583
312

223,9517%

,Bea

18,622269

800

27,631872

.80




L B R B 25 T T T T S T S R AU VOO MULTTIPLF REGRES ST ON & & & % 2 ¢ # & & & # & & % & & % % % A & & &
DEPENDENT VARTARLE, . LGCS
VARIARLE (S) ENTERED ON STEP NUMBER 4, .GF
MULTIPLE R 101766 ANALYSIS OF VARTANCE DF SUM OF SQUARES MEAN SRUARE F SIGNIFICANCE
R SQUARE LD REGRESSTON 4, 37.89562 9,471394 524,16%40 ,888
ADJUSTED R SQUARE 189634 RESIDUAL 218, 4,30168 21807 '
87D DEVIATION 13484 COEFF OF VARIABILITY 22,2 per
meamccemes s VARTARLES IN THE EQUATINN seveesenconsuemcpacene weeserumew VARIABLES NOT IN THE EQUATION scacecncaes
VARTARLF a STD ERROR R 4 BETA VARTABLE PARTIAL TOLERANCE F
LA LET YT T T FYYy L L LY ¥ ¥ ¥ LA L L LT 1YY"
SIGNTFICANCE  ELASTICITY SIGNIFICANCE
LeJy “u4l60R2862 “15913194 835,7215% -.5982926 LGB -,17895 1,00000 7,84Q6006
. , - <p0Q =1,62881 . 206
LGGY 6.49099a2 .26670u86 638,14239 «3195261 L6Cy -, 38261 1,80800 23,89228¢
. ] ] ] 2,%9441 ‘ 200
LGAY «5.2007879 .25783200 uls,86%01 -, 0174589 LGD1Y -,27288 1,002 1,26%54877
. ] L -, 57833 . . 262
LGF1 -{,792296% 11976870 223,9517S .. 3997172 LGEY ,@9159 1,02p00 2,0058821
, v . LI -, 38437 , 1158
(CONSTANT) 79469945 W 726342G4Eap1 119,78784 LGHY 371530 1,00800 318,854152
o ]
LGI} LY 1,00000 59,957597
)

~J
w




LI 2NN 2 NN NN R N 2 T I A DR DR DR NN RN N BN BN BN IS

DEPENDENT VARTARLE.. LGCS

VARTARLE(S) ENTFRED ON STFP NUMBER S..  LGIH

MULTIPLE R 495846
R SQUARE 1LY
ADJUSTED R SQUARE '91692
STD DEVIATINN .12036

VARYABLF A

LB 6002662
LGGY 6.69499¢2
LGAY =5.2037079
LGF 1 =1.792296%
LETt 2.1869814

(CONSTANTY (33546299

ANALYSIS OF VARTANCE
REGRESSTION

RESTIOUAL

COEFF OF VARTABILITY

8STD ERROR B F
STGNIFTCANCE
L18246186 1042,7224
+231876565 vao;ea1a:
.23882246 597;65512
12721952 z7q;aao:g
L28202757 so;vs7sqz

L8BOP99GSE=R1 145286508
,000

MU LTTPLE

REGRESSTION

DF SUM OF SQUARES

5, 18,764186
237, 1,43314
19,9 PCT

BETA

eeseewganpy

ELASTICITY

*,5982926
.1,6288¢
5195261
2,39441

«, 8174589
_=,57813

-, 3297172
e,50437
(1430688

.75939

ssepemencs VARTABLES NOT IN THE FOQUATION esassaccsse

VARIABLE

LGB
L6Ct
LGDY
LGEL
LGH1

MEAN SGUARE
7,75283
21449

PARTIAL

-, 20031
-, 33873
», 08158
110253
Ju2010

51%5,20126

TOLERANCE

1,0A000
1,00000
1,00000
1,00000

1,80000

[

LI I TR TR IR BN BEE BEE JNE JNK 2R DR 2NN JNE BEE BNR BNE BNE BEL N BN B

SIGNIFICANCE
8

r

SIGNIFICANCE

9,865325%
,202
3p,587819
,028
1,5810%82
210
2,%5071048%
4118
58,575987
JRee

9L



* ok & N R R Rk Rk A R kR ok A kR Ak k& & M UL TTITPLF REGRESSTION P T T E A R R R )

DEPENDENT VARTARLE, L LGES
VARIABLE(SY ENTERED 6N STFP NUMBER  6,.  1.GHI
MULTIPLE R ;Qbsqa ANALYSIS 0OF VARTANCE oF SUM OF SGUARES MEAN SQUARE ¥ $IGNIFICANCE
R SOUARF L9530 REGRESSION 6, 39,3700% 6,56168 §47,7253% 200
ADJUSTED R SQUARE s 93138 RFSIDUAL 236, 2,82725 1198
S$TD ODEVIATION .18948 COEFF DF VARTABILITY 18,1 PCY
L N N L vaPYSBLea IN THE FQUATION wewpwoseseswssnesesone wnunmewone VARTABLES NOY IN THE EQUATION secccssssss
VARTAALE B STD ERROR 8 r arTa VARTABLE PARTIAL TOLERANCE F
LA S R 2 2 2 2 XL X 3 2 1 2 F 1 1 23 73 (L2 2 2 22 22 2% 3
SIGNIFICANCE  ELASTICITY SIGNIFICANCE
LGJ1 i, 6082662 L 12988483 1268 ,8401 «, 5982926 LGB -, 22073 1,00000Q 12,836579
- . . . . 2 »l,62881 , L0881
L6GY 6.6909922 217133418 $58,78879 5199281 161 ., 37327 1,02008 18,042203
. . . e .2,30448 . A
LBk -5,2007079 L20990948 613, 84897 -.ai?aSlv L60Y -, 28989 1,80900 1,91464999
. . A e *,37533 : 1168
LoF§ “1.1922963 .97505290E08  337,68861 ., 3897172 LGEL L11298 1,00002 3, 23848814
N s , 29780 KR4 .083
LGTY 2.1889014 L 2%6R3927 72,499%998 L1434b68
) . . . , _J008 . 479939
LBKY 1.,1538235% 16283109 $9,57%5527 21198272
_ ) , 298 (33027
(CONBTANTY -12121893 LB8510186E=81  2,809287%
L158

Lt

[ L et duter o] e R T % i e m e e e s e ) e L R Aty B R ’~\-wwne=w:e@w<wvmw“ & i
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DEPENDENT VARTARLE..

VARTARLE(9)

MULTIPLE R
R SQUARE

ADJUSTED R SRUARE
STD DEVIATION

ENTERED ON STEP NUMRER 7.,  LGCI

v
'97070

.10176

ANALYSIS OF VARTANCE
REGRESSTON

RESIDUAL

COEFF OF VARIABILITY

MULTYTIPLE

R EGRFE S I I ON % % % & & & % & & & & & % & & & & & & & & & &

oF SUM OF SGUARES MEAN SQUARE r SIGNIFICANCE
7, 39,76396 5. 68057 548,6021% e
21s, 2,03334 010353
16,8 PCY

seceenssvascessnnrvea VARTARLES IN THF EQUATION wecemserrevcecccsccccsne

VARTARLE

LEJ1
LGG!
LGt
LGF Y
LEI1
LGH1
LGet

(CONSTANT)Y

«0,6002662
6.69099a2
«$,2007079
-1.7922963%
2.186921a
1.1510235
- 87443838

‘2R5526913

8$TD ERROR 8 F
copevesnsoaa
STGNIFICANCE
L12044647 14587397
V28185792 1aoe:93a:
119515223 71a;195a:
©906S231AE~E) 395;91352
L 23878252 !!:87961:
115873268 selsiuzzg
114177393 3a:aazza§

.83850137E-01  11,595423
oY

BETA
vsegpgrrencew

ELASTICITY

=,5982926
=1,62881
5193264
2,394414
c.“;70589
Te, 87833
=,3897172
.,58437
1434668
s .75939
1198272
. 35027
., 2966179
., 27172

asssesccce VARIABLES NOY IN THE EQUATION eercccmccee

VARTABLE PARTIAL TOLERANCE F

PYSARNORNNNONS
SIGNIFICANCE

LGat v, 23793 1,00000 14,041999
LT )

LGD1Y ", 39690 1,20200 2.2115515
. .‘3.

