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INTRODUCTION 

The Chevron N-Layer computer program (1) was received in 1968 from the 
Chevron Research Company, Chevron Oil Corporation. Appendix A contains the 
background documents as written and distributed by Chevron Research Company. 
That version permitted anal yses of one circul ar l oad appl ied to the surface, 
and output was requested at specified radii from the center of the l oaded 
area . The program was modified to permit anal yses of multipl e l oads located 
at coordinates in the X-Y plane, and output for specified l ocations within the 
X-Y-Z coordinate system may be requested. Superposition principl es were 
applied to each component of strain and stress to resolve them into a val ue 
compatibl e with the X-Y-Z coordinate system. Appropriate equations are shown 
in Figure 1. The Kentucky modified Chevron N-l ayer program is l isted in 
Appendix 8. Appendix A also contains the l etter from Chevron granting 
permission to publ ish the l isted program as modified herein. 

The original Chevron N-l ayer program contained a subroutine cal l ed COE5 
that limited the number of layers to be analyzed to five . Shortl y thereafter, 
another subroutine was written by Chevron cal l ed C015 that expanded the 
capability to anal yze a pavement having 15 l ayers. Some users noted that 
sl ightl y different answers for l ocations near the surface of the pavement were 
obtained, depending upon whether subroutine COE5 or C015 was being used. 
Several years l ater, these two subroutines were replaced with a subroutine 
called COFE that resolved the problem, and this subroutine is used in the 
l isting given in Appendix B. The number of l ayers is stil l l imited to 15.  

For those having an original Chevron N-l ayer program, one additional 
change will be noted. In Appendix 8, Subroutine CALCIN has been spl it into 
two sections. The part l isted herein as Subroutine CALCIN is the first hal f 
of the ori"ginal subroutine. The output portion of the original subroutine was 
separated to form Subroutine PRN7. 

STRAIN ENERGY 

The "work" done by a force when its point of appl ication is displaced is 
the product of that force (para ll e 1 to the direction of movement) and the 
displ acement. When work is done on some systems, the internal geometry is 
altered in such a way that there is a potential to "give back" work when the 
force is removed, and the system returns to its original configuration. This 
stored energy is defined as strain energy . Strain energy per unit volume at a 
given point in the body is the strain energy density at that point. 

Strain energy density is a function of the Young's modul us of el asticity 
a nd P o i s s on's ratio of the material and the nine  strain (or stress) 
components; however, it is independent of the coordinate system. Stress and 
strain components, referenced to a local cylindrical coordinate system, for 
each l oad are cal cul ated by the Chevron program (1) .  The cl assical equation 
for strain energy density derived by Sokolnikoff (2) is as fol l ows: 
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W = (1/2)}.. \1:11 + G €ij Eij 

= (l/2)A y2 + G( € 211 + €222 + €233 + 

2e212 + 2 €223 + 2 €2u), (1) 

in which W = strain energy density, or energy of deformation per unit volume; 

Eij = i, jth component of the strain tensor; 

G E/(2(1 + ,u)), the "modulus of rigidity" or the "shear modulus"; 

E =Young's modulus; 

JU = Poisson's ratio; 

).. = E,u/((1 + ,u)(l - 2p)); and 

V= €u + E22 + £33· 
Strain energy density may be calculated using stress components by the 
equation 

w = -,ue2/2E + ((1 + ,u)/2E)(cr2u +cr222 +cr233) + 

(4(1 + .u)/E)(cr212 +cr2
23 +cr231), 

in which e = u ll + tr 2 2 + tr 33 and 

trij = i, jth component of the stress tensor. 

(2) 

Equation 2 differs from Sokolnikoff's (2) Equation 26.17 by a factor of 
"4" in the third term. Shear stress is usually written as 2(1 + ,u) €ij/E. 
Sokolnikoff (2, p 25) states, "The factor 1/2 was inserted in the formulas 
( 7.5) in order that the set of quantities may transform according to the 
Tensor Laws". It has been verified that the Chevron N-Layer Program comuptes 
shear stresses in a manner that includes the "4" as shown in Equation 2. 

Inspection of Equation 1 shows that the terms E & (1 + p) are contained by 
means of the terms A and G. Also, it is noted that the strain components are 
squared. Having calculated strain energy density, "work strain" (3) may be 
obtained from 

Ew = (2 W/E)0.5 (3) 

in which Ew = work strain. The associated "work stress" is given by EEw· 

INTERPRETATIONS OF WORK STRAIN 

Admittedly, work strain is not a true strain because Poisson's ratio has 
not been eliminated prior to taking the square root; however, it is of the 
same order of magnitude as any of the strain components. Calculating the work 
strain is a minor effort since all terms of the equations are either required 
input to, or calculated output of, the Chevron N-layer (1, 4) program. Work 
strain is also the composite, or net effect, of all strain components and thus 



is an indicator of the total strain behavior. Figure 1 ill ustrates there is a 
direct correlation between a strain component and work strain. 

USES FOR WORK STRAIN 

Some thickness design systems for flexible pavements are based partially 
upon tensile strain criteria at the bottom of the asphaltic concrete layer. 
Kentucky's system (5-10) is based in part upon the tangential strain 
component. The tangential component is generally the largest in magnitude, 
but the radial component often is nearly as large. Only the tangential 
component has been utilized because laboratory test data yield one component 
of tensile strain. The net effect of all components of strain (work strain) 
can be correl ated with any component of strain. Thus, design systems based 
upon one component of strain may be converted to a design system that utilizes 
the net effect of all component strains. The load-damage factor relationships 
presented in this paper are based on work strain. All comments concerning 
component strains also apply to component stresses. 

The concept of work strain has been used as the basis for the development 
of thickness design systems for pavements consisting of portland cement 
concrete or pozzolanic base courses under asphaltic concrete (11-13). 

MODIFICATIONS TO ORIGINAL CHEVRON N-LAYER PROGRAM 

BENERAL COMMENTS 

The first data card, or line of input data, contains two variable names 
OPTN and OUTPUT. OPTN determines which type of analyses is to be 

performed, OUTPUT specifies a hard copy form and/or storage of output in the 
computer's memory for OPTN = 2 or 3 only. For OPTN = 1, OUTPUT has no 
meaning. A value of 1 for OUTPUT produces a hardcopy and stores the output in 
the computer memory. A bl ank or 0 produces onl y a hardcopy. A value of 2 
stores the output in computer memory only. 

OPTN = 1 

A value of "1" causes the program to run according to the original 
Chevron N-Layer program. This version restricts the input data to one 
circular load and output locations are specified as radial distances from 
center of the load. 

OPTN = 2 

A value of "2" permits the entry of as many as 99 loads at locations in 
the form of X-Y coordinates, and up to 99 desired output locations may be 
specified as X-Y coordinates and up to 99 depths (Z) for each X-Y coordinate. 
As many as 15 layers of materials with their respective input data for 
thickness, modulus, and Poisson's ratio may be investigated in each computer 
run. 

OPTN = 3 

Kentucky research has shown that dynamic deflection testing may be 
simulated utilizing the Chevron N-layer computer program with static loads as 
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input. Two adjustments must be made to make the simulation match measured 
values. First, the modulus of the asphaltic concrete layers is frequency 
dependent and must be adjusted to an equivalent value appropriate to the 
testing frequency. The second adjustment involves the oscillating load. 
While the actual loading is applied as a sine wave, the sensors measure either 
velocity waves or accelerations and the electronic circuits integrate, or 
double integrate, the signals respectively to obtain the deflection readings 
shown on the meters. Thus, the deflections are equivalent to static 
deflections. Therefore, the dynamic loading applied as a true sine wave may 
be considered as a static loading by converting the sine wave to an equivalent 
square wave by 

MXSL = MEAN+ 0.707 * (MXPL - MEAN) ( 4) 
and 

MNSL = MEAN - 0.707 * (MEAN - MNPL), (5 ) 

in which MXSL = maximum static load, 

MNSL = minimum static load, 

HXPL = maximum dynamic 1 oad, 

MNPL = minimum dynamic 1 oad, and 

MEAN = dead load about which the dynamic loading 

asci llates. 

Correlation testing of in-place pavements has shown that the measured 
deflection as displayed on the meters is identical to the calculated values 
for each sensor location by 

DEFL = DEFMX - DEFMN ( 6) 
in which DEFL = deflection displayed on the meter for that sensor, 

DEFMX = calculated deflection corresponding to the adjusted 

load MXSL, and 

DEFMN = calculated deflection corresponding to adjusted load 

MNSL. 

Thus, for OPTN = 3, the calculated deflections, stresses, and strains are 
obtained by storing the calculated values for the equivalent maximum square
waved loads, then subtracting the calculated values for the minimum square
waved loads and printing the resulting values. This procedure has been used 
most successfully for both the Road Rater (14-16) and for limited data 
obtained· with the Dynaflect. It has not been attempted for a falling weight 
tester. 
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TYPICAL PROBLEMS INVESTIGATED 

WHEEL LOADS 

The ori gina ·1 Chevron N- 1 ayer program permitted behavioral analyses of a 
pavement due to the application of one load. Such analyses corresponded to 
the use of OPTN = 1. These analyses did provide a major breakthrough at that 
time. However, it became evident very quickly that analyses were needed for 
multiple wheel loads and axles. 

AXLELOAD ANALYSES 

Actual tire loadings and configurations required modifications to be made 
to the program. The first modifications involved those found in OPTN = 2. 
Other modifications were made and reported (3). However, the version 
contained in Appendix B covers all those options. Except for the original 
version and the simulation of dynamic loadings, the other options primarily 
were written to choose which variables were to be output. One exception to 
the above was an attempt to analyze axleloads for each group of axles on a 
given vehicle. While this type of analysis is possible, analyses may be made 
by inputting all groups of axles as separate problems using OPTN = 2 and 
summing the results manually. 

S IMULATION OF DYNAMIC DEFLECTIONS 
As stated earlier, OPTN = 3 should be used to simulate dynamic deflection 

tests. Under this option, the stresses, strains, and deflections are 
calculated for the equivalent maximum and minimum dynamic loads when expressed 
as the square wave of the applied sinusoidal loading. These deflections have 
correlated with the measured values as shown on the meters of either the Road 
Rater or the Dynaflect testers. 

EXAMPLES 
The input and output data for an example problem for each method of 

analyses is presented in Appendix C. 

RECOMMENDATIONS 

The modified Chevron N-Layer Computer Program is recommended for analyzing 
pavements using a single wheel load, multiple wheelloads on one axle, or 
multiple axles (up to a total of 99 wheel load locations), and for simulation 
of dynamic testers such as the Dynaflect and various models of Road Raters. 
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SUPERPOSITION EQUATIONS 

z 

ax = 
2 aR cos 0 - 2rRT cosO sinO + aT sin2e 

Txy = aR cosO sinO + aR� cos2o - sin 2e) - aT sinO cose 
1xz = TRZ cosO - rTz sinO 
ay = aR sin2o + 2rRT sinO cosO + aT cos2o 
Tyz = TRZ sinO + rTz cosO 

az = az 
ryx = rxy 
1zx = 1xz Tzy = Tyz 

Figure 1. Basic Equations by Superposition Principles. 
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Chevron 

� ��iii' 
Chevron Research Company 
A Standard Oil Company of California Subsidiary 
576 Standard Avenue, Richmond, California 
Mail Address: P. 0. Box 1627, Richmond, CA 94802 

Mr. Herbert F. Southgate 
Chief Research Engineer 
Kentucky Department of 

Transportation 
Division o f  Research 533 South Limestone 
Lexington, Kentucky 40508 
Dear Mr. Southgate: 

'\'.,.· I' 
·, \ 
' 

. . ..... 

April 18, 1978 

,,,.,,,� ' I ' ' \ 
' .: - . \ \\ '. 

' , , •  '\\ ,_. l I ,... '0 .. 
' 

You requested in your letter of April 4, 1978, our permission 
to publish modifications to our layered elastic computer 
program used for pavement design. We are delighted to grant 
you this permission. 

Our current policy is to supply upon request the layered 
elastic program to universities and public agencies at no 
charge. With this in mind, you should not feel restricted 
in the use of the program. We understand you will give 
appropriate reference and acknowledgement in your publications 
to Chevron Research Company for providing the original pro
grams. We greatly appreciate the recognition you have given 
us in the past. 

Your proposed modifications to the program sound interesting. 
Your interim report on a rational overlay design method is 
particularly timely. I would appreciate a copy of the report, 
when available, and a copy of the modified elastic layered 
program. 

You and your associates at the Kentucky Department of 
Transportation have done an excellent job of pioneering the 
field of rational pavement design. We are delighted that the 
Chevron program provided some assistance in accomplishing 
that task. We look forward to your effort on a rational 
overlay design method. 

Sincerely, 

�s� 
L. E. Santucci 

LES:cic 
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NU�ERICAL COMPu�AT:ON OF STRESSES 
AND STRAINS IN A i.WLTIPLE-LAYERED 

ASPHALT PAV:::MENT SYSTEl'� 

September 24, 1963 

By . 

H .. l!arren and \·!.. L. D!ecl\:mann 
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'i.,i1c pPOGrnrl� numerically carrj_cn out t.i1c �oi.utl.on.:; civ�n t::,r 
f.1r .. J. r.�ichclow 1n his ar.aly��l;:; of ml.ll t:.:i J.,··.�'e:�. ... ctl a:;r.,hal t pavement 
nyste=:-�s. The pre�ent pror;ram computes ve:-tical, tangentinlJ 
radial, and shear stress together with vertical and radial ::;train 
at qny point in the system for a given load on a circular area 
of the surface. 

At interfaces bet1veen two layers, the stresses are computed 
only for the lower layer. The corresponding radial and 
tangential stresses for the upper layer are proportim1al to those 
given for the lower, with ratios the same as the ratio of the 
moduli of elasticity of the two layers, 

Input 

The or.der and format of the data cards are given in the attached 
input sheet. Each system to be analyzed is represented by six 
cards in the data deck. Any number of systems may be processed 
on the same run by placing sets of cards one after the other. 

The stress and strain solutions may be obtained in either 
absolute terms (e.g., psi and inches) or relative to a unit 
pressure. In the latter case, the input total load and tire 
pressure are used only to define the radius of the loaded area. 
The type of solution desired (absolute or relative) is indicated 
on the second input card in Column 36 by a 0 (or blank) for 
absolute or a 1 for relative output. 

Output 

The input heading supplied by the user is printed out at the top 
of each page. The results and a list of the parameters are 
printed out in columns below the heading. 

The Org��ization of the 
Computation 

The final answers are expressed as integrals of the form 

J� T(m)dm 

For purposes of numerical evaluation (1) is replaced by 

Each cf tte integrals in (2) is evaluated using four-point 
Lege�Gre-Gau::;::; quadrature [l] . To maximize the accuracy cf 

Encl. - Input Sheet 
Sample Output 12 -1-

(1) 

(2) 



Jchc.sc evaluat1on3, the :Jet of' X ·i 1s a! .. e chosc:-1 frorii 
oi' T(m), St;Ch that in the 1:-Jtcrior of n;;y lnt.r:r·val 
there is at most one zero or T(m). 

the zero:; 

(xi-1' xi) 
'! � 

.. 

'I\10 criteria determine the value of n - that is, �1hen the inte
.:;ra'.;.ion :·:ill stop. One is the size of the integrand; the other 
is the number of intervals already integrated over. Specifically, 
the integration is terminated at Xn i£ either condition a or b 
is satisfied. 

a. The integrals over·(Xn-�' xn_1) and (xn-l• xn) both have 
magnitude less than 10- . 

b. n Reaches its maximum assigned value of 46 . 

Because T(m) is a product of two Bessel functions times a term 
which ·decays as K m-Pe-zm, condition (a) is an approximation to 

rx"' T (m) dm 
" n (3) 

p is an integer greater than one and K is only a function of 
r and z; where r is the radial coordinate and z is the vertical 
coordinate of a point in the elastic system. Equation (3) 
1�ill be satisfied for m greater than one if 

which is equivalent to 

K e-zmn < 10-4 

zmn > 4 log 10 - log K . 

If M = max(a, r) where a is the load radius, then m�c is approxi
mately equal to 71/1>1. It follows that when the intcgrd.tion 
stops, condition (a) will hold if 

z 4 log 10 - log K 
M > 71 ( 4) 

Conversely, condition (a) �lill not be satisfied if z io too 
small, or either a or r is too large. In concr<!·ce: terms, 
if the point under consideration is (i) too ne�r or on the surface 
of the system or (ii) too far from the center of the load 
area, or (iii � if the load area is too large, then the convergence 
of Equation (2) to (1) is slow, a�d the computations of the · 

present program are more subject to error, 

It :���oulC. be .:1oted., hot'l0Ve:-o, thZJ.t (:!.i) and (iii) D.re problem 
c.:::.� .. ·:.: ... o:J.lY ":lecau:Je (1) is being cv.?J 11P.ted numer·lcully. The 
zeros o·� 'l'(m) are approxirr.ately i.::··... ·\:ly proportional to a 
u::J.d r; .. :.er.ce ::.ncreasing them shor t;  e .. -.;_,� ;;.:"1e intervals (xi-1, xi) .. 

13 
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�1e remedy ror this p�obleffi is to tn1cc a great number or 
intc::·val.:;; ·:Jut to llr.::�·.; co:-i�;Ji..!-�G���:.:; t.:;_m� ;;();·.:.:--: nwi;.hcr u muct b�� 
�et as the r::c .. x..:.r;:u:-i: nu;�ilJcr or i:-,tcl.,VtiJ.o -(i:0l.� u�cd for u in 
tl11S ��o"'l"..., ,..., .�,' .. .t1• \..:) .... w .. I .. 

The rr:ain •·rorlc of the program lies in evaluating T(m ) .  The 
parameters of T are the coordinates of the point (r,z) and all 
the physical constants describing the system, As shown in 
Hichelow's report, a large part of the work of the evaluation 
of T(m ) goes into evaluating the functions A j (m ) ,  B1(m ) ,  
C 1 (m) ,  and D j (m ) ,  which do not inc lude the parameter z but 
depend on r.  Hence, these evaluations are made once for each 
r, and the compu tation then proceeds to finding the solutions 
for the different z1s . A further s aving would be made by groupin 
all points (r,z) such that r < a, s ince in this event M = a, 
��d the same subdivision {xi}-applies to all these points 
(although the cutoff point, xn, may differ) . This refinement 
has not been incorporated into the present program. 

The evaluation of Aj(m ) ,  Bj(m ) ,  c .1 (m ) ,  and Dj(m ) is carried out 
by one of two subroutines ,  depending on the size of m .  For large 
m ,  Aj and BJ decrease exponentially and may be assumed to be 
zero, in wh�ch case the computation of Cj and Dj can be 
proceed inde pendently. It can be shown that C1  and also Dj asymptotically approach multiples of m-3 or m-�, depending on 
the parameters of the system. Using asymptotic approximations 
to these variables should be considered if' it is des irable to 
continue the inte gration in s lowly convergent cases or type (i ) .  

Comparis on vlith 
Published Results 

No known published results e xist for the upper one third or 
the top layer. In other regions the results obtained 111 th this 
program compare almost identically with those pu blishP.d by 
Jones [2] and by Mehta [3] . \'le have gotten good results in the 

· di1'1'icul t u pper re gion but have experienced s lo\1 convergence 
as the z coordinate (depth below s urrace ) goes to ze�o. The 
e xtreme case,  at z = 0, where the theoretical results are known, 
is considered below. 

· 

Error Estimation in 
Slot·rly Convergent Cases 

vfuenever the integration or (1 ) is terminated by condition b 
(n -= 46) ,  the program writes the c omment "SLOW CONVERGENCE" 
ror that printed line or output.  In computing the def'lec tions, 
damping ractors other than the exponential make it unlikely 
that slo;·; conve rgence of type (i) will produce any error ove r 
5%. Further, the vertical and shear stresses for z = 0 - that 
is, at the surface - are known from the boundary c onditions, 
namely: 
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( 1 r < a 
I 

-. J 

ve rtical stress = I -0.5, r = 8. 
\ 0 J r > 0 

shear stress = 0 for all r 

Comparing the computed values with these boundary conditions 
gives a good idea of the quality of convergence, which maY 1vell 
gi:Ve results good to 1% e ven though the "SLOI-1 CONVERGENCE" 
message is written ou� .  

The resul ts from the analysis of the following two systems 
which converged slowly illustrate this conclusion: 

System 1 

System 1 consists of two layers l·rith a load radius of 1.5. 
The layers have the following characteristics: 

Laye r I Thickness Modulus or� Elasticity 1 P 1 s Ratio i 
1 3.0 1000 0.25 

I 2 co 2000 0 . 25 

System 2 
System 2 consists of four layers with a load radius of' 14 . 82. 
The layers have the follo1·1ing characteristics: 

Layer Thi ck."'less Ivlodulus 

1 2.0 

2 3.0 

3 4.0 

4 "' 

of Elasticity 

20,000 

15,000 

12, 000 

10,000 

I p I R ··74-:;---1 
I • 5 �.1,....!.0-l �----

I 
c :r:; I 

i 
C.').J I 

I 
0.,)0 

0.45 

On the surface (z = 0), at radial distance (r), vertical 
stress was computed to be 
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r S:;r;; t. •?i".i l -::• .. � ,-, ,., 
'�· ' ' . . . ' ' ,, 

·�------

0 -:...occooo ' -l.GC:01JGO 

0.5 -1.005083 -0 . 998351 

1 . 0 -0.997157 -1. 00],935 

1.45 -f-. 056223 -1. 000057 

1.50 -0 . 499998 -0 . 999376 

1.55 0 . 048758 -0. 998707 

2 . 00 -0. 008926 -0. 998332 

12.00 -0 . 003021 -0 . 986899 

The shear s tresses were all computed to be les s  than 10-6• 

Thus , vre see that the computed values for System 1 are close 
to the theoretical values of the vertical stress  Nhich is -1 
for values of r les s  than 1 . 5, -0.5 at r equal 1. 50, and zero 
for values of r greater than 1 .5 .  None of  the computed shear 
s tre s ses  e xceeded lo-a which is close to the theoretical value 
of zero for all radii; 

For System 2, the computed values are very close to the 
theore tical value of -1. In this sys tem, r does not e xceed the 
load radius ·. 

Survey of the Component 
Routines of the Program 

Nain Routine 

Handles input and output (except for writing the final ans'·r.::r�) 
and calls the subroutines, which do all the arithmetic operations . 

PART 

Calculates th� partition {x� and the four points in each interval 
(xi-1• xi) at which T (m )  is to be evaluated for integration. 

COEE and COHIGH 

Computes A1 (m), Bj (m), C1 (m), and D1 (m). COHIGH l·rorl<s in the 
range 'o'lhere Ai a11d B1 are e ffec tively zero . 

16 
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Comp�11.c�··, 0ltl10l.' tT0(i;;) or J1 (m) to \·:iti1:i.n .:n-� � .. t:.�oli.ttc to\f;:c;:l._Ct.: 
o1' ll::;�; t:ll•m lo-a. Thl:; rou'.:lnc· could be uocd ln nny p�&r;rv.m 
requil'int; evaluation or� zero and firs t-order Besoel functi on;:;. 

<(· "' C;\LCIN 

Completes the evaluation of T(m )  and performs the integration 
of (�). It \'/rites out the final results. 

HIGHM 

As now compi led, just  prints out the message "SLOV/ CONVERGENCE." 
There is, however, a FORTRAN deck for an alternate version of 
HIGHM 1·1hich would effectively rais e  the value of u on a point-by
point oasis - that is,  continue the integration indefinitely, 
or until some criterion such as an error bound or time limit 
•·ras met. This alternate version of HIGJm ,.,ould be used with the 
subroutines RANGE2-346 and CDHIGH 338, which are already compiled 
and fulfill the functions of CALCIN and COHIGH, res pectively. 
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I, I...,trot.uction 

Asphalt pavements may be idealized as a :;�m:l��n;·lnj_te sollri 
Nith three or four laye.r3 o:C :::;uiJst.nncc:::, t':�l('.�C el�::tic chal·�c
teristics are different .from one layer to the other. �· 

'!.r.=--� 
"" 
�"'(,··· 

In .,vie1·1 of this, a computer program for the IBf.! 7090 is 
being prepared at the request of the Asphalt Development Group. 
This program will give the distribution of stresses and 
deformations of such an n-layered system when subject to 
a load uniformily distributed on a circular area on the free 
surface of the semiinfinite solid . The interfaces between 
layers are considered to be "rough." 

Clas::;ical papers in this field \�ere consulted [1;2;3). None 
of these papers was considered satisfactory for several 
reasons;. hence, ��e conducted our own analysis of the prob
lem. · This analysis constitutes the content of this report 
and possesses the following desirable characteristics: 

1. The system may have any number of layers. 

2. T!".:c .;.J.astic coefficients in each layer can assume any 
valua. (.-rhere the Poisson modulus 'II is different from one). 

3. Tha mathematical analysis is straightforward and self
contained. 

4. The constants of integration are given explicitly. and 
can be found by solving a system of two linear equations 
�ri th two unknowns • 

5. The results are given in a form convenient for a digital 
computer to handle. 

The major contribution of this paper is that of Items 3 ,  4, 
and 5. Mehta and Veletsos2 had also considered systems 
satisfying 1 and 2 .  

II. Description of the System 

A. Geometry of the System 

Considar �r. orthogonal system of coordinates in three dimensional 
space, :·rl".ere the x and y axes are in a horizontal plane, and 
the z axis, therefore vertical, is pointing downward. 

Consider the semiinfinite solid consisting of all'points 
(:-:, y ,  z) \·:here z ;:: 0 .  This solid \�ill be divided in n "layers" 
Li , 1 = 1, 2, • . •  , n by the collection of numbers 

ho = 0 < hJ. -::. h2 < • • . < hn- :1. 

20 
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The layer Li �;ill consist of all points (x, y, z) such 
that 

hi-1 .:::. z < hi ' �. (2) 
t:_ 

f. or i = 1, 2, . . . , n-1 . The layer Ln will 
Points (x, y, z) such that 

consist oJ: all 

hn-1 .:::. z (3) 

The pl�ne · z  = hi· (i = 0, 1, 2, 
the itn-interface . · 

. . . , n-1) will be called 

B .  Elastic Characteristics of the System 

The semiinfinite solid will be assumed to  be perfectly 
elastic, homogeneous, etc . 

E1 •�ill denote the modulus of Young and vi, the modulus of 
Poisson for layer Li . 

C. Descrintion of the Load 

vle 11ill consider a load f (x, y) normal to  the oth_interface 
given by the following equation . 

f (x, y) 
(1 

= <.1/2 
lo 
'-

v1henever 
whenever 
whenever 

(4) 

Later on vie will see why vie define f(x, y) to  be 1/2 ,  when 
x2 + yz = a2 , and not one. 

ive will also consider a load f(x, y) normal to  the oth_interface 
··given by the equation 

r(x, y) = p(m) Jo [m (x2 t y2 )
�/2] , (5) 

where p(m) is an arbitrary function of the parameter m, and 
J0(t) denotes the Bessel function of the first kind of order 
zero. 

The load described by equation (4) will be called Load A, and 
the one described by equation (5) will be called Load B. 

D·.. Description of the Boundary Conditions 

For each.layer Li the boundary conditions are the conditions 
that h�ve to  be satisfied at the i�h-interface ��d at the 
(i-l)tn_interface. 
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1.·.�.-. '.·.·ill con�:id"'l' tr:· .. -. -.-.r.,-, 1''1�-- ..... •-t . ... -� t.�l. J" ... ,.,..., ].']'·· ,., .... .. r• "rot·�r'n" 
-... _. >.;.; ._. l;.c.J..:>I.:;; '. ,t!o• l..-!>1.,. ..1. - .II-'\.' ·�i ·"- .J..._, .liJ' 1 

t:-�ut ic, the CCii�pO:lCr!t�; ot c.�;rt.·��=� o._. ;,.r/t ·; � • .. ;_:-.: wc:J"L U<i ::h�� .. -:·• co:nponents of the di.zplacc�ent tt c .. i-.G :·: ;·li',.: ,·:�"Jnt�;.i-JI.i.OU� i.l.;,. 
z = hi (i = 1, 2 ,  . . . , n-1) . (See IIlil below.) � 

t . "' 

.At the 0 h-interface , sometimes called the free surf�e, 
�rz ha3 to be equal to the load and Tzr has to be zero. 

E. Description of the Problem 
?' 
"'i'o determine the components of stress and displc.cement at 
any point (x, y,  z) in a system with a geometry c;iven 
by Secti on IIA, with elastic characteristics as the ones given 
in Section IIB, with boundary conditions as described in 
Section IID, when subject to one of the l oads defj.ned in 
Section IIC. 

\·!e i�ill consider then two different problems that 1·1e will 
call A and B, depending on which of the loads of Section IIC 
is acting on the system. 

As we·will see later on (Section VI),  the solution of 
Problem B leads to the solution of Problem A by means of 
superposition . In the follo1dng sections we will consider 
it advantageous to adopt a cylindrical system of coordinates: 
Each point is defined by the coordinates (r , e, z) where 

r = (xa + ya ) � ;a , 

cos e = x/r ,  sin e = y/r, and (6) 

z = z • 

The reason !'or this is that the z axis is an axis of' symmetry 
of' the geometry of' the system as well as of the l oad . 

. III. Basic Eauations 

A. For a cylindrical system of coordinates, the 
components of stress are: 

and the components of displacement are: 

u, the radial displacement , 
v , .  the tangential displacement , and 
w, the vertical di3plo.cement. 

Because of the symmetry of the system under consideration 
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�·! c have, then, 
of stre3G.3 cz� 
u ,  \'/, 

to detcrrr.lne oix ;'i.�rv_:Llc·;:;·;: �\�u� coi7!poncntc. 
cr, Gt=o, Trz' a.r,i'i ·,·.o,.;· .. c·Jtt.:nt,.; c)f dl;:qJ:itl.Ct-:i1;ent, 

1.. 
�-

B. The four components of stress have to satfsfy t1·1o 
sets of equations called the equilibrium conditions and the 
compatibility conditions, respectively. 

The equilibrium conditions are : 

(8) 

oOz oTrz Trz 0 .  'dZ + 
or + - = 

I' 
(9) 

The compatibility conditions are: 
2 2 1 (l·2Q \7 
or - "2'"  ( or - oe

) + 1 + v or2 = 0, 
I' 

(10) 

2 +L 1 1" i'lQ '\loa (or - ca) + 1 \l r or = 0, r2 + ( 11) 

2 + 1 (\2Q 
V'z = 0, and 1 + ,, oz2 (12) 

2 1 1 ?!2Q 
\7 Trz -

r2 Trz + 1 + v oroz 
= 0. ( 13) 

Here (14) 

(15) 

v is Poisson's modulus . 

C .  v!e can simplify the problem by expressing the 
four components of stress and the two components of displace
ment in the following way: 

=L 2 o20 o· [v \7 ;1 or2J I' oz 

Ce 
0 [ ,, \7

2 ;1 - l ��) =-

(lZ r or 

0 2 
oz == ·oz [(2 - v) \7 9l -

() ((1 -
2 

7rz == or v)\79l-
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?!
2

r{ 

-2"] oz-
(\ 

2 
i!i

] oz2 

' ' 

, 

(16) 

( 17) 

(18) 

(19) 



u = -

w = 

1 

1 + 
E 

, and 

" . 2 
[2 (1 - \1) 'i7 [15 

\qhere [i) (r, z ) is a so-called Airy's function. 

{?. (J ' 

(21) 

l3y expressing or, o � , Oz, and •rz in this v1ay 
satisfy equation (8). Horeover, equations (9� 
are also satisfied whenever [15 is a solution of 

w� auto•nntjcally 
throug:J · ( 13) 

'\74,6 = 0 • ('22) 

The problem has been reduced to finding one functlor, [15 that 
sat;!.sfies equation (22 ) and the boundary condition3 of the 
problem under consideration. 

D. It is easy to check that equation ·(22) is satisfied 
by the function 

[i) (r, z, m ) = J0 (mr) [ (A + Bz)emz + (C + Dz)e-mz] , (23) 

where Jn (t ) is the Bessel function of the first kind of 
order n ,  and m is a parameter. A, B, C, and D are constants 
of integration; hence they do �ot depend on r and z, but they 
may be functions of the parameter m. 

IV. Boundary Conditions 

A. It follows from the co�siderations of the previous 
section that in the layer Li, the solution of the problem will 
be given by the Airy 's  func�ion : . 

>6i (r, z, rn) = Jo (rnr ) ( (Ai + Biz)ernz 

(24)  

where the constants Ai, Bi, c1, and n1 should be determined 
in such a way that the boundary conditions ar� satisfied. 

The condition of continuity at the interfaces is not difficult 
to fulfill. (See equation (31) . ) . · 

B. Equation (24 L together 11ith equations (16) through 
(21), give: · 
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-{Ci+Diz)e-mzJj, and 

[ ( mz ) -mz]
� 

+m Ai+Biz)e -(Ci+Diz e 1· 
C. Consider the matrix 

Si(z) = 

!! 
I 

l 
I 
I 
I 
! 

i ,, 
"z Ji II 'irz li 
ui •! 
wi II 

(25) 

(26) 

{29) 

{30) 

Continuity conditions at the ith_interface can be expressed 
by 

{31) 
i = l, 2, • . .  1 n-1. Here Si{h1- 0) stands for lim s1(h-l<.j).' 

CjO 
Fro:r: equation (25) _1·1e see that (in any Layer Li) o� 
is ;:;rcportional to J 9 (mr). There1'ore 1 the . Airy's function 
giye:. 'by equation (2'T) allows only a load normal to the 
otn_interface that is proportional to J0(mr).· This is the 
case in Problem B. 
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V .  S o 1 t: t :Lon of ProbJi,ill D 

A .  'l'o solve Problr.m. B ,  \1e need only to (] Ct<;):,•;;,lne t.i.c: 
cor. : "!:.:1.:1tn Ai, Bi, Ci, and Di (1 = l ,  2 ,  . . .  , n ) that i'ulfl l l  
the conditions given by equation (31 ) and that are compatible 
with Load B. See last paragraph of Section IID . � 

... 

We have 4n constants to determine; equation (31) gives us 
4n-4 equations . The compatibility of the stresses with Load B 
gives us t1·10 more equations . The fact that at infinity the
stresses should be zero allows us to conclude that An and Bn 
should be zero; this gives us the last two equations needed . 

. 

B .  From equations (25) through (28), we see that the 
matrix Si ( z )  can be expressed in the following form : 

where 

�� -m2 J o (mr ) 

K (v, E )  

' m2Jl. (mr) 

= I. 
I 

I 
l mz + 2V 

M (z , v )  = 
l mz + 2V 
l mz + l 
l mz + 4v 

and 

D (z )  

1 � ' '  mh (mr) 

- l 

- 2 

-mz me 

-1 
1 

-1 
l 

-mz 
e 

1 + " 
E 

-mz + 2V -
mz - 2V 

-mz + l 
mz - 4". + 

, .  

• 

C .  Therefore , equation (31 ) can be written as : 

1 '  

2 

lj Ai 1\ • 

I �i I =  K("i+l ,·E1+1 )11 (hi, vi+l )D (h1 )  
I Di i 
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I 

c . 

I 
M hi , vi+1)D(h1) I 

Ai+1 
Bi+1 
Ci+1 

" Di+l 

Note that 

1 

1 
JC"'l ( ''i , Ei )K ( vi+1 > Ei+1 ) = 

where 
-(J.U::) 1 + Ei '11+1 L - 1 i - Ei+l + "1 

It is easy to check that 

-1 

1 1 

Let u� derine the matrix x1 by 

(37) 

I (38) 
Li 

Li 

(39) 

1 :,\ 

-1 � � )  -1 ; ; i 

(40) 

xi = 4M-l (hi , vi )K-1 ( vi , Ei )K (vi+1 •Ei+l )M (hi • vi+1 ) (vi -1) I ( 41) 

thus 
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I 

N 

00 

\0 X = 
I 1 

I -q (-h1 , "1 , "1+1 ) I . i p (h1 , "1 > "1+1 ) 
(4"1-3 )-11 I l (2mh1+4v1-1 ) ( 1-1i ) I 

I +1iq (-hi+1 • "i+1 • "1 )  I 
. 

I -1iP (-h.i>v1+1 • "1 )  
- - - - - - - - - - � - - - - - - - - - - - + - - - - - - - - - - � - - - � - - - - - - - -

1 1 _ -run 1 11 
· 0 l 11 (4"1+1-3 ) -1 I 2 (11-1 )  I (2mhi-4v1 1+1 ) (1� -1 ) 

I I I + - �  -. . . I 
_ _ _ _ _ _ _ _ _ _  J _ _ _ _ _ _ _ _ _ _ _  L - - - - - - - - - - � - - - - - - - - - - - ' 

I -p (-hf , ''i o "i+l ) I (4vJ-3 ) -LJ I -L1q (h1 , vi+l • " J ) 
(2mh1-4v1+1 H1r1 ) : +11p (h1 , "1+1 , v1 ) : _ _ _ _ _ _ _  - - J - - - - - - - ·  · -· - - · -- - - - - - - � - - - - - - - - - - - - -

I q {h1 , v1 , "i+l ) I 

2 (1 -11 ) 1 (2mhi+4vi+1-1 ) { l:L1 ) 
I 

0 L1 (4vi+1-3 ) - J. 



\�here 

and 
if,' 

p (h , " , 1-1 )  = m2 (2h2) + 4mh (v-1-1) + (l-8\Jj.l + 21-l) t 
J, 

. q (h, v ,  1-1 )  = 2mh (2v-l) - ( 1+8"1-!-61-l ) 

Fi�ally, we can write equation (37 ) as 

( 44 ) 

( 45) 

�·le can , therefore , by repeated use of equation ( 45) , 
the set of constants A i ,  Bi , Ci , and Di as functions 

. and .Dn for all i = 1 ,  2 ,  . . .  , n-1 . vle thus obtain 

express 
of Cn 

( 46) 

D. From equation (26), using the condition (T�z)z=O = 0 ,  
w e  obtain 

From equation (25), imposing the condition that 

(cr�)z=O = -p(m)J0(mr) 

we obtain 

Therefore , 'I-re can write the matrix equation 

n o 

I K(m) 
= 

( 47 ) 

( 48) 

• (50) 

E . The constants Cn and Dn can be determined by combining 
equations (50) and (46) . We thus obtain 
l r ij 0 , , i K (m ) li = 

� m 2Vl 
I II m 2Vl-l a 

m -2vl 

-m 2v 1 -l 

21]1 

- 10- . 

I n-1 
I I ! 

II j =l 
n-1 (h )X D (h ) •l ,i J 

4(vrl ) 

i O  
j o  
! C li Dn 
" n 

(51) 



'l'ili ::;  c:;i v c s  a ::;y::; tcm of t�10 l in<'i:ir equation::; in two unknO\·m::; 
who::;c solution is immediate . (We do not · expect the determinant 
of the sy::; tem to be zero . )  

!o' .  In summary, Problem B is solved by equationl 
(25) through (30 ) ,  where Cn and Dn are determined frolii 
equation (51 ) and Ai, Bi , Ci , and Dl are given by 
equation ( 46 ) ,  ( i  = 1 ,  2 ,  • . .  , n-l J .  

VI. Solution of Problem A 

A .  From equation (51 ) we see that C and Dn are · 

proportional t o  p (m ) ; therefore , equation (46) tells us that 
Ai ,"  Bi , Ci , and Di are proportional to p (m )  for all 
i = l ,  2, • . .  , n-1 . We can conclude from equations (25 ) 
through ( 30 ) that o� , T�z , o� , o�, u i , and ��i are proportional 
t o  p ( m )  for i =  1 ,  2 ,  • . .  , n .  

Therefore,  we can put K (m ) = l/m2 in equation ( L>g ) and 
write the fact or p (m )  in front of equations (25 ) through 
(30 ) .  . 

B .  Because equations (16 ) through (21 ) ,  as well as 
equation (22 ) ,  are linear in f!{, whenever the Airy 1 s function 
f!{(r,  z ,  m j ) solves Problem B, then the function 

n 
f!)(r,  z )  = I �j� (r,  z , mj )  

j =l 
(52 ) 

s olves the problem of finding stresses and displacement when 
the syst em is sub j ect t o  a l oad 

(53 ) 

Therefore , the function 

�(r, . z ) = s: p(r,  z ,  m )dm , (54 ) 

will s olve the problem of finding stresses and displacements 
when the system is subject to a l oad . 

r"' J o p (m ) J0 (mr ) dm . 

C .  The inversion formula for t�e Hankel transform of 
order zero is : 

provided g (r)  satisfies a certain set of conditions that 
we will call Condition C [6 ,  p .  52) . 
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In particular we s e e  that j_f w e  1cho::;c 

l where f (r )  is the function defined by equation ( 4 ) ,  J;hen 
equation (55 ) &1ves Load A .  This is permis::;ible bec·ause 
�he function f (r )  satisfies Condition C .  

We See now why equation (4') takes that rather peculiar form 
at r = a . Integrating equation (57 ) we get. 
-

" p (m )  = aJ� (ma ) • 

(57 )  

(58 ) 

D .  In summary, the chain of reaGoning is the follOl'/ing : 

1. l·le chose an Airy 1 s  function )!1(r, z ,  m )  as the one given 
by equation (23). 

2. He chose a Load B as the one given in equation (5 ) l'lhere 
p (m )  is defined by equation (58 ) .  . 

3 .  By the last paragraph of Section VIA , �re see that the 
stresses and displacements are given by equations (25 ) 

. through (30 )  �ri th a factor aJ � (rna ) in front of each equation . 

4 .  The constants Ai , B1 , Ci , D1 , ( i  = 1 ,  2,  . . • , n-1 ) 
Cn and Dn are given as functions of the parameter m ;  and 
An = Bn = 0 ,  by equations (51 ) and (46 ) , where K(m ) = l/m2 • 

5 . Then we chose an Airy ' s  function given by 

�(r, z )  = f�i!1(r, z ,  m )drn , 

\'There ¢' (r 1 z 1 rn )  is the function chosen in Step 1 .  

6 .  Sections VIB and VIC tell us that the Airy ' s  function 
¢'(r,  z )  solves Problem A .  

7 .  The stresses and displacements defined by the function 
¢'(r 1  z )  are : 

ar.d 

-1 oz 
-i or 
-1 
oe 

= a 

= a  

r 1 
0 h (ma ) oz 

r"' 1 � o J� (ma ) or 

= r 1 a 0 J� (ma) o9 

drn J 

drn I 

dm • 

-1 J�
o -

( ) 
1 . Trz = a J �  rna Trzarn , 

-i f"'
o 

i u = a  J� (ma)u  dlli , 

(59 ) 

(60 ) 

(61 ) 

(62 ) 

(63 )  



1 ("" 1 1'1 = a " 0 J � (rna )w dm, ( 1 = 1 , 2 ,  . ; . , n )  . 
i i i  i i i ) a 2 ,  crr , cr 8 ,  Trz ' u , and w are given by equations (25 

through (30 ) .  The constants being determined as in �ep 4 .  
This finally solves Problem A .  
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De a r  M r .  S o u t hga t e : 

t1a y  9 ,  1 9 8 0  

Chev ron N - La y e r  Compu t e r  
P r o g r am - Improved A c c u r a c y  

A t t a c h e d  i s  a repo r t b y  t-lr . L.  J .  Pa in t e r'  o f  our s t aff 
d e s c r ib i ng a new s ub Po u t ine C OFE for ' t he ClJevron N -La ye r 
El a s t i c  S y s t em c om pu t e r  p r o g r am . Th i c;  neVI r o u t i n e ,  v:h i c h  
c om p l e t e l y  r e p l a c e s  t h e  t wo e a rl i e r  rout ine s ,  C OE 5  and C J 1 5 ,  
make s a c c u r a t e  c al c ul a t i on s  o f  a l l  s t r e s s ,  s t r a i n , ilnd 
d e fl e c t ion p a r am e t e r s  fo r ilny n um b e r  of l a y e r s , up to t h e  
m ax im um prog ram dim en s i on o f  1 5  l aye r s .  

A d d i t io n al l y , t h e  new s ub routine H i l l  p r ov ide. c omp u t e r  run 
t im e  s av in g s  of a s  muc h a s  4 5 % .  

If y o u  have p r ev io u s l y  r e c e iv ed a FORTRA II s o u r c e  d e c k  of t h e  
p ro g r am  f r om us , y o u  1d l l  b e  s e n t  a s o u r c e  d e c k  fo r the new 
s u b r o u t in e . 

Ve r y  t ru l y  yo ur s ,  

En c l . - Re po rt ,  above s ub j ec t  
and d a t e  
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Cl!EVEON RES E A R C H  Cot,! P A t i Y  
R I CHMOND , C A L I FORN I A  

CHEVRON N-LA YER C O M P U TEH PHOGHAM -
IMPROVED A C C U R A C Y  

A u t h o r - L .  J .  Pain t e r  

3umma ry 

MAY 1 1 , 1980 

Th i s  repo r t  d e s c r i b e s  a new s u b rou t i ne COFE to re p l a c e  the two sub
r o u t ines G OES and C 0 1 5 .  The new rou t i ne e l im i n a t e s  the s er i o u s  
num e r i c a l  e r r o r s  in C O l S  ( u s ed fo r mo re than S lay e r s ) wh i c h have 
hamp e r e d  the u s e  of the p ro g ram in r e s e a rch on a s pha l t  pavement 
s y s t em s . The r e s u l t s  u s i ng t h e  new s u b rou t i ne a r e  ev e ry b i t  as ac cu
rate a s  t h o s e  o b t ained f rom the o l d e r  s u b r o u t i ne GOES u s ed for 5 O r'  
f e w e r  lay e r s , �h i c h  i s  e x � e l l e n t . A l i s t i ng of the new s u b r o u t i n e  i s  
a t t a c h e d . 

To u s e  the new r o u t ine , i t  i s  only ne c e s s a ry t o  remove the o r i g i n a l  
rou t ines G OES and C O l S ,  r'eplac ing t h em b y  t h e  s i ng l e  new rout ine 
COFE . COFE has t w o  ent ry po i n t s , GOES and C 0 1 5 ,  s o  that no change is 
ne c e s s a ry in t h e  c a l l ing ( MA I N ) p r og ram . 

A fu r t he r ben e f i t  of t h e  new r o u t i n e  is t h a t  t y p i c a l  e x e c u t i o n t im e s  
w i l l  b e  r e d u c e d  a s  much a s  4 5 % . 

Ba c k g r o und 

The o r iginal v e r s i o n  of the Chevron n- l a y e r  prog ram as d e v e l o p e d  in 
1 9 6 3  was l im i t ed to 5 or f e w e r'  l a y e rs . A n  i ng e n i o u s  method o f  s c a l i ng 
t h e  c a l c ul a t i o n s  was u s e d  t o  av o i d  o v e r f l o w s  ( g e n e ra t i o n  of num b e r s  
l a rg e r  t h an c a n  b e  hand l e d  b y  t h e  c om p u t e r ) . Th i s  r e q u i red , howev e r ,  
s e p a r a t e  s e c t i o n s  of compu t e r  c o d e  in s u b r o u t ine COEE fo r each pos
s i b l e  l a y e r .  [ Su b ro u t i ne C0EE c om p u t ed the c o e f f i c ient mat r' i c e s  
A ( I , K ) , B ( I , K ) � C ( I , K ) , and D ( I , K )  fo r t h e  K-th l a y e r  a t  the I - t h .  
l e v e l  o f  t h e  v a r i a b l e  of i n t e g r a t i o n  A Z ( I ) . J  

In 1 9 6 7  when t h e  p r og ra� was expand e d  to han d l e  up to 1 5  l a y e r' s , i t  
w a s  f o u nd im p ra c t i c al t o  c o n t inue t h i s  p r og ramm i ng s c h eme . H e nc e , a 
s e p a r a t e  and much s i mp l e r'  s u b rout ine CO l S  was W r' i t ten to hand l e  the 
gene r al n- l ay e r  c a s e . Unf o r t un a t e lf , num e r ical d i f f i c u l t i e s  a p o s e  
b e c au s e  num b e rs i n  e x c e s s  o f  e 1 7 4 · 6 · w e re gene r a t e d  i n  the c a l c ul a t i on 
of t he i n t e rmedi a t e  p r o d u c t  ma t r i c e s  P M ,  l e ad ing to o v e rflow . The 
pow e r  of e as u s ed in p a r t s  of the c a l c u l a t ions is 2 * A Z ( I ) * H W ) ;  AZ 

Encl . - Table I 
Prog ram L i s t i ng . 
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c o u l d  D e  as high as w • 2 3 / ra d i u s  of the loaded a r e a  and H ( N )  i G  the 
d e p th o f  the l o we s t  i n t e r f a c e  b e t w e e n  la y e r s ( in some re s ea r c h  
p ro b l e m s , as m u ch as 3 0 0  i n c h e s ) .  W i t h  a l o ad r a d i u s  o f  about 
10 inch e s , this c o u l d  give exponents of 2* rr* 2 3 * 3 0 0 /1 0 = 4 3 3 5 , fa r in 
e x c e s s  of t h e  ( I B M )  c ompu t � r  ca�ac i t y  when ex ponent i a t e d . 

Seve ral rev i e w s  of t h e  compu t e r  a l g o r i thm i n  C 0 1 5  we re unsuc c e s s fu l  in 
s o l v i n g  the p ro b l em , s o  a s im p l e  c h e c k  was made on the magn i t u d e  of 
the o f f e n d i ng value and i f  i t  approached the c ri t i c a l  l e v e l , f u r t l 1 e r  
c a l c ul a t i o n  was hal t e d  and t h e  rema i n ing A ,  B ,  C ,  and LJ v a l ues w e r e  
s e t  equal to z e ro ;  hopef u l l y  t h e y  w o u l d  have b e e n  smal l  anyway . Th i s  
trun c a t i o n  o f  the s e r i e s  to D e  i n t e g ra t ed gave r i s e  t o  tlume r i c a l  
e r ro r s  w h i c h  we r e  a t  l e a s t anno y i ng fo r pav em e n t  s t ru c t u r es o f  mod
e r'a te max imum d e p th . But f o r  d e e p  s t r u c t u r e s , such as in s t u d i e s  of 
t h e  e f f e c t  o f  s u b s o i l  e l a s t i c  p r o p e r t i e s  changing w i t h d e p t l1 , t l1e 
e r ro rs c o u ld be d i s a s t rous . 

Tl 1 e  o r iginal 5- lay e r  ro u t i n e  ( renamed COE5 ) was k e p t  to p r e s e rv e  a c c u
r a c y  f or s y s t ems of 5 o r  f e w e r  l a y e rs , w i th C 0 1 5  b e i ng u s ed only f o r  
m o re than 5 l a y e r s . 

S o l u t i o n  o f  P ro b l em 

Th e  c a l c u l a t i o n  o f  the p r o d u c t _ ma t r i c e s  PM has b e e n  reorgan i z e d  s o  as 
to i n c l ud e  t h e  s c a l ing b y  e-A Z [ H ( N J .:!:_H ( K ) J  f rom t h e  v ery s t art . Th i s  
l ed t o  a s i mp l i f i c at i o n  o f  t h e  expone n t i a l  mul t i p l i e r s  requi r e d . 
A f t e r  i n i t ia l i z a t i o n  of P M ( N , M , J ) , M = 1 , 4 and J = 3 , 4 ,  we o b t a i n : 

r o r  M = 1 o r  2 ,  

PM ( K , �l , J )  = 'rl * e 0 + T3* e- 2 P * H ( K ) ; 

f o r  11 = .:$ o r  4 ,  

PM{ K , M , J )  = Tl * e 2 P� H ( K )  + T 3 * e 0 , 

w i t h  'l'l =
· X ( K , I1 , 1  ) * P M ( K + l ,  l , J )  

+ X ( K , M , 2 ) * P M ( K + l , 2 , J ) , 

T3 = X ( K , M , 3 ) * P M ( K + 1 , 3 , J )  
t X ( K , M , 4 ) * P M ( K+ l , 4 , J ) ,  

and P = A Z ( I ) • .  

Ue t a i l �� ·ft
t u d y  of the c o u r s e  of tl1e c a l c u l a t i o n s  has shown that by t h e  

t ime e K b e c om e s  unmanage a b l e , Tl has b e e n  d r i v en to z e ro . 
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Jud i c i o u s  c h e c k i ng of t h e  m agn i t ud e  o f  t he e x po n e n t  ma ke s i t  po s s i b l e  
t o  ke e p  t h e  c al cu l a t i o n s  un d e r  . c on t ro l  a t  a l l  t im e s .  

A s  a r e s ul t ,  i t  i s  po s s i b l e  to s ub s t i t u t e  t h e  n e w  r ou t in e  C OF E  for t h e  
t wo o l d e r  rou t in e s  GOE S and C0 1 S . U s e  o f  e n t r y  po in t s  C O E 5  and C0 1 5  
in C OF E  o b v i a t e s  t h e  n e ed fo r m o d i f i c a t io n s  t o  t he M A I N  ( c al l i n g )  

. p r o g r am . 

Tim i ng 

C om p ut e r  run s o n  a S - l aye r pr o b l em us ing the n e w  C O F E  and t h e  o l d  C OE 5  
rou t in e s  show a 4 S %  r e d u c t ion in C P U  t im e  ( 1 . 1 5  s e c o n d s  v e r s u s  
2 . 0 8 s e c o nd s ) . No meaningful c om pa r i s o n s  c an b e  m a d e  wi t h  C 0 1 5 
b e c a u s e  t h a t  rout ine was e f f e c t i v e l y  s ho r t- c i r c u i t ed a s  s o o n  a s  po t e n
t ia l  ov e rf l o w  o c c u r r ed . 

Ve r i f i c a t i on o f  A c c u r acy 

A che c k  o n  t h e  a c c u r a c y  has b e e n  mad e b e twe en a 4 - l aye r s o lu t i o n  
( !mown t o  b e  a c c u r a t e )  and a 6 - l a y e r  p r o b l em a r t i f i c i a l l y  c on s t r uc ted 
by s pl i t t i ng o n e  l aye r i n t o  t h r e e  wi t h  i d e n t i c a l  e l a s t i c  p r o pe r t i e s . 

Ba s i c  p r o b l em p a r am e t e r s  we r e : 3 0 , 0 0 0  l b  l o ad , 1 0 5  p s i  t i re pr e s s u re . 

La y e r  i Ei n i  · Thi ckn e s s  In . 

1 1 5 0 , 0 0 0  0 . 3 5 3 
2 1 7 , 8 0 0  o .  4 0  3S 
3 6 , 0 0 0  0 .  4 0 3 0 0  
4 5 5 5 , 5 5 5  0 . 4 0 Sem i- i n f i n i te 

The 6 - l aye r pro b l em s pl i t  l aye r 3 a b ov e  i n t o  3 l aye r s  o f  1 0 0 - i n c h e s  
t h i ckn e s s  e ac h . Th e c al c ul a t e d  v a l ues o f  s ev e ral s t r e s s e s  and G t ra i n s  
a r e  c om p a r e d  i n  Ta b l e  I .  I n  g e n e ral , t h e  n e w  C O F E  r o u t i n e  ag r e e s  w i t h  
t h e  4 - l a y e r  s o l u t i o n  t o  ab o u t  S s ig n i f i c a n t  d ig i t s , c om p a r ed t o  d i s -

. c re pan c ie s  b y  a fa c t o r  o f  a l mo s t  2 f o r  t h e  o l d  prog r am  a t  t h e  s u r fac e .  

R e f e r e n c e s  

1 .  An al ys i s  o f  S t r e s s e s  and Di s pl a c em e n t s  in an N-Laye r ed El a s t i c  
Sy s t em u n d e r  a Lo ad U ni fo rm l y  Di s t r i b u t ed o n  a C i r c ul ar A r e a , by J .  
M i c h e l o w , Se p t em b e r 2 4 ,  1 9 6 3 .  
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2 .  Num e t" i c al C omputa tion of S t t" e s s e s  and S t t" a i n s  in a �lul t i pl e
Laye t"ed A s pha l t  Pavemen t Sy s tem , b y  H .  Wa t" t" en and H .  L .  Dl e c kr:�an , 
Se p t ember' 2 4 ,  1 9 6 3 .  

: l at" 
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TABLE I 

C OM PAR I S O NS OF N EW  A N D  O L D  C A LC U LA T I O tJS 
I N  LA YERED ELASTIC SYS TEr1 S 

R z 

0 0 
0 3 
0 3 8  

1 9  0 
1 9  3 
1 9  3 8  

R z 

0 0 
0 3 
0 3 8  

1 9  0 
1 9  3 
1 9  3 8  

H z 

0 0 
0 3 
0 3 8 . 

1 9  0 
1 9  3 
1 9  3 8  

Ve r ti c al S t r e s s  Va lue s 
6 -Layer 

C O E 5  C O P E  C O l ')  

-1 0 5 . 00 -1 0 5 . 0 0  - 6 3 . 2 9 
- 9 6 . 72 - 9 6 . 7 2 -5 7 . 1  9 

- 5 . 6 3 -5 . 6 3 -5 . 1 9  

0 .  4 7 0 . 4 7 - 7 . 3 3 
-0 . 8 2 -0 . 8 2 -8 . 2 7 
- 3 . 71 - 3 . 7 1 - 3 . 7 3 

Tangen t i a l  S t r a in 

C O E 5  C OP E  C 0 1 5  

-9 6 8 . 8 5 -9 6 R . 8 3  -4 9 1 . 1 4  
7 9 4 . 5 0 7 9 4 . 4 7  3 3 1 . 0 2  
4 0 8 . 4 4  4 0 8 . 4 4  4 0 2 . 3 4 

-2 0 1 . 3 5 -2 0 l .  3 5 -2 5 2 . 4  8 
6 7 . 6 9 6 7 . 6 8  1 2 0 . 2 2  

3 1 4 . 8 3 3 1 4 . 8 4 31 4 .  9 9  

V e r t i c a l  Defl ec t i o n  

COE5 
·. 