LGE1 L12178 1,00000 3,%5226194
' 0062




A A % R Rk kR kA& kR oA KRR ko x MULTTIPLE R EGRF S§ S ITDON 2 & & % % & & & & 2 & % & & % & & & % & & & *

DEPFNDENT VARTARLE, . LECS

VARIABLECS) ENTFRED ON STEP NUMRER  A,.  LG&81

MULTIPLE R 97282 ANALYSIS 0F VARYANCE oF SUM OF SQUARES MEAN SOUARE F SIGNIFITANCE
8 SOUARE ;94560 REGRESSTON 8, 39,90172 4,98771 508,42264% 000
ADJUSTED R SOUARE ,94374 RESIDUAL 234, 2,29558 130981

$TD BEVIATION .09905 COEFF OF VARIABILITY th.4 PCY

cnvranmeapmunamnnnene VARTABLES IN THE EQUATION weewesscecesccasuaaces

VARTABLE a YD ERROR B r BETA
LA A 2 2 LA T X 2 2 7] LA T LT X1 R X ]
SIGNIFICANCE  ELASTICITY
LeJ1 i, 6002662 11723718 1539, 6966 ., 5982936
. o . , ] -y, 462881
LG6Y 6.6949902 119648917 116097404 \319528¢
] . ) e 2,%9441
LGAY -8,2087078 L18995242 749,60980 ., 8174589
) ) ) 9 », 87533
LGF1 .1, 792296% LBBR2IUY4TE~AY 412,60872 ", 3097172
) . i . . ] -, 50437
L6114 2.10690110 V23242019 88534123 L1434668
_ . _ , . .000 L73939
LGH 1.18302%8 V10671643 61,7664 (1}98272
) ) TL 35827
LGCY “LATLUIRIA 113790634 49183864 -, 8366179
, . . . .ene .,27170
LBRY - 30112420 L01A32831Fa01 14041999 » #571361
. . . 000 ", 060858
(CONSTANTY  .32699¢41 \B23626a7E=81  15,761946 B

. 228

wumenuwwen VARTABLES NOT IN THE FQUATION eenwnwownen

VARIABLE PARTIAL TOLERANCE r
STGNIFTCANCE
LGDY -, 89976 {,00000 2,3422598
Lot 112538 1,00000 3,7215108
‘ 4055

=~
O




A& AR Ak Rk Rk kKRR R R AR XKk Rk MIULTTPLEF

DEPENDENT VARTARLE.. LGCS

VARTARLF(S) ENTERED ON STEP NUMBER  9,., LGEt

MULTIPLE R ;91286 ANALYSIS OF VARJIANCE
R SRUARE 224643 REGRESSYION

ADJUSTED R SQUARE p 94439 RESIDUAL

STD DEVIATIAON .09848 COEFF OF VARIABILITY

REGRESSTION

OF SUM OF SQUARES
9, 39,93784

233, 2,25949
16,3 PCT

ceswecsssccnunnawssse VARIABLES IN THE FQUATION sevwscasccavespeccpece

VARIABLE ) STD ERROR B F
sscncromenes
STGNIFICANCE
AT -l 6072062 L11656134 1557, 6832
LBG! 6,6949902 219835646 1170;0753
LGA L «5.2007079 118885739 155;3277:
LGF1 -1.792296% LBT1725291F 0t 017;a2732
LGTY 2,1869014 .2%1088035 ev;sesvrz
LGH1 1.i530238 114587064 az;u19vzg
Lecy -.B7U43A3A L137200287 ae;ezeuug
LBB1Y 34112420 19852BNSAE-B1 1ulawgses
LGEY L4peT1871 L2A772358 3.7215?32
(CONSTANTY 125879543 189192423E401 a.anu§§33

BETA

ELASTICITY

-,5982926
-1,6288¢
3198241
~2,39444

- 4374589

-, 57533

-,3097172
=-,50437
1434668

« 75939
1198272
« 35427

-, ,P966179
=,271780

-'557136!
=, B68%56
292442

11277

MEAN ?QUARE
4,u3793
00970

* A Kk & & A Kk &k ok Ak * Nk kK Rk kX NN

r SIGNIFICANCE
4S7,6006% )

rmsacscann VARTABLES NOT IN THE EQUATION escessesses

VARIABLE

LGO1

PARTIAL

-, 1005%6

TOLERANCE 4
LA L L L L L L L LY ]
SIGNIPICANCE
1,08080 2,3698362

o125

08

i



Rk Rk R A A Kk Rk ok R ok N xRk R ook kR oaw MU LTIPILE REGRE S8 T ON & &« & & & & % % & &« & & & & & £ & % & & & & &

DEPENDENT VARIARLE .. LECS
VARTABLE(S) ENTFRED ON STEP NUMBFR 14,,  LGOt

MULTIPLE R ;973!4 ANALYSIS OF VARTANCE ¥ SuM OF 8GUARES MEAN ?GUARE ¥ SIGNIFICANCE
R SQUARE qarne REGRESSION 19, 39,9686% 3,99687 414,49881 Q0
ADJUSTEN R SQUARE P TH4TH RESIDUAL 232, 2,2%64% 22964
STR DEVYAYION «B39819 CUEFF OF VARIABTILITY 16,2 PCT
mwsasssnnerevavmonmuenns YARTARLES IN THE EQUATINN sevconvwnnenawsevvenevesn vunemenwwnw YARJTAGLES NOT IN THE FQUATION wenswswwowwee
VARIABLE n STD ERROR B F AFYA VARIABLE PARTYAL TOLERANCE ¥
LA A Al ] A 2 B2 37 CTEOEOPT TSR LA L L L LA 2 d 22 ]
SIGNIFICANCE ELASTICITY SIGNIFICANCE
LeJt ol 6672682 ‘11622021 1566,7508 5982926
. ) , 8 o1,62881
L8G1y 6,6949902 19478472 1181,3814 .$!QSﬂbl
. ) e "2.30041
LGAY =5,2807279 » 18638487 T762,78693 w 4174809
. , . .22 »,5753)
LGF1 ®1,792294% «87469%06E-021 419,86133 «, 3097172
L . . , ) =, 58437
Lot 2.1869040a 237484085 93 ,090328 s 1634668
. . ) . ¢ .15939
LEML 1.153R238 ,1054437% #2,847252 1198272
) . . J000 L, 35427
LGCH » ., BT843838 13679913 a8 ,859240 -, 8966179
" utisas . . s000 =, 27170
LRy . Ju112u428 «9PRU3 1 hUE-BY 14,288022 -, 2571361
: , ) , 200 ., 76886
LREY LArnT187y «20871158% 3,7“3?59“ .3292“&2
. , ) RLLL 11277
LGNY «L1M6TTHAD 269361395Ea81  2,3698342 ., R2325687
. . +129% ., D241%8
(CONSTANT) 2730089 <894 EBULE=2Y 9,344901%
202

ALL VARYARLES ARE IN THE FQUATION,

18
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DEPENDENT VARTARLE.S

LGCS

COEFFICTENTS AND CONFIDFNCE INTERVALS,

VARTIARLF

LBJY
LGGY
LGAY
LGFY
LETY
LGH1
Leey
LGRY
LGEY
LGD!
CONSTANY

R

.l 6092662
6,6949902
«5,2007279
«1,7922963
2,1869014
1.183023S
-, 874U3B3A
-,3411242@
LUBAT(8T]
=3 12677682
<27342091

STD ERROR B

p11622021
219478472
218830467

yBTUBOSUGE DY

'ESEQGUOS
,14S04437Y
;13679933

92203154E=01

220711565

46936139SE=01
B9U36AUSEwBY

T

«39,582%27
14,371229
w27,618581
.20,490518
9,091{5925
7,9276259
.6,3921249
=3, 7800558
1,9347542
.1,5394272
3.0%69432

MULTIPLE

REGRESSTION

95,2 PCT CONFIDENCE INTERVAL

“l,8292481
6,3112172
«5,3717137
»i,9646325
}o7329496
JB6646414
»],1439662
.,%1892506
., 73492322
», 20343555
497192259

VARIANCE/COVARTIANCE MATRIY OF THE UNNORMA|IZED REGRESSION COEFFICIENTS,

LGAY
LGB
LGC!
LGD!
LGEY
LGF1
LGGY
LGH1
LGT!
L6J1

,83546
MCLLEL
, 00722
»700An
rec00
,a0Rea
p 22000
,A0000
LDLL)
00300

LGAY

,a0814
,00800 p01871
MLLLEL g LLLL
fesa0 PR0008
,00000 LI
, 0000 parene
,n8AR0 ,20000
. 00004 00000
-,30008 -, %0000
LGB LGt

,a0081
,80000
,30020
LI
,30000
,30000
.ae00a

LGD1

LGE!L

, 00748
,00020
-LIELL
CLLLL
LI

LGF1

) *4,3712843
y 7,8787632
s ~4,8297021
) w1,6199601
s 2,6408531
) J.4395828
¢ =, 60491061
) ®,1633233%
E=02, 80878664
r 29881910F=21
Ewdl, LU09611%6
83794
,20000 02118
,ho000 ,00000
.,00000 «,00008
LGGY LGN

»25309
-, 808900

LGIY

LI N I R BN B R B N D D I

01381
LGJ1




oAk kK R Rk & kR k ok kA Ak kR kK A R

DEPPNDENT VARIARLE,

sree

-

WO BN DN

VARTABLE
ENTFRFD  REMOVED

LGJ1
LGGI
LGAY
LGFY
LGIL
LGHY
LGCHY
Le81
LGE1
LGDY

LGCS

ENTER OR

F 10

134,36254
174,06898
210 54024
223,9517%
89 ,95760
53,57%91
38,04220
14,00200

3,72141

2,36984

REMOVE

MUBLTYIPLE

REGRESSTON

BUMMARY TAB8LE

SIGNIFICANCE MULTIPLE R R SOUARE
@ ;39829 135798

0 p 79238 g 52786

, @ 89562 80213
N-LT. 94766 189886
8 295846 p91864
LT , 96992 .93380
., @ 297874 po423%
L0 p 97242 94560
, 258 207286 y3U64S
.125 297314 94788

R SRUARE
CHANGE

357958
126991
17427
'aosqz
,82058
21436
, 00934
, 28326
20286
28784

SIMPLE R

~,59829
;51683
=, 41746
»,30972
p14347
, 11983
-, 09662
-, 85714
,a2924
-, 02327

DVERALL F

134,3625¢
202,460%2
322,9613%
324,16549
535,20126
547,72533
548,60218
508,02260
4s7,6006%
414,49881