0 .  1 0 1 3  
0 . 1 0 03 
0 . 0 4 2 5  

0 . 04 0 8  
0 . 0 4 1 0  
0 . 0 3 3 5  

3 9  

C O F E  C 0 1 5 

0 .  1 0 1 3  0 . 0 8 4 6  
0 . 1 0 0 3  0 . 0 8 4 1  
0 . 0 4 2 5  0 . 0 4 2 4  

0 .  O lt 0 8  0 . 0 4 4 3  
0 . 0 4 1 0  0 . 0 4 4 4  
0 . 0 3 3 5  0 . 0 3 3 5  

CHEVROH RESEA R � H  Cb�� A � r  
PROCESS EHG I HEER I NG DEPARTMENT 
COI�PUTER AND SYSTEMS D I V I S I ON 
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F I L E :  CHEVMODB PGM A1 Unive r s i t y  of K e n t u c k y  Comp u t i n g  Ce n t e r  

C$JOB , L I S T , T=6000 
C MOD I F I ED CHEVRON N - LA Y E R ED P R OGRAM 
c 
C AS OF 3 / 1 7 / 8 7  
c 
C MOD I F IED B Y  H .  F .  SOUTHGATE 
c 
C THIS VERS I O N  USE S COEF I N  PLACE OF COES AND C015 
c 
C T H I S  VERSION HAS 3 O PT I O N S  ONLY . 
c 
c 
c 
c 
C 1 9 1MN ****** MAIN ROUTINE - N - LAYER ELASTIC SYSTEM ****** 

COMMON/CALMAN/RJ 1 I 3 9 6  J .  R JO I 3 9 6  J .  AJ I 3 9 6 ) , TZZ , L .  Z 
COMMON/CA L P R N /CSZ , CST , CSR . C TR , COM , RDS , RDT , RDZ , S ST , JT 
COMMON/CAMAPA/AZ 1 3 9 6 ) , AR , I T N , I TN4 , NTEST , TES T I 9 9 ) 
COMMON/CA PP7M/BZ I 1 00 ) , NL I N E , R  
COMMON/COMAIN/H i l S )  , P  
COMMON/DON/ NPAGE 
COMMON/GARY /IM I 1 5 )  , IT I 1 5 )  , IH I 15 ) 
COMMO N / H E R B l /WO R K I 9 9 )  , STENDN ( 9 9 )  , ASTEN ( 99 )  , WKSTRS ( 9 9 )  , ZZZ ( 9 9 )  
COMMON/HER82/ THETA I 9 9 ) 
COMMO N / H E R B 3 /  I Z I , CSXX I 9 9  J . CSXY I 9 9 ) , CSXZ ( 9 9 ) , CSYY I 9 9 ) , CSYZ ( 99 ) , 

1 CSZZ I 99 )  . CSOM ( 9 9 ) , CC OM ( 9 9 )  
COMMON/ HER84/RRCOMI  9 9 ) ,  TR I 9 9 ) 
COMMON/ H E R B 5 /CRXX 1 9 9 )  , CR YY I 9 9 )  , CR ZZ I 9 9 )  , CR XY 1 99 )  , CR XZ I 9 9 )  , CRYZ I 9 9 )  
COMMON/JESSE l / R STB I 7 , 9 9 )  , R STS I 7  , 9 9 )  , R LB I 7 , 9 9 )  , R LS I 7 , 9 9 )  , DF B 1 7  , 9 9 ) , 

1 DF S 1 7 . 9 9 )  
COMMON/JESSE 2 / R E P B 1 2 )  , R E PS ( 2 ) , STWB I 2 ) , STWS ( 2 )  
COMMON/JESSE 3 /AJX , AJY 
COMMON/RDA/NS . IZ , E ( l5 ) , V ( l5 ) , HH ( 15 ) , ZZ ( 9 9 ) , N , T I T LE ( 2 0 ) , LL LL ( 9 9 )  
COMMON/RDO/OPTN 
COMMON/RD 1 / PS I , WGT , R R ( 99 ) , IR 
COMMON/RD2 / I B 2 , I B3 , IA , IRA . AJXX ( 9 9 )  , AJYY ( 9 9 )  
COMMON/RD3 /RX I 9 9 )  , R Y ( 9 9 )  , B P S I ( 9 9 )  , BWGT ( 9 9 )  , JRUN , KST 
COMMON/RD4/ IEQB , IEQS , JZ L B , JZLS , JA I , B I NCLD , KA I  
COMMON/JESSES/JA 
INTEGER O PTN , OUTPUT 
D IMENS I O N  I E ( 1 5 )  
DATA ASTER , PERD/4H**** · 4H . . . .  / 

C COMMON STATEMENTS ' RDA ' , ' ROO ' , ' RD 1 ' , ' RD2 ' , ' RD3 ' . AND ' RD4 ' 
C A R E  USED I N  SUBROUTINES ' R EAD ! ' ,  ' R EAD2 ' ,  ' R EAD3 ' ,  ' R EAD4 ' , AND 
C ' R EADS ' . SUBROUTINE ' R EADS ' ALSO REQUIRES COMMON STATEMENTS 
C ' HERB2 ' ,  ' JESSE2 ' ,  AND ' JESSE3 ' FOR ADD I T I ONAL ARGUMENTS . 
C COMMON STATEMENTS ' DON ' ,  ' GA R Y ' ,  ' HE R B ! ' ,  ' HE R B 2 ' ,  ' HE R B3 ' ,  
C ' HE R B4 ' , ' HE R BS ' ,  ' JE SS E ! ' ,  ' JE SS E 2 ' ,  ' JESSE3 ' ,  ' RDA ' , ' ROO ' , 
C ' RD 1 ' ,  RD2 ' ,  RD3 ' ,  AND ' RD4 ' CONTAIN ARGUMENTS USED IN ' WR I TE ' 
C STATEMENTS . 
C COMMON STATEMENT ' COMA I N '  CONTAINS ARGUMENTS USED IN MAIN AND 
C SUBROUTINES COES AND C015 . 
C COMMON STATEMENT ' CALCO ' CONTAINS ARGUMENTS USED IN SUBROUT I N E S  
C CALC I N , COES , AND C 0 1 5 . 
C COMMON STATEMENT ' C A LMAN ' CONTAINS ARGUMENTS USED I N  MAIN AND 
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C SUBROUTINE CALC I N .  
C COMMON STATEME NT ' CA L PR N '  CONTAINS ARGUMENTS USED I N  SUBR OUTINES 
C CALC I N  AND PRN7 . 
C COMMON STATEMENT ' CA P P 7M ' CONTAINS ARGUMENTS USED I N  MA I N  AND 
C SUBROUTINES CALC I N ,  PAR T , AND PRN7 . 
C COMMON STATEMENT ' CAMAPA ' CONTAINS ARGUMENTS USED I N  MAIN AND 

. C SUBROUTINES CALC I N  AND PAR T .  
C SUBROUTINE ' CALCI N '  CALCULATES STRESSES ' CS Z ' ETC . AND STRAINS 
C ' CR Z '  ETC . AT DE PTH ' I ZT ' AND D E S I R E D  ANSWER LOCA TION ' AJ X , AJ Y '  
C DUE T O  INDIVIDUAL LOAD ' BWGT ' LOCATED A T  IT ' S  ' R X , R Y ' . 
C ' C OMMON/RCA/ . . .  ' CONTAINS I N PU T  VAR IA B L E S  USED I N  A L L  O PT I O NS . 
C ' COMMO N / R D l /  . . .  ' CONTAINS I N P U T  VAR IABLES USED WHEN OPTN • l .  
C ' COMMON/RD2 / . . .  ' CONTAINS I N P U T  VAR IABLES USED WHEN O P TN • 2 - 7 . 
C ' COMMON/RD3/ . . .  ' CONTAINS I N PUT VAR IABLES USED WHEN OPTN=7 O R  8 .  
C A J X = X  COORDINATE OF POSITION OF D E S I R E D  ANSWE R S - - I N PU T  ARGUMENT 
C AJXX . -
C A J Y = Y  COORD INATE OF P O S I T I O N  OF D E S I R E D  ANSWER S - - I N PUT ARGUMENT 
C AJY Y . 
C A R =CALCULATED RADIUS OF LOADED A R E A . 
C A S T E N = SQUA R E  R OO T  OF THE QUAN T I T Y  STENDN / ( l / 2  MODULUS ) OF THAT 
C LAYER AND CALLED ' WORK STRAIN ' .  
C B P S I  • A P PLIED PRESSURE UNDER LOAD ' BWGT ' WHEN O PT N  • 2 .  
C BWGT ( JA ) =  GIVES THE O PT I O N  OF D I F F E R E N T  T I R E  LOADS WITHIN THE 
C LOAD G R O U P  F O R  O PTN = 2 .  
C C R ZZ ( I Z T ) = S U P E R P O S I T IONED STRAIN ( ZZ )  A T  D E P T H  I Z T  
C E TC .  FOR OTHER COMPONENTS 
C CSZZ ( I ZT ) =SUPERPOSI T IONED STRESS ( ZZ )  A T  DE PTH I Z T  
C ETC . FOR OTHER COMPONENTS 
C E ( I ) =YOUNG ' S  MODULUS OF E LASTICITY F O R  ITH LAYE R . 
C HH ( I ) =THICKNESS OF I TH LAY E R  
C I A •  N O . OF P O S I T I ON S  FOR WHICH THE SUPER P O S I T I O NED STRESS E S  AND 
C STRAINS A R E  D E S I R E D .  
C I R = NUMBER OF HOR I ZONTAL RAD I I  F O R  WHICH ANALYSES A R E  DE S I R E D . 
C I R A •  NUMBER OF LOADS ( BWGT ) W I T H I N  LOAD GROUP FOR O P T N  • 2 & 3 .  
C ' R X '  AND ' R Y '  = ' X '  & ' Y '  COORDINATES OF INDIVIDUAL LOADS WITHIN A 
C LOAD G R O U P  AND USED WHEN O P T N > l .  
C I Z = NUMBER OF VERTICAL POIN TS FOR WHICH ANALYSES A R E  DESI R ED . 
C I Z I =COUNTER USED T O  DETERMINE THE LAYER N O .  A T  THE INTER FACE 
C B E TW E E N  LAYE R S . 
C IZT=COUNTER USED TO DETERMINE I ' TH LAYE R . 
C JA = COUNTER OF P O I NTS FOR WHICH ANSW E R S  A R E  D E S I R ED , l T O  IA . 
C MA XSTR= MAXIMUM T E N S I L E  STRAIN 
C N • NUMBER OF LAYE R S  ABOVE THE BOTTOM LAYER - - SUBGRADE . 
C NS= NUMBER OF LAYERS 
C O P T N =  CODE NUMBER TO T E L L  CHEVRON WHICH TYPE OF ANALYSES I S  WANTED 
C O PTN = l  I S  O R IGINAL CHEVR O N  N - LAYER P R OGRAM WITHOUT MOD IF ICATIONS 
C O P T N = 2  I S  OUTPUT U S I NG SUPE R - P O S I T I ON I NG P R I NC I PLES . 
C O P T N = 3  IS ANALYSES OF SIMULATED DYNAMIC LOADING ( ROAD RATER , E TC . )  
C OUTPUT = 0 ; OUTPUT I S  TO B E  P R I NTED ONLY . 
C OUTPUT • l ; OUTPUT I S  P R I NTED AND ALSO S E N T  T O  DEVICE 8 ( S P E C I F I ED 
C B Y  JCL ,  I E . TAPE , OS D I S K , O R  TERMINA L )  
C OUTPUT • 2 ; OUTPUT I S  S E N T  T O  DEVICE S O N L Y  
C P S I •  A P P L I E D  U N I T  PRESSURE UNDER THE LOAD . 
C R • HOR IZONTAL RADIUS F R OM C E N T E R  OF A P PL I E D  LOAD 
C R R ( I J =RADIAL D I STANCE F O R  ITH RADIUS . 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

STENDN• THE STRAIN ENERGY DENSITY CAUSED B Y  A L L  THE LOADS W I T H I N  
T H E  " LOAD GROUP"  A N D  AT T H E  PARTICULAR DEPTH " Z " . 

THETA=ANGLE I N  R - V  PLANE MEASURED F R OM R AX I S ; POSIT IVE I S  
C L OCKWISE F R OM R AXIS . 

TR i l l =  CALCULATED RADIUS F R OM CENTER OF LOAD TO D E S I R E D  ANSWER PT . 
V ( I J = P O I S S ON ' S  RATIO F O R  2TH LAYE R . 
WG T = A P P LI ED LOAD , POUNDS 

WKSTR S  = ' WORK STRA I N ' MULTI P L I E D  BY MODULUS OF LAYE R  AND CALLED 
' WO R K  STRESS ' .  

Z=VE R T ICAL DE PTH F R OM SURFACE AT WHICH ANALYSIS IS DESIR ED . 
TYPICAL P O I NTS A R E  SURFAC E , INTE RFACES OF LAYE R S , AND DOWN INTO 
SUBGRADE . 

Z Z ( I J =VER TICAL DE PTHS AT WHICH ANALYSES A R E  D E S I R ED . 

** COMPUTE ZEROS OF J1 ( X )  AND JO ( X ) . S E T  UP GAUSS CONSTANTS ** 
82 ( 1 ) = 0 . 0  
82 ( 2 ) = 1 . 0 
BZ ( 3 ) = 2 . 4 0 4 8  
BZ ( 4 ) • 3 . 8 3 1 7  
BZ ( 5 ) = 5 . 5 2 0 l  
BZ ( 6 ) • 7 . 0 l 5 6  
DO 1 3 9 5  ! = 7 , 1 0 0  
B Z ( ! ) = O . 

1 3 9 5  C O N T I NU E  
I TN = 4 6  
I TN 4 • 1 8 4  
K = ITN+1 
D O  2 I = 7 , K , 2  

T = l / 2  
TO • 4 . 0*T - 1 . 0  

2 B Z ( I )  • 3 . 1 4 1 5 9 2 7 * ( T  - 0 . 2 5 + 0 . 0 5 0 6 6 1 /TD 
1 - 0 . 05 3 0 4 1 /TD**3 + 0 . 2 6 2 0 5 1 / TD**5 ) 

D O  3 I = S , I TN , 2  
T • ( I - 2 )  /2 
TO = 4 . 0*T + 1 . 0  

3 BZ ( I )  • 3 . 1 4 1 5 9 2 7* ( T  + 0 . 25 - 0 . 1 5 1 9 8 2 /TD 
1 + 0 . 0 1 5 3 9 9 /TD**3 -0 . 2 4 5 2 7 0 /TD**5 ) 

C *** END R OU T I N E  S E T T I NG GAUSS CONSTANTS . **** 
C R EAD I N  THE VALUE FOR O P T I O N  AND THE NUMBE R  O F  LOAD GROUPS . 

c 

READ ( 1 ! , 3 15 ) O PT N , OUTPUT 
315 FORMAT ( 2 I 5 )  

KA I = 1  
JA= 1 
NPAG E = 1  

1 0  C O N T I NUE 
I F ( OPTN . EQ . 1 )  CALL R EAD l ( I E ND )  
I F ( O PTN . GE . 2 )  CALL R EAD2 ( IE ND )  
I F ( I E ND . EQ . l )  GO T O  9 9 9 9  
MS•NS 
IF ( OPTN . EQ . 1 )  GO TO 2 0 0 1  

SUBROUTINES I N ! T l  & I N I T2 I N IT IA L IZE COMPUTATIONAL VAR I B L E S  T O  0 .  
CALL ! N I T !  

1 2  C O N T I NUE 
2007 CALL I N I TZ 
2 0 0 8  CONTI NUE 
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C CALCULATE RADIUS AND ANGLE F R OM X-AXIS 
AJX=AJXX ( JA )  
AJY =AJYY ( JA )  
I R = I R A  

C CALCULATE RADIAL D I STANCE FROM LOCA TION OF D E S I R E D  ANSWER TO EACH 
C LOAD I N  THE LOAD GROU P . 

D O  2 0 0 3  I = 1 ,  I R  
R R ( I ) =SQR T ( ( R X ( I ) -AJX J **2 + ( R Y ( I ) -AJY 1 **2 ) 
IF ( R R ( I )  . EQ . O . )  GO TO 6 2 5  
COSTH= ( R X ( I ) -AJX ) /R R ( I )  
GO TO 6 2 6  

6 2 5  COSTH = O . 
6 2 6  THETA ( I ) =ARCOS ( COSTH ) 

2 0 0 3  CONTINUE 
T.R ( JA ) = R R ( 1 )  

C *** END CALCULA T I O N  OF RAD IUS AND ANGLE FROM X-A X I S . **** 
2 0 0 1  CONTINUE 

DO 3 7 2  I = 1 , NS 
I E ( I J =E ( I )  
I H ( I ) •  I E ( I ) - I E ( I ) /1000*1000+1000 
I M ( I J • IE ( I ) / 1 0 0 0 0 0 0  
I T ( I J • IE ( I ) / 1 0 0 0 - IM ( I i *1 0 0 0 + 1 0 0 0  

3 7 2  CONTINUE 
I F ( O PTN . GE . 2 )  GO TO 374 
NPAGE • 1 
I F ( O PTN . EQ . l l  CALL P R N l  

C SUBROUTINE PRN1 P R I NTS TITLE AND C O LUMN HEAD I NGS F O R  OPTN = l , I . E .  
C THE O R IG I NA L  CHEVRON N - LAYER PR OGRAM . CONTROL OF OUTPUT OCCURS 
C I N  SUBROUTINES CALCIN AND PRN7 . 
C SUBROUTINE PRN2 P R I NTS HEADINGS AND PROBLEM I N PU T  DATA O PTN = 2 . 
C ** ADJUST LAYER DE PTHS ** 

3 7 4  H ( l ) =HH ( 1 )  
I R T = O  
I F ( N . LE . 1 )  GO TO 1 0 0  
D O  2 5  I = 2 , N  

2 5  H ( I ) = H (.I - 1 ) +HH ( I )  
C ** STAR T ON A NEW R ** 

1 0 0  I R T = I R T + 1  
I F ( O PTN . GE . 2 )  G O  TO 5 0  
IF ( O PTN . EQ . 1 )  WR I TE ( 6 , 12 8 )  

1 2 8  FORMAT ( / )  
C *** IF I R T - I R > 1 . , THE CONTR O L  OF THE P R OGRAM W I L L  TAKE ONE OF TWO 
C MAJOR R OU TE S .  IF OPTN = 1 ,  THE PROGRAM IS ROUTED TO READ 
C A NEW P R O BLEM . IF O PTN > •  2 ,  THE STRESSES AND STRAINS OBTAINED 
C IN THE SUBROUTINE " S U P E R "  ( THE ACCUMULATED VA LUES BY S U P E R -
C P O S I T I O N  P R I N C I P L E S )  A R E  P R INTED . 

I F  ( I R T - I R J 1 0 5 , 1 0 5 , 1 0 1 0  
5 0  IF I I R T . G T . IRA ) GO TO 1 0 1 0  

1 0 5  R = R R ( I R T ) 
IF ( O PTN . GE . 2 )  WGT • BWGT ( I R T J  
I F ( O PTN . GE . 2 )  P S I = B P S I ( I R T )  
A R  • SQR T ( WGT/ ( 3 . 1 4 1 5 9*PSI ) )  
D O  3 1  I • 1 , I Z 
D O  3 1  J = 1 , N  
T Z  • H ( J )  - ZZ ( I )  
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ATZ • A B S ( T Z )  
C ** NEXT STATEMENT IS CHECKING TO S E E  I F  " Z Z "  I S  AT AN INTER FACE . *** 

IF ( ATZ - . 0 0 0 1 )  3 2 , 3 2 , 3 1 
3 2  ZZ ( I )  • - H ( J )  
3 1  C O N T I NUE 

C *** NLINE I S  A COUNTER FOR PR INTOUT CONTRO L .  **** 
N L I N E = N L I N E + 1  

C ** CALCULATE T H E  PAR T I T I O N  ** 
C A L L  PAR T 

C ** CALCULATE THE COEFFICIENTS ** 
DO 1 2 5  I • 1 ,  I T N 4  
P • AZ ( I )  

1 0 7  C O N T I NU E  
CALL C O F E ( I )  

1 0 9  IF ( R )  1 1 5 , 1 1 5 , 1 1 0  
1 1 0  P R  = P*R 

C ***SUBR O U T I N E  " B E SSE L "  CALCULATES THE " BESSE L FUNCTIONS " .  *** 
CALL B E S S E L  ( O , PR , Y )  

R JO ( I )  • Y 
CALL BESSEL ( 1 , PR , Y )  

RJ l ( I )  • Y 
1 1 5  PA= P*AR 

CALL B E S S E L  ( l , PA , Y )  
AJ ( I l =Y 

1 2 5  CONTINUE 
195 I Z T = O  

I Z I = O  
C ** START O N  A N E W  Z ** 

2 0 0  I Z T = I ZT+1 
I Z I • I Z I + l  

C *** I F  I Z T - I Z  IS GREATER THAN 0 . , T H E  LAST " Z "  HAS B E E N  INVESTIGATED 
C AND THE PROGRAM INCR EMENTS TO THE N E X T  DESIRED " RADIUS " . **** 

I F I IZT- I Z )  2 0 5 , 20 5 , 1 0 0  
2 0 5  Z=ABS ( ZZ ( IZT ) ) 

I F ( OPTN . GE . 2 )  GO TO 2 0 7  
I F  I N L I N E  - 5 4 ) 2 0 7 , 2 0 6 , 2 0 6  

2 0 6  NPAGE = NPAGE + l 
N L I N E  = 8 

C SUBROUTINE PRN3 PR INTS TITLE F O R  PROBLEMS O N  SUC C E E D I NG PAGES OF 
C SAME PROBLEM . 

CALL P R N 3  
C A L L  P R N 6  

2 0 7  C O N T I NUE 
C ** F I ND THE LAYER CONTA I N I NG Z ** 

TZZ = 0 . 0  
D O  2 1 0  J 1 • 1 , N  
J • N S - J 1  
TZ • Z ·H ( J )  
I F ( TZ+ . 0 0 1 )  2 1 0 , 2 1 5 , 2 1 5  

2 1 0  C O N T I NU E  
L • l 
GO TO 3 4  

2 1 5  L = J + l  
I F  ( ZZ ( IZ T ) ) 3 3 , 3 4 , 3 4 

3 3  L • J 
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TZZ = 1 . 0  
3 4  CONTINUE 

C ****SUBROUTINE "CALC I N "  CALCULATES THE D E F LECTIONS AND THE NINE 
C COMPONENTS OF STR E SS AND STRA I N . I F  O PTN = 1 ,  THE OUTPUT 
C STATEMENTS AND CONTROL REMA I N  I N  ' CALC I N " , F O R  OPTN = 2 ,  
C THE CONTROL OF THE OUTPUT IS R E TURNED TO "MAIN " . **** 
C L L LL ( I Z I ) = TEMPORARY STORAGE LOCATI O N .  

L L L L ( I Z I ) = L 
CALL C A L C I N  
I F ( O P T N . EQ . 1 )  CALL P R N 7  
ZZZ ( IZ I ) •  ZZ ( I Z T ) 
I F  ( TZZ- . 5 )  3 6 , 3 6 , 3 5  

3 5  ZZ ( IZ T ) • -ZZ ( I ZT ) 
ZZZ ( I Z I J = - Z Z ( IZ T )  
IZT = I Z T - 1  

3 6  CONTINUE 
IF ( O P TN . EQ . l l  GO TO 2 0 0  
RDS=RDS*1 . 0 E - 0 6  
RDT=RDT*1 . 0 E - 0 6  
RDZ•RDZ*1 . O E - 0 6  
SST •SST*l . O E - 0 6  
COM•COM 
I F ( O P T N . LT . 3 )  GO T O  3 7  
I F ( I R T . EQ . 1 . 0R . I R T . EQ . 3 )  GO TO 3 7  

4 0  R D S = - RDS 
R D T = - RDT 
RDZ=-RDZ 
SST=-SS T  
COM•-COM 
C S R = -C S R  
C T R • -C T R  
CSZ=-CSZ 
CST=-CST 

37  CSOM ( I Z I ) =CSOM ( I Z I ) +COM 
C *** THE P R OGRAM NOW CALLS SUBROUTINE " S UP E R "  TO R E SOLVE AND ACCUMU-
C LATE THE S T R E SS COMPONENTS BY S U P E R P O S I T I O N  P R I NC I P L E S . 

CALL SUPER ( CSR , CTR , CST , CSZ , THETA ( I R T )  , CSX X ( I Z I ) , CSXY ( IZ I ) ,  
1 CSXZ ( I Z I ) , CSYY ( IZ I ) , CSYZ ( IZ I ) , CSZZ ( IZ I ) )  

C *** THE PR OGRAM NOW CALLS SUBROUTINE " S U P E R "  T O  R E SOLVE AND ACCUMU-
C LAT E  THE S T R A I N  COMPONENTS BY S U P E R P O S I T I O N  P R I N C I P LE S .  

CALL SUPER ( RDS , SST , RD T , RDZ , TH E TA ( I R T )  , CRXX ( I Z I ) , CR X Y ( I Z I ) ,  
1 CRXZ ( I Z I ) , CR YY ( IZ I ) , CR YZ ( IZ I ) , CR ZZ ( IZ I ) ) 

C NOW I NVESTIGATE THE NEXT SPECIF IED DE PTH ' ZZ ( I ) ' .  
GO TO 2 0 0  

10 10 C O N T I N U E  
I Z I = I Z I - 1  

C I F  OPTN = 1 ,  ANALYS I S  I S  BY OR I G I NA L  CHEVRON N-LAYER PR OGRAM . 
C PROCEED TO R EAD DATA FOR NEXT PROBLEM . 

I F ( OPTN . EQ . 1 )  G O  TO 10 
C START P R I NTOUT OF S U P E R P O S I T I ONED STRESSE S ,  STRAINS , AND D E F L E C T I ONS 

599 C O N T I N U E  
I F ( JA . EQ . 1 . AND . NPAGE . EQ . 1 . A ND . OUTPUT . LT . 2 )  CALL P R N 2  
J L I N E = 8 +2*IZI 
I F ( JA . EQ . 1 J  M L I N E • S+NS+IRA 
M L I N E = ML I N E + J L I N E  
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I F ( ML I N E . LE . 6 1 )  G O  T O  5 9 8  
5 9 7  NPAG E = N PAGE + 1  

MLINE = S+NS+ IRA 
CA L L  P R N 2  

C SUBROUTINES PRN4 & PRNS P R I N T  C O LUMN HEADI NGS ONLY AND D I F F E R  
C ACC O R D I NG TO F ORMAT OF OUTPUT DATA . 

5 9 8  CONTINUE 
C SUBR O U T I N E  ' ST R NE N '  USES THE LAYER MOD U L I  AND POISSON ' S  R A T I OS 
C TOGET H E R  WITH THE COMPONENT STRAINS R E SOLVED THROUGH S U P E R P O S I -
C T I O N  P R INCIPLES I N  SUBROUTINE ' SU P E R ' TO CALCULATE STRAIN 
C E NERGY DE NSITY ( ARGUMENT STENDN ) ,  'WORK STR A I N ' ( ARGUMENT 
C ASTE N ) ,  AND ' WO R K  STR E S S ' ( ARGUMENT WKSTR S ) .  

I F ( OUTPUT . EQ . O )  GO TO 6 0 0  
C JI:JI:JI: W R I T E  STATEMENTS U S I N G  " UN I T = ? "  A R E  STOR ING T H E  OUTPUT I N  COMPUTER 
C *** MEMOR Y .  WRITE STATEMENTS USING " U N I T = S "  ARE WR I T I NG THE OUTPUT 
C *** TO A P R I NTER TO OBTAIN A HARD COPY . 

W R I T E  I 8 ,  7 7 7 2 ) 
7 7 7 2  FORMAT ( '  0 ' ) 

W R I T E  I S ,  7 77 4 )  ( I , E ( I )  , V ( I )  , HH ( I )  , I = 1 , N )  
7 7 7 4  FORMA t ( '  1 '  , I 3 , F 8 . 0 , F 5 . 3 , F 6 . 2 )  

WR I TE ( 8 , 7 7 7 3 ) NS , E ( NS ) , V ( NS )  
7 7 7 3  FORMAT ( ' 1 '  , I 3 , F 8 . 0 , F 5 . 3 ,  ' 9 9 9 . 9 9 ' )  

WR I TE ( S ,  7 7 7 5 ) ( I , R X ( I )  , R Y ( I )  , BWGT ( I )  , BP S I ( I )  , I • 1 , IR A )  
7 7 7 5  FORMAT ( '  2 '  , I 3 , 2 F 6 . 2 , F 8 . 2 , F 6 . 2 )  

W R I T E  ( 8 ,  7 7 7 6 ) 
7 1 7 6  F ORMAT ( ' 2 ' , '  0 ' )  

6 0 0  CALL STR N E N  
IF ( OUTPUT . LT . 2 )  CA L L  P R N 4  
D O  6 0 1  J = l , I Z I  
IF ( OUT PUT . LT . 2 )  W R I T E ( 6 , 5 8 6 ) AJX , AJY , ZZZ ( J ) , CSXX ( J ) , 

1 CSXY ( J )  , CSXZ ( J )  , CSYY ( J )  , CSYZ ( J )  , CSZZ ( J )  , CSOM ( J )  
5 8 6  FORMAT ( l X , F6 . 2 , 2 X , F6 . 2 , 2X , F 6 . 2 , E l 4 . 6 , E l5 . 6 , F5 . l , E l 5 . 6 , F5 . 1 , 2 E 1 5 . 6 )  

IF ( OUTPUT . EQ . O )  GO TO 6 0 1  
WR I TE ( 8 , 7 770 ) AJX , AJY , ZZ Z ( J ) , CSXX ( J ) , 

1 CSXY ( J )  , CSXZ ( J )  , CSYY ( J )  , CSYZ ( J )  , CS ZZ ( J )  , CSOM ( J )  
C 7 7 7 0  FORMA T ( ' 3 '  , 3F 6 . 2 , 6 F 8 . 2 , E l 2 . 6 )  

7770 FORMAT ( '  3 '  , F 6 . 2 , F 6 . 2 , F 6 . 2 , E l 4 . 6 , E l 5 . 6 , F5 . 1 , E 1 5 . 6 , F5 . 1 , 2E 15 . 6 )  
WR I T E ( 8 , 7 77 1 )  AJX , A JY , ZZ Z ( J ) , CR XX ( J ) , 

1 CRXY ( J )  , CR XZ ( J )  , CR YY ( J )  , CR YZ ( J )  , CR ZZ ( J )  , STENDN ( J )  
C 7 7 7 1  F O R MA T ( ' 4 '  , 3 F 6 . 2 , 6 F 8 . 2 , E l 2 . 6 )  

7 7 7 1  FORMA T ( ' 4 '  , F 6 . 2 , F 6 . 2 , F 6 . 2 , E 1 4 . 6 , E l5 . 6 , F5 . l , E 1 5 . 6 , F5 . 1 , 3E 1 5 . 6 )  
S O l  CONTINUE 

IF ( OUTPUT . EQ . 2 )  GO TO 6 1 0  
C A L L  P R N 5  
DO 6 0 2  J = l ,  I Z I  
WR I TE ( 6 , 5 87 ) AJX , AJY , ZZZ ( J )  , CR XX ( J ) , 

1 C R XY ( J ) , CRXZ ( J ) , CR YY ( J ) , CR YZ ( J ) , CR ZZ ( J ) , STENDN ( J ) , ASTEN ( J )  
5 8 7  FORMAT ( 1 X , F S . 2 , 2 X , F 6 . 2 , 2 X , F 6 . 2 , E 1 4 . 6 , E 15 . 6 , F 5 . 1 , E l 5 . 6 , FS . l , 3E 1 5 . 6 )  
6 0 2  C O N T I NUE 
6 1 0  JA•JA+l 

I F ( JA . LE . IA )  GO TO 1 2  
6 1 5  JA = 1  

C **** NOW THE PROGRAM CHECKS T O  SEE I F  THER E  IS ANOTHER P R OB L E M . *** 
N PAG E • 1  
GO T O  1 0  
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c 
c 
c 
c 
c 

c 

9 9 9 9  CONTINUE 
STOP 
END 

SUBROUTINES A R E  ASSEMBLED IN A L PHABETI CA L ORDE R . 