T E EE R E R

SIGNIFICANCE

[}
.00

2
088

2
N-1.I)
e
.eee
N
L2080

£8

]
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DESENDENT VARTARLFE, . LGCW
MEAN RESPONSE ] 45911

VARTABLE(S) ENTERFD ON STEP NUMBER

MULTIPLE R ‘elsel
R SoUaRE s41815
ADJUSTED ® SQUARE 43573
STD DEVIATION 29207

wsessonensnsnnvanwnwe VARTARLES IN THFE FQUATION sweeswwonsveawsumanany

VARTABLE "
1611 wl.850951U8
(CONSTANTY  e.4BUO3AAR

MULTIPLE

REGRESSION
COEFF OF VARIABILITY

§T0D ERROR B

A2 T 1T T PR L R 1]

SIGNIFICANCE

234570028 173,19278
)

V163880 00E«01

.18218
ANALYSIS OF VARTANCE  DF SUM OF SQUARES
1y 14,77398
201, 20,55808
20,0 PCT

BETA VARTABLE
LTI T 2 Y T
ELASTICTITY
w, 6866418 LGAY
, 66768
48,333368 LGB
@
LGCt
LGD1Y
LGEY
LGF1
LGGY
LGH1
LGIY

MEAN SGUARE
14,77399
28532

PARTIAL

., 56511
- B78714
87394
., 23148
LB4114
.287%4
L72599
-, 22545
206858

173,19275 . )

TOLERANCE

1,00820
1,00008
1,00800
1,60000
1,00000
1,06800
1,70009
1,00000

1,00800

4

REGRES ST ON & & &% % & & % & % % *x k * & A & & & & & & & %

SIGNIFICANCE

encncuwuey VARIABLES NOT IN THE EQUATION ewowvwownnn

F

-

SIGNIFICANCE

112,68%8%
L088
1,3835433
L2081
1,3193761
, 252
.238149041
) 626
L4P68956)
.52
1,8704514
173
267,47265
,280
L 15554766
L6940
12,727386
L2081



ok kR Rk ok Rk & k& &k k Kk A K h A & % % % k% k & MULTIPLF REGRES S I ON 2 % % % % % % % & % &« & & & & & & & % & & & &

DEPENDENT VARTARLE . LGCW

VARTABLE(S) ENTERED ON STEP NUMAER 2.,  LGGI

MULTIPLE R 1851718 ANALYSTS OF VARTANCE DF SUM OF SOUARES MEAN SQUARE F SIGNIFICANCE
R SOUARE § 72482 REGRESSION 2, 2%,60941 12,8471 3116,0819% 000
ADJUSTED R SQUARE 72253 RESTIDUAL 240, 9,722%7 iITLE
STD DEVIATION Tami27 COEFF OF VARIABTILITY 13,8 PCT
mccememenamamanmnnmnn YARYABLES IN THE FOUATION sesmecemcscnscanssuncos wesemensee VARIABLES NOT IN THE EQUATION sncwmmewams
VARTAALE B STD ERROR B F BETA VARIABLE PARTTAL TOLERANCE F
LA TR A R 22 I IS 2 7Y X TR TR Y )
STGNIFTCANCE  ELASTICITY SIGNIFICANCE
LGJt i, 5096148 133823852 16469121 ., 6466418 LGAY -, 82174 1.00008 496,97962
2 56765 ]
LBGY 6.8301763 .39928728 267,4726% ;5537543 L5681 -, 11209 1.02900 2,9321082
o . L,aee ., 96796 . 1088
(CONSTANTY ot 8973A22 L18112789 391,99272 LGCY 18752 1,.00208 2,795282¢
] J296
LGDY -, 04578 1,20008 80191322
, L9
LGEY 125982 1,80000 85842535
355
LGPt L12787 1,92000 3,9738416
L84y
LGHL -, 33701 1,00000 327786708
568
LGIt J3pers 1,00000 23,77241%
,200

G8
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* ok ok Ak kN ok o B Nk Rod WA KR kN x xw MULTIPLE REGRESSTITON * & % % & & % & % & & & & & & & % & & % & & @&

DFPENDENT VARTARLF .. LGCw
VARYARLE(S) ENTERFD ON STEP NUMBER  3,,  LGAl

MULTIBLE R ;95427 AMALYSTS OF VARTANCE OF 8UM OF SQUARES MEAN SQUARE r SIGNIFICANCE
R SQUARE , 01064 REGRESSION 3, 32,17478 10,72490 811,85392 @
ADJUSTED R SQUARE 90952 RESIDUAL 239, 3,15728 (21321 ’

STD DEVIATION L 11494 COEFF OF VARTABILITY 1.9 PCT

crmmmvaemmeeummenenne VARTAALES IN THE EQUATION secccssmmornweppemmmn ewewmmnwes VARTABLES NOT IN THE EGUATION wwmcuenwesa

VARTARLE ) 81D ERROR 8 F _ BETA VARTABLE PARTIAL TOLERANCE 4

3 2 2 YL LY Y 2] Ll 2 2 23 1 2 2 2 ] LAY R L T X T X3 2 1 3
SIGNIFICANCE  ELASTICITY SIGNIFICANCE

LEJY «d 54061 UN 213604567 1118,15%4 », 8466018 LGB »,19319 1,80000 9,2347737
. . ; B 8 Wb6768 ) 203

LBG! 6,5321763 L22801213 a2@,2267% 5537843 LGCt (18868 1,08ap0 8,785u763
) , . NI . : ,283

LBAY »U,9139808 T23B4266M8 496,97962 ., 0310482 LGDY «, 88833 1,00008 1,5u88817
] . . ) 8 22931 i 215
{CONSTANT) =1, 5885841 Y5962 184PEwB]  692,59550 ’ LGEY L10498 1,8000@ a.eszixie
‘ ] ) 1058

LGPt 22440 100008 12,619672

pop

LGHY -, B0494d 1,80200 1.aa?$o:a

. . . 373

LGIt V82784 1,00000 91,908284

]
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A koA oA ok kA &k Rk kK R K K ok R Kk % Rk k& oA MULYTPLE REGRESSINNKN & & % & % & % % & & & & & & & & % & & & & & &

DEPENPENT VARTAALF .. LGCW

VARTARLE(S) ENTFRED OGN STFP NUMBER  4,, LGT1

MULTIPLE R ,9672% ANALYSIS OF VARIANCE DF SUM OF SGQUARES MEAN SGUARE F SIGNIFICANCE
R SOUARE 93553 REGRESSION a4, 33,05428 8,26337 Be3, 47079 11 ]
ADJUSTED R SOUARE , 93445 RESIDUAL 238, 2.27772 L 80957 :
STHh DEVIATION .2978% COEFF OF VARIABILITY 6,7 PCY
weensnsensevernenevece YARTABLES IN THE EGUATION onveovwsnenwnmenoonswewn onwvsnwaesey VARJABLES NOT IN THE EQUATION sevoawswwannw
VARTARLE A STD ERROR B F BETA VARIABLE PARTIAL TOLERANCE F
LI I LT Y T LI Y X A R
SIGNIFICANCE ELASTICITY SIGNIFICANCE
LBJY -G,8096148 v11879427 180y,74%6 ., 6466418 LGBY ", 22748 1,00008 12,929701
. . ,e000 . aBbT6S . 1A20
L66Y 6.5301763 L19ua7A8Y 1132,2159 255376843 LGy 22214 i,08200 12,362358
. . 1L “, 96796 . 111
LG “4,9139808 L18761u58 686,21545 -, 4310652 LGOY -, 09458 1,870828 2.,13921%8
. ) @ 22931 145
Le1t 2.2007608 L22955943% 91,928281 ,187780a8 LGEY 12360 1,00000 3,6766783
) . e “, 31673 A58
(CONSTANTY e2.R3R7012 L699B2971Ee@]  B42,P3876 LGF L2649 1,00088 17,783642
] 208
LGHE w, #764b 1,2npa00 1,3936415%
239

LB

I AL o SRt P e




L0 N NN DL SN BN SN BN NN BN BN NE R AN 2N BN 2N B B N B I ]

DEPENDEMT VARTARLF,L

VARTABLE(S) ENTFRED ON STFP NUMBER 5.,

MULTIPLE R
R SGUARE

;96955

ADJUSTED R SQUARE :

8TD NDEVIATIQN

.3945S

ANALYSTS OF VARIANCE

MUyULTIPLE

LGF1{

REGRESSION

RESIDUAL
COEFF NF VARIABYLITY

REGRFESSTION

OF SUM OF SQUARES
5, 33,21326

237, 2,11872
6,5 PCT

eowonavavewnvrnonnres VARTABLES IN THF EQUATION cvvsennprocccccscvenseny

VARTABLY

LEJY
LGG1
LGAL
LGYY
LGF1
(CONBTANTY

U, S8961 48
6,5321763
=4,9179808
2.2007608
115528195

~2.09(15a0

310 ERROR B

111191538
t18756984
118132081

122186982

VB42296UAED
14913903 TERE1

[

angumERewoow

SIGNIFICANCE

1692,68%6
2
1212,0992
)
734,39292

. e
98,3089607
, 2
17,783642
h00
914,79848
2

BETA

ELASTICITY

“, 6866419
 .66768%
«35537843

=, 96796
4310692
.22931
J18778@8
®,31673
2670794
., 4143

MEAN SDUARE
6,64265
220894

r

743,04658

* ok & ok ok W kx h & k Kk Kk Kk X Kk k Kk k W Kk Kk X W

SIGNIFICANCE
e

erwecccwes VARTABLES NOT IN THE EGUATION ewesascemeas

VARTABLE

1LGBY
L6Ct
LGOt
LGE!
LGHY

PARTIAL

-, 23583
,23033
., 09806
L12818
-, 87928

TOLERANCE

1, 00000
1,00000
t,00202
{,00008

1,00800

F

SIGNIFICANCE

13,898146
.220
13,221177
282
2,2915836
L1531
3,94000728
,aus
1,4925524
223

83




AR M Nk ko ok Kk ok Rk F ok k& ok k& Ok x k MY L TT®LE REGRE S STION % & % & & % % h o & & & & % & & & b & 4 & & &
DEPENDENT VARTABLF. LECW