SUB R O U T I NE BESSE L ( Ni , X I , Y )  
******SUBROUTINE BESSEL - N - LA Y E R  E LASTIC SYSTEM ****** 

REAL*8 P Z ( 6 ) / 1 . 0D0 , - 1 . 12 5 0 - 4 , 2 . 8 7 1 0 9 3 8D-7 , - 2 . 34 4 9 6 5 8 D - 9 , 
A 3 . 9 8 0 6 8 4 1D - 1 1 , - 1 . 1 5 3 6 1 3 3 D - 1 2 / , QZ ( S ) / -5 . 00 - 3 , 4 . 6 8 7 5 0 - 6 , 
B - 2 . 3 2 5 5 8 5 9 0- 8 ,  2 . 8 3 0 7 0 8 70 - 1 0 , - 6 . 3 9 1 2 0 9 6 0 - 1 2 , 2 . 3 1 247040 - 1 2 / , 
C P 1 ( 6 ) /  1 . 000 , 1 . 8 7 50 - 4 , - 3 . 6 9 1 4 0 6 30 - 7 , 2 . 77 132320-9 , 
0 - 4 . 5 1 1 4 4 2 1 D - 1 1 , 1 . 2 7 5 0 4 6 3 D - 1 2 / , Q1 ( 6 ) / 1 . 5D - 2 , - 6 . 5 6 2 5 D - 6 , 
E 2 . 8 4 2 3 8 2 8D - 8 , - 3 . 2 6 6 2 0 2 4D - 1 0 , 7 . 143 1 1 66D- 12 , -2 . 5 3 2 7 0 5 6D - 1 3 / , 
F P I / 3 . 1 4 1 5 9 2 7 / , D ( 2 0 ) 

9 N = N I  
X = X I  
IF ( X - 7 . 0 )  1 0 , 1 0 , 1 6 0  

1 0  X2 =X/2 . 0  
FAC= -X2*X2 
IF ( N )  1 1 , 11 , 1 4 

1 1  C= 1 . 0  
Y =C 
DO 1 3  I = 1 , 3 4 
T = I  
C = FAC*C/ ( T*T l 
TEST=ABS ( C )  - 1 0 . 0** 1 - 8 )  
IF  ( TE ST )  17 , 17 , 12 

1 2  Y • Y+C 
13 CONTINUE 
14 C = X2 

Y •C 
DO 1 6  I = 1 , 3 4 
T = I  
C =FAC*C/ ( T* ( T+1 . 0 ) ) 
TEST=ABS ( C )  - 10 . 0**1 - 8 )  
I F  ( TEST ) 17 , 1 7 , 1 5 

1 5  Y = Y+C 
16 CONTINUE 
1 7  R E T U R N  

1 6 0  IF ( N )  1 6 1 , 16 1 , 1 6 4  
1 6 1  D O  1 6 2  I = 1 , 6  

D ( I )  = PZ ( I J  
D ( I + 1 0 ) = QZ ( I )  

1 6 2  CONTINUE 
GO TO 1 6 3  

1 6 4  D O  1 6 5  I = 1 , 6  
D ( I J  • P 1 ( I )  
D ( I + l O ) • Q1 ( I )  

1 6 5  CONTINUE 
163 CONTINUE 

T 1  • 2 5  . 0 /X 
T 2 = T l*Tl 
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c 
c 

1 7 0  

1 7 1  

1 8 0  

1 8 5  
9 9  

P • D ( 6 J *T 2 +D ( 5 )  
D O  1 7 0  I = 1 , 4  
J = 5 - I  
P = P*T2+D ( J )  
CONTINUE 
Q = D ( 1 6 l *T2+D ( 15 )  
D O  1 7 1  I = 1 , 4  
J • 5 - I  
Q = O*T2+D ( J+ 1 0 ) 
CONTINUE 
Q • Q*T1 
T4 •DSQR T ( X*P I )  
T6 = S I N  [ X )  
T7 = COS [ X )  
IF  ( N )  1 8 0 , 1 8 0 , 1 8 5  
T 5  = ( ( P-O l *T6 + ( P+O I *T7 ) / T4 
GO TO 9 9  
T 5  = ( ( P +O I *T 6 - ( P -Q J *T7 ) /T4 
Y • T5 
R E T U R N  
E N D  
SUBROUTINE CA LCIN 
******SUBROUTINE CALCIN - N - LA Y E R  E LASTIC SYSTEM ****** 

COMMON/CALCO/A ( 3 9 6 , 1 5  I , 8 [ 3 9 6 , 1 5 ) , C ( 3 9 6 , 1 5 ) , 0 ( 3 9 6 , 1 5 )  
COMMON/CALMAN/RJ1 ( 3 9 6  I , RJO ( 3 9 6 ) , AJ [ 3 9 6 1 , TZZ , L ,  Z 
COMMON/CA LPR N/CSZ , CST , CSR , CTR , C OM , RDS , RD T , RDZ , SS T , JT 
COMMON/CAMAPA/AZ ( 3 9 6 1 , AR , I T N , ITN4 , NTEST , TE ST ( 9 9 )  
COMMON/CAPP7M/BZ [ 1 0 0 1 , N L I N E , R  
COMMON/RDA/NS , I Z ,  E ( 1 5 ) ,  V (  1 5 ) ,  H H (  1 5 ) ,  Z Z (  9 9 ) ,  N ,  T I T LE ( 2 0 ) ,  LLLL ( 9 9 ) 
COMMON/R D 1 / PS I , WGT , RR ( 99 ) , I R 
R EAL*8 W ( 4 1 /0 . 34 7 8 5 4 8 5 , 2*0 . 6 5 2 1 4 5 1 5 , 0 . 3 4 7 8 5 4 8 5 /  
R EA L  MAR Y , MAN , JUNIOR , MAXSTR 

2 VL = 2 . 0*Y ( L )  
E L = ( 1 . 0 +V( L ) ) /E ( L )  
VL1 • 1 . 0 -VL 
CSZ=O . O  
C S T = O . O  
C S R • O . O  
CTR = O . O  
COM=O . O  
NTS1 • NTEST + 1 
ITS = 1 
JT = 0 
A R P  • AR*PSI 

10 D O  4 0  I = l , I T N  
C I N I T IA L I Z E  THE SUB - I NTEGRALS 

R S Z = O . O  
R S T • O . O  
R S R • O . O  
R T R = O . O  
ROM= O . O  

C COMPUTE THE SUB-INTEGR A LS 
K • 4*1 I - 1 J  
D O  3 0  J • l , 4  
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J l = K + J  
P=AZ ( J 1 )  
E P = E X P  ( P:«Z ) 
T 1 =8 ( J 1 , L ) *E P  
T 2 =D ( J 1 , L ) / E P  
T l P = T l +T2 

A 1 .  U n i v e r s i t y  of K e n t u c k y  Comp u t i n g  Ce n t e r  

T l M = T l - T 2  
T 1 = ( A ( J 1 , L ) +B ( J1 , L ) *Z l *E P  
T 2 = ( C ( J 1 , L J +D ( J1 , L ) *Z l / E P  
T 2 P = P:« (  T l +T2 ) 
T2M=P:«( T l -T2 ) 
WA = AJ ( J 1 ) :«W ( J )  
I F  ( R )  2 0 , 20 , 1 5  

1 5  B J 1 = R J 1 ( J l ) :« P  
BJO=RJO ( J 1 ) :«P 
R S Z = R S Z+WA*P*BJO ::C (  VLUTl P - T2M r 
R OM = R OM+WA::CE L::CB J 0 * ( 2 . 0*VLl::CT1M-T 2 P )  
R T R = R T R +WA*P::CBJ1*( VL::CTlM+ T2 P )  
R S R = R S R +WA:« ( P::CBJO* ( ( l . O+VL ) :«T 1 P+T2M ) - B J l * ( TlP+T2M ) / R J 
RST•RST+WA*( VL*P*BJO*T l P+BJl:« ( T l P+T2 M ) / R ) 
GO TO 30 

C SPECIAL R OUTINE F O R  R • ZERO 
2 0  P P = P*P 

R S Z = R SZ+WA* P P :« ( VLl*T l P - T2M ) 
R OM = R OM+WA*EL:«P* ( 2 . 0*VL1*TlM- T2 P )  
R S T = R ST+WA*PP* ( ( VL+O . S ) :«T l P+ O . S*T2 M )  
R S R = R S T  

3 0  CONTINUE 
SF = ( AZ ( K +4 ) - A Z ( K + l ) ) /1 . 7 2 2 2 7 2 6  
CSZ=CSZ+R SZ*SF 
CST=CST+R ST:«SF 
CSR=CSR+R SR*SF 
CTR=CTR +RTR*SF 
COM•COM+R OM:«SF 
R S Z  = 2 . 0*R SZ*AR*SF 
TESTH • ASS ( R SZ ) - 1 0 . 0** ( - 4 )  
I F  ( ITS-NTS1 ) 3 1 , 3 2 ,  3 2  

3 1  CONTINUE 
TEST ( I TS ) = TESTH 
ITS • I T S + 1  
GO TO 4 0  

3 2  CONTINUE 
TEST ( NTS l )  • TESTH 
DO 33 J = l , NTEST 
IF ( TESTH-TEST ( J ) ) 3 5 , 36 , 3 6 

3 5  CONTINUE 
TESTH = TEST ( J ) 

36 CONTI NUE 
TES T ( J )  = TES T ( J + l ) 

3 3  CONTINUE 
I F  ( TE S T H )  5 0 , 5 0 , 40 

40 CONTINUE 
JT • 1 

50 CSZ=CSZ:«A R P  
CST=CST*A R P  
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c 

C T R = CTR*A R P  
CSR =CSR*A R P  
COM=COM*A R P  
I F  I TZZ- . 5 )  7 2 , 7 2 , 7 1 

7 1  Z=Z 
72 CONTINUE 

RDZ = ( 1 0 0 0 0 0 0 . /E I L l l * I CS Z -V I L J * I CSR+CST ) )  
RDT = I 1 0 0 0 0 0 0 . /E ( L ) l * I CS T - V I L l * I CSZ+CSR ) )  
RDS • I 1 0 0 0 0 0 0 . /E I L l l * I CS R -V ( L l * I CSZ+CST ) )  
SST• ( 2 0 0 0 0 0 0 . /E 1 L l l * I 1 . 0+V ( L ) l *C T R  

9 9  CONTINUE 
R E TU R N  
END 

c 
C*********************************************************************** 
C THIS SUB R O U T I N E  C O P I E D  TO P R OGRAM BY DHC , 5 / 0 8 / 8 4  
C*********************************************************************** 
c 
c 

c 
c 
c 
c 
c 
c 

c 

c 

c 

SUBROUTINE C OF E I KI N )  
COMMON/CALCO/A I 3 9 6 , 1 5 ) , 8 ( 3 9 6 , 1 5 ) , C I 3 9 6 , 1 5  I , D ( 3 9 6 , 1 5 ) 
COMMON/COMA I N /H i l S )  , P  
COMMON/RDA/NS , IZ , E i l 5 )  , V ( 1 5 )  , HH 1 1 5 )  , ZZ I 9 9 )  , N" T I T L E ( 2 0 )  , LL LL ( 9 9 )  
COMMON /SPSCOM/ X 1 1 5 , 4 , 4 )  , SC ( 1 4 )  , PM ( 1 4 , 4 , 4 )  , r M ( 4 )  
SUBROUTINE COFE ( K I N , PS I )  
COMMON /SPSCOM/ E 1 1 5 ) , V I 1 5 ) , H ( 1 5 ) , A Z ( 39 6 ) , A I 3 96 , 1 5 ) , 8 ( 3 96 , 1 5 ) , C ( 3 9 

1 6 , 1 5 ) , D I 3 9 6 , 1 5 )  , A J 1 3 9 6 )  , BZ I 1 0 0 )  , X ( 1 5 , 4 , 4 )  , SC ( 1 4 )  , FM ( 4 )  , PM ( 1 4 , 4 , 4 ) , 
2Z , AR , NS , N , L , I TN , R SZ , SF , CSZ , I , I TN4 , LC , PA , P , E P , T 1 P , T 1 , T2 , T3 , T4 
3 , TS , T6 , T2M , WA , ZF , SZ 1 , SZ2 , SG 1 , SG2 , PH , PH2 , VK 2 , VK P 2 , VK 4 , VK P 4 , VKKS , 
4HH ( 15 )  , S IGMA3 ( 1 5 )  , W ( 15 ) , MATYP 1 1 5 )  , ANSDPT ( 1 5 )  

R E AL*4 0 ( 2 , 2 )  
L C = K I N  

1 DO 1 0  K = 1 , N  
T 1 =E 1 K l * I 1 . 0+ V ( K+ 1 ) ) / ( E ( K+ l ) * ( l . O+V ( K ) ) )  
T l M= T l - 1 .  0 
P H = P*H ( K )  
PH2 = PH*2 . 0  
VK2 = 2 . 0*V I K J  
V K P2 = 2 . 0*V I K+ 1 ) 
VK4 = 2 . 0*VK2 
VK P4 • 2 . 0*VKP2 
VKK 8 = 8 . 0*V I K J *V I K+ 1 )  

X ( K , 1 , 1 ) =VK4 -3 . 0 - T 1  
X ( K , 2 , 1 ) = 0 . 0  
X ( K , 3 , 1 ) = TlM* I PH2 -VK4+ 1 . 0 )  
X ( K , 4 , 1 ) = ·2 . 0*T1M*P 

T3 = PH2* 1 VK2 - 1 . 0 )  
T4=VK K 8 + 1 . 0 - 3 . 0*VKP2 
T S = PH2* ( VK P 2 - 1 . 0 )  
T S • VK K 8 + 1 . 0 - 3 . 0*VK2 

X ( K , l , 2 ) • ( T3 + T 4 - T 1 * ( TS+T6 ) ) / P  
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c 
c 

c 

c 

c 

c 
c 

c 

c 
c 

X [ K , 2 , 2 ) •T 1* [ VK P 4 - 3 . 0 ) - 1 . 0  
X [ K , 4 , 2 ) = T 1M* [ 1 . 0 - PH2-VK P 4 )  

X [ K , 3 , 4 ) = [ T3 - T4-T1* [ T5 -T6 ) ) / P  

T3= PH2*PH-VKK 8 + 1 . 0  
T4= PH2* [ VK2 -VKP2 ) 

X [ K , 1 , 4 ) = [ T3+T4+VK P 2 - T 1 * [ T3+ T4+VK2 ) ) / P  
X [ K , 3 , 2 ) •  [ - T3+T4-VK P 2 + T 1 * [ T3 - T4+VK2 ) ) / P  

X [ K , 1 , 3 ) =T1M* [ 1 . 0 - PH2-VK 4 )  
X [ K , 2 , 3 ) = 2 . 0*T1M*P 
X [ K , 3 , 3 ) = VK 4 - 3 . 0 - T 1  
X [ K , 4 , 3 ) = 0 . 0  

X [ K , 2 , 4 ) • T lM* [ PH2 -VKP4+ 1 . 0 )  
X [ K , 4 , 4 ) = T 1* [ VKP4-3 . 0 ) - 1 . 0  
K = K 

1 0  CONTINUE 
COMPUTE THE PRODUCT MATR ICES PM 
SC [ N ) = 4 . 0* [ V [ N ) - 1 . 0 )  
I F  [ N- 2 ) 1 3 , 1 1 , 1 1 

l l  DO 12 K 1 = 2 , N  
M=NS-K1 
SC [ M ) = SC [ M+ 1 ) *4 . 0* [ V [ M ) - 1 . 0 )  

12  CONTI NUE 
1 3  CONTINUE 

Q l 1 , 1 ) = l .  
Q 2 , 2 ) • 1 .  
Q [ 1 , 2 ) = 0 .  
QQ = P*2 . *H [ N )  
IF ( QQ - 1 7 2 . )  1 5 , 1 5 , 1 6 

1 5  CONTINUE 
Q [ l . 2 J =E X P [ -QQ ) 
Q [ 2 , 1 )  I S  NOT NEEDED F O R  I N I T IA L I Z ING THE PM MATR I X  

1 6  CONTINUE 
20 LOOP I N ITIALIZES PM [ N ,  , )  

DO 2 0  M = 1 , 4  
L L = [ M+ 1 ) /2 
DO 2 0  J = 3 , 4  
PM [ N , M , J J •  X [ N , M , J )  * Q [ L L , 2 )  

20 CONTINUE 
DO 26 K 1 = 2 , N  
K = N S - K 1  
KK=K+1  
QQ = P*2 . *H [ K )  
IF  [ QQ - 1 7 2 . )  2 2 , 22 , 23 

2 2  CONTINUE 
Q [ 2 , 1 ) = E X P [ Q Q )  
Q [ 1 , 2 ) = 1 . /Q [ 2 , l )  
GO TO 2 4  

2 3  CONTINUE 
Q [ 1 , 2 ) = 0 .  
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Q ( 2 , l ) = l . E2 0  
2 4  CONTINUE 

DO 2 5  M = l , 4  
L L = ( M+ l ) /2 
DO 2 5  J = 3 , 4  
PM ( K , M , J ) • (  X ( K , M , l )  * PM ( KK , l , J )  

2 +X ( K , M , 2 )  * P M ( KK , 2 , J )  * Q ( LL , l )  
3 + (  X ( K , M , 3 )  * PM ( KK , 3 , J )  
4 +X ( K , M , 4 )  * PM ( KK , 4 , J )  * Q ( LL , 2 )  

2 5  CONTINUE 
26 CONTINUE 

C SO LVE F O R  C ( NS )  AND D ( NS ) 
T 3 = 2 . 0 *V ( l )  
T4 = T3 - l . O  
F M ( l ) =  P * ( PM ( l , l , 3 ) + P M ( 1 , 3 , 3 ) )  + T3* ( PM ( 1 , 2 , 3 ) - PM ( l , 4 , 3 ) )  
FM ( 2 ) =  P* ( PM ( l . 1 , 3 ) - P M { l , 3 , 3 ) )  + T4* ( PM ( l , 2 , 3 ) + PM ( l , 4 , 3 ) )  
FM ( 3 ) • P*! P M ( l , l , 4 ) + P M ( l , 3 , 4 ) )  + T3* ( PM ( 1 , 2 , 4 ) - P M ( l , 4 , 4 ) ) 
F M ( 4 ) =  P * ( P M ( l , l , 4 ) - P M ( l , 3 , 4 ) ) + T4* ( P M ( l , 2 , 4 ) +PM ( l , 4 , 4 ) ) 
DFAC = SC ( l ) / ( ( FM ( l ) *FM ( 4 ) - FM ( 3 ) *FM ( 2 ) ) * P* P l 

A ( LC , N S )  = 0 . 0 
B ( LC , NS ) • 0 . 0 
C ( LC , NS )  • - F M ( 3 l *DFAC 
D ( LC , NS )  = F M ( l ) *DFAC 

C BACKSOLVE F O R  THE OTHER A , B , C , D  

c 

DO 9 1  K l = l , N  
A ( LC , K l ) = ( PM ( K l , 1 , 3 ) *C ( LC , NS ) + P M ( K l , 1 , 4 ) *D ( LC , NS ) ) /SC ( K l )  
B ( LC , K 1 ) = ( PM ( K l , 2 , 3 ) *C ( LC , NS ) +PM ( K l , 2 , 4 ) *D ( LC , NS ) ) /SC ( K 1 )  
C ( LC , K 1 ) • ( PM ( K l , 3 , 3 ) *C ( LC , NS ) + PM ( K 1 , 3 , 4 ) *D ( LC , NS ) ) / SC ( K 1 )  

9 1  D ( LC , K l J = ( PM ( K l , 4 , 3 ) *C ( LC , NS ) + PM ( K 1 , 4 , 4 ) *D ( LC , NS ) ) /SC ( Kl )  
1 0 0  CONTI NUE 

RETURN 
END 

c 
C*********************************************************************** 
c 
c 

SUBROUTINE I N I T 1  
COMMON/HERB4/RRCOM ( 99 ) , TR ( 9 9 ) 
COMMON/JE S S E l /RSTB ( 7  , 99 )  , R STS ( 7  , 99 )  , R L B ( 7  , 9 9 )  , R L S ( 7  , 9 9 )  , DF B ( 7  , 99 ) ,  

1 DF S ( 7 , 9 9 )  
COMMON/JE SSE2 / R E P B ( 2 ) , R E P S ( 2 ) , STWB ( 2 ) , STWS ( 2 )  
COMMON/RD2 / I B 2 , I B3 , IA , I R A , AJX X ( 9 9 )  , AJ Y Y ( 9 9 )  

C** I N I TIAL IZE THE ACCUMU LATING VAR IA B L E S  F O R  STRAIN ENE RGY DENSITY 
C CALCULATI ONS . ******** 

DO 4 1 4  I = 1 , 7  
DO 4 1 4  J • 1 , 9 9  
DFB ( I , J ) = O .  
DF S ( I , J ) = O .  
R S TB ( I , J ) • O .  
R S TS ( I , J ) • O .  
R LB ( I , J ) • O .  
R L S ( I , J J • O .  

4 1 4  CONTINUE 
RETURN 
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END 
SUBROUTINE I N IT2 
COMMON/HE R 8 1 /WOR K ( 9 9 )  , STENON ( 9 9 ) , ASTEN ( 9 9 ) , WKSTRS ( 9 9 ) , ZZ Z ( 9 9 ) 
COMMON/HER82/ THETA ( 9 9 ) 
COMMON/HER83/ IZ I , CSXX ( 9 9 )  , CSXY ( 9 9 )  , CSXZ ( 9 9 )  , CSYY ( 9 9 )  , CSYZ ( 9 9 ) , 

1 CSZZ ( 9 9 )  , CSOM ( 9 9 )  , CCOM ( 9 9 ) 
COMMON/HER85/CRXX ( 9 9 )  , CR Y Y ( 9 9 )  , CR ZZ ( 9 9 )  , CR XY ( 9 9 )  , CR XZ ( 9 9 )  , CR YZ ( 99 ) 
COMMO N /R02 / I 8 2 , I B 3 , IA , I R A , AJXX ( 9 9 )  , AJYY ( 9 9 )  
DO 1 1  I = 1 , 99 
CSXX ( I ) •O .  
CSYY ( I ) • O .  
CSZZ ( I ) • O .  
CSXY ( I ) =O .  
CSXZ ( I ) = O .  
CSY Z ( I ) = O .  
CSOM( I ) = O . 
CRX X ( I ) = O .  
CRYY I I ) = O .  
C R ZZ I ) = O .  
CRXY ( I ) = O .  
C R XZ ( I ) = O .  
CRYZ ( I ) • O .  
ASTEN ( I ) = O .  
STENDN ( I ) •O .  

1 1  CONTINUE 
RETURN 
END 
SUBROUTINE PART 

C ******SUBR O U T I NE PART - N - LA Y E R  E LASTIC SYSTEM ****** 
c 

COMMON/CAMAPA/A Z ( 3 9 6 )  , AR , IT N , I TN 4 , NTEST , TE ST ( 9 9 )  
COMMON/CAPP7M/BZ ( 1 0 0 ) , NL I NE , R  
REAL*B G 1 / 0 . 8 5 1 1 35 3 1 / , G2/0 . 3 3 9 9 8 10 4 /  

4 Z F  • A R  
NTEST = 2 
IF ( R )  8 ,  8 , 9 

9 CONTINUE 
NTEST = A R /R + . 0 0 0 1  
I F  ( NTEST ) 5 , 5 , 5 

5 CONTINUE 
NTEST • R /A R  + . 0 0 0 1  
Z F  • R 

5 CONTINUE 
NTEST = NTEST + 1 
IF ( NTEST - 1 0 ) 8 , 8 , 7  

7 CONTINUE 
NTEST = 1 0  

8 CONTINUE 
C ** COMPUTE P O I NT S  F O R  LEGENDRE -GAUSS INTEGR A T I O N  ** 

1 5  K • 1 
ZF • 2 .  O*ZF 
SZ2 • 0 . 0  

DO 2 8  I • l , IT N  
S Z l  • SZ2 
SZ2 • BZ ( I + l ) /ZF 
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SF • SZ2 - SZl 
PP • SZ2 + SZl 

SG 1 =SF*G1 
SG2 = SF*G2 
A Z ( K ) = P P - SG1 
AZ ( K+ 1 ) = P P - SG2 
AZ ( K+2 ) = P P+SG2 
A Z ( K+3 ) = P P+SG1 

K = K' + 4  
2 8  CONTINUE 
40 RETURN 

END 
SUBROUTINE PRN1 
COMMON/CALMAN /RJ1 ( 3 9 6 ) , R J0 ( 39 6 ) , AJ ( 3 9 6 ) , T ZZ , L , Z  
COMMON/CAMA PA/AZ ( 3 9 6 ) , AR , ITN , ITN4 , NTEST , TEST ( 9 9 )  
COMMON/CAPP7M/BZ ( 1 0 0 ) ,  N L I N E , R 
COMMON/GARY/ IM ( 15 ) , I T  ( 15 ) , IH ( 1 5 )  

· COMMON /RDA/NS , I Z , E ( 1 5 )  , V ( 1 5 )  , HH ( 1 5 )  , ZZ ( 9 9 )  , N , TI T LE ( Z O )  , LL LL ( 9 9 )  
COMMON/RD1/PS I , WGT , R R ( 9 9 )  , IR 
DATA ASTER /4H****/ 

C *** I F  O PT N •  1 ,  THIS NEXT SECTION P R I NTS T I T LE AND HEADING S .  **** 
C *** THESE HEADINGS AND VALUES CORRES POND TO THE O R I G I N A L  N-LAYER PROGR 

N L I N E  = 1 7 +NS 
CA L L  PRN3 
WR I TE ( 6 ,  3 5 1 )  WGT , PS I , AR , ( I , IM ( I ) , IT ( I l , IH ( I ) , V ( I ) , HH ( I ) , I • 1 , N )  

3 5 1  FORMAT ( 1 HO ,  40X , 2 6 HTHE PROBLEM PARAME T ERS ARE/ 
1 1HO , 2 0 X , 1 2 HTOTAL LOAD . .  , S X ,  F 1 0 . 2 ,  5H LBS/ 
2 1 H O , 2 0 X , 1 5 H T I R E  P R ESSURE . .  , 5X , F 1 0 . 2 ,  5 H  P S I /  
3 1 H O , 2 0 X , 1 3 H L OAD RADIUS . .  , 7X , F 1 0 . 2 ,  5 H  I N .  I 1H / 
4 ( 1 H  , Z O X , 5HLAYE R , I 3 , 1 4H HAS MODULUS , 3 I 4 ,  
6 1 8 H  P O I SSONS RATIO , F 5 . 3 ,  1 7 H  AND THICKNESS , F 6 . 2 ,  
7 4 H  I N , T4 8 , 1H , T5 2 , 1H , ) )  

WRITE ( 6 , 3 5 4 )  NS , IM ( NS ) , I T ( NS ) , IH ( NS )  , V ( NS )  
3 5 4  F O RMAT ( 1 H , 2 0 X , S HLAYE R , I 3 , 14H HAS MODULUS , 3 I 4 , 

1 1 8 H  P O ISSONS R A T I O  , F 5 . 3 ,  2 4 H  AND IS SEM I - IN F I N I T E . 
2 T 4 8 , 1H ,  , T5 2 , 1H , ) 

WR I TE ( 6 ,  3 5 2 )  
3 5 2  FORMAT ( 1HO , 4X , 8 HLOCA T I O N , 2 X ,  1H* , 14X , 1 5 H S -T - R  - E - S - S - E - S  ,14X , 12H*DEF 

1 LECTION* . 2 1X , 1 3 H S - T - R -A- I - N - S , 2 1X , 6H*ANG L E / 1 5 X , 1 H* , 1 9 X , 3 H P S I , 2 1 X ,  
2 1 H* , 2 X , 6 H I NCHE S , 2 X , 1 H* , 2 0 X , 1 6HMICROI NCHES/INCH , 1 9 X , 1 H* , 1 X , 3HDEG/ 
3 1 S X , 1 H* , 43X , 1H* , 1 0 X , 1 H* , 5 S X , 1H*/5X , 1 HR , 6 X , 1HZ , 2 X , 1H* , 2X , 8KVERTICAL 
4 , 3 X , 1 0 H TANGENTIA L , 2 X , 6HRADIAL , 5 X , S HSHEAR , 2 X , 1 H* , 1 X , 8HVE R T I CA L ,  
4 1 X , 1H* , 
5 2 X , SHVERTICAL , 3 X , 1 0 HTANGE NTIAL , 2 X , 6HRADIAL , 2X , 8HSHEAR I N , 2X ,  
5 1 1 HMAX . PR I N . I N , 1X , 1 H* , 1 X , 4HWITH/ 
6 1 5 X , 1H* . 43X , 1 H* , 1 0 X , 1 H* , 3 2 X , 1 0 HMICRO RAD . , 1X ,  
7 1 9 HTE N S I LE D I R . *R A X I S / 1 H  ) 

RETURN 
END 
SUBROUTINE PRN2 
COMMON/CAPP7M/ BZ ( 1 00 ) , NL I N E , R  
COMMON/GA R Y / IM ( 1 5 )  , IT ( 1 5 )  , IH ( 1 5 )  
COMMON/HER82/ THETA ( 9 9 )  
COMMON/RDA/NS, I Z� E ( 1 5 )  , V ( 1 5 l , HH ( 1 5

.
)

A
ZZ ( 9 9 ) 1 N , T I TL E ( 2 0 ) , LL L L ( 99 ) 

COMMON/RD2/IB< , I �3 ; IA , IR A , A JXX ( 9 9 ) ,  JYY ( 9 9 J 
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COMMON/RD3/RX ( 9 9 ) , RY ( 99 ) , BP S I ( 99 ) , BWGT ( 99 ) , JRUN , KST 
DATA ASTER/ 4H****/ 

c ****************************************************** 
N LINE = 1 3 +NS 
CALL P R N3 
WR I TE ( 6 , 3 7 0 )  

3 7 0  FORMAT ( '  ' , 12 0 ( ' * ' 1 )  
W R I T E  ( 6 ,  3 7 1 )  

3 7 1  F ORMAT ( ' ' , 4 1 (  ' * ' ) , ' TH E  ANSWERS B E LOW A R E  BY SUPERPOSITION ' ,  
& 4 1 ( ' * ' 1 1  

W R I TE ( 6 , 37 0 ) 
WRITE ( 6 ,  3 6 1 )  ( I , IM ( I )  , I T (  I )  , IH ( I )  , V ( I )  , HH ( I )  , I • 1 , N )  

3 6 1  F ORMAT ( l HO , 4 0 X , 2 6 HTHE PROBLEM PARAMETERS A R E /  
4 ( 1 H  , 2 0 X , SHLAYER , I 3 , 1 4 H  HAS MODULUS , 3 ! 4 , 
6 l 8 H  POISSONS RATIO , F5 . 3 ,  l 7 H  AND THICKNESS , F 6 . 2 ,  
7 4H I N , ,  T48 , l H , , T52 , l H , ) )  

WR ITE ( 6 ,  3 5 4 1  NS , IM ( NS I ,  I T ( N S I , I H ( NS I , V ( NS I 
3 5 4  FORMA T  ( l H , 2 0 X , S H LA YE R , I 3 , 14H HAS MODULUS , 3 I 4 ,  