VARIABLECS) ENYERED ON STEP NUMBER LI |.GB1

MULTIPLE R :9’12? ANALYSTIS OF VARTANCE DF 8UM OF JGQUARES MEAN SQUARE F QIGNIPICANCE
R 90UARE 94337 REGRESSTION 8, 313,33110 5,55518 £55,22059 <002
ADJUBTED R SQUARE '9‘5193 RESIDUAL 236, 2,08089 an84B
STD OFVIATION 29208 COEFF OF VARIABILIYTY 6,3 PCY
remEme e .- VARIABLES IN THE EQUATION sesanurwnsacccannwnane ronnesewws YARIABLES NOT IN THE EQUATION seacswmnwwns
VARTARLE ] STD ERRQOR 8 F BETA . VARIABLE PARTIAL TOLERANCE F
PR P T2 22 L2 2 2 2 4 1 1 PR ERBRBRPS Y
SIGNIFICANCE ELASTICITY SIGNIFICANCE

L8J! . S0061 48 (108988094 1742,5467 ., 64606413 L6C1 L2337 1,000808 13908401

) . L Ls6788 L2809
LGe1 6,838176% +1826651% 1278,022% 5537843 LGD1 -, 100%} 1,00008 2,4176368

) . Ll =, 96796 . p121
LGat »d 9139828 «17658828 T74,.36Q46 e, 4318682 LGEY 13187 1,080098 4,15R9382

; e ,22531 ‘ : 243

LG11 2.2007608 21686821 103 ,74422 L187702% LGHE -, GB158 1,600800 1.5?8539!

) , . 0 v 31873 L2118
LGrg 35520198 B2827154E=01 18,731473 BB878794 .

. , . ,000 ..34143
LG8 ». 31549878 JA8628196E=01 13.098146 -, 3877497

. . 200 92628
(CONSYANTY e»2,0828017 «68112342E«21 908, 32724

[}

@]
o

¢ N T R PR S
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DEPENNENT VARTARLE,. LGCW

VARTABLE(S) ENTERED ON BTEP NUMRER

MULTIPLE R $97291
R BGUARE g 94655
ADJUSTED R SQUARE 94496
STD DEVIATION 28984

Tee LGCY

ANALYSTIS OF VARIANCE
REGRESSYCN

RESINUAL

COEFF OF VARTABILITY

MU LTIPLE

VARTABLE

LGJt
LBGY
LGAY
LGIt
LGF{
Leat
LGt
(CONSTANTY

0, %896148
6,5301753
»4,9139808
2.2007608
115528108
., 31849818
Lua199829

«2. 140870

81D ERROR B

L1P61088s
117783763
L17192138
21839793
L7ORS9320ER0Y
182391630E~01
112089723
L7@3U3579Ew01

F

LT T X T T

SIGNIFICANCE

1838, 4358
1308;309;
axa;ov:og
1@9;a53¢§

#

19,7683329
, <000
10,6629%2
LT
13,686601
. 000
926,02018
]

REGRE S S I ON & % % % & & % % & & & % & & 2 & % % & & & & &%

DF SUM OF SQUARES MEAN SOUARE r SIGNIFYCANCE
1. 33,44349 4,77764 594,52041 )
23S, 1,88849 180804
6.1 PCT

BETA
EEEBeaAmEBY

ELASTICITY

. 6466418
186765
5837843

=,96798

., 4310682

22531
1877888
", 11673
,B6TOTHA
., 84143
., 2577497
02628
0564029
., 06018

wesswsnnms VARTABLES NOT IN THE EGUATION wewswwamsss

VARTABLE PARTIAL  TOLERANCE r
STGNIFICANCE
LGDY -, 10387 1,008889 2,5521986
Lery L3874 1,00028 a.svzizié
LGH1 .. 88397 1,00000 1.661333:
199

06




oA M R N Rk Kk Ak kA AN Rk KRR R Rk k ko x MULTTIPLE REGRFE S ST ON % & % % % f % % % % & # K & & % % & & & & & &

DEPENDENT VARTARLE oo LGENW
VARTARLE(SY ENTERED ON STEP NUMBER  A,,  LGE1

MULTIPLE R 497341 ANALYSTS OF VARTANCE OF SUM OF SOUARES MEAN SQUARE F SIGNIFICANCE
R SOLARE ,9u753 REGRESSTON 8, 33,4782¢% 4, 18479 528,26383 N-1.T]
ADJUSTED R SQUARE ,QBS?G RESIDUAL 2]0, {,85369 Lo0TR2
STD DFYIATION ME-T.TT. I B COEFF OF VARTABILITY 6,1 PCY
roevammmrrnevunaavmee VARTABLES IN THE FQUATION seccvanrpecnepsmexenses meusawnarne YARIABLES NOT IN THE EQUATION swwmarwevsse
VARTARLE 8 87D ERROR B r BETA VARIABLE PARTIAL TOLERANCE ¥
LA X 2 2 L LYY CELTIY T T2 3 LATI T T2 2 Y 2 3
SIGNIFICANCE  FLASTICITY STGNIFICANCE
LBJY l,%5496148 V18535280 1864,9743 . 6466419 LG01 -, 13488 1,02002 2,589%8157
) . L LG . «189
LGGY 5.830174% L176%4778 1367,81%% .553784% LBHY ., 08478 1,23008 1,6857841
] . . 8 ", 96756 0108
LGAY -,5139828 17269377 828,76534 .’.n;mesz
. . 1T . 22934
L6111 2.7007608 1111y 11¢,03306 L1577208
, s , 00 Lo, 31673
LGP L1582019% JTO28S0G Eal]  20,048911 22670794
. . L RN TTS
1681 31509875 L8187331R8Ex0) 14874599 " B8TTUSY
. X . .0eR 2628
LGC1 6789889 12400538 14,188504 «28554021
s , .906 -, BUBLS
L6EY L319347542 18774%47 4,3923432 LA313814
. . . 037 »,Bu589
(CONBTANTY =2.2875324 JTHBR{BURESDY  B2K,17281
2

16

S e R S T



L2 TS N R I B IR N B S BN DN TN R TN DN N EE TN N N I

DEPENNENT VARIAALF..

VARIABLE(S) ENTERFD ON STEP NUMBER 9,

MULTIPLE R
7 ZNUARE

ADJUSTED R SQUARE
STD DEVIATION

,9T3T
, 04813
$90611
.08870

MULTTPLE

LeMm

ANALYSIS OF VARTANCE
REGRESSTION

RESIDUAL

COEFF OF VARIABILIYY

REGRESSTION

oF SUM OF SQUARES
9, 33,498647

233, 1,83332
be1 PCY

soemanupnenasnnynsnwen VARTARLES IN THE FQUATION envenvuvwowvesenavunan

VARIARLE

LGJY
L661
LG&t
L6I1
LGF1
LG8
LoCY
W18
LGD1Y
{CONSTANTY

-]

«8,8606148
6,%53017463
el 9130808
2.p007608
135520195
».31809578%
L467R9B89
239347542
«.18883554a
«2.193739%

ATD FRRCR B

V184990889
V17397112
117211696
120815217
y79221187E=01
LBISI6BBIEGY
112188634
V187111058
C62662012Ew21
LT17828723E 2

-

SIGNTFICANCE
1877,6227

, (]
1377,1849
) ]
834,39498
]
111,78729

]
2¢,20523%
, _e008
14,978639
, . «0008
14, 2848848
,a88
4,82217%%
L217
2,58951587
. s189
811,252a8
]

REYL
rEsssnerse

ELASTICITY

e 50656418
+B6768
«533784%
., 56796
~, 4310682
22531
1577388
w,31567Y
2670790
- 24143
«, 8577497
" lnze2s
LA56UBRY
., M6018
2313816
-.04889
., P300141
. 08948

MEAN ?QUARE
3,72207
RYITY

20 2NN TR DK TN NN 2NN N TR DNN 2R JNE NG NN NN JNE N NE IR BN B BN

F SIGNIFICANCE
473,04525 )

wrmamwmnne VARIABLES NOT IN THE EQUATION avecesameen

VARIABLE

LGHY

PARTIAL

., 068822

TOLERANCE F
LA 2 2 2 2 2 2 422
SIGNIFICANCE
100088 1,6973426
» 198




[ T B B R I B NN N N N AR I I B R B R

DEPENDENT VARTARLE ..

VARTARBLE(S8) ENTERED NN STEP NUMBER 103,

MULTIPLE R
R SQUARE

ADJUSTED R SQUARE
STD DEVIATION

197390

!