1 1 8H PO ISSONS RATIO , F 5 . 3 ,  2 4 H  AND I S  SEMI - I N F I N I T E . 
2 T 4 8 , 1 H , , T52 , 1 H ,  I 

WR ITE ( 6 ,  5 8 0 ) 
5 8 0  F ORMAT ( ' O ' , 3 9 X , ' COORD INATES OF THE LOAD POINTS AND LOAD VALUES A 

&RE ' I 
3 7 3  CONTINUE 

D O  603 I = l , IRA 
WRITE ( 6  , 5 82 I I , RX ( I ) ,  I ,  R Y (  I ) ,  I , BWGT (  I I ,  BPSI ! I l  

5 8 2  FORMAT ( 3 1 X , ' X ( ' , I 2 , ' ) = ' , F 6 . 2 , ' Y ( ' , ! 2 , ' ) • , F 6 . 2 , ' P ( ' , I 2 , ' ) • ' , 
& F 8 . 2 , '  T I R E  PR ESSUR E = ' , F 6 . 2 , '  PSI ' I 

6 0 3  CONTINUE 
C ****** END P R I NT I NG HEADINGS F O R  OPTN = 2 ***** 
c ****************************************************** 

3 7 4  CONTI NUE 
R E TURN 
END 
SUBR OU T I NE P R N3 
COMMON/DON/ NPAGE 
COMMON/RDA/NS , I Z , E ( l 5 )  , V ( l 5 )  , HH ( l 5 )  , ZZ ( 9 9 ) , N ,  TITLE ( 2 0 )  , LL L L ( 9 9 )  
DATA ASTER/4H****I 
WRITE ( 6 ,  3 5 0 ) I AStER , I • l , 5 ) , ( TI T LE ( ! )  , ! • 1 , 2 0 ) , ( ASTER , I = l , 5 )  , NPAGE 

3 5 0  F ORMAT ( l H l , 5A4 , l X , 2 0A4 , l X , 5A4 , 6H PAGE , I 3 )  
R E TUR N 
END 
SUBR OUTINE PRN4 
WRITE ( 6 , 5 5 2 ) 

5 5 2  FORMAT ( l X , / , 2 X ,  ' CO O R D I NATES DE PTH ' , 29 X ,  ' S- T - R - E - S-S-E - S '  , / , 4X 
l ,  ' X '  , 7 X ,  ' Y '  , 7 X ,  ' Z '  , S X ,  ' XX '  , l 3 X ,  ' XY '  , S X ,  ' XZ '  , S X ,  ' YY '  , SX ' YZ '  , 8X ,  
2 '  ZZ ' , l O X , ' DEF LECT I O N ' ) 

RETURN 
END 
SUBROUTINE P R NS 
W R I TE ( 6 , 5 5 3 ) 

5 5 3  FORMAT ( l X , / , 2 X ,  ' COORD INATES DE PTH ' , 3 0 X ,  ' S- T - R -A - I - N - S ' , 
& 2 9 X ,  ' ST R A I N  E NERGY ' , 5 X ,  'WOR K '  , / , 4X ,  ' X '  , 7 X ,  ' Y '  , 7 X ,  ' Z '  , S X ,  ' XX '  , l 3 X ,  
& ' XY '  , S X ,  ' X Z ' , S X ,  ' YY '  , S X ,  ' YZ '  , S X ,  ' ZZ '  , l lX ,  ' DE N S I TY ' , S X ,  ' STRAIN '  ) 

R E TURN 
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c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 

END 
SUBR OUTINE P R N S  
W R I T E  ( 6 ,  3 5 2 ) 

3 5 2  FORMA T ( l H0 , 4 X , 8 HLOCA T I O N , 2 X , l H* . l 4 X , l 5 H S - T - R - E - S - S -E - S , l 4 X , l 2 H*DEF 
1 LECTION* . 2 1 X , l 3 HS-T- R -A - I - N - S , 2 1X , 6H*ANG L E / l S X , l H* , 1 9 X , 3HPSI , 2 1X , 
2 l H* . 2 X , 6 H INCHES , 2X , l H* . 2 0X , l 6 HMICR O I NCHES/INCH , l 9 X , l H* . lX , 3HDEG/ 
3 1 5 X , l H* , 43 X , lH* . l O X , l H* . 5 5 X , lH*/5X , lHR , 6 X , l HZ , 2 X , l H* , 2 X , SHVERT ICAL 
4 , 3 X , l O HTANGENTIA L , 2 X , 6HRADIA L , 5 X , 5HSHEAR , 2X , lH* , lX , 8HVE R T I CA L ,  
4 1 X , 1H* , 
5 2 X , 8HVERTICAL , 3 X , l 0 HTANGE N T I A L , 2X , 6 H RADIA L , 2 X , 8HSHEAR I N , 2 X ,  
5 1 l HMAX . PR I N . I N , l X , l H * , l X , 4HWITH/ 
6 1 5 X , lH* . 43 X , l H* . lOX , 1 H* . 3 2 X , l O HMICRO RAD . , lX ,  
7 1 9 HTENSILE D I R . *R A X I S / l H  ) 

R E T U R N  
END 
SUBROUTINE PRN7 

THIS SUBROUTINE IS USED TO PRINT OUTPUT WHEN O P T N = l  ONLY . IT 
I S  ACTUALLY THE LAST HA LF OF SUBROUTINE CALCIN IN THE O R I G I NAL. 
CHEVRON N - LAYER PROGRAM . 

COMMON/CA LMAN/ R J 1 ( 3 9 6 ) , R J0 ( 3 9 6 )  , AJ ( 39 6 ) , TZZ , L , Z  
COMMON/CA L P R N /CSZ , CST , CSR , CTR , COM , RDS , RD T , RDZ , SST , JT 
COMMON/CAP P7M/BZ ( l 0 0 )  , NLINE , R  
COMMON/RDA/NS , I Z , E ( 1 5 )  , V ( 1 5 )  , HH ( l 5 )  , ZZ ( 9 9 ) , N , TI T LE ( 2 0 )  , LL LL ( 99 )  
R E A L  MAR Y , MA N , JU N I O R , MAXSTR 
CALCULATE MAXIMUM PRINC I P A L  STRAIN IN T E N S I LE D I R EC T I O N  

��D
PmT���?E

A
O�U��m�L

wmL�Pw��R�mo� · §F ��¥s
V

STRA I N  
WITH R - AXIS I N  THE R - V  PLANE AND MINUS I S  COUNTERCLOCKW I SE . 
I N  P R I NTOUT : A COMB INATION D I R ECTION D E F I N E S  THE PLANE O R  
P L A N E S  I N  WHICH T H I S  S T R A I N  I S  CONSTANT . 
BSC • ABS ( CTR ) - 0 . 0 0 0 9  
IF ( BSC . GT . O . O )  GO TO 5 0 0  
WHEN SHEAR STRESS I S  Z E R O , T , R , & V A R E  P R I NC I PA L  AXE S .  
TMPMX1 = ( 1 0 0 0 0 0 0 . / E ( L l l * ! C S R -V ( L J * ( C SZ+CST ) ) 
TMPMX2 = ( 1 0 0 0 0 0 0 . /E ( L ) ) * ( CSZ-V ( L l * ! CSR +CST ) ) 
TMPMX3 • ( 1 000000 . /E ( L ) l * ! CST-V ( L l * ! CSR+CSZ ) )  
MAR Y  • ( CST-CSR ) 
THOMP • ABS ( MA R Y )  - 0 . 0 0 0 9  
SUTTON • ( CSR -CSZ ) 
J U N I O R  • ABS ( SUTTO N ) - 0 . 0 0 0 9  
SAM = ( C S T  -CSZ ) 
SAMPAT = ABS ( SAM ) - 0 . 00 0 9  
I F ( ( JU N I O R . LT . O . O )  . AND . ( THOMP . LT . O . O ) ) G O  TO 5 3 0  
GO TO 5 3 1  

5 3 0  MAXSTR = TMPMX1 
GO T O  5 0 1  

5 3 1  CONTINUE 
IF ( ( JU N I O R . LT . O . O ) . A ND . ( MA R Y . LE . - 0 . 00 0 9 ) )  GO TO 5 3 4  
GO TO 5 3 5  

5 3 4  MAXSTR • TMPMXl 
GO TO 5 0 3  

5 3 5  CONTI NUE 
IF ( ( SAMPAT . LT . O . O ) . AND . ( MA R Y . GE . 0 . 0 0 09 ) )  GO TO 5 3 2  
G O  T O  5 3 3  
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5 3 2  MAXSTR = TMPMX2 
GO TO 5 0 5  

5 3 3  CONTINUE 

A 1  U n i v e rs i t y  of  K e n t ucky Comp u t i n g  Ce n t e r  

I F ( ( THOMP . LT . O . O )  . AND . ( SUTTON . GE . 0 . 0 0 0 9 ) )  GO TO 5 3 6  
GO TO 5 3 7  

5 3 6  MAXSTR = TMPMX3 
GO TO 5 0 7  

5 3 7  CONTINUE 
I F ( ( MA R Y . GE . 0 . 0 0 0 9 ) . AND . ( SAM . GE . 0 . 0 0 0 9 ) )  GO T O  5 3 8  
G O  T O  5 3 9  

5 3 8  MAXSTR = TMPMX3 
GO TO 5 0 9  

5 3 9  CONTINUE 
I F ( ( MA R Y . LE . - 0 . 0 0 0 9 )  . AND . ( SUTTON . GE . 0 . 0 0 0 9 ) ) GO T O  5 4 0 0  
G O  T O  5 4 0 1  

5 4 0 0  MAXSTR • TMPMX1 
GO TO 5 1 1  

5 4 0 1  CONTINUE 
MAXSTR • TMPMX2 
GO TO 5 1 3  

5 0 1  WR I TE ( 6 , 5 0 2 )  R , Z , CSZ , CST , CSR , CTR , COM , RDZ , RD T , RDS , SST , MAXSTR 
5 0 2  F ORMAT ( 1H , 1 X , F 6 . 2 , 1 X , F 6 . 2 , 1 H* , F 1 0 . 4 , 1 X , F 1 0 . 4 , 1 X , F 1 0 . 4 , 1X , F 1 0 . 4 ,  

1 1 H* , F 1 0 . 6 , 1 H* , F 1 0 . 2 , 1X , F 10 . 2 , 1X , F 1 0 . 2 , 1X , F l 0 . 2 , 1X , F7 . 2 ,  
2 1 X . 7H* TRV I 

GO TO 5 5 7  
5 0 3  WR I TE ( 6 . 5 0 4 ) R , Z . CSZ , CS T , CS R , CT R , COM , RD Z , RD T , RDS , SST , MAXSTR 
5 0 4  FORMAT ( l H , lX , F 6 . 2 , 1 X , F6 . 2 , 1 H* , F 1 0 . 4 , 1X , F l0 . 4 , l X , F 1 0 . 4 , l X , F l 0 . 4  

l l H* , F 1 0 . 6 , 1H* . F l0 . 2 , lX , F l 0 . 2 , 1 X , F l 0 . 2 , 1 X , F l 0 . 2 , 1 X , F 7 . 2 ,  
2 1 X . 6H* RV ) 

G O  T O  5 5 7  
5 0 5  WR I TE ( 6 , 5 0 6 I R , Z . CS Z , CST , CSR , CT R , COM , RD Z , RD T , RD S , SST , MAXSTR 
5 0 6  F ORMAT ( l H , 1X , F 6 . 2 , 1X , F 6 . 2 , 1H* . F 1 0 . 4 , 1 X , F l 0 . 4 , 1 X , F 10 . 4 , 1X , F 10 . 4 ,  

1 1H* . F l 0 . 6 , l H* , F l 0 . 2 , 1X , F 1 0 . 2 , l X , F l 0 . 2 , lX , F l0 . 2 , 1X , F7 . 2 ,  
2 1 X , SH* TV I 

G O  TO 5 5 7  
5 0 7  WR I TE [ 6 , 5 0 8 ) R , Z . CS Z , CS T , CSR , CT R , CO M , RDZ , RDT , RD S , SS T , MAXSTR 
5 0 8  F ORMAT ( 1 H , 1 X , F 6 . 2 , 1 X , F 6 . 2 , 1H* , F 1 0 . 4 , 1 X , F l 0 . 4 , 1 X , F 1 0 . 4 , 1X , F l 0 . 4 ,  

l l H* . F l O . S , l H* , F l 0 . 2 , 1X , F l0 . 2 , lX , F l 0 . 2 , lX , F l0 . 2 , 1X , F 7 . 2 ,  
2 1 X , SH* TR ) 

G O  T O  5 5 7  
5 0 9  WR I TE ( 6 , 5 1 0 ) R , Z , C S Z , C ST , CSR , CT R , COM , RDZ , RD T , RDS , SS T , MAXSTR 
5 1 0  F ORMAT ( l H , l X , F 6 . 2 , lX , F6 . 2 , 1 H* . F l 0 . 4 , 1X , F l 0 . 4 , l X , F l0 . 4 , lX , F l 0 . 4 ,  

1 1 H* . F 1 0 . 6 , 1 H* . F 1 0 . 2 , 1X , F 1 0 . 2 , 1X , F l 0 . 2 , 1 X , F 10 . 2 , 1 X , F 7 . 2 ,  
2 1 X ,  7H* T D I R ) 

G O  T O  5 5 7  
5 1 1  WR I TE ( 6 , 5 12 ) R , Z , CSZ , CST , CSR , CT R , COM , RD Z , RD T , RD S , SST , MAXSTR 
5 1 2  FORMAT ( l H , l X , F 6 . 2 , lX , F 6 . 2 , lH* . F l 0 . 4 , l X , F l 0 . 4 , l X , F l0 . 4 , l X , F l0 . 4 ,  

l l H* , F l O . S , l H* , F l0 . 2 , l X , F 1 0 . 2 , l X , F l0 . 2 , lX , F l 0 . 2 , 1 X , F7 . 2 ,  
2 1 X , 7H* R D I R ) 

GO TO 5 5 7  
5 1 3  WR I TE [ S , 5 l 4 ) R , Z , CSZ , CST , CSR , CT R , CO M , RDZ , RDT , RDS , SS T , MAXSTR 
5 1 4  F ORMAT ( l H , l X , F 6 . 2 , 1X , F 6 . 2 , lH* , f l 0 . 4 , lX , F l 0 . 4 , 1 X , F l 0 . 4 , l X , F l 0 . 4  

l lH* , F lO . S , l H* , F l 0 . 2 , lX , F l0 . 2 , l X , F l 0 . 2 , lX , F l0 . 2 , lX , F 7 . 2 ,  
2 1X , 7H* V D I R ) 

G O  T O  5 5 7  
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c 
c 
c 

c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 

WHEN SHEAR STRESS I S  NOT ZER O ,  PR INCIPAL STRAIN MAY BE AN ANGLE 
IN R - V  PLANE OR IN T-DIRECTION O R  MAY BE IN A COMB INATION 
( OF THESE ) PLANE . 

5 0 0  TEMP = O . S * ( SQR T (  ( CSR -CSZ J * ( CSR -CSZ ) +4 . *CTR*CTR ) )  
CSlTEN = O . S* ( CSZ+CSR ) + TEMP 
CS2 T E N  = CSlTEN - 2 . *TEMP 
CS3TEN • CST 
GEORGE = CS1TEN-CS3TEN 
TUT • A B S ( GEORGE J - 0 . 0 0 0 9  
I F ( GE ORGE . LE . - 0 . 0 0 0 9 ) GO TO 5 5 4  
MAN • 1 0 0 0 . 
COFF • CSR-CSZ 
IF ( CO F F . LE . -0 . 0 0 0 9 ) MAN = 0 .  
SAM = ABS ( COFF ) -0 . 0 0 0 9  
I F ( SAM . G T . O . ) GO T O  5 2 0  
WHEN STRESSES I N  R AND V D I RECTIONS A R E  EQUA L ,  THETA I S  PLUS O R  
MINUS 45 . 0  DEGR EES WITH R - AX I S . 
IF ( CT R . GE . 0 . 0 0 0 9 ) THETA = 45 . 
IF ( CTR . LE . - 0 . 00 0 9 ) THETA • -45 . 
GO TO 5 4 0  
I N  PR INTOUT : THETA CAN VARY FROM PLUS O R  M I N U S  Z E R O  TO NINETY 
DEGRE E S  ( W I TH R- AXIS ) .  

5 2 0  THETA • 0 . 5*ARS I N ( CTR /TEMP ) 
THETA = ( l 8 0 . /3 . 1 4 l 5 9 2 7 ) *THETA 
IF ( ( MAN . EQ . O . O ) . AND . ( CTR . GE . 0 . 0 0 0 9 ) )  THETA • 9 0 . - THETA 
IF ( ( MA N . EQ . O . O )  . AND . ( CTR . LE . -0 . 0 0 0 9 ) )  THETA • - ( 9 0 . -ABS ( THETA ) )  

540 CSl = CSlTEN 
IF ( ( CS 3 TEN-CS2TEN ) . GE . 0 . 0 0 0 9 ) GO TO 545 
CS2 • CS2TEN 
CS3 • CS3TEN 
GO TO 5 5 0  

5 4 5  C S 2  • CS3TEN 
CS3 = CS2TEN 

550 MAXSTR = ( l 0 0 0 0 0 0 . /E ( L ) ) *( CS 1 -V ( L ) * ( CS2+CS3 ) )  
I F ( TUT . LT . O . O )  GO TO 5 5 1  
WHEN MAXIMUM STR E SS I N  R - V  PLANE I S  GREATER THAN TANGENTIAL 
STR E S S , MAXIMUM TENSILE STRAIN IS U N I D I R ECTIONA L I N  R -V PLAN E . 
W R I TE ( 6 , 5 5 3 ) R , Z . CSZ , CST , CSR , CTR , COM , RDZ , RDT , RDS , SST , MAXSTR , THETA 

5 5 3  F ORMAT ( lH , l X , F6 . 2 , 1 X , F6 . 2 , 1 H* , F l 0 . 4 , 1X , F 1 0 . 4 , l X , F l 0 . 4 , 1 X , F l0 . 4 ,  
l 1 H * , F 1 0 . 6 , 1H* . F 1 0 . 2 , 1X , F 1 0 . 2 , 1X , F 1 0 . 2 , 1X , F 10 . 2 , lX , F 7 . 2 ,  
2 1 X , 1 H* . 2 X , F5 . 1 )  · 

GO TO 5 5 7  
WHEN TANGENTIAL STR E SS EQUALS MAXIMUM T E N S I L E  STRESS IN R - V  
PLANE , MAXIMUM TENSILE STRA IN I S  IN PLANE D E F I NED B Y  T-AXIS 
AND ANGLE IN R -V PLANE . 

5 5 1  WRITE ( 6 , 5 5 2 ) R , Z , CSZ , CST , CS R , CTR , COM , RDZ , RD T , RD S , SST , MAXSTR , THETA 
5 5 2  FORMAT ( l H , lX , F 6 . 2 , l X , F6 . 2 , lH* . F 1 0 . 4 , l X , F l 0 . 4 , lX , F l 0 . 4 , 1 X , F l0 . 4 ,  

l lH* . F l 0 . 6 , l H* , F l 0 . 2 , l X , F l 0 . 2 , lX , F l0 . 2 , lX , F l0 . 2 , l X , F7 . 2 ,  
2 l X , 3H* T , F S . l )  

GO TO 5 5 7  
IF TANGENTIAL STRESS I S  MAJOR P R I NC I PA L  TENSI LE STR E S S , MAXIMUM 
TENSI L E  STRAIN I S  I N  TANGENTIAL D I R ECT I O N , ONLY . 

5 5 4  C S l  • CS3TEN 
CS2 • C S l TE N  
C S 3  • CS2TEN 
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MAXSTR • 1 1 0 0 0 0 0 0 . /E I L J I * I CS 1 -V I L J * I CS2+CS3 ) )  
WRITE I 6 , 5 5 5 ) R , Z , CS Z , CST , CSR , CTR , COM , RDZ , RDT , RDS , SS T , MAXSTR 

5 5 5  F O RMAT 1 1 H , l X , F 6 . 2 , 1 X , F 6 . 2 , 1 H* . F l 0 . 4 , l X , F l0 . 4 , l X , F l0 . 4 , 1X , F l0 . 4 ,  
l l H* , F l0 . 6 , l H* , F l 0 . 2 , 1X , F l 0 . 2 , 1 X , F l0 . 2 , l X , F l0 . 2 , l X , F 7 . 2 ,  
2 1 X ,  7H* T D I R J 

5 5 7  N L I N E = N L I N E + 1  
I F I O PTN . EQ . 2 )  G O  TO 9 9  
I F  I JT )  9 9 , 99 , 6 0 

6 0  W R I TE I 6 , 3 1 6 J 
3 1 6  FORMAT 1 1H+ , 1 3 1 X , lHS ) 

9 9  R E TU R N  
E N D  
SUBROUTINE READ l i iEND ) 
COMMON/CAMAPA/A Z I 3 9 6 ) , AR , I T N , I TN4 , NTEST , TE ST I 9 9 ) 

C SUBR O U T I N E  READ1 I S  USED ONLY WHEN OPTN = l .  
COMMON/RDA/NS , I Z , E i l S )  , V I l S )  , HH 1 1 5 )  , ZZ 1 9 9 )  , N , T ITLE I 2 0 ) , L L LL 1 9 9 ) 
COMMON / R D 1 / P S I , WGT , R R I 9 9 ) , I R 
I E ND = O  
R E AD 1 l l , 3 1 0 , END• 9 9 9 9 ) I TI T LE I I ) , I • 1 , 2 0 )  

3 1 0  FORMAT ( 2 0A4 ) 
R E AD i l l , 3 14 ) NS , I Z , IR , PS I , WGT 

3 1 4  FORMAT I 3 I 5 , 2F l 0 . 3 )  
A R = SQR T I WG T / 1 3 . 1 4 1 5 9*PS I ) J  
R E AD i l 1 , 3 0 2 J I E I I )  , V I I )  , I = 1 , NS )  

3 0 2  F O RMAT I S I F 7 . 0 , F6 . 5 ) )  
READ I 1 1 , 3 1 3 ) 1 RR I I ) , I • 1 , IR )  

3 13 FORMAT i l O F 6 . 3 )  
N = N S - 1  
R E AD 1 1 1 , 3 1 3 J I HH I I ) , I = 1 , N J  
R E AD 1 1 1 , 3 13 J I ZZ ( I J , I = l , IZ )  
GO TO 9 9 9 8  

9 9 9 9  I E N D • 1  
9 9 9 8  CONTINUE 

R E TU R N  
E N D  
SUBROUTINE READ2 1 I END ) 

C SUBR OUT I NE READ2 I S  USED ONLY WHE N OPTN • 2 
COMMON/RDA/NS , IZ , E I 1 5 )  , V I 1 5 )  , HH I 1 5 )  , ZZ I 9 9 )  , N ,  TITLE ( 2 0 J  , L L L L I 9 9 ) 
COMMON/RD2 / IB2 , IB3 , IA , I R A , AJXX 1 9 9 )  , AJYY I 9 9 )  
COMMON/RD3/RX 1 9 9 ) , R Y I 9 9 ) , 8 PSI ( 99 ) , BWGT ( 99 ) , JR U N , KST 
COMMON/JESSES/JA 
I E ND = O  
R E AD I 1 1 , 3 10 , E N D • 9 9 9 9 )  ( T I T LE ( I J  , 1 • 1 , 20 )  

3 1 0  F ORMAT ( 2 0A4 ) 
R EAD ( 1 1 , 3 1 l ) NS , I Z , IA , I R A  

3 1 1  F ORMAT ( 4 I 5 )  
R E AD ( l l , 3 0 2 ) ( E ( I )  , V ( I )  , I • l , NS )  

3 0 2  F ORMAT ( S ( F 7 . 0 , F 6 . 5 ) )  
N = N S - 1  
R EAD I 1 1 , 3 1 3 ) I HH I I J  , I = l , N )  

3 1 3  F ORMA T i l O F 6 . 3 )  
READ I l l ,  3 13 ) I ZZ ( I )  , I • 1 , I Z )  

C ****R EAD I N  THE LOCA T I ONS O F  THE D E S I R ED ANSWER P O I NT S  A S  X , Y  COORDI-
C NATES 

R EAD ( l l , 3 1 7 ) ( AJXX ( I ) , AJYY ( I ) , I = l , IA )  
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3 1 7  F ORMAT ( l 6 F 5 . 2 )  
C **** READ IN THE X , Y  COORD I NATE LOCA T I ONS AND R E S PECTIVE LOAD S .  
C WHEN O P TN = 2 , READ MAGN ITUDE OF LOAD FOR EACH LOAD LOCATION . 
C WHEN O P TN = 3 , ANALYSES' SUBTRACTS CALCULATED ANSWERS F O R  MIN IMUM 
C LOADS F R OM ANSWE RS F O R  MAXIMUM LOADS . 
C WHEN OPTN= 3 ,  LOADS MUST BE READ IN AS THE MAX IMUM , THEN M I N IMUM 
C FOR F I R S T  LOADED AREA FOLLOWED BY THE MAXIMUM THEN MIN IMUM F O R  
C OTHER LOADED AREA . 
C BWGT ( l ) =MAXIMUM LOAD ON LOADED A R EA ( l ) . 
C BWG T ( 2 ) =MIN IMUM LOAD ON LOADED AREA ( l ) .  
C BWGT ( 3 ) =MA X I MUM LOAD ON LOADED AREA ( 2 ) . 
C BWGT ( 4 ) =MIN IMUM LOAD ON LOADED AREA ( 2 ) .  

I F ( JA . GT . l )  GO TO 2 0 0 8  
4 0 3  READ ( l l , 3 1 6 ) ( RX ( I ) , R Y ( I ) , BP SI ( I ) , BWGT ( I ) , I = 1 , IRA ) 
3 1 6  FORMA T [ 4 ( 2 F5 . 2 , F 4 . l , F 6 . 1 ) ) 

2 0 0 8  C O N T I NUE 
GO TO 9 9 9 8  

9 9 9 9  I E ND = l  
9 9 9 8  CONTINUE 

RETURN 
END 
SUBROUTINE STRNEN 
COMMON / HE R B 1 /WO RK ( 9 9 )  , STENDN ( 99 )  , ASTEN ( 9 9 )  , WKSTRS ( 9 9 )  , ZZZ ( 9 9 }  
COMMON/HER83 I IZI , CSXX ( 9 9 )  , CSXY ( 9 9 ) ,  CSXZ ( 9 9 ) ,  CSYY ( 9 9 ) ,  CSYZ ( 9 9 ) ,  

1 CSZZ ( 9 9 )  , CSOM ( 9 9 ) , CCOM ( 9 9 }  
COMMON/HE R 85 /CR XX ( 9 9 }  , CR Y Y ( 99 }  , CR ZZ ( 9 9 )  , CR XY ( 9 9 }  , CR XZ ( 9 9 )  , CR YZ ( 9 9 )  
COMMON/RDA/NS , IZ , E ( 1 5 )  , V ( 1 5 )  , HH ( 1 5 )  , ZZ ( 99 ) , N , T ITLE [ 2 0 )  , LL L L ( 9 9 )  
COMMON/RD2/I8 2 , I 8 3 , IA , I R A , AJXX [ 9 9 )  , AJYY ( 99 )  
DO 6 0 2  I Z T = l , I ZI 

C ** STAR T THE CALCULATION OF THE STRAIN ENERGY DENSITY . ***** 
L • L L L L ( IZ T )  
ALAMB• E ( L l *V ( L ) / ( ( 1 . +V ( L ) ) * ( l . -2 . *V ( L ) ) }  
AMU=E ( L ) / ( 2 . * ( 1 . +V ( L ) ) }  
P H I = C R X X ( IZ T ) +C R Y Y ( IZT J +CRZZ ( I Z T )  
STENDN ( IZ T ) • ( 0 . 5*ALAMB*PHI**2 +AMU* ( ( CR X X ( IZT J l **2 + ( CR Y Y ( I Z T ) l **2 

l + ( CR ZZ ( I Z T ) l **2 +2 . * ! CR X Y ( I Z T l l **2 +2 . * ( CR YZ ( I Z T l l **2 +2 . * ( CR X Z ( IZ 
2 T l l **2 l l  

ASTEN ( I ZT ) =SQR T ( STEND N ( I Z T ) *2 . /E ( L ) ) 
6 0 9  CONT INUE 
602 CONTINUE 

R E T U R N  
END 
SUBROUTINE SUPER ( RR , R T , TT , ZZ , THETA , XX T , X Y T , XZ T , YYT , YZT , ZZ T )  
C O = COS ( THETA } 
S I = S I N ( TH E TA ) 
S I C O • S I*CO 
COSQ=CO*CO 
S I SQ • S I*SI 
R Z • O  
TZ•O 
XX=COSQ*RR - 2*SICO*RT+S ISQ*TT 
X Y = SICO*R R + ( COSQ- S I SQ ) *R T - SICO*TT 
XZ•CO*R Z - S I*TZ 
Y Y • S ISQ*RR+2*S ICO*RT+COSQ*TT 
Y Z • S I*RZ+CO*TZ 
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ZZ=ZZ 
XXT=XXT+XX 
XYT =XYT+XY 
XZT=XZT+XZ 
Y Y T = Y YT+YY 
YZT=YZT+YZ 
ZZT=ZZT+ZZ 
CONTINUE 
R E TU R N  
END 

Al Unive r s i t y  of K e n t uc ky Comp u t i n g  Ce n t e r  
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EXAMPLE PROBLEMS 
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1 . . .  + . . . .  1 . . . .  + . . . .  2 . . . .  + . . . .  3 . . . .  + . . . .  4 :  . . .  + . . . .  5 . . . .  + . . . .  6 . . . .  + . . . .  7 . . . .  + . . . .  8 

l 
OPTN • l 

3 3 
5 5 0 0 0 0  400 

6 5  
7 1 6  
0 7 

O PTN • l 
2 2 

2 0 0 0 0 0  400 
6 5  

1 82 5  
0 1 8 2 5  

( OLD CHEVRON ) 
1 2 6 5  

1 1 3 5 0  400 

23 
( O LD CHEVR O N )  

l 2 6 5  
1 2 0 0 0  450 

4500 
3 0 0 0  450 

4 5 0 0  

I . . .  + . . . .  l . . .  + . . .  2 . . . .  + . . . .  3 . . . .  + . . . .  4 . . . .  + . . . .  5 . . . .  + . . . .  6 . . . .  + . . . .  7 . . . .  + . . . .  8 

67 



******************** OPTN • 1 ( OLD CHEVRON ) ******************** PAGE 1 

LOCATION * 
* 
* 

R z * 
* 

6 . 5 0  0 . 0  * 
6 . 50 7 . 00* 
6 . 50 7 . 00* 
6 . 50 2 3 . 00* 

"' 6 .. 50  2 3 . 00* 
C1J 

TOTAL LOAD . .  