.088%7

MULT!IPLE

LGH1

ANALYSIS OF VARTANCE
REGRESSION

RESIDUAL

COEFF OF VARIABILITY

RESBSRESSTION

DF SuM OF SGUARES
19, 33,51198

232, 1,82000
6,1 PCTY

nentesenenvasonenvare YARIAALES IN THE EQUATION vesvecmsscncvacscssase

VARIABLE

LGJ!
LGBt
LGAY
LG
LGF)
LGB
LGC1
LGE?
L6ny
LGHY

(CONSTANT)

wld,5496148
6,530176%
«4,9139808
2.20M7608
135920198
-.31%4957%
Lus709a80
139347542
».{A2A3554
- 17292983

=2,.1619791

87D ERROR B

L10483812
L178708%8
116986298
120783934
L78983172E«01
V81488 1SUE«0]
v12%4p182
118683147
L625884%2E 01
113119963

LBAGTTINA2E=CY

ALL VARTARLES ARE IN THE EGUATION,

L3

SIGNIFICANCE

1883,2622
908
1381,2264
. 2008
836.,69222

]
112,12186
, 008
28,26%707
.a8e
15,8204080
,0a8
14,32763%7
Reg
4,035814%
_ 403b
2.5972658
.108
1,6973404
164
718,12924
]

BETA

(A LT L LY ] ]

ELASYICITY

., 6466019
| Jbb7e8
.5%378a3

96796

~ 4310682

« 2353}
1877808
=,3167%
.2678794
w,@4143
-, 0877497
.02628
+8564021
.,8681%
19313818
-, 04589
-, 0240141
., 20948

., 8194138
L02177

MEAN SGUARE
3,35120
80784

r

'R EEEEIEIEIE IR T I I I B

SIGNIFICANCE

427,18465 000

ceeasecses VARTABLES NOT IN THE EQUATION mea=psmamee

VARIASLE

PARTTIAL

TOLERANCE

[

SIGNIFICANCE

£6

,WMW]



R R EE R E E EEE N I I I I

DEPENNENT VARTARLE ..

LGCHW

COEFFICTENTS AND CONFYDENCE INTERVALS,

VARTARLE

LG
LBGY
LGAY
LGTY
LGPy
LGBY
LGCY
LGPy
LEDI
L6KHY
COMNSTANT

]

wlh, 5496148
6,5301763
«4,911980A
2.2007608
235520195
», 31549575
(46739889
2 39347%42
«, 1708355
“,1709295%
»2,161979]

87D ERROR B

p12083812
17572838
p1698629¢
20783913
s 789031 72E=01
8140515NE=Dt
, 12340182
18683167
162568082E=01
;13119963
LBRLTTABRE=EY

T

-23,39656%
37,1648%4
»28,929090
12,588751
4,5817449
«3,8756218
1,7851865
2,1060024
w1,b116038
-1,38282082
“26,7979%4

MmuUuLTYTTITPLE

85,3 PCT CONFIDENCE INTERVAL

VARITANCE /COVARIANCE MATRIX OF THE UNNORMALIZED REGRESSION COEFFICTIENTYS,

LGAY
LG81
LGCY
LM
LGE}
LGF1
LBGY
LGHY
LGTY
LGJY

,P2885
Jo000R
LT
LOupan
LoneRa
,reaaa
LT
30000
.paaea
Aaaan

LGAY

170563 ,
,rene 201523
eapen Lfange
,anee sRpana
Lnenpa LD
,00800 , PEADE
LELL y REORA
ELLLL  PBARE
-, 2580 -, AR000
LG8y LGCY

L8351 )

,AN0BA ,P3891
,rnARR L0009
L0000 WLELT
20000 JP0020
Jrarae WEEYL
Lheeas Jaanae

L6D1Y LGEL

nﬂ;75617t3 e =4,3430584
6,1839883 v 6,875354%
=8, 2486519 y =4,5793094
1,7912671 r 2,810828458
p 19974361 »  pS10G6s029
-, 47588360 y ®», 15510790
122396746 ¢ pTiR23033
'353716235'511 76187902
',2?“11052 ’ ,22“39“5“5-31
-, 42942053 v #87565480FeD!
-2,3209324 y w2,0036257
170623
(00024 23087
yon0e0 ABA00 JB1721¢
Raesa 0008 2008
LABR2A  « 0PPRAE = ,70280
LGF1 LGGY LGHE

REGRESSTION

L I N K B IR B N I I N

2632e
-, ARG B1299
LGTY LGJY

%6



® & A h Rk kR AR Ak kXA K A R A ox ks s x MULTIPLEF RF GRE S S I ON & & & & & % % % % & & & & * % % & & * & & & &

DEPENDENT VARTARLE,. LGCW
S UMMARY T ABLE
STEP VARIABLE F 10 SIGNIFICANCE MULTIPLE R R SQUARE R SQUARF SIMPLE R OVERALL F STIGNIFICANCE
ENTERFD RFMOVED FNTER OR REMOVF CHANGE

1 LGJY 173,1927% . o ITLY) P 01815 L1815 - 64664 173,19275 . e
2 LGG! 267,4726% .200 §85136 , 72482 232668 $55378 316,08193 .Re6
3 LeAy 496,97962 ) 095427 yo1e6a 16582 e 43187 811,85392 . 8
4 L&l 91,9028 ., 8 p96723 293553 ,02489 e 15778 863,47079 .B00
S LGF1 17,78364 , 000 p 96955 y56203 LTET) ,06708 743,04658 e
& LGB{ 13,8981§ 00 297127 , 94337 100334 = 05775 65%,2285% T
7T  LGCH 13,9866 LI 197291 p 90655 »82318 »P%5640 594,52041 L.
8 LGEY 4,39234 737 p 97341 294753 ,22098 ,03138 528,26383 200
9 L6DY 2,58952 1199 p97371 pouB1Y 20058« 02401 473,04525 e
18 LGHt 1,69734 .194 .9739p 206849 ,00038 =, 0194} 427,18465% .ena

O
w




I R EEEEE E EEE E R EEEEEE T I A A REGRESSION *x»

DEPENBENT VARTARLE .o LGSS

MEAN RESPONSE 4,7585%

8TD, BEV, 23626

VARTARLF(8) ENTFRED 0N STEP NUMBER 1o LGJt

MULTIPLE R 63028
R SGUARE 39728
ADJUSTED R SQUARE 2 30478
STD DEVIATIAN .18381

.....

VARTIABLE a

LOJY 2, 7419384
{CONSTANTY  5,3456632

AMALYSIS OF VARIANCE OF Sum OF BQUARES
REGRESSION 1e 5,36812
RESIDUAL 241, 8,142¢9
COEFF OF VARIABILITY 3,9 PCY

$70 ERROR A F BETA

CLT TR T T P LIS T2 T

SIGNIFICANCE  ELASTICITY

121736367 198,83346 ., 6382770
. e -, 12338
L480542A38.81 12374864

8

L2 2K TN SN Y 2NN 2NN TN N BN BN N A B B B N N

MEAN §0UiRE
5,36612
23378

r
158,83346

SIGNIPICANCE
8

savmagnnses VARIABLES NOT IN THE FQUATION wesswvenown

VARIABLE

LGA¢
LGB
LGCE
LGDY
LGE1
LGF!
(N1
LGM1
LGIs

PARTIAL

w, 57456
«, 86910
10768
-L83970
223284
v, 19432
L7232%
1YY

82207

TOLERANCE

1,60082
1,00989
1,08000
1,00000
1,80000
1,00080
1,00809
1,80000

1,06208

F

MAGCPPRO B ® -

SIGNIFICANCE

118,27174
098
1,9203582
T W187
2,7745892
897
.37876966
, 539
L24614759
20
9,4177344
,202
263,23399

e
1.6111922
Y I
116952483

«733

)
o



ok ok ok kR Kk kR K R Kk Kk kK k k ko k k k Rk xx MULTIPLE REGRE

DEPENDENT VARTARLE, . LGSS
VARIABLE(S) ENTERED ON STEP NUMRER  2,. LGGt

MULTIPLE R pa4012 ANALYSIS OF VARIANCE
R SUUARE , 71254 REGRESSTON

ADJUSTED R SOUARE 71814 RESIDUAL

STD DEVIAYION 12728 CAEFF OF VARTABILITY

24

of SUM COF
24

’
2,7 PCY

coem—wsanasssueavancee YARIABLES IN THE FQUAYTION swsnennecoasmcesvensnsy

VARTABLE ] STD ERRDR 8 F
wEpEseFanaPe
SIGNIFICANCE
LEJt «2.7419364 L1505601 ¢ 131,66140
)
L66t 4.a8940%04 125231829 363,23399
.8
(CONSTANTY a4, 46R1898 16390982181  aa7e.aTe2
@

BETA

ELASTICITY

., 6302778
,*.12338
156180487

184608

S S I ON % & & % % % & & & & % & & % & & & & & & K * &

SQUARES
9,.62513%
3.88389

MEAN 3OUARE
4,81256
01618

r

SIGNIFICANCE

297,40769 , 008

memweameen VARTABLES NOT IN THE EQUATION wecemcanses

VARIABLE

LGAL
LGBY
LGct
L6oY
LGEy
LGF1
LGH1
Lé1s

PARTIAL

“,83198
« 12984
V15494
v 25748
104635
., 28138
L1828
., 93196

TCLERANCE

1,80000
1,00000
1,00008
1,80008
1.22008
1,88000
1,800800
1,00000

F
LYY XTI R T e 31 1 ]

SIGNIFICANCE
537.46827
2

4,8453499
.48
8,8786567
i 216
. 79226959
3
,51455262
S Lava
20,549334
,000
3,3892362
] 867
24033563
622

e

L6

5 AR



ok ok ok R ok A ok ko R ok ok kN Ak kX k&R

DEPENDENT VARTAALE,D

1.GS8

VARTARLF(S) ENTERED ON STEP NUMBER  3,,

MULTIPLE R
R SQUARE

;esavs

r

ADJUSTED R SQIARE .