THE PROBLEM PARAMETERS ARE 

4500 . 00 LBS 

TIRE PRESSURE . .  

LOAD RADIUS . .  

2 6 . 5 0 PSI 

7 . 35 IN . 

LAYER 1 HAS MODULUS 0 , 5 50 , 0 00 POISSONS RATIO 0 . 400 
LAYER 2 HAS MODULUS 0 , 0 1 1 , 8 50 POISSONS RATIO 0 . 400 
LAYER 3 HAS MODULUS 0 , 003 , 000 POISSONS RATIO 0 . 450 

S - T - R - E - S - S - E - S  *DEF LECTION* 
PSI * INCHES * 

* * 
VERTICAL TANGENTIAL RADIAL SHEAR * VERTICAL * VERTICAL 

* * 

- 2 6 . 8 0 8 0  - 8 5 . 2049 - 7 9 . 1467 -0 . 0000* 0 . 0 1 66 84* 70 . 7 9 
- 2 . 5 8 5 8  6 5 . 8 1 8 5  5 6 . 42 0 6  - 0 . 8 0 1 2* 0 . 0 1 6 5 8 5 *  - 9 3 . 6 0 
-2 . 5 8 5 8  -0 . 26 8 6  -0 . 47 1 1  -0 . 8 0 1 3* 0 . 0 1 6 5 8 5 *  - 1 9 3 . 2 4 
-0 . 7 7 8 2  1 . 4 9 3 1  1 .  4297 -0 . 1 009* 0 . 0 1 4046* - 1 6 4 . 33 
- 0 . 7 7 8 2  -0 . 0 8 2 0  - 0 . 0 9 7 5  -0 . 1 0 0 9* 0 . 0 14046* - 2 3 2 . 45 

AND THICKNESS 7 . 00 I N ,  
AND THICKNESS 16 . 0 0 I N ,  
AND I S  SEMI - INFINITE . 

S-T-R -A- I -N - S  *ANGLE 
MICRO INCHES/INCH * DEG 

* 
TANGENTIAL RADIAL SHEAR IN MAX .  P R I N .  IN * WitH 

MICRO RAD . TENSILE DIR . *RAXIS 

- 7 1 . 86 - 6 2 . 44 -0 . 0 0  70 . 79 * V D I R  
80 . 52 5 6 . 60 - 4 . 0 8  80 . 5 2 * T D I R  
80 . 52 5 6 . 60 - 1 8 9 . 33 8 8 . 4 1 * - 1 6 . 6  

1 04 . 0 1 9 6 . 52 -23 . 84 1 0 4 . 0 1  * T DIR 
1 0 4 . 0 1  9 6 . 5 2  -97 . 5 1 1 0 3 . 5 9 * T - 8 . 3  

******************** OPTN • 1 ( O LD CHEVRON ) ******************** PAGE 1 

LOCATION * 
* 
* 

R z * 
* 

6 . 50 0 . 0  * 
6 . 50 1 8 . 25* 
6 . 50 1 8 . 25* 

TOTAL LOAD . .  

TIRE PRESSURE . .  

LOAD RADIUS . .  

THE PROBLEM PARAMETERS ARE 

450 0 . 00 LBS 

2 6 . 50 PSI 

7 . 35 IN . 

LAYER 1 HAS MODULUS 0 , 200 , 000 POISSONS RATIO 0 . 400 
LAYER 2 HAS MODULUS 0 .  0 12 , 00 0  POISSONS RATIO 0 . 450 

S - T - R - E - S - S - E - S  *DEF LECTION* 
PSI * INCHES * 

* * 
VERTICAL TANGENTIAL RADIAL SHEAR * VERTICAL * VERTICAL 

* * 

- 2 6 . 8 0 8 0  - 3 1 . 5 19 9  - 3 1 . 3 0 1 3  0 . 0000* 0 . 005 000* - 8 . 40 
- 1 . 2497 1 1 . 4 8 1 9  1 0 . 5039 -0 . 2 303* 0 . 004354* -50 . 2 2 
- 1 . 2497 - 0 . 22 0 1  - 0 . 27 6 8  -0 . 2303* 0 . 004354* - 8 5 . 5 1  

AND THICKNESS 1 8 . 25 IN , 
AND I S  SEMI -INFINITE . 

S - T - R -A - I -N-S *ANGLE 
MICROINCHES/INCH * DEG 

* 
TANGENTIAL RADIAL SHEAR IN MAX . PR I N . I N * WITH 

MICRO RAD . TENSILE DIR . *R AXI 

-4 1 . 3 8 -39 . 85 0 . 0 0 - 8 . 40 * V DIR 
3 8 . 90 3 2  . OS -3 . 22 3 8 . 90 * T DIR 
3 8 . 90 3 2 . 05 - 5 5 . 67 3 8 . 90 * T DIR 



F I LE : CHOPTN2 SCALE A 1  U n i v e r s i t y  of K e n t u c k y  Comp u t i n g  C e n t e r  

I . . .  + . . . .  1 . . . .  + . . . .  2 . . . .  + . . . .  3 . . . .  + . . . .  4 . . . .  + . . . .  5 . . . .  + . . . .  6 . . . .  + . . . .  7 . . . .  + . . . .  8 

2 1 
O PT N  = 2 

3 3 
4 8 0 0 0 0  4 0 0  

8 1 6  
0 8 

2 0 0 0  2 9 2 7  
2 0 0 0  2 0 0 0  

O PT N  • 2 
4 4 

4 8 0 0 0 0  4 0 0  
8 6 
0 8 

2 0 0 0  2 9 2 7  
2 0 0 0  2 0 0 0  
7 0 0 0  2 0 0 0  

2 4 
3 0 0 0 0  

2 4  
2 0 0 0  3 1 5 0  
8 0  4500 

( TANDEM ) 
2 8 

3 0 0 0 0  
1 6  
1 4  30 

2000 3 1 50 
80 4 5 0 0  
8 0  4500 

400 4500 4 5 0  

2 0 0 0  3 3 5 0  80 4500 2 0 0 0  9430 80  4500 2 0 0 0 1 0 7 8 0  80  4500 

4 0 0  2 45 0 0  4 0 0  4500 450 

2000 3350 80 45oo 2000 9430 80 4500 2 0 0 0 1 0 7 8 0  80 4500 
7000 3350 80 4500 7 0 0 0  9430 80 4500 7 0 0 0 1 0 7 8 0  80 4500 

1 . . .  + . . . .  1 . . . .  + . . . .  2 . . . .  + . . . .  3 . . . .  • . . . .  4 . . . .  + . . . .  s . . . .  + . . . .  e . . . .  + . . . .  7 . . . .  + . . . .  s 

69 



******************** OPTN • 2 ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BE LOW ARE BY SUPERPOS I T I ON***************************************** 
************************************************************************************************************************ 

THE PROBLEM PARAME T E R S  ARE 
LAYER 1 HAS MODULUS 0 , 4 8 0 , 000 POISSONS RATIO 0 . 400 AND THICKNESS 8 . 00 I N ,  
lAYER 2 HAS MODULUS 0 , 0 3 0 , 0 00 POISSONS RATIO 0 . 400 AND THICKNESS 1 6 . 00 I N ,  
LAYER 3 HAS MODULUS 0 , 00 4 , 5 0 0  POISSONS R A T I O  0 . 45 0  AND I S  SEMI - IN F I N I TE . 

COORDINATES OF THE LOAD POINTS AND LOAD VALUES ARE 
X 2 • 2 0 . 0 0 Y 2 • 3 3 . 50 P 2 ) •  450 0 . 00 TIRE PRESSURE• 8 0 . 00 PSI 
XI 1 1 • 2 0 . 00 VI 1 1 • 2 0 . 00 PI 1 ) •  450 0 . 0 0 TIRE PRESSURE• 8 0 . 0 0  PSI 
X 3 • 2 0 . 00 Y 3 ) •  9 4 . 30 P 3 • 4500 . 0 0  TIRE PRESSURE• 8 0 . 00 PSI 
X 4

1
• 2 0 . 00 · ¥  4 ) • 1 0 7 . 80 P 4

1
• 4500 . 00 TIRE PRESSURE• 8 0 . 00 PSI 

COORDINATES DEPTH S - T - R - E - S - S - E - S  
X y z XX XY xz yy YZ zz DEFLECTION 

2 0 . 00 2 9 . 2 7 0 . 0  - 0 . 1 2 0 2 6 7 E  0 3  - 0 . 2 9 0 4 5 9 E - 0 3  0 . 0  - 0 . 9 3 3 1 3 0 E  0 2  0 . 0  - 0 . 40 7 3 5 3 E  0 2  0 . 2 9 4 2 3 3 E - 0 1  
2 0 . 00 29 . 27 - 8 . 00 0 . 8 3 3 3 3 9 E  0 2  0 . 3 6 2 8 3 0 E  0 1  0 . 0  0 . 5 80 4 1 0 E  0 2  0 . 0  - 0 . 7 6 6 5 2 9 E  0 1  0 . 2 9 2 1 9 5 E - 0 1  
2 0 . 00 2 9 . 2 7 8 . 00 0 . 4 1 7 5 8 2 E  00 0 . 3 6 2 834E 0 1  0 . 0  - 0  . l 1 6 3 2 2 E  0 1  0 . 0  -0 . 7 6 6 5 2 7 E  0 1  0 . 2 9 2 1 9 5 E - 0 1  6 2 0 . 0 0  2 9 . 2 7 - 2 4 . 00 0 . 5 85 3 2 3 E  0 1  0 . 3 2 9 6 2 3 E  00 0 . 0  0 . 4 6 0 7 6 9E 0 1  0 . 0  - 0 . 1 6 2 7 6 1 E  0 1  0 . 2 6 2 5 80E - 0 1  
2 0 . 00 2 9 . 2 7 2 4 . 00 - 0 . 2 0 8 0 2 8 E  0 0  0 .  3 2 9 6 2 5 E  0 0  0 . 0  - 0 . 3 8 8 4 1 6 E  0 0  0 . 0  - 0 . 1 6 2 7 6 0 E  0 1  0 . 2 6 2 5 8 0 E - O l  
COORDINATES DEPTH S - T -R - A - I - N - S  STRAIN ENERGY WORK 

X y z XX XV xz yy YZ zz DENSITY STRAIN 
2 0 . 00 2 9 . 2 7 0 . 0  - 0 . 1 3 8 84 9 E - 0 3  - 0 . 1 7 1 9 0 3 E - 0 8  0 . 0  - 0 . 6 0 2 3 3 6 E - 0 4  0 . 0  0 .  9 3 1 1 76 E  -04 0 . 9 2 6 3 1 2 E - 0 2  0 . 1 9 6 4 6 0 E - 0 3  
2 0 . 0 0  2 9 . 2 7  - 8 . 00 0 . 1 3 16 32 E - 0 3  0 .  2 1 1 6 5 1 E - 0 4  0 . 0  0 . 5 7 8 6 1 7 E - 0 4  0 . 0 -0 . 1 3 3 7 8 2 E -03 0 . 7 8 3 0 2 1 E - 0 2  0 . 1 80 6 2 6 E - 0 3  
2 0 . 00 29 . 2 7 8 . 00 0 . 1 3 1 6 3 3 E - 0 3  0 . 3 3 8 6 45 E -0 3  0 . 0  0 . 5 7 8 6 1 6 E -0 4  0 . 0  - 0 . 2 4 5 5 6 7 E - 0 3  0 . 3 3 9 243E -02 0 . 4 7 5 5 6 5 E - 0 3  
2 0 . 0 0 2 9 . 2 7 - 2 4 . 0 0  0 . 1 5 5 3 7 3 E - 0 3  0 . 3 0 7 6 4 8 E - 0 4  0 . 0  0 . 9 7 2 4 7 9 E - 0 4  0 . 0  - 0 . 1 9 3 7 3 2 E - 0 3  0 . 8 5 6 7 0 2 E - 0 3  0 . 2 3 8 9 8 4 E - 0 3  
2 0 . 0 0 2 9 . 2 7 2 4 . 0 0 0 . 1 5 5 3 7 3 E - 0 3  0 . 2 1 24 2 5 £ - 0 3  0 . 0  0 . 9 7 2 4 8 2 E - 0 4  0 . 0  - 0 . 3 0 2 0 4 4 E - 0 3  0 . 3 5 0 7 9 7 E - 0 3  0 . 3 9 4 8 5 4 E - 0 3  
COORDINATES DEPTH S - T - R - E - S - S - E - S  

X y z XX XV xz YY YZ zz DEFLECTION 
2 0 . 00 3 1 . 50 0 . 0  - 0 . 1 4 9 7 0 5 E  0 3  0 . 1 3 5 7 6 5 E - 0 3  0 . 0  - 0 . 1 3 1 9 2 9 E  0 3  0 . 0  - 0 . 7 9 3 9 0 7 E  0 2  0 . 2 9 8 4 3 9 E - 0 1  
2 0 . 00 3 1 .  so - 8 . 0 0 0 . 8 7 1 l 0 6 E  0 2  0 . 2 8 1 2 3 9 E  0 1  0 . .  0 0 . 6 7 2 2 42E 0 2  0 . 0  - 0 . 8 0 3 0 9 6 E  0 1  0 . 2 9 3 6 6 7 E - 0 1  
2 0 . 0 0  3 1 . 5 0  8 . 00 0 . 42 5 1 0 2 E  00 0 . 2 8 1244E 01 0 . 0  - 0 . 8 1 7 7 9 5 E  0 0  0 . 0  - 0 . 8 0 3 0 9 0 E  0 1  0 . 2 9 3 6 6 8 E - 0 1  
2 0 . 00 3 1 . 50 - 2 4 . 0 0  0 . 5 8 0 4 8 0 E  0 1  0 . 3 2 0 5 87E 0 0  0 . 0  0 . 4 4 7 6 5 8 E  0 1  0 . 0  - 0 . 1 6 2 2 4 7 E  0 1  0 . 2 6 4 1 2 0 E - 0 1  
2 0 . 00 3 1 . 5 0 2 4 . 0 0  - 0 . 2 1 3 0 8 6 E  00 0 . 3 2 0 5 9 1 E  00 0 . 0  - 0 . 405447E 00 0 . 0  -0 . 1 6 2 2 4 6 E  0 1  0 . 2 6 4 1 2 0 E - 0 1  
COORDINATES DEPTH S - T - R - A - I - N - S  STRAIN ENERGY WORK 

X y z XX XV xz yy YZ zz DENSITY STRAIN 
2 0 . 00 3 1 . 50 0 . 0  - 0 . 1 3 5 7 86 E - 0 3  0 . 7 7 5 6 8 4 E - 0 9  0 . 0  - 0 . 8 3 9 3 8 2 E - 0 4  0 . 0  0 . 6 9 2 9 7 2 E - 0 4  0 . 1 2 9 5 0 0 E - 0 1  0 . 2 3 2 2 9 0 E - 0 3  
2 0 . 00 3 1 . 50 - 8 . 00 0 . 1 3 2 1 5 3 E - 0 3  0 . 1 6 4 0 5 6 £ - 0 4  0 . 0  0 . 7 4 1 5 0 8 E - 0 4  0 . 0  - 0 . 1 4 5 3 4 3 E - 0 3  0 . 8 9 2 4 2 0 E - 0 2  0 . 1 9 2 8 3 2 E - 0 3  
2 0 . 0 0 3 1 . 50 8 . 00 0 . 1 3 2 1 5 3 E - 0 3  0 . 2 6 2 4 9 4 E - 0 3  0 . 0  0 . 74 1 5 0 7 E - 0 4  0 . 0  -0 . 2 6 2 4 6 0 E - 0 3  0 . 2 5 2 8 1 6 E - 0 2  0 . 4 1 0 5 4 1 E -03 
2 0 . 00 3 1 . 5 0  - 2 4 . 0 0  0 . 1 5 5 4 3 8 E - 0 3  0 . 2 9 9 2 1 4E -0 4  0 . 0  0 . 9 3 4 5 4 9 E - 0 4  0 . 0 - o  . 1 9 1 1 6 7 E - 0 3  0 . 8 3 4 5 8 7 E - 0 3  0 . 2 3 5 8 7 9 E - 0 3  
2 0 . 00 3 1 . s o  2 4 . 0 0 0 . 1 5 5 4 3 8 E -03 0 . 2 0 6 6 0 3 E - 0 3  0 . 0  0 . 9 3 4 5 5 3 E - 0 4  0 . 0  - 0 . 2 9 86 9 3 E - 0 3  0 . 3 3 9 2 7 2 E - 0 3  0 . 3 8 8 3 1 4 E - 0 3  



******************** OPTN • 2 ( TANDEM) ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BE LOW ARE BY SUPERPOSIT ION***************************************** 
************************************************************************************************************************ 

__, 
.... 

COORDINATES 
X y 

2 0 . 00 2 9 . 2 7 
20 . 00 2 9 . 2 7 
20 . 0 0  2 9 . 27 
20 . 00 2 9 . 27 
20 . 00 29 . 27 
20 . 00 2 9 . 27 
20 . 00 2 9 . 27 
COORDINATES 

X v 
20 . 00 2 9 . 2 7 
20 . 0 0 2 9 . 2 7 
20 . 00 2 9 . 2 7 
20 . 00 2 9 . 2 7 
20 . 0 0  2 9 . 2 7 
20 . 00 29 . 2 7 
20 . 0 0 2 9 . 27 

THE PROBLEM PARAMETERS ARE 
LAYER 1 HAS MODULUS 0 , 4 8 0 , 000 POISSONS RATIO 0 . 400 AND THICKNESS 8 . 0 0  I N ,  
LAYER 2 HAS MODULUS 0 , 03 0 , 000 POISSONS RATIO 0 . 400 AND THICKNESS 6 . 00 I N ,  
LAYER 3 HAS MODULUS 0 , 0 24 , 5 00 POISSONS RATIO 0 . 400 AND THICKNESS 1 6 . 0 0 I N ,  
LAYER 4 HAS MODULUS 0 , 0 0 4 , 5 00 POISSONS RATIO 0 . 45 0  AND I S  SEMI - IN F I N I TE . 

COORDINATES OF THE LOAD POINTS AND LOAD VALUES ARE 
X (  1 ) •  2 0 . 00 Y(  1 ) •  20 . 0 0 P(  1 ) =  4500 . 00 T I R E  PRESSURE • 8 0 . 00 P S I  
X(  2 ) •  20 . 00 Y (  2 ) •  3 3 . 5 0 P (  2 ) =  4500 . 0 0 TIRE PRESSUR E •  8 0 . 00 P S I  
X(  3 ) •  20 . 00 Y (  3 ) •  9 4 . 3 0 P (  3 ) =  4500 . 0 0 TIRE PRESSUR E •  8 0 . 00 P S I  
X 5 ! • 7 0 . 0 0 Y ! 5 = 20 . 0 0  P 5 ) •  4500 . 00 TIRE PRESSURE• 8 0 . 00 P S I  
X I 4 ) •  20 . 00 Y (  4 ! • 1 0 7 . 80 pl 4 ) =  450 0 . 0 0 TIRE PRESSUR E •  8 0 . 00 P S I  
X 6 • 7 0 . 0 0 Y 6 ) •  3 3 . 50 P (  6 ) •  4500 . 00 TIRE PRESSUR E •  8 0 . 00 P S I  
X 7 ) •  7 0 . 00 Y l 7 ) •  9 4 . 3 0 P (  7 ) •  4500 . 0 0 TIRE PRESSURE• 8 0 . 00 P S I  
X (  8 } •  7 0 . 00 Y 8 } • 1 0 7 . 8 0 P (  8 } •  4500 . 00 TIRE PRESSUR E •  8 0 . 00 P S I  

DEPTH S - T - R - E - S - S - E - S  
z XX XY xz yy YZ zz DEFLECTION 

0 . 0  -o . 1 15 4 1 3 E  0 3  0 . 2 6 5 3 0 8 E  0 1  0 . 0  - 0 . 9 5 5 747E 0 2  0 . 0  - 0 . 4 0 4 8 6 5 E  02 0 . 4443 8 8 E - 0 1  
- 8 . 00 0 . 77 1 3 79E 0 2  0 . 1 3 9 842E 0 1  0 . 0  0 . 5 6 7 6 3 1 E  02 0 . 0  - 0 . 7 9 8 0 1 0 E  0 1  0 . 442 5 1 6 E - 0 1  

8 . 0 0  0 . 1 09 6 0 2 E  0 0  0 . 2 9 0 8 5 3 E  0 1  0 . 0  - 0 . 1 7 1 5 8 4 E  0 1  0 . 0  - 0 . 7 9 80 0 6 E  0 1  0 . 442 5 1 7 E - 0 1  
- 1 4 . 0 0 0 . 1 7 8 7 5 9 E  0 1  0 . 1 1 2 6 2 3 E  0 1  0 . 0  0 . 7 6 5 1 9 6 E  00 0 . 0  - 0 . 4 89 5 6 0 E  0 1  0 . 429506E - 0 1  

1 4 . 0 0 0 . 9 1 4400E 00 0 . 1 1 6 3 84E 0 1  0 . 0  - 0 . 2 6 3 2 8 4 E - 0 1  0 . 0  - 0 . 4 8 9 5 60E 0 1  0 . 42 9 5 0 7 E - 0 1  
- 3 0 . 00 0 . 3 9 6 7 9 3 E  0 1  - 0 . 2 8 83 0 1 E  00 0 . 0  0 . 3 5 5 3 5 7E 0 1  0 . 0  - O . l 7 1 9 3 6 E  0 1  0 . 400 6 9 7 E - 0 1  

3 0 . 00 - 0 . 2 7 9 9 4 2 E  0 0  0 . 3 6 4 7 1 3 E - 0 1  0 . 0  - 0 . 5 6 7 1 1 3 E  0 0  0 . 0  - 0  . 1 7 1 9 3 5 E  0 1  0 . 4 0 0 6 9 6 E - 0 1  
DEPTH S -T - R -A - 1 -N - S  STRAIN ENERGY WORK 

z XX XY xz yy YZ zz DE NSITY STRAIN 
0 . 0  - 0 . 1 2 7 0 5 9 E - 0 3  0 . 7 7 3 7 8 7 E - 0 5  0 . 0  - 0 . 6 9 1 9 7 8E - 0 4  0 . 0  0 . 9 1 4 7 5 9 E -04 0 . 6 80 7 6 6 E - 0 2  0 . 1 9 1 5 6 9 E - 0 3  

- 8 . 0 0 0 . 1 2 0 9 1 0E - 0 3  0 . 1 2 8 5 5 3 E - 0 4  0 . 0  0 . 5 9 7 6 6 4 E -04 0 . 0  - O . l 2 8 2 0 9 E - 0 3  0 . 6 9 3 6 8 4E - 0 2  0 . 1 7 0 0 1 0 E - 0 3  
8 . 00 0 . 1 4 6 6 7 1 E - 0 3  0 . 2 7 6 1 6 0E - 0 3  0 . 0  0 . 3 4 0 0 5 5 E - 0 4  0 . 0  - 0 . 2 4 4 5 8 4 E - 0 3  0 . 2 6 0 5 5 8 E -02 0 . 4 1 6 7 8 0 E - 0 3  

- 1 4 . 00 0 . 1 2 8 1 2 0 E - 0 3  0 . 1 1 4 6 8 9 E - 0 3  0 . 0  0 . 5 3 4 8 4 5 E -04 0 . 0  - 0 . 1 9 7 22 4 E - 0 3  0 . 9 1 0 3 6 4 E - 0 3  0 . 2 4 6 3 5 5 E - 0 3  
1 4 . 00 0 . 1 3 4 1 6 4 E - 0 3  0 . 1 4 2 5 8 4 E - 0 3  0 . 0 0 . 474404E -04 0 . 0 - 0 . 2 1 4 3 1 9 E - 0 3  0 . 9 5 3 6 1 4 E - 0 3  0 . 2 7 9 0 0 9 £ - 0 3  

- 3 0 . 00 0 . 1 3 9 4 3 2 E - 0 3  - 0 . 1 0 3 8 9 7 £ -0 4  0 . 0  0 . 1 0 0 9 1 1£ - 0 3  0 . 0  - 0 . 1 9 2 9 7 8 E - 0 3  0 . 6 2 6 2 1 3 £ - 0 3  0 . 2 2 6 0 9 6 E - 0 3  
3 0 . 0 0 0 . 2 0 8 2 8 6 E -0 3  0 . 4 6 0 6 2 6 E - 0 4  0 . 0  0 .  3 2 0 5 5 9 £ - 0 4  0 . 0  -0 . 2 9 7 3 7 4 £ - 0 3  0 . 2 3 5 4 3 1 E - 0 3  0 . 3 2 3 4 7 4 E - 0 3  



" 
N 

******************** OPTN • 2 ( TANDEM) ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BE LOW ARE BY SUPE R PO S I T I ON***************************************** 
************************************************************************************************************************ 

COORDINATES 
X y 

2 0 . 00 3 1 . 50 
2 0 . 0 0 3 1 . 50 
2 0 . 0 0  3 1 . 5 0  
2 0 . 00 3 1 . 5 0  
2 0 . 00 3 1 . 5 0 
2 0 . 00 3 1 . 5 0  
2 0 . 00 3 1 . 5 0 
COORDINATES 

X y 
20 . 00 3 1 . 50 
2 0 . 00 3 1 . 5 0 
2 0 . 00 3 1 . 5 0 
2 0 . 0 0  3 1 . 50 
2 0 . 00 3 1 . 50 
2 0 . 00 3 1 . 5 0 
2 0 . 00 3 1 . 5 0 

PROBLEM PARAMETERS ARE 
LAYER 
LAYER 
LAYER 
LAYER 

1 
2 
3 
4 

THE 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 

0 , 4 8 0 , 000 POISSONS RATIO 0 . 400 
0 , 03 0 , 000 POISSONS RATIO 0 . 400 
0 , 02 4 , 5 00 POISSONS RATIO 0 . 400 
0 , 00 4 , 5 00 POISSONS RATIO 0 . 45 0  

AND THICKNESS 8 . 0 0  I N , 
AND THICKNESS 6 . 0 0 I N , 
AND THICKNESS 1 6 . 00 I N , 
AND I S  SEMI - INFINITE . 