3TD DEVIATION

R RIS
-

VARTABLE
LBJ1

LB66Y

LGAY
(CONSTANTY
» k| L4

)

2. 7419164
4,8%40594
REYTIILY)

4,6705375

911%2
91844
.a7872

-

ANALYSIS OF VARTANCE

MuULTIPLE

LGAY

REGRE3SIOM

RESIDUAM
COEFE OF VARIABILITY

8TD PRROR 8

WBATOSR82ELG]
L140298a1
L13562368
V3667 1691EwRY

g
.
o

F

SNesToengEuns

SIGNIFICANCE

1873,9878
?
851,62784
]
537.46087

@
$6220,784
2

REGRESSION

oFf 8uM OF SQUARES
3, 12,31297

239, 1,19524
1,5 PCT

voowan YARIDARLES IN THE EQUATION secaceswssnancncensvew

BRETA
WME TSR W "G

ELASTICITY

0;6}327’3
-,12338
5615867
18688

-, 086078¢
0.00428

MEAN SBUARE
4 18432
.09%22

820,698%1

PR T I R T I 2 IR N B

F

w A kR ko Ak

SIGNIFICANCE
2

erunwmewuw VARJABLES NOT IN THE EQUATION wssscewswcs

VARTABLE

LGBy
LGCY
LGDY
LGEL
LGF1
LGH1
L6y

PARTIAL

-, 23284
warear
s, 10360
La8354
“.58717
L2144
»,05768

TOLERANCE

128208
1,80808
1,80802
1,00000
1,00000
1,00000
1,08080

LA L 2 R L a2 2 2 X2 J

SIGNIFICANCE

13,68535%
L2208
20,132167
288
2,582%962
, 109
1,672776%
it
82,416440
.000
11,326020
081
79229485
374

36



B OR ok % R AR F kR kN R * R K AR KR kKR A MULTIPLE REGRFESSION % % & & & & % & A d n h & & & 2 & & & & & & &

DEPENDENY VARTABLE, . LGSS

VARTABLE(S) ENTERED ON STEP NUMBER 4.,  LGFY

MULTIPLE R ;96658 ANALYSIS OF VARIANCE DF SUM OF SQUARES MEAN SQUARE r SIGNIFICANCE
# SOUARE 93428 REGRESSION i, 12,620801 1,15510 845,89906¢ .a0e
ADJUSTED R SBUARE ,93317 RESTDUAL 38, ,88781 L2837}

STD DEVIATION Yaston COEFF OF VARIABILITY 1,3 pCY

—o-an»-wq.-.t;-.-;--; VARIAQLE’ IN THE EGUQ?:BN [T P P T PR P Y Y Y

VARTABLE R

LaJ e2 7419344
L6G1 2,893959¢
LGAY Y, 1441882
LGF1t . 49T9UA24
(CONSTANTY  4,7%4598%

8T0 ERROR 8 F

L2 22 3 2 2 2 3R 2]

SIGNIFICANCE
LT2293210F-81 1438.%5328
s
t12118321 1101,7388
. . 000
211713238 720.54829
. , .00
»BS8000283Fu0 82."!?“#0
) , 200
TA2997S6%EeR1 28781 ,748

BETA
-

ELASTICITY

-, 6302779
".12330
.59150ﬁ7
, Jl08608

-, Bub0704
_w,84420

-, 1528613

v, 81747

sessensess VARIABLES NOY IN THE EQUATION ecevsssnces

VARIABLE PARTIAL
LGB . 26981
Lecs L3224
Le0L ., 12024
L6281 L25693
LGH1 20738
LGt “, 86683

TR

TOLERANCE

1,00000
{,00008
1,08000
1,00800
1,80080
1,0agen

L4

SIGNIFTCANCE

18,600119
, 008
27,804249

)
3,478097%
, 864
2,2088668
135
15,438426
,008
1,0634084
303

66




* k kA R ok ok k & k A A & & Kk & & ok k k A X &

DEPENDENT VARTABLF, .

LG8S

VARTABLE{S) ENTERFD ON STEP NUMBER  §,.

MULTIPLE R ’97014
R SRUARE 94118
ADJUSTED R SQUARE § 93994
STD DEVIATION 85790

e wme e

ANALYSIS OF VARIANCE

MULTYIPLE

LGCY

REGRESSION

RESIDUAL
COEFF OF VARIABILIYTY

REGRESSTION

pF SUM OF BOUARES
5, 12,71363

237, 79459
1,2 PCY

(NP g i VARTARLES IN THE EQUATION weeopnwuwanwpwnewpuwonoe

VARIARLE

LGJ!
L6611
LGAL
LGrY
L6LY
(CONSTANTY

-2,7419%64
4,0940594
w3, 1401882
49394624
L42538428
8,6T4667%

$TD ERROR B

L68536755F 01
L11486740
‘11170822
L51582870F=01
LB88872563E«01
« 34762092801

r

ALY LY YY)

SIGNIFICANCE

1609,54403
121023203
aai;oeasg
Ql:bﬂanlg
a7laanaag
|anos.eug

BEYA
- -

ELASTICITY

0, 6302778
'.8333§

+ 5618067
18408

w, fROOTBY
-, da420
w, 150861%
0.01767
WRE3BTLY
01088

et
o]
=

LI B N 2 N B N IR 2N BN I N R DN DY IR BN B BN NN BN

MEAN SQUARE
2,54273
92338

F 8IGNIFICANCE

758,41403 ]

wuawonvewon VARIABLES NOY IN THE EQUATION sewmuwnsmeows

VARIABLE PARTIAL
LGB », 20828
LGOt -, 12707
LGEY 12246
LOHY va6148
Lot =, 87245

YOLERANCE

IC-EETE]
1,00880
1,08028
1.020088
{ 80008

[ 4
FTI LYY YT YT

SIGNIFICANCE

28,695928
808
3,8732648
L2880
2,5039702
,118
17,30912¢2
LT
1,1837457
,278



R oAk Rk R E RN R R K AR Ak ok kA ko k kak MULTIPLE REGRFSSTION * & & & %k % & % & & & & & & k & & & % % & & &

DEPENDENT VARTARLF .. LGSS -

. VARTABLE(S) ENTERED ON STEP NUMBER bas LGB

MULTIPLE R ;97291 ANALYSTS OF VARIANCE DF SUM OF. SQUARES MEAN SGUARE 4 SIGNIFICANCE
R SOUARE 94596 REGRESSION 6, "12,77826 2,12971 688,55113 1808
ADJUSTED R SQUARE 94459 RESIDUAL 236, . 72996 .08309
8TD DEVIATION .A5582 CNEFF OF VARIABILITY 1,2 PCY
evenacses~ccpoymmcane VARTABLEY IN THE EQUATION secccsnsvecsmcesamccas wnvecnames VARTABLES NOT IN THE EQUATION eepe=sonuae
VARTARLE B 81D ERROR 8 F BETA VARTABLE PARTIAL TOLERANCE r
ol gerPoee DD Sy LI I I XX T 2 4 X} POOPESONONSS
SIGNIFICANCE  ELASTICITY SIGNIFICANCE
LeJ1 »2.7419362 165829279E«61 17339088 -,b6382770 LGD1 v, 13237 1,20800 4,2042408
. , .0 _=.12338 ) 841
LEG1 4.0940594 «11832987 1376,9672 .sélseev LGEY L1890 1,00000 2,7168796
. . . 8 . o18688 ’ 121
LBAY %, 14a188p . 18688926 869,00¢36 =, 8360721 LGM1 27273 1,80028 18,8845024
2 -, #4020 gee
LGF1 . 49394624 LU08443T2E21 99396414 -, 1508615 LGIt .,07371 1,20800 1,2636888
i . ) 8 -,81787 .258
Leet 142538428 WT74886TaE«01  30,138390 2830717
, ) , o000 , 81688
LGBt =123365900 «9111540aE=A1  20,099928 - 8691710
. . ,a08 ., R30%997
(CONSTANT)Y 4a,79%8698 «33961999€e@1 19176,804
°

TOT




LI DA T BN DEE BN N NN BN BN BN N BEL BN DNE NN BN R 2B 2N BN B

DEPENDENT VARTARLEL.