COORDINATES OF THE LOAD POINTS AND LOAD VALUES ARE 
X I 1 ) •  2 0 . 0 0 V I 1 ) •  2 0 . 00 PI 1 ) • 4500 . 00 TIRE PRESSURE• 8 0 . 00 PSI 
X 2 ) •  2 0 . 0 0 Y 2 ) •  3 3 . 50 P 2 ) •  4500 . 0 0 TIRE PRESSURE• 8 0 . 00 PSI 
X 3 ) •  2 0 . 0 0 Y 3 ) •  9 4 . 30 P (  3 ) •  4500 . 00 TIRE PRESSURE• 8 0 . 00 PSI 
X 4 ) •  2 0 . 0 0 V I  4 ) • 1 07 . 80 P (  4 ) •  450 0 . 00 TIRE PRESSUR E •  8 0 . 00 PSI 
X ! 5 ) =  7 0 . 0 0 y 5 ) •  2 0 . 00 P I 5 ) •  450 0 . 00 TIRE P R E SSUR E •  8 0 . 00 PSI 
X 6 ) •  7 0 . 0 0 V I  6 1 • 3 3 . 50 p 6 ) •  450 0 . 00 TIRE PRESSUR E =  8 0 . 00 PSI 
X 7 ) =  7 0 . 00 Y 7 • 9 4 . 30 P 7 ) =  450 0 . 00 TIRE PRESSURE= 8 0 . 00 PSI 
X (  8 ) •  7 0 . 00 Y (  8 ) • 1 0 7 . 80 P 8 ) =  4500 . 0 0  TIRE PRESSURE• 8 0 . 00 PSI 

DEPTH S - T - R - E - S - S - E - S  
z XX XV xz yy YZ zz DEFLECTION 

0 . 0  - 0 . 1 4 4 9 1 6 £  0 3  0 . 26 9 8 84£ 0 1  0 . 0  - 0 . 1 3 4 2 5 8 E  0 3  0 . 0  - 0 . 7 9 1 1 8 9 E  0 2  0 . 449040 E - O l  
- 8 . 00 0 . 8 0 9 2 8 9 E  0 2  0 .  5 6 4 4 3 2 E  00 0 . 0  0 . 6 5 9 0 8 8 E  0 2  0 . 0  - 0 . 8 3 3 7 6 7 E  0 1  0 . 4444 4 2 E - O l  

8 . 00 0 . 1 2 8 6 7 5 £  00 0 . 2 0 9 8 5 9 £  0 1  0 . 0  - 0 . 1 3 7 3 3 3 £  0 1  0 . 0  - 0 . 8 3 3 7 6 2 E  0 1  0 . 444443E - 0 1  
- 1 4 . 0 0 0 . 1 7 9 1 6 7 E  0 1  0 . 8 9 6 9 9 3 E  00 0 . 0  0 . 7 4 9 9 8 8 E  00 0 . 0  - 0 . 4 8 0 3 6 0 E  0 1  0 . 43 1 2 8 9 E - 0 1  

1 4 . 00 0 . 9 3 0 0 6 8 E  00 0 . 9 3 5 2 0 6 E  00 0 . 0  - 0 . 2 8 5 9 0 6 E - 0 1  0 . 0  - 0 . 4 8 0 3 6 0 E  0 1  0 . 43 1 2 8 9 E - 0 1  
- 3 0 . 00 0 . 3 9 7 6 0 0 E  0 1  - 0 . 2 9 5 5 2 9 E  00 0 . 0  0 . 3 5 0 4 5 1 £  0 1  0 . 0  - 0  . 1 7 2 3 8 2 E  0 1  0 . 4 0 2 7 6 5 E - 0 1  

3 0 . 00 - 0 . 2 7 9 8 0 8 E  00 0 . 3 5 2 9 8 5 £ - 0 1  0 . 0  - 0 . 5 8 15 6 4E 00 0 . 0  - 0 . 1 7 2 3 8 2 E  0 1  0 . 4 0 2 7 6 5 E - 0 1  
DEPTH S - T - R - A - I - N - S  STRAIN ENERGY 

z XX XV xz yy YZ zz DENSITY 
0 . 0  -0 . 1 2 40 9 4£-0 3  0 . 7 87 1 7 5 E - 0 5  0 . 0  - 0 . 9 3 0 0 8 2 E - 0 4  0 . 0 0 . 6 7 8 1 3 5 E - 0 4  0 . 1 25 7 3 7 E - 0 1  

- 8 . 00 0 . 1 2 1 5 0 2 E -0 3  0 . 8 0 6 5 1 9 E - 0 5  0 . 0  0 . 7 5 9 4 1 2 E - 0 4  0 . 0  - 0 . 1 39 7 3 5 E - 0 3  0 . 8 0 3 0 7 6 E - 0 2  
8 . 0 0  0 . 1 4 7 7 8 7 £ - 0 3  0 . 2 0 0 6 4 1 E - 0 3  0 . 0  0 . 4 9 6 5 6 3 E - 0 4  0 . 0  -0 . 26 1 3 2 4 E - 0 3  0 . 1 9 4 2 2 0 E - 0 2  

- 1 4 . 00 0 . 1 2 7 5 1 0 E - 0 3  0 . 9 3 4 4 6 2 E - 0 4  0 . 0  0 . 5 1 4 1 95 E - 0 4  0 . 0  - 0 . 1 9 4 0 0 9 E - 0 3  0 . 7 9 7 7 9 7 E - 0 3  
1 4 . 00 0 . 1 3 3 6 7 8 E - 0 3  0 . 1 1 66 0 8E - 0 3  0 . 0  0 . 45 2 5 1 0 E - 0 4  0 . 0  - 0 . 2 1 0 7 8 3 E - 0 3  0 . 8 1 87 4 6 E - 0 3  

- 3 0 . 0 0  0 . 1 4 0 7 8 9 E - 0 3  - 0 . 1 0 7 9 5 2 E - 0 4  0 . 0  0 . 9 8 6 9 4 9 E - 0 4  0 . 0  - 0  . 1 9 2 4 9 1 E - 0 3  0 . 6 2 3 5 6 7 E - 0 3  
3 0 . 00 0 .  2 1 1 0 80 E - 0 3  0 . 4 5 7 2 7 3 E - 0 4  0 . 0  0 . 2 8 4046E-04 0 . 0  -0 . 2 9 6 9 3 3 E - 0 3  0 . 2 3 6 7 3 7 E - 0 3  

WORK 
STRAIN 

0 . 2 2 8 8 8 9 E - 0 3  

0 . 1 82 9 2 5 E - 0 3  
0 . 3 5 9 8 3 3 E - 0 3  
0 . 2 3 0 6 2 2 E - 0 3  
0 . 2 5 8 5 2 7 E - 0 3  
0 . 2 2 5 6 1 8E - 0 3  
0 . 3 2 4 3 7 1 E - 0 3  



F I L E : CHOPTN3 SCALE A1 U o i v e rs i t y  o f  Ke n t u c k y  Comp u t i n g  Ce n t e r  

I . . .  + . . . .  1 . . . .  + . . . .  2 . . . .  + . . . .  3 . . . .  + . . . .  4 . . . .  + . . . .  5 . . . .  + . . . .  6 . . . .  + . . . .  7 . . . .  + . . . .  s 

3 l 
O PTN = 3 ( R OAD RATE R ) 

3 3 4 4 
1 2 0 0 0 0 0  400 1 1 8 5 0  4 0 0  3000 450 

7 1 6  
0 7 2 3  

1 5 2 5  1 0 0 0  1 5 2 5  2200 1 5 2 5  3 4 0 0  1 5 2 5  4 6 0 0  
1 0 0 0  1 0 0 0  3 3 5  9 4 1 0 1000 1 0 0 0  2 6 5  7 2 9 0  2 0 5 0  1 0 0 0  3 3 5  9 4 1 0  2 0 5 0  1 0 0 0  2 6 5  7 2 9 0  

OPTN • 3 ( R OAD RATE R )  
4 4 4 4 

2 0 0 0 0 0 0  4 0 0  1 1 1 85 0  400 2 7 5 0 0  450 7 5 0 0  450 
7 6 16 
0 7 13 29 

1525 1 0 0 0  1525 2200 1 5 2 5  3 40 0  1 5 2 5  4600 
1000 1000 3 3 5  9 4 1 0  1 0 0 0  1 0 0 0  2 6 5  7 2 9 0  2 0 5 0  1 0 0 0  3 3 5  9 4 1 0  2 0 5 0  1 0 0 0  2 6 5  7 2 9 0  

I . . .  + . . . .  1 . . . .  + . . . .  2 . . . .  + . . . .  3 . . . .  + . . . .  4 . . . .  + . . . .  s . . . .  + . . . .  e . . . .  + . . . .  7 . . . .  + . . . .  8 

73 



******************** OPTN = 3 ( ROAD RATE R )  ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BELOW ARE BY SUPER POS I T I ON***************************************** 
************************************************************************************************************************ 

COORDINATES " X y 
_,.. 15 . 2 5 1 0 . 0 0 

1 5 . 25 . 1 0 . 0 0 
1 5 . 2 5 1 0 . 00 
1 5 . 2 5 10 . 00 
1 5 . 2 5 10 . 00 

COORDINATES 
X y 

15 . 25 1 0 . 00 
15 . 25 1 0 . 0 0 
15 . 25 1 0 . 0 0 
15 . 25 1 0 . 0 0 
15 . 25 1 0 . 00 

COORDINATES 
X y 

15 . 25 2 2 . 0 0 
15 . 25 2 2 . 0 0 
15 . 2 5 2 2 . 0 0 
1 5 . 25 2 2 . 0 0 
1 5 . 2 5 2 2 . 00 

COORDINATES 
X y 

15 . 2 5  2 2 . 00 
15 . 2 5  2 2 . 0 0  
15 . 25 2 2 . 0 0 
1 5 . 25 2 2 . 0 0 
1 5 . 25 2 2 . 0 0 

PROBLEM PARAMETERS ARE 
LAYER 
LAYER 
LAYER 

1 
2 
3 

THE 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 

1 , 2 0 0 , 000 POISSONS RATIO 0 . 400 
0 , 0 1 1 , 8 50 POISSON$ RATIO 0 . 40 0  
0 , 0 03 , 000 POISSONS RATIO 0 . 450 

AND THICKNESS 7 . 00 IN , 
AND THICKNESS 1 6 . 0 0 I N ,  
AND I S  SEMI - INFINITE . 

DEPTH 
z 

0 . 0  
-7 . 0 0  

7 . 00 
- 2 3 . 00 

2 3 . 0 0 

DE PTH 
z 

0 . 0  
- 7 . 00 

7 . 00 
-23 . 00 

2 3 . 00 

DEPTH 
z 

0 . 0  
- 7 . 00 

7 . 0 0  
- 2 3 . 0 0  

2 3 . 00 

DEPTH 
z 

0 . 0  
- 7 . 0 0  

7 . 00 
-23 . 0 0  

2 3 . 00 

X ( l l •  
X (  2 ) •  
X ( 3 ) •  
X (  4 ) •  

XX 
- 0 . 72 9 1 9 1 E  0 1  

0 . 8 0 0 1 9 3 E  0 1  
- 0 . 347374E - 0 1  

0 . 8 7 4 5 0 3 E - 0 1  
-O . l 12 0 6 1 E - 0 1  

XX 
- 0 . 3 0 6 1 0 5 E - 0 5  

0 . 3 4 5 5 5 6 E - 0 5  
0 . 34 5 5 6 1 E -05 
0 . 6 2 2 7 5 9 E -05 
0 . 6 2 2 7 5 8 £ -05 

XX 
-0 . 5 0 9 7 0 8 E  0 1  

0 . 484048£ 0 1  
-0 . 1 6 49 8 5 £ - 0 1  

0 . 8 4 6 0 3 3 £ - 0 1  
-0 . 8 4 1 2 3 2 £ - 0 2  

X X  
-0 . 2 9 9 0 2 2 E - 0 5  

0 . 2 9 4 8 1 4£ - 0 5  
0 . 2 9 4 8 1 3E - 05 
0 . 6 2 4 2 3 5 £ -05 
0 . 624234E -05 

COORDINATES OF THE LOAD 
1 0 . 00 Y (  1 ) =  1 0 . 0 0 P (  1 J =  
1 0 . 00 Y (  2 ) •  1 0 . 0 0 P (  2 ) •  
20 . 5 0 Y (  3 ) •  1 0 . 00 P (  3 J •  
20 . 5 0 Y (  4 ) •  1 0 . 00 P (  4 ) •  

POINTS AND LOAD VALUES ARE 
9 4 1 . 00 TIRE P R E SSUR E =  3 3 . 5 0 
7 2 9 . 00 T I R E  P R E SSUR E =  2 6 . 5 0 
9 4 1 . 0 0 T I R E  PRESSURE• 3 3 . 50 
7 2 9 . 0 0 TIRE PRESSURE• 2 6 . 50 

XV 
0 .  8 5 7 1 35 £ - 0 5  

-0 . 5 0 2 8 0 3 £ - 0 1  
-0 . 5 0 2 8 3 7 £ - 0 1  
-0 . 4 9 1 4 6 1 E - 0 2  
-0 . 4 9 1 4 6 4 £ - 0 2  

XV 
0 . 1 9 6 6 9 1 £ - 1 0  

-0 . 1 1 7320£-06 
-o . 1 1 8  8 14E -o4 
-0 . 1 1 6 1 2 6 E - 0 5  
-0 . 47 5 0 8 1 E -05 

XV 
-0 . 3 8 147 0 E - 0 5  

0 . 333700E - 0 1  
0 . 3 3 3 7 3 8 E - 0 1  
0 . 7 0 3 9 9 6 E - 0 2  
0 . 7 0 3 9 9 9 E -02 

XV 
-o . 3 6 3 7 9 8 £ - 1 1  

0 . 7 7 8 6 7 3 E - 0 7  
0 . 7 8 8 5 7 8 E -05 
0 . 166345£ -05 
0 . 6 8 0 5 2 9 E - 0 5  

S - T - R - E - S - S - E - S  
xz yy 
0 . 0  -0 . 903232£ 0 1  
0 . 0  0 . 9 8 1 0 5 2 E  0 1  
0 . 0  -0 . 1 6 87 8 6 E - 0 1  
0 . 0  0 . 899600E - 0 1  
0 . 0  -0 . 1 0 5 9 2 7 E - 0 1  

S - T - R - A - I - N - S  
X Z  V Y  
0 . 0  - 0 . 50 9 1 5 1 E - 0 5  
0 . 0  0 . 5 5 6 5 5 7 E -05 
0 . 0  0 . 5 5 6 5 5 4 E - 0 5  
0 . 0  0 . 6 5 2 4 1 1 E - 0 5  
0 . 0  0 . 6 5 2 4 1 1 E -05 

S - T - R - E - S - S - E - S  
xz yy 
0 . 0  -0 . 3 8 0 1 4 8 E  0 1  
0 . 0  0 . 335420E 0 1  
0 . 0  -0 . 3 1 1 7 5 3 E - 0 1  
o . o  o . 7 6 4 9 3 0 E - o 1  
0 . 0  -0 . 1 0 3 9 4 7 £ - 0 1  

S - T - R -A - I - N - S  
xz yy 
0 . 0  -0 . 1 4 7 8 6 9 E - 0 5  
0 . 0  0 . 12 1 4 1 4 E -05 
0 . 0  0 . 1 2 1 4 1 9 E -05 
0 . 0  0 . 5 2 8 4 1 9 E -05 
0 . 0  0 . 5 2 8 4 1 B E - 0 5  

Y Z  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

vz 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  

zz 
-0 . 1436 8 5 E - O l  
-0 . 1 7 2 3 4 6 E  0 0  
-0 . 1 7 2 3 3 8 E  0 0  
-0 . 5 5 8 2 7 3 E - 0 1  
-0 . 5 5 8 2 7 3 E - 0 1  

zz 
0 . 542944E-05 

-0 . 6 0 8 1 1 0 E - 0 5  
-0 . 1 2 8 0 0 9 E - 0 4  
-0 . 1 0 6 9 9 7 E - 0 4  
- 0 . 1 5 3 3 9 3 £ - 0 4  

zz 
0 . 294432E - 0 1  

-0 . 9740 7 3 E - 0 1  
-0 . 9 7 4 0 9 7 E - 0 1  
-0 . 4 9 9 1 5 1 E - O l. 
- 0 . 4 9 9 1 5 1 E - 0 1  

zz 
0 . 299072E -05 

-0 . 2 8 1 2 7 3 E -05 
-0 . 6 6 1 0 9 8 E -05 
-0 . 9 6 5 0 1 0 E - 0 5  
-0 . 1 3 8 1 7 2 E - 0 4  

PSI 
PSI 
PSI 
PSI 

DEF LECTION 
0 . 1 3 9 0 0 9 E - 0 2  
0 . 1 3 8 9 5 0 E - 0 2  
o . 1 3 B 9 5 1E -02 
0 . 1 2 2 2 5 6 E - 0 2  
0 . 1 2 2 2 5 6 E - 0 2  

STRAIN ENERGY 
DENSITY 

0 .  3 4 1 155 E - 0 4  
0 . 41 6 6 1 9 E -04 
0 . 2 1 9 0 9 3 E -05 
0 . 8 7 5 8 3 7 E - 0 6  
0 . 405424E-06 

DEFLECTION 
0 . 1 2 4 0 3 9 E - o 2  
0 . 1 2 4 1 0 1 E - 0 2  
0 . 1 2 4 1 0 1 E -02 
0 . 1 1 1 6 0 6 E - 0 2  
0 . 1 1 16 0 7 E -02 

STRAIN ENERGY 
DENSITY 

0 . 104753E-04 
0 . 9 3 1 3 6 1 £ -05 
0 . 805096E-06 
0 . 730426E-06 
0 . 3 86 9 4 1 E - 0 6  

WORK 
STRAIN 

0 . 754050E-05 
0 . 8 3 3 2 8 6 E - 0 5  
0 . 1 9 2 2 9 6 E - 0 4  
0 . 1 2 1 5 8 1 E - 04 
0 . 1 6 4403E-04 

WORK 
STRAIN 

0 . 4 1 7 8 3 8 E -05 
0 . 39 3 9 8 8 E -05 
0 . 1 1 6 5 6 8 E -04 
0 . 1 1 10 3 1 E -04 
0 . 1 6 0 6 1 2 E - 0 4  



******************** OPTN • 3 ( ROAD RATER ) ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BE LOW ARE BY SUPER POSITION***************************************** 
************************************************************************************************************************ 

COORDINATES 
X y 

1 5 . 25 3 4 . 00 
'-.1 1 5 . 25 3 4 . 00 
V1 15 . 25 3 4 . 0 0 

15 . 25 3 4 . 0 0 
15 . 25 3 4 . 0 0 

COORDINATES 
X V 

15 . 25 3 4 . 0 0 
15 . 25 3 4 . 0 0 
1 5 . 25 34 . 0 0 
15 . 25 3 4 . 0 0 
1 5 . 25 3 4 . 0 0 

COORDINATES 
X y 

15 . 25 46 . 00 
15 . 25 46 . 0 0  
15 . 2 5 46 . 0 0  
1 5 . 2 5 46 . 0 0  
1 5 . 25 46 . 0 0  

COORDINATES 
X y 

15 . 25 46 . 00 
15 . 25 46 . 00 
1 5 . 25 46 . 0 0 
1 5 . 2 5 46 . 00 
1 5 . 2 5 46 . 0 0  

THE PROBLEM PARAMETERS ARE 
LAYER 1 
LAYER 2 
lAYER 3 

HAS MODULUS 1 , 200 , 000 POISSONS RATIO 0 . 400 AND THICKNESS 7 . 00 I N ,  
HAS MODULUS 0 , 0 1 1 , 850 POISSONS RATIO 0 . 400 AND THICKNESS 1 6 . 00 I N ,  
HAS MODULUS 0 , 003 , 0 00 POISSONS RATIO 0 . 450 AND IS SEMI - INFINITE . 

DE PTH 
z 

0 . 0  
-7 . 00 

7 . 00 
- 2 3 . 00 

2 3 . 00 

DEPTH 
z 

0 . 0  
-7 . 00 

7 . 0 0  
-23 . 0 0  

2 3 . 0 0  

DE PTH 
z 

0 . 0  
-7 . 00 

7 . 00 
- 2 3 . 0 0 

2 3 . 0 0 

DE PTH 
z 

0 . 0  
-7 . 00 

7 . 0 0  
-23 . 00 

2 3 . 00 

X , . 1 ! • 
X 2 • 
X 3 1 • 
X 4 • 

XX 
-0 . 2 7 4444E 0 1  

0 . 2 4 6 8 3 1 E  0 1  
-0 . 755604E-02 

0 . 5 8 86 8 3 E - 0 1  
-0 . 7 3 6 3 5 7 E - 0 2  

X X  
-0 . 1 8 8 1 7 3 E - 0 5  

0 . 1 7 8 8 3 1 E - 0 5  
0 . 1 7 8 8 2 8E -05 
0 . 4 9 6 3 2 3 E - 0 5  
0 . 4 9 6 3 2 1 £ -05 

XX 
-0 . 1 4 8 2 2 0 E  0 1  

0 . 1 32406E 0 1  
- o  . 3 9 5 1 7 1E -o2 

0 . 3 8 3 9 4 0 E - 0 1  
- 0 . 6 0 0 3 5 9 E - 0 2  

XX 
- 0 . 1 2 0 9 2 1 £ - 0 5  

0 . 1 1 1 8 22£-05 
0 . 1 1 1 8 2 2 E - 0 5  
0 . 3 7 5 8 2 3 E -05 
0 . 3 7 5 8 1 6 E -05 

COORDINATES OF THE LOAD POINTS AND LOAD VALUES ARE 
1 0 . 00 VI 1 ! • 1 0 . 00 p! 1 j • 9 4 1 . 0 0  TIRE PRESSURE • 3 3 . 50 PSI 
1 0 . 00 Y 2 • 1 0 . 00 P 2 • 7 2 9 . 0 0  TIRE PRESSURE• 2 6 . 5 0 PSI 
2 0 . 50 Y 3 • 1 0 . 00 P 3 ! • 9 4 1 . 00 TIRE PRESSURE• 3 3 . 5 0 PSI 
20 . 50 Y 4 • 1 0 . 0 0 P 4 • 7 2 9 . 0 0  TIRE P R E SSURE• 2 6 . 5 0 PSI 

XY 
-0 . 1 4 3 0 5 1 E -05 

0 . 3 6 8044E - 0 1  
0 . 3 6 8 0 9 5 E - 0 1  
0 . 1 1 449 5 E - 0 1  
0 . 1 1 4 4 9 6 E - 0 1  

X V  
-0 . 1 8 7 5 8 3E - 1 1  

0 . 8 5 8 7 6 1 E - 0 7  
0 . 8 6 9 7 5 8 E - 0 5  
0 . 2 7 0 5 3 7 E - 0 5  
0 . 1 1 06 7 9 E -04 

XV 
-o . 2 1 45 7 7 E - o 5  

0 . 2 8 5 4 3 3 E - 0 1  
0 . 2 8 5 4 7 2 E - O l  
0 . 1 10 5 9 2 E - 0 1  
0 . 1 10 5 9 2 E - 0 1  

X Y  
-0 . 4 8 3 1 6 9 E - 1 1  

0 . 6 6 6 0 0 7 E - 0 7  
0 . 6 7 453 1 E -05 
0 . 2 6 1 3 1 3 E - 05 
0 . 1 0 6 9 0 5 E -04 

S - T - R - E - S - S - E - S  
xz yy 
0 . 0  -0 . 1 17 1 9 1 E  0 1  
0 . 0  0 . 854230E 00 
0 . 0  -0 . 234949E - 0 1  
0 . 0  0 . 36 83 8 0 E - 0 1  
0 . 0  -0 . 1 2 7 4 8 5 E - 0 1  

S - T - R - A - I - N - S  
xz yy 
0 . 0  - 0 . 4 7 1 1 2 0 E - 0 7  
0 . 0  -0 . 9 4 7 8 86 E -07 
0 . 0  -0 . 9 4 7 7 3 9 E -07 
o _ o  o . 2 3 6 0 5 0 E -05 
0 . 0  0 . 236049E-05 

S - T - R - E - S - S - E - S  
X Z  Y Y  
o _ o  -0 . 1 0 7 9 2 1 E  o o  
0 . 0  -0 . 1 8 7 3 9 8 E - 0 1  
0 . 0  -0 . 1 7 2 1 1 BE - 0 1  
O . C  0 . 1 0 1 3 1 5 E - 0 1  
0 . 0  -0 . 1 2 9 1 1 8 E - 0 1  

S - T - R -A - I - N - S  
xz yy  
0 . 0  0 . 3 9 4 1 1 5 E - 0 6  
0 . 0  -0 . 4 4 8 3 6 5 E - 0 6  
0 . 0  -0 . 44 83 7 2 E - 0 6  
0 . 0  0 . 4 1 9 2 0 6 E - 0 6  
0 . 0  0 . 4 1 9 2 3 7 E -06 

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

zz 
-0 . 4400 7 9 E - 0 1  
-0 . 4 8 3 7 1 8 E - 0 1  
-0 . 4 8 3 7 3 3 E - 0 1  
-0 . 3 6 7 0 3 2 E - 0 1  
- 0 . 3 6 7 0 3 2 E - 0 1  

zz 
0 . 1 2 6 8 7 8 E -05 

-0 . 1 1 4 7 8 2 E - 0 5  
- 0 . 3 0 3 4 0 1 E - 0 5  
- 0 . 6 3 2 7 9 0 E - 0 5  
-0 . 9 2 1 7 5 9 E -05 

zz 
0 . 3 0 0 4 6 6 E - 0 1  

- 0 . 2 5 7 9 6 1 E - 0 1  
- 0 . 2 5 7 9 4 8 E - O l 
-0 . 2 5 4 8 4 1 E - 0 1  
-0 . 2 5 4 8 4 2 E - 0 1  

zz 
0 . 5 5 5 0 7 9 E - 0 6  

-0 . 4 5 6 5 9 8 E - 0 6  
-0 . 1 4 6 2 3 9 E - 0 5  
-0 . 3 7 8 8 5 5 E -05 
-0 . 5 6 5 7 4 1 E - 0 5  

DEFLECTION 
0 . 1 0 8245£-02 
0 . 1 0 8 2 9 0 E - 0 2  
0 . 1 0 82 9 0 E - 0 2  
0 . 1 0 0 9 1 8 E - 0 2  
O . l009 l 8E - 0 2  

STRAIN ENERGY 
DENSITY 

0 .  2 5 8 1 83 E - 0 5  
0 . 220064E-05 
0 . 7 0 8045E-06 
0 . 3 6 7 6 4 3 E -06 
0 . 3 8 9 2 8 4 E - 0 6  

DEFLECTION 
0 . 92 3 9 5 6 E - 0 3 • 
0 . 92430 1 E - 0 3  
0 . 92430 1 E - 0 3  
0 . 8 8 1 8 3 6 E - 0 3  
0 . 8 8 1 8 4 1 E - 0 3  

STRAIN ENERGY 
DENSITY 

0 .  8 8 3 2 1 5E - 0 6  
0 . 7 5 4 1 8 7 E - 0 6  
0 . 40 5 6 2 8 E - 0 6  
0 . 1 8 0 3 4 2 E - 0 6  
0 . 2 9 4 5 5 4 E - 0 6  

WORK 
STRAIN 

0 . 2 0 7 4 3 8 E - 0 5  
0 . 1 9 1 5 1 3 E -05 
0 . 1 0 9 3 1 7 E - 0 4  
0 .  7 8 7 7 1 5 E - 0 5  
0 . 1 6 1 0 9 7 E - 0 4  

WORK 
STRAIN 

0 . 1 2 1 32 7 E - 0 5  
0 . 1 1 2 1 1 5 E - 0 5  
0 . 8 2 7 4 0 B E - 0 5  
0 . 5 5 1 7 0 2 E -05 
0 . 1 4 0 1 3 2 E - 0 4  



******************** OPTN • 3 ( R OAD RATER ) ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BE LOW ARE BY SUPERPOSITION***************************************** 
************************************************************************************************************************ 

COORDINATES 
X y 

15 . 25 1 0 . 00 
1 5 . 2 5 1 0 . 00 
1 5 . 25 1 0 . 00 
15 . 25 1 0 . 00 
1 5 . 25 1 0 . 0 0 
1 5 . 2 5 1 0 . 0 0 

.__, 1 5 . 25 10 . 00 
a-

COORDINATES 
X y 

1 5 . 25 1 0 . 0 0 
1 5 . 2 5 10 . 00 
1 5 . 25 1 0 . 00 
15 . 25 1 0 . 00 
15 . 25 1 0 . 0 0 
15 . 25· 1 0 . 00 
1 5 . 2 5 10 . 00 

COORDINATES 
X y 

15 . 25 2 2 . 0 0 
15 . 25 2 2 . 00 
15 . 2 5 2 2 . 00 
15 . 2 5 2 2 . 00 
15 . 2 5 2 2 . 0 0 
1 5 . 25 2 2 . 0 0 
1 5 . 2 5 2 2 . 00 

COORDINATES 
X y 

15 . 25 2 2 . 0 0 
15 . 25 2 2 . 00 
15 . 2 5 2 2 . 0 0 
1 5 . 2 5 2 2 . 0 0 
15 . 2 5 2 2 . 00 
1 5 . 2 5  2 2 . 00 
1 5 . 25 2 2 . 00 

PROBLEM PARAME TERS ARE 
LAYER 
LAYER 
LAYER 
LAYER 

1 
2 
3 
4 

THE 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 

2 , 000 , 000 POISSONS RATIO 0 . 400 
0 , 1 1 1 , 8 50 POISSONS RATIO 0 . 400 
0 , 02 7 , 5 00 POISSON$ RATIO 0 . 450 
0 , 0 07 , 500 POISSONS RATIO 0 . 450 

AND THICKNESS 7 . 00 IN , 
AND THICKNESS 6 . 00 IN , 
AND THICKNESS 1 6 . 0 0 I N ,  
AND I S  SEMI - INFINITE . 

DE PTH 
z 

0 . 0  
-7 . 00 

7 . 00 
- 1 3 . 0 0 

1 3 . 00 
-29 . 00 

2 9 . 00 

DE PTH 
z 

0 . 0  
- 7 . 00 

7 . 0 0 
- 13 . 0 0 

1 3 . 00 
-29 . 0 0  

2 9 . 00 

DE PTH 
z 

0 . 0  
- 7 . 00 

7 . 00 
- 1 3 . 00 

13 . 00 
- 2 9 . 00 

2 9 . 0 0  

DE PTH 
z 

0 . 0  
- 7 . 0 0 

7 . 00 
- 1 3 . 00 

1 3 . 0 0 
- 2 9 . 0 0 

2 9 . 00 

XX 

X I 1 l • 
X I 2 J • 

X (  3 )  • 
X (  4 )  • 

-0 . 5 3 2 0 6 0 E  0 1  
0 . 5 3 6 5 9 1 E  0 1  
0 .  7 7 1 6 3 8 E - 0 1  
0 . 4 1 3 847E 0 0  
0 . 1 6 2 0 1 3 E - 0 1  
0 . 8 2 1 8 0 6 E - 0 1  

- 0 . 5 8 9 5 8 9 E - 0 2  

XX 
- 0 . 1 2 6 8 3 0 E -05 

0 . 1 3 5 8 7 9 E - 0 5  
0 . 1 3 5 8 8 0 E - 0 5  
0 . 2 6 1 9 1 5 E - 0 5  
0 . 2 6 1 9 15 E - 0 5  
0 . 2 3 9 5 0 1 E -05 
0 . 2 3 9 5 0 0 E -05 

XX 
-0 . 356742E 0 1  

0 . 290104E 0 1  
0 . 8 5 2 2 9 8 E - 0 1  
0 . 2 9 7449E 0 0  
0 . 1 8 8 6 1 8 E - 0 1  
0 . 8 2 1 6 4 9 E - 0 1  

-0 . 27 4 9 2 1 E-02 

XX 
- 0 . 1 2 8 9 7 5 E - 0 5  

0 . 1 1 3 1 5 2 E - 0 5  
0 . 1 1 3 1 5 3 E - 0 5  
0 . 2 1 7 80 6 E - 0 5  
0 . 2 1 7 80 5 E - 0 5  
0 . 2 4 2 9 1 2 E -05 
0 .  2429 1 1E - 0 5  

COORDINATES OF THE LOAD 
1 0 . 00 Y (  1 ) •  1 0 . 0 0 P (  1 ) •  
1 0 . 0 0 Y (  2 ) •  1 0 . 00 P (  2 ) •  
2 0 . 5 0 Y (  3 ) •  10 . 00 P (  3 ) •  
2 0 . 50 Y (  4 ) •  1 0 . 00 P (  4 ) •  

POINTS AND LOAD VAlUES ARE 
9 4 1 . 00 TIRE PRESSURE• 3 3 . 5 0 
7 2 9 . 0 0 TIRE PRESSURE• 2 6 . 50 
9 4 1 . 0 0 TIRE PRESSURE• 3 3 . 50 
7 2 9 . 0 0  TIRE PRESSUR E •  2 6 . 5 0 

XY 
-0 . 1 2 6 6 5 8 E - 0 4  
-0 . 2 3 1 1 5 0 E  0 0  
-0 . 2 3 1 1 5 2 E  0 0  
-0 . 3 9 5 7 5 3 E - 0 1  
-0 . 3 9 5 7 5 5 E - 0 1  
- 0 . 40746 8 E - 0 2  
-0 . 407473E-02 

XY 
-0 . 1 7 9 1 7 4 E - 1 0  
- 0 . 323609E -06 
-0 . 5 7 8 6 5 2 E - 0 5  
-0 . 9 9 0 7 0 9 E - 0 6  
-o . 4 1 7 3 4 1 E - 0 5  
- 0 . 429692E-06 
-0 . 1 5 7 5 5 6 E - 0 5  

XY 
0 . 4 7 6 8 3 7 E - 0 5  
0 . 1 1 6 3 5 0 E  0 0  
0 . 1 1 6 3 5 3 E  0 0  
0 . 3 8 0 1 2 9 E - 0 1  
0 . 3 8 0 1 2 9 E - 0 1  
0 . 6 1 7 0 1 7 E - 0 2  
0 . 6 1 70 2 6 E - 0 2  

X Y  
0 . 437694E - 1 1  
0 . 1 6 2 8 9 2 E - 0 6  
0 . 2 9 1 2 7 3 E - 0 5  
0 . 95 1 5 9 5 E -06 
0 . 4 0 0 8 6 3 E - 0 5  
0 . 6 5 0 6 8 0 E -06 
0 . 2 3 8 5 8 3 E - 0 5  