VARTABLE(S) ENTERED ON STEP NUMBRER 7,

MULTIPLE R :
R 8SNUARE

ADJUSTED R SQUARE

STD DEVIATINN '

VARTABLE

LGJY
LGGH
LGAY
LGF1
LGCY
LEBt
LGH1
(CONSTANT)Y

«2,7419%44
a,29430%94
S MTTILT
-.u9394624
142538428
23365900
134816214
2,6389%342

LGSS

97467
94968
94849
75362

LGH1

ANALYSTS OF VARIANCE
REGRESSION

RESIDUAL

COEFF OF VARIABILITY

MyLTIPLE

STD ERROR B

L63U68320Em01
118637271

110283304

1477674069801
LTUTA666REwRY
V0928218301
LT9427403EwBY
V38916270E-01

F
(22T LTI TR Y Y]

SIGNIFICANCE
1866,3829

a
1481,316%

e

934,8%477
@
186,92888
]

12,422331

e
22,479459
., 2080
18,884504
,000
16682,22)
e

REGRESSION

bF SUM OF SQUARES
7, : 12,81255

218, 67566
1.1 PET

BETA VARTABLE

S9roeweunes

ELASTICITY

., 6302770
., 12338
«5615€67
18608

=, 4860721
.., 84429
-, 1508615
., A1767
588308717
21682

-, 0691710
-, 00597
2633992
91348

LGD1Y
LGEY
LGl

MEAN SQUARE
1,83322
,22288

PARTIAL

13700

Y1112
., 07861

F
637,68988

I IR IR R B RN BRI B R T A B I N

SIGNIFICANCE
e

vansesanas VARTABLES NOT IN THE EQUATION wecceuanwwwes

TOLERANCE r

LA L L LR LR YT}
SIGNIFICANCE

1.008002 4,9292792
034

1.,002000 2,92%52198

) .289
1,00000 1,3815508
2014

0T



Wk ok R R A R R R ok oA R R AR RN R Ak kxx ML TTIPLF REGRESSIDN & & & & & & & % & & & % & % & & & & & & & & ¥

DEPENPENT VARTAALE,) LGES
VARIABLE(S) ENMTFRED ON STEP NUMBER  8,, LGN!

MULTIPLE R 397516 ANALYSIS OF VARTANCF OF SUM OF SGUARES MEAN SQUARE F STGNIFICANCE
R SQUARE § 95093 REGRESSION 8, 12,84538 1,60547 566,85358 208
ADJUSTED R SQUARE 94925 RESIDUAL 234, 466283 Jo0283 .
8T0 DEVIATINN LA%%22 COEFF OF VARTABTILITY 1,1 PCT
';’ﬂ'.:.t‘;;;.;;;;;.;c VARIABLER IN THF EGUATION eereonesvevawermvenvwnwore wonwnwwenn YARIABLES NOY IN THE EQUATION secvecupence
VARTABLE 8 STD ERROR 8 £ BETA VARTABLE PARTTAL TOLERANCE F
A2 2 22 12 22 227 LAY d 2 R4 X T ] LI A B L LR
SIGNIFICANCE  FLASTICTITY SIGNIFICANCE
Lot =2, 7419364 162997032001 1854,4126 -.a;az;;o LGE1 w1219 1,00208 z.eaea:a'
. i , ® L "e12330 . B86
LG 4, 0940594 L 18858284 1503 ,5630 5615047 L61t ", 87738 {,0a008 1,4024334
. i . o 18400 238
LGAL 3, 1441882 L19227234 948,85440 ., 0668784
. . ¢ -, 04420
LEF ¢ . 49354624 JUTEL2TH9E~RY  108,535473 »,1508618
. <, . -} -, 81767
Leey L42838420 LTHISIS21E~2)  32,909258 JB830717
. . , 008 . _«B1608
LG8 -, 23365900 LUB9162P5EeR1  22,817099 . 2691710
. s , a288 -, AN3YY
LOHY L3u516218 LTBEITHIRES01  19,168115 225334092
. . L] LA1348
LGt =, 8001485%F=01  ,37397266E=01 4,5292752 -, 2328183
. R L0014 -, a2%e
(CONSTANTY  4,6498790 L36218407E81  16665,927
®

£01




I TN 2N TR BN JNE TN TR BEE B DEE BN N N DN R A A B B R B

DEPENDENT VARTABLE..

LGS8

VARTARLE(8) ENTERED ON STEP NUMBER  9,, (GE}

MULTIPLE R
R SQRUARE

197547
95158

ADJUSTED £ SQUARE 94968
8TD DEVIATION 'sszae

ANALYSIS OF VARIANCE
REGRESSION

RESIDUAL

COEFF OF VARIARILITY

MULTIPLE

REGRESSTITON

Df SUM OF 8GUARES
9, 12,85372

233, $65449
1.1 PCY

rensmscrmmonemsmunune YARTABLES IN THE FOUATION swesmeswssmmcmcsnesswse

VARYABLE

LGJ1
L6GY
LGAYS
LGF1
LGCY
LG8}
LGHY
LGP
LGEY
(CONSTANTY

-2, 7419364
4,0940%94

a%. 1841880

= 40%94624
L42538428

».23364924
*34%516218

. 80010855Eud]
219266186
a4,617291%

87T0 ERRQOR B r

SIGNIFICANCE

L62733%008uD  1910,3598
0

Ltes1a122 1516, 2200
L101663a1 9se;aaaa:
LGTALUA59EAB 1a9;aassg
V73801772881 331130132

La8T11687E-01  23.089134
. RtIT
L78587R63EAS1 19329472

. ,209
V3740001 1E=B1  4,5674027
. .23a
V11179723 2,9496149

, L2886
JHB6R1H36EwDY 12931,539
(]

BETA
ewepeeesne

ELASTICITY

-, 6302778
".13338
«56150247
18688
-,ﬂetﬂ?ﬂl
=, 84820
-, 1588618
- 81747
,8838717
 .01688
-10691710
-, 00597
.993309!
‘81308

-, B308183

-,P2230
248507
20689

MEAN SQUARE
1,42819
D281

"R EEEE I R N N R N A LR

r SIGNIFICANCE
SeB, 44141 ]

wauwwpwwenn VARIABLES NOT IN THE EQUATION ewgsuscases

VARTABLE

Lor1

PARTIAL

w, 37784

TOLERANCE F
L L LA L L L2 2
SIGNIFICANCE
{00202 18843217
.336

701



ok R R R R oW R % R koA N Rk R R % R R koo MULTIPLE R EGRE S ST ON & % % % % & & % % & % & & % & % & & & & & & &
DEPENDENT VARYARLF .. L6SS
VARIABLE(S) ENTERED ON STEP NUMRER 1A,, LGI!

MULTIPLE R '97542 ANALYSIS OF VARTANCE DF SUM OF SGUARES MEAN SQUARE : L4 BIGNIFICANCE
R 8SQUARE , 95184 REGRESSTION 1@, 12,857469 1,28577 4s8,5%241 202
ADJUSTED B SCUARFE ,9“977 RESIDUAL 232' . 65852 D0280
STD DEVIATION .85298% COEFF QF VARIABTILITY 1,1 PCY
.u-.;;-;p;;;c;-;;;~;; VARIABLES IN THE FRUATION evsonencuvvannaynuvury snsoemumwe YARIABRLES NOT IN THE EGUATION semenwscane
vARIABLYF 8 8TD ERROR B F BETA VARTARLE PARTIAL TOLERANCE 4
SIGNTFICANCE ELASTICITY BIGNIFICANCE
L6 »2,74193640 L62677838F-01  1913,7568 ", 63027780
: ; " e ;12338
LGGY 0,A800%94 10504787 1918,9161 .5915067
.. ) , ¢ “Ti18008
LGAY Y, 1041882 «10155%46 9%8,383%4 v HA60878Y
) . T ee0 ‘e, 04420
LGF1 -, 09384624 «UTITR83TEW01 129,64300 -, 150861%
. M . . ‘ -.0!767
Lécy 42538428 «T37762078=0) 33.24%29¢% 28838747
. .. o Laee ' .e1688
LG8Y - . 23365904 486683550001 23,.0580489 =, 2691718
. ) . .000 ., 00587
LGHY « 34516214 «T8UBBISUEDY 19,363844 2633992
) . . 228 S L8134
LGDt " B00148S5Fe0t «37UR6T68ERRY 4,57592q4 -, 0320183
. . 833 ., 38230
LGE{ 19264184 111609797 2.9750958 JO248587
; ; 86 .20689
LBI¢ -, {4T7T735Y «12428706 1.8143217 », 2171341
. . : L2236 .. 00652
(CONSTANT) 4.648120 «4823307%Ea04 0286,7848
[}

ALL VARTABLEB ARE IN THE EQUATION

=t
<
(9




LA B O I AN BN JNE N B I IEE I R R K B B IR BTN B 3

DEPPNDENT VARTARLE, L

LGS8S

COEFFTCIENTS AND CONFIDENCE INTERVALS.

VARTARLE

LGJt
LGGY
LGAt
L6F1
LGEY
LGB
LGHY
LGD!
LGEY
LGIY
CONSTANT

«2,7019364
4,7940594
=3.1441882
., 49394624
p 42538428
-p23365984
e 34516214
=, 88014855
119266186
~. 14777351
0,64812%1

8TPh ERRNR B

y62677838€401
) 10534787
218155316
p47172537€01
»73776287E2Y
p48668358Ea]
' 7843815001
E=81  ,3T4@6768E=04
211169797
12425746
+48233078E0 1

T

=U3,746507
38,973275
«30,561007
~108,47105%
5,763873%
-0,0010066
_dpun04368
«2,1390476
1,7248466
*],1892526
96,3607962

MULTIPLE

REGRESSIONDN

95,0 PCT CONFIDENCE INTERVAL

VARIANCE/COVARTANCE MATRIX OF THE UNNORMALIZED REGRESIION COEFFICIENTS,

LAY
LEBY
Lec
LGD1
LeEt
LGP
L6GY
LGHY
L6
LoJY

,P1031
,0000
,a0800
,anane
,7e080
W-I.LTL
200200
LLLL
NLLLL
00028

LGAY

, 20237 )
CLEETL .929%04
s 20000 ,20a00
yaeean , 20000
M LLEL ,06000
, 00020 ,20809
,80000 ,298600
.LLLT q-LLET
=.7008% =, 00000

LGAY LGCY

,PR14D ,

,oeoee WP 1248
,A0a20 20000
,000800 yneaae
,00020 ,20009
,20000 , 00000
00000 fcaen

LGD1 LGEY

LI L I A R A B B R B T N RN I TR R R NN )

2,8654269 v =2,6184459
3,8870897 ¢ 4,301029)
=3,348272% s =2,9441839
=,5868875% ) =, 48100493
128802731 ¢ 437Q74126
=, 32954748 v »)13777061
19262000 ¢ 49970028
-,15371524 ¢ =p63144719E=02
*,27412162E=81, ,41273388
., 39259077 s 970437558081
4,5%30923% s 2,7431939
2223 ,
, 00009 y81104
,00008 ,08800 ,08618%
L0008 ,onea0 Ja008e
.02800 e, ,nRE0E =,00000
LGrY LGG1 LGN1

L2184
.. 00002 ,02393
LGIY LGJt

=
(a0
o



RN R N ok ok ko R R R ok Wk kot kAo MULTYIPLE REGRES S ION # % & % 2 & & & & & & & & & % & & #* & % & & &

DEPENDENT VARTABLE . L6S9

SUMMARY T a8 LE

sTEP VARTABLE F o1 SIGNIFICANCE MULTIPLE R R BQUARE R SOUARE SIMPLE R OVERALL F  SIGNIFICANCE
ENTERFD  RFMOVED ENTER OR REMOVE CHANGE
1 LeN 158,83346 e 63828 39728 239728 = 63228 158 ,83346 e
2 Lest 263%,23199 2 yB4412 p71254 , 31529 P 56151 297,8476% 200
3 LGAf 537,86007 , @ 95473 p91152 19898 = 44607 828 ,69851 ¢
4 LGt 82 01644 .0z § 96638 93628 22276 =,15086 pus, 839014 208
S LsCy 27,8042% , 8 97814 90118 ,00898 28127 758, 4140) .8
6 LoB} 20,89591 LLL 197264 94596 190478« 36917 688 ,55113 1208
T LMt 18,88459 ,aee 97467 154998 poguB2 fP6348 637,60988 - B
8 LeD! 4,52928 034 197518 25593 ,0009%  » 23282 S66,85358 .29
9 LGEY 2,96981 1986 97547 + 95139 , 20062 po2u8% Su8,40141 .
18 L6IY 1,81432 236 +97562 £95184 (20229  «, 01713 4%8,5%241 a0

0t







APPENDIX D.2

NON~LINEAR REGRESSION ANALYSIS






BMDBTR » NON LINEAR LEAAY SQUARES = REVISED NOVEMBER 19,1974

HEALTM SCIENCES COMPUTING FACILITY, LCLA

PROBLM CODE CRKSP
NUMBER OF VARTABLES 7
INDEX OF THE DEPENDENT VARIABLE 7

INDEX OF THE WEIGHTING VARIABLE =4

NUMRER OF CASES 243
NUMBER OF PARAMETERS 7
TOLERANCE .800210
EPSTLON , 300010
MAXIMUM NUMBER OF ITERATYIOMS ¥4
NUMBER OF VARTABLE FORMAT CARDS g
ALTERNATE INPUT TAPE NUMBER 5
REWIND OPTION ND

VARIABLE FORMAT (FS,B,28X,F8,64,F5,8,3F5,3,F10,3,208X)

111

b

et e

LR




VERS 4.6 MNF,TsPAMNSCRY,L=0UTPUT,E=4,2,BxBMDSCRE,

gegeoes

pogoaen
gogaees
poeag2e
peaen3s
noans2e
pRe12S8
Q002008
o892%528
AABT248
pEexTées
pepusys

2@e5168
gags208

2.

13,

s4,
15,

(s Be Nel

SUBROUTINE FUN(F,D,P,X)
DIMENSTION X(1), D(1), P(1)

FUNCTION DEFINITION SUBROUTINE FOR BMDBTR,

Asipda,

Asy,

ta2,

FElPLTI)/ZCIXCII/ZAGBIARP (1)) /C(X(2IWA4BIw#P(2) )% ((X(3)/A¢B)#nP(3))
GEn X CAI/CoRImAP (U IR CCXCSISBIRXPIRY) /L IXN(O)SBIRAP(H))

DELIMCuALOGIXCI)/ZA4BIIRCEPLTII/ZCIXELI/ZA4BIRAP L))/ (LX(2INA+BINP(2)
SEINCIXCIIZAGBIRRPERIIn((XCA)/CHBInaP (U)INC(N(SIHBIRAP(S))/((X(H)+B)
§2#xwP(6)) ‘

D2)B(wALOGIX(2I%ASBIINCPLTI)/ZCIXCIY/A®BIRuP (1)) /CIN(2InAGBINaP(2)
GIINCEX(IY/ASBIRAP (NI (XYY /CoBINaPCUIIRC(XC(SISRI AP (S))/((X(H)+B)
62%aP (6))

DEIIRCALOGEXCI)/ZABIIRCPUITI)/ZCIXCLI/ZAGBINRP (L)) /7 ((X(2InASBINRP(2))
TINCX ) Z7ABIawP (R)dwCUXCAY/CHBYMuP U IR C(XCS)ABIXRP(S))/C(X(HI+BIN
T2#P (6)) '

DCAYBCALOGEXCUI/CHRII(PITYI/ZC(XC1)/ZA4BIRAP (1)) /C(X(2)RASBINRP(2))
8!*ffX;?)lA*B)**P(!))*((x(ﬂ)/C#B)thtaﬁ)*(CXCS)OB)**P(SJ)/((X(b)*B)ﬁ
BRuP (6

DISISLALOGEX(SIBIINIPLTIIZCUNCLYZASBIRKP (1)) /7 CUXNC2IXASBIRRP (2) )% (
SICXCEI/A4BINAP (Y IR (X (LY /CHBIRAP (UYINCIXCSI+BIYRNP(S)) /(X (6)+BI**P
92t6))

DLOISCwALOGIX(EI4BIIN(PITII/Z XTI /ABIRAP LI}/ CIX(2IRA4BIA2P (2] )%
(AL COXCEIY/ASBIRWP (I Im (X (L) /CHBIRAP(LIIR (LY {SI4BIXRP(SI)/ (X (6)+B)nn
{02P(86)Y)

DUTIWMLZ7CUXCLI/ABINaP LI Y /N2 nABINAPL2YINC (X (3 /ABINAP (R IN((
TLEXCAY/CHBIMRP LA INCEN(S)IGBIRAP(S)I )/ (IX(6)I 4B 2P (8))

RETURN

END

—
—
N



MINIMA w10, P000E+19«10,000CF+1010,000CE¢10n10,00P0E+!S=10,00C0E+19=10,0000F+19~10,08000E«19

MAXTMA 10.0030€+19 10,008¢F+19 10,0000E+19 10,00R0E+19 10,0A00E¢19 10,0030E+19 10,0208E4109
. . /2
ITERATION ERROR PARAMETERS - ;
MEAN 3 N
SOUARE L ¥ < v < '

® 8 4S,1290F=) 52,0070Fed1 17,9230E=01 66,9500E=01 11,5300E=01 21,8690E~01 46,0030E.01 13,219PE«01
1t 0 4¢ u;ng-a1 ag, TSI I 18, 73005-31 es 300CE~01 16,9639E=01 26,7157E=A1 62,4873Ewdt 17,2172E~01
2 11 44, aseoz-ex aa.sasaz-a1 18, ! y343E.01 63, 3elle.ax ae 9632EwRy 26,714UEeP1 62,4898E«d] zv,azzae-oi
THE PROCESS I8 NOT CONVERGING
ASYMPTDTIC STANDARD DEVIATIONS OF THE PARAMETERS
21,71978a2 99,0%27E«A3 2% ,52S6E=A2 14,6PU43E«B2 22,5962E202 67,9431Ew02 12,53U0Ee0?

ASYMPYOYIC CORRELATION MATRIX OF THE PARAMETERS

4 s 14
1 1iaaaao .fauaaa faa1aa 22171 »@3375 -¢97756 .,07106
2 -, 00204 1,00000 05841 s 12519 ,12331 .,amva », 00957
3 64188 ,05601 1,0@a80 », 87678 », 17418 «60%20 p5uB12
] G?i?i p12519 -,avays 1,00000 6836! 135888 s 31374
5 ;23375 12331 ., 17615 ;28361 1,00000 153412 , 47451
6 -, 87796 -y 80176 y 60500 ;35858 }53412 1,82000 LTI
7 ~.87166 -,86957 154832 « 31371 745y 94816 1.28002

€11

BT R T R TR S . L e e G S R




114

BMDATR @ NON LINEAR LEAST SOUARES e REVISED NOVEMBER 19,1971

HEALTH SCIEMCES COMPUTING FACILITY, UCLA

PROBLM CODE CRKW]
NUMBER QOF VAR ABLES S
INDEX OF THE DEPENDENT VARIABLE 5
INDEX OF THE WETGHTING VARIABLE @
NUMBER OF CASES 243
NUMBER OF PARAMETERS S
TOLERANCE LA00012
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