S - T - R - E - S - S- E - S  
xz yy  
0 . 0  - 0 . 6 9 4 5 6 3 E  0 1  
0 . 0  0 . 6 9 7 5 0 1 E  0 1  
0 . 0  0 . 1 6 7 1 5 3 E  00 
0 . 0  0 . 4 5 1 4 1 4 E  00 
0 . 0  0 . 2 5 1 1 9 4 E - 0 1  
0 . 0  0 . 8 3 8 3 6 3 E - 0 1  
0 . 0  -0 . 544437E-02 

S - T - R -A - I - N - S  
x z  y y  
0 . 0  -0 . 2 4 0 5 8 3 E - 0 5  
0 . 0  0 . 2 4 8 5 1 6 E -05 
0 . 0  0 . 2 4 8 5 1 7 E - 0 5  
0 . 0  0 . 3 0 8 9 3 6E - 0 5  
0 . 0  0 . 3 0 8 9 3 8 E -05 
0 . 0  0 . 2 4 8 23 1 E -05 
0 . 0  0 . 2 4 8 2 3 0 E - 0 5  

S - T - R - E - S - S - E - S  
xz yy  
0 . 0  -0 . 2 4 9 9 2 5 E  0 1  
0 . 0  0 . 1 7 1 7 3 5 E  0 1  
0 . 0  0 . 1 9 0 3 0 7 E - 0 1  
0 . 0  0 . 2 2 8 1 9 1E 00 
0 . 0  0 . 2 4 2 1 44 E - 0 2  
0 . 0  0 . 76422 1 E - 0 1  
0 . 0  -0 . 4 3 1 5 48£-02 

S - T - R -A - I - N - S  
xz yy  
0 . 0  -0 . 5 4 2 0 2 7 E - 0 6  
0 . 0  0 . 3 0 2 9 3 8 E - 0 6  
0 . 0  0 . 302937E -06 
0 . 0  0 . 1 3 1 1 1 8 E -05 
0 . 0  0 . 1 3 1 1 1 9 E - 0 5  
0 . 0 0 . 2 1 2 6 3 1 E - 0 5  
0 . 0  0 . 2 1 2 6 3 0 £ - 0 5  

Y Z  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  

vz 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0 
0 . 0  

zz 
-0 . 143704E - 0 1  
-0 . 354200E 0 0  
-0 . 3 5 4 1 9 9 E  0 0  
-0 . 1 49 1 7 6 E  0 0  
-0 . 1 4 9 1 7 6 E  0 0  
-0 . 4 7 5 7 4 6 E - O l  
-0 . 475744E - 0 1  

zz 
0 . 244606E -05 

-0 . 2 6 4 5 2 8 E - 0 5  
-0 . 404044 E - 0 5  
-0 . 44 2 8 0 8 E - 05 
-0 . 6 1 0 0 7 3 E - 0 5  
-0 . 4446 6 3 E - 0 5  
-0 . 5 6 6 2 8 3 E - 0 5  

zz 
0 . 2 9 4 3 7 8 E - 0 1  

-0 . 1 2 2 3 6 3 E  0 0  
-0 . 1 2 2 3 6 2 E  0 0  
-0 . 9 3 6 0 9 9 E - 0 1  
-0 . 9 3 6 0 9 6 E - 0 1  
- 0 . 4 2 2 7 9 2 E - 0 1  
-0 . 422 7 9 1 E - 0 1  

zz 
0 . 1 2 2 8 0 5 E - 0 5  

-0 . 9 84 8 5 9 E - 0 6  
-0 . 1 4 6 6 8 3 E - 0 5  
-0 . 2 7 1 6 7 3 E - 0 5  
-0 . 3 7 5 2 2 5 E - 0 5  
-0 . 4 1 3 24 9 E -0 5  
-0 . 5 2 1 334E-05 

PSI 
PSI 
PSI 
PSI 

DEFLECTION 
0 . 5 4 5 4 2 3 E - 0 3  
0 . 5 4 5 5 7 2 E - 0 3  
0 . 5 4 5 5 7 3 E - 0 3  
0 . 5 2 1 7 7 7 E - 0 3  
0 . 5 2 1 7 7 8 E - 03 
0 . 44 9 1 1 0 E - 0 3  
0 .  449 1 1 1 E -03 

STRAIN ENERGY 
DENSITY 

0 . 1 1 7 1 1 5 E - 0 4  
0 . 1 2 9 3 0 7 E - 0 4  
0 . 3 6 5 0 8 0 E - 0 5  
0 . 164795E -05 
0 . 8 4 5 3 8 7 E -06 
0 . 3 1 1 740E-06 
0 . 1 3 3 7 2 5 E - 0 6  

DEF LECTION 
0 . 474326E-03 
0 . 4 7 5 1 6 0 E - 0 3  
0 . 4 7 5 1 6 0 E - 0 3  
0 . 46265 8 E -03 
0 . 4 6 2 6 5 6 E - 0 3  
0 . 4 0 3 8 3 4 E - 0 3  
0 . 40 3 8 3 5 E - 0 3  

STRAIN ENERGY 
DENSITY 

0 . 2 9 9 5 9 3 E - 0 5  
0 . 1 9 9 9 5 8 E - 0 5  
0 .  8 1 86 5 4 E - 0 6  
0 . 6 7 3 0 3 3 E - 0 6  
0 . 5 0 2 5 1 0£ - 0 6  
0 .  2 7 6432E -06 
0 . 1 3 1 7 2 3 E - 0 6  

WORK 
STRAIN 

0 . 342220E -05 
0 . 3 5 9 5 9 2 E - 0 5  
0 . 807962E -05 
0 . 5 4 2 8 3 7 E - 0 5  
0 . 7 8 4 l 0 9 E - 0 5  
0 . 47 6 1 5 1 E - 0 5  
0 . 5 9 7 1 60 E - 0 5  

WORK 
STRAIN 

0 . 1 7 3 0 8 8 E - 0 5  
0 . 1 4 1 406£-05 
0 . 3 8 2602E -05 
0 . 346909E -05 
0 . 604534E-05 
0 . 44 8 3 7 6 E - 0 5  
0 . 5 9 2 6 7 3 E - 0 5  



******************** OPTN • 3 ( ROAD RATE R )  ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BElOW ARE BY SUPER POSI T I ON***************************************** 
************************************************************************************************************************ 

COORDINATES 
X y 

1 5 . 25 3 4 . 0 0 
1 5 . 25 3 4 . 00 
1 5 . 2 5 34 . 0 0  

___, 1 5 . 2 5 3 4 . 00 
-..., 1 5 . 25 3 4 . 00 

15 . 25 3 4 . 0 0 
1 5 . 25 3 4 . 0 0 

COORDINATES 
X y 

1 5 . 25 3 4 . 00 
1 5 . 25 34 . 00 
1 5 . 2 5 34 . 00 
1 5 . 2 5 34 . 00 
1 5 . 25 3 4 . 00 

1 5 . 2 5  3 4 . 0 0  
1 5 . 25 3 4 . 0 0 

COORDINATES 
X y 

1 5 . 2 5 46 . 00 
15 . 2 5 46 . 00 
1 5 . 2 5 46 . 0 0 
1 5 . 25 46 . 0 0 
1 5 . 25 46 . 00 
1 5 . 25 46 . 00 
15 . 25 46 . 00 

COORDINATES 
X y 

1 5 . 2 5  46 . 00 
1 5 . 2 5 46 . 0 0 
15 . 25 46 . 0 0 
15 . 25 46 . 0 0 
15 . 25 46 . 0 0 
15 . 25 46 . 0 0 
1 5 . 2 5 46 . 0 0 

THE PROBlEM PARAMETERS ARE 
LAVER 
LAYER 
LAYER 
lAYER 

1 HAS MODUlUS 2 , 000 , 000 POISSONS RAT IO 0 . 400 AND THICKNESS 7 . 0 0  I N ,  
2 HAS MODUlUS 0 , 1 1 1 , 8 50 POISSONS RATIO 0 . 4 00 AND THICKNESS 6 . 0 0  IN , 
3 HAS MODUlUS 0 , 0 27 , 500 POISSONS RATIO 0 . 4 50 AND THICKNESS 16 . 00 IN , 
4 HAS MODUlUS 0 , 0 07 , 500 POISSONS RATIO 0 . 450 AND IS SEMI - I NFINITE . 

DEPTH 
Z ·  

0 . 0  
- 7 . 00 

7 . 0 0  
- 1 3 . 0 0 

1 3 . 00 
- 2 9 . 00 

2 9 . 00 

DEPTH 
z 

0 . 0  
- 1 . 0 0 

7 . 00 
- 1 3 . 0 0 

13 . 0 0 
- 2 9 . 0 0  

2 9 . 00 

DEPTH 
z 

0 . 0  
- 7 . 0 0 

7 . 00 
- 1 3 . 00 

13 . 00 
- 2 9 . 0 0 

2 9 . 0 0 

DEPTH 
z 

0 . 0 
- 7 . 0 0 

7 . 00 
- 1 3 . 00 

13 . 00 
-29 . 00 

2 9 . 00 

COORDINATES OF THE LOAD POINTS AND LOAD VALUES ARE 
X I 1 j • 1 0 . 00 y ! 1 ! • 1 0 . 00 P I 1 ) •  9 4 1 . 0 0 T I R E  PRESSURE• 3 3 . 50 PSI 
X 2 • 1 0 . 00 Y 2 • 1 0 . 00 P 2 j • 7 2 9 . 0 0 TIRE PRESSURE• 2 6 . 50 PSI 
X 3 ) •  20 . 5 0 V 3 • 1 0 . 00 P 3 • 9 4 1 . 0 0 TIRE PRESSUR E •  3 3 . 5 0 PSI 
X(  4 ) •  20 . 5 0 Y(  4 • 1 0 . 00 P 4 ) •  729 . 00 TIRE PRESSURE• 2 6 . 5 0 PSI 

XX 
-0 . l 8 3 9 14E 0 1  

0 . 1 3 3 9 2 0 E  0 1  
0 . 460747£ - 0 1  
0 . 1 6 5 1 0 3 £  0 0  
0 . 1 3 1 7 6 2 E - 0 1  
0 . 5 9 2 0 0 6 E - 0 1  

- 0 . 3 0 5 5 7 0 £ - 0 2  

X X  
-0 . 7 7 7 43 4 E - 0 6  

0 . 6 3 1 8 9 3 E -06 
0 . 6 3 1 89 0 E -06 
0 . 1 4 2 5 4 6 E - 0 5  
0 . 1 42 5 4 5 £ - 0 5  

0 . 1 9 9 5 0 9 E -05 
0 . 1 9 9 5 0 9 E - 0 5  

X X  
-0 . 9 6 4500E 0 0  

0 . 6 7 8 1 8 1 E  0 0  
0 . 2 5 1 2 0 6 E - 0 1  
0 . 9 3 5 7 8 3 E - 0 1  
0 . 8 2 8 2 6 8 E - 0 2  
0 . 3 9 4 1 3 6 E - 0 1  

-0 . 2 9 6 4 9 6 E - 0 2  

X X  
-0 . 4 8 7 5 0 8 E - 0 6  

0 . 3 7 2 824E-06 
0 . 3 7 2 8 2 3 E - 0 6  
0 . 9 2 9 9 4 2 E - 0 6  
0 . 929940E -06 
0 . 1 5 5 4 3 6 E - 0 5  
0 . 155435E -05 

XV 
-0 . 14305 1 E -05 

0 . 8 7 85 9 3 E - 0 1  
0 . 8 7 8 6 3 6 E - 0 1  
0 . 4 3 5 3 6 6 E - 0 1  
0 . 4 3 5 3 6 7 E - 0 1  
0 . 1 0 7 1 1 3 E - 0 1  
0 . 1 0 7 1 1 4 E - 0 1  

XV 
-0 . 1 9326 8 E - 1 1  

0 . 1 2 3 0 0 3 E - 0 6  
0 . 2 1 9 9 5 4 E - 0 5  
0 . 1 0 8 9 8 7 E - 0 5  
0 . 4 5 9 1 1 4 E - 0 5  

0 . 1 1 2 9 5 6 E -05 
0 . 4 1 4 1 7 2 E - 0 5  

X V  
-0 . 3 5 7 6 2 8 E - 0 6  

0 . 5 3 4 8 0 7 E - 0 1  
0 . 5 3 4 8 2 4 E - 0 1  
0 . 3 3 3 2 3 7 E - 0 1  
0 . 3 3 3 2 4 0 E - 0 1  
0 . 1 0 80 6 4 E - 0 1  
0 . 1 0 8 0 6 4 E - 0 1  

XV 
-0 . 454747 E - 1 2  

0 . 7 4 8 7 2 9 E - 0 7  
0 . 1 3 3 8 8 5 E - 0 5  
0 . 8 3 4 2 1 0 E - 0 6  
0 . 3 5 1 4 1 8E - 0 5  
0 . l 1 3 9 5 8 E - 05 
0 . 4 1 7 84 5 E - 0 5  

S - T - R - E - S - S - E - S  
xz yy  
0 . 0  -0 . 6 6 6 6 7 0 E  00 
0 . 0  0 . 2 3 4 3 2 9 E  00 
0 . 0  -0 . 1 5 7 1 4 9 E - 0 1  
0 . 0  0 . 6 0 2 9 0 3 E - 0 1  
0 . 0  -0 . 1 1 7 0 4 8 E - 0 1  
0 . 0  0 . 4 1 9 0 3 6 £ - 0 1  
0 . 0  -0 . 777307E -02 

S - T - R - A - I - N - S  
X Z  V Y  
0 . 0  0 . 4 3 2 9 5 1 E - 0 7  
0 . 0  -0 . 1 4 1 5 1 6 E - 0 6  
0 . 0  -0 . 1 4 1 5 14 E - 0 6  
0 . 0  0 . 1 13 5 3 9 E - 0 6  
0 . 0  0 . 1 1 3 5 4 0 E - 0 6  

0 . 0  0 . 1 0 8 3 0 6 E -05 
0 . 0  0 . 1 0 8 3 0 6 E - 0 5  

S - T - R - E - S - S - E - S  
xz yy  
0 . 0  -0 . 3 7 3 1 9 5 E - 0 2  
0 . 0  -0 . 1 4 8 3 1 7 E  0 0  
0 . 0  -0 . 2 1 1 0 1 1 E - 0 1  
0 . 0  -0 . 2 0 9 4 3 7 E - 0 2  
0 . 0  -0 . 1 4 4 2 8 7 E - 0 1  
0 . 0  0 . 1 5 6 4 4 5 E - O l  
0 . 0  - 0 . 944743E-02 

S - T - R - A - I - N - S  
xz yy 
0 . 0 0 . 1 85 0 2 5 E - 0 6  
0 . 0  -0 . 2 0 5 7 2 5 E - 0 6  
0 . 0  -0 . 205724E -06 
0 . 0  -0 . 2 6 7 5 6 8 E -06 
0 . 0  -0 . 2 6 7 5 7 3 E - 0 6  
0 . 0  0 . 3 0 1 0 7 8 E -06 

. 0 . 0  0 . 3 0 1 0 8 5 E - 0 6  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  

YZ 
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

zz 
-0 . 4400 8 1 E - 0 1  
-0 . 4579 1 3 E - 0 1  
-0 . 45 7 9 0 9 E - 0 1  
-0 . 4 6 1 2 5 8 E - 0 1  

· - o . 4 6 1 2 5 7 E - 0 1  
- 0 . 3 2 2 6 8 8 E - 0 1  
-0 . 3 2 2 6 8 9 E - 0 1  

zz 
0 . 4 7 9 1 5 5 E - 0 6  

- 0 . 3 3 7 6 0 1 E - 0 6  
-0 . 5 1 7 9 6 5 E - 0 6  
-0 . 1 2 1 8 44E-05 
- 0 . 1 7 0 1 3 7 £ - 0 5  

-0 . 2 8 2 7 8 5 E - 0 5  
-0 . 3 6 5 2 7 9 E - 0 5  

zz 
0 . 3 0 0 4 8 0 E - 0 1  

- 0 . 2 0 3 4 8 6 E - 0 1  
-0 . 2 0 3 4 7 9 E - 0 1  
-0 . 2 3 9 9 4 8 E - 0 1  
-0 . 239949E - 0 1  
-0 . 230474E - 0 1  
- 0 . 230474E - O l  

zz 
0 . 2 0 8 6 7 0 E - 0 6  

- 0  . l 1 6 1 4 7 E - 0 6  
-0 . 1 9 6 2 9 5 E - 0 6  
-0 . 5 4 1 6 9 0 E - 0 6  
-0 . 7 7 1 9 7 0 E - 0 6  
-0 . 1 7 3 9 0 3 E - 0 5  
- 0 . 2 3 2 8 2 4E - 0 5  

DEFLECTION 
0 .  4 1 1 3 6 8 E - 0 3  
0 .  4 1 1 8 7 6 E  - 0 3  
0 .  4 1 1 8 7 6 E - 0 3  
0 . 4 0 6 5 9 3 E - 0 3  
0 . 40 6 5 9 3 E - 0 3  
0 . 3 7 10 2 4 E - 0 3  
0 . 3 7 10 2 5 E - 0 3  

STRAIN ENERGY 
DENSITY 

0 . 6 89 9 3 0 E - 0 6  
0 . 4 3 5 8 7 9 E - 0 6  
0 . 4 1 4046E-06 
0 . 244096E-06 
0 . 4 4 7 7 3 1 E -0 6  

0 . 1 5 1 5 7 1 E -06 
0 . 140405E-06 

DEFlECTION 
0 . 3 5 1 2 4 5 E - 0 3  
0 . 3 5 1 5 7 0 E - 0 3  
0 . 3 5 1 5 7 0 E - 0 3  
0 . 3493 1 7 E -03 
0 . 3 4 9 3 1 6 E - 0 3  
0 . 3 2 8 9 2 2 E - 0 3  
0 . 3 2 8 9 2 4 E - 0 3  

STRAIN ENERGY 
DENSITY 

0 . 2 3 7 8 8 8E - 0 6  
0 . 1 5 0 8 6 7 E - 0 6  
0 . 1 5 2 0 6 0 E - 0 6  
0 . 1 0 5 8 8 8 E -06 
0 . 2 4 9 2 5 6 E - 0 6  
0 . 7 7 6 5 5 8 E - 0 7  
0 . 1 1 34 1 1 E -06 

WORK 
STRAIN 

0 . 830620E-06 
0 . 6 6 0 2 1 1 E -06 
0 . 2 7 2 0 9 6 E - 0 5  
0 . 2 0 8 9 1 9 E - 0 5  
0 . 5 7 0 6 3 3 E - 0 5  

0 . 3 3 2 0 1 4 E - 0 5  
0 .  6 U 8 9 2 E - 0 5  

WORK 
STRAIN 

0 . 4 8 7 7 3 8 E - 0 6  
0 . 3 8 8 4 1 6 E -06 
0 . 1 6 4 8 9 4 [ - 0 5  
0 . 1 3 7 6 0 1 E -05 
0 . 425767E-05 
0 . 2 3 7 6 4 9 E - 0 5  
0 . 5 4 9 9 3 6 E - 0 5  



******
*

************* OPTN • 3 ( R OAD RATER ) ******************** 
************************************************************************************************************************ 
*****************************************THE ANSWERS BE LOW ARE BY SUPERPOSI T I ON***************************************** 
************************************************************************************************************************ 

COORDINATES 
X y 

1 5 . 25 3 4 . 00 
1 5 . 25 3 4 . 00 
1 5 . 25 3 4 . 00 

...., 1 5 . 25 34 . 0 0  
...., 15 . 2 5  34 . 0 0  

15 . 2 5 34 . 00 
1 5 . 25 3 4 . 00 
COORDINATES 

X y 
1 5 . 25 3 4 . 00 
1 5 . 25 34 . 00 
1 5 . 25 3 4 . 00 
1 5 . 2 5 3 4 . 00 
1 5 . 25 34 . 00 
15 . 2 5 34 . 00 
15 . 2 5 34 . 0 0  
COORDINATES 

X y 
15 . 25 4 6 . 00 
15 . 2 5 46 . 00 
15 . 25 46 . 00 
1 5 . 25 46 . 0 0  
1 5 . 2 5 46 . 0 0  
15 . 2 5 46 . 00 
1 5 . 25 46 . 00 
COORDINATES 

X y 
1 5 . 25 46 . 00 
15 . 25 46 . 0 0 
15 . 25 46 . 00 
15 . 2 5 46 . 00 
15 . 2 5 46 . 0 0  
15 . 2 5 46 . 00 
1 5 . 2 5 46 . 00 

PROBLEM PARAME T E R S  ARE 
LAYER 
LAYER 
lAYER 
LAYER 

1 
2 
3 
4 

THE 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 
HAS MODULUS 

2 , 0 00 , 00 0  POISSONS RATIO 0 . 400 
0 , 1 1 1 , 85 0  POISSONS RATIO 0 . 40 0  
0 , 0 2 7 , 5 0 0  POISSONS R A T I O  0 . 450 
0 , 00 7 , 500 POISSONS RATIO 0 . 450 

AND THICKNESS 7 . 0 0  I N ,  
AND THICKNESS 6 . 0 0  I N , 
AND THICKNESS 1 6 . 00 I N , 
AND I S  SEMI - INFINITE . 

DEPTH 
z 

0 . 0  
- 7 . 00 

7 . 00 
- 1 3 . 00 

1 3 . 0 0  
- 2 9 . 0 0  

2 9 . 00 
DEPTH 

z 
0 . 0  

- 7 . 00 
7 . 0 0  

- 1 3 . 00 
1 3 . 00 

- 2 9 . 00 
2 9 . 00 
DEPTH 

z 
0 . 0  

- 7 . 00 
7 . 0 0  

- 1 3 . 00 
1 3 . 00 

- 2 9 . 0 0  
2 9 . 00 
DEPTH 

z 
0 . 0  

- 7 . 0 0 
7 . 00 

- 1 3 . 0 0 
1 3 . 0 0 

- 2 9 . 00 
2 9 . 00 

XX 

X ! 1 ! • 
X 2 • 
X 3 • 
X

I 
4 • 

- 0  . l 8 3 9 14E 0 1  
0 . 1 3 3 920E 0 1  
0 . 4 6 0 7 4 7 E - 0 1  
0 . 1 6 5 1 0 3 £  00 
0 . 1 3 1 7 6 2 E - 0 1  
0 . 5 9 2 0 0 6 E - 0 1  

- 0 . 3 0 5 5 7 0 £ - 0 2  

XX 
- 0 . 7 7 7 4 3 4 E - 0 6  

0 .  6 3 1 8 9 3 E - 0 6  
0 .  6 3 1 8 9 0 E  - 0 6  
0 . 142546E -05 
0 . 14254SE-05 
0 . 1 9 9 5 0 9 E - 0 5  
0 . 1 9 9 5 0 9 £ - 0 5  

XX 
- 0 . 964500E 00 

0 . 6 7 8 1 8 1E 00 
0 . 2 5 1 2 0 6 E - 0 1  
0 . 9 3 5 7 8 3 E - 0 1  
0 . 8 2 8 2 6 8 E - 0 2  
0 . 3 9 4 1 3 6 E - 0 1  

-0 . 2 9 6 4 9 6 E -02 

XX 
- 0 . 4 8 7 5 0 8E-06 

0 . 3 7 2 8 2 4 E - 0 6  
0 . 3 7 2 8 2 3 E - 0 6  
0 . 9 2 99 4 2 E - 0 6  
0 . 9 2 99 4 0 E - 0 6  
0 . 1 5 5 4 3 6 E - 0 5  
0 . 155435£-05 

COORDINATES OF THE LOAD 
1 0 . 0 0 y l 1 1 • 1 0 . 00 P I 1 1 • 
1 0 . 00 y 2 • 1 0 . 00 p 2 • 
2 0 . 50 y 3 • 1 0 . 00 p 3 • 
20 . 5 0  y 4 • 1 0 . 00 p 4 ) •  

POINTS AND LOAD VALUES ARE 
9 4 1 . 0 0  TIRE PRESSUR E •  3 3 . 5 0 
7 2 9 . 0 0  T I R E  PRESSURE• 2 6 . 5 0 
9 4 1 . 0 0  TIRE PRESSURE• 3 3 . 50 
7 2 9 . 00 T I R E  PRESSUR E •  2 6 . 50 

XV 
- 0 . 1 4 3 0 5 1 E -05 

0 . 8 7 85 9 3 E - 0 1  
0 . 8 7 8 6 3 6 E - 0 1  
0 . 435366E - 0 1  
0 . 4 3 5 3 6 7 E - 0 1  
0 . 1 0 7 1 1 3 E - 0 1  
0 . 1 07 1 1 4 E - 0 1  

XY 
-0 . 1 9 3 2 6 8 E - 1 1  

0 . 1 2 3003E -06 
0 . 2 1 9 9 54 E - 0 5  
0 . 1 0 8 9 87 E - 05 
0 . 45 9 1 1 4E -O S  
0 . 1 1 2 9 5 6 E - 0 5  
0 .  4 1 4 1 7 2 E -05 

XY 
- 0 . 3 5 7 6 2 8 E - 0 6  

0 . 5 3 4 8 0 7 E - 0 1  
0 . 5 3 4 8 2 4 E - 0 1  
0 . 33 3 2 3 7 E - 0 1  
0 . 3 3 3240E - 0 1  
0 . 1 0 8 0 6 4 E - 0 1  
0 . 1 0 8 0 6 4 E - 0 1  

XY 
- 0 . 454747 E - 1 2  

0 . 7 4 8 7 2 9 E - 0 7  
0 . 1 3 3 8 85 E - 0 5  
0 . 8 3 4 2 1 0 E - 0 6  
0 . 3 5 1 4 1 8 E -05 
0 . 1 1 3 9 5 8 E -05 
0 . 4 1 7 84 5 E - 0 5  

S - T - R - E - S - S - E - S  
x z  y y  
0 . 0  - 0 . 6 6 6 6 7 0 E  0 0  
0 . 0  0 . 2 3 4 3 2 9 E  00 
0 . 0  - 0 . 1 5 7 1 4 9 E - 0 1  
0 . 0  0 . 6 0 2 9 0 3 E - 0 1  
0 . 0  - 0 . 1 1 7 0 4 8 £ - 0 1  
0 . 0  0 . 4 1 9 0 3 6 E - 0 1  
0 . 0  - 0 . 7 7 7 3 0 7 E - 0 2  

S - T - R -A - I -N - S  
x z  y y  
0 . 0  0 . 4 3 2 9 5 1 E - 0 7  
0 . 0  - 0 . 1 4 1 5 1 6 E - 0 6  
0 . 0  - 0 . 1 4 1 5 1 4 E - 0 6  
0 . 0  0 . 1 1 3 5 3 9 E - 0 6  
0 . 0  0 . 1 1 3 5 4 0 E - 0 6  
0 . 0  0 . 1 0 8 3 0 6 E - 0 5  
0 . 0  0 . 1 0 8 30 6 E - 0 5  

S - T - R -E -S - S - E - S  
. x z  y y  

0 . 0  - 0 . 3 7 3 1 9 5 E - 0 2  
0 . 0  - 0 . 1 4 8 3 1 7 E  0 0  
0 . 0  - 0 . 2 1 1 0 1 1£ - 0 1  
0 . 0  - 0 . 2 0 9 4 3 7 E - 0 2  
0 . 0  - 0 . 1442 8 7 E - 0 1  
0 . 0  0 . 1 5 6445£ - 0 1  
0 . 0  - 0 . 9 4 4 7 4 3 E - 0 2  

S - T - R - A - I - N - S  
x z  y y  
0 . 0  0 . 1 8 5 0 2 5 E - 0 6  
0 . 0  - 0 . 2 0 5 7 2 5 E - 0 6  
0 . 0  - 0 . 2 0 5 7 2 4 E - 0 6  
0 . 0  - 0 . 2 6 7 5 6 8 E - 0 6  
0 . 0  - 0 . 2 6 7 5 7 3 £ - 0 6  
0 . 0  0 . 3 0 1 0 7 8 E - 0 6  
0 . 0  0 . 3 0 1 0 8 5 E - 0 6  

v z  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

YZ 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

zz 
- 0 . 44 0 0 8 1 E - O l  
- 0 . 4 5 7 9 1 3 E - 0 1 
- 0 . 4 5 7 9 0 9 E - 0 1  
- 0 . 46 1 2 5 8 E - 0 1  
- 0 . 4 6 1 2 5 7 £ - 0 1  
-o . 3226 a 8 E  -o 1 
- 0 . 3 2 2 6 8 9 E - 0 1  

zz 
0 . 4 7 9 1 5 5 E -06 

- 0 . 3 3 7 6 0 1 E - 0 6  
- 0 . 5 1 7 9 6 5 £ - 0 6  
- 0 . 1 2 1 844E -05 
- 0 . 1 7 0 1 3 7E -05 
- 0 . 2 827 8 5 E - 0 5  
- 0 . 3 6 5 2 7 9 E - 0 5  

zz 
0 . 3 0 0 4 8 0 E - O l  

-0 . 20 3 4 8 6 E - 0 1  
- 0 . 203479E - 0 1  
- 0 . 2 3 9 9 4 8 E - 0 1  
- 0 . 2 3 9 9 4 9 E - O l  
- 0 . 2 3 0 4 7 4E - O l  
- 0 . 2 3 0 4 7 4 £ - 0 1  

zz 
0 . 2 0 8 6 7 0E -0 6  

- 0  . 1 1 6 1 4 7 E - 0 6  
- 0 . 1 9 6 2 9 5 E - 0 6  
- 0 . 5 4 1 6 9 0 E - 0 6  
- 0 . 7 7 19 7 0 E - 0 6  
- 0 . 1 7 3 9 0 3 E -05 
- 0 . 2 3 2 824E-05 

PSI 
PSI 
PSI 
PSI 

DEFLECTION 
0 .  4 1 1 3 6 8 £ - 0 3  
0 .  4 1 1 8 7 6 E - 0 3  
0 .  4 1 1 8 76 E - 0 3  
0 . 4 0 6 5 9 3 £ - 0 3  
0 . 4 0 6 5 9 3 E -03 
0 . 3 7 1 0 2 4 E - 0 3  
0 . 3 7 1 0 2 5 E - 0 3  
STRAIN ENERGY 

DENSITY 
0 . 6 8 9 9 3 0 E - 0 6  
0 . 4 3 5 8 7 9E - 0 6  
0 . 4 1 4 0 4 6 E - 0 6  
0 .  

'
244096E - 0 6  

0 . 44773 1 E -0 6  
0 . 1 5 1 5 7 1 E - 0 6  
0 . 140405E - 0 6  

DEFLECTION 
0 . 3 5 1 2 4 5 E - 0 3  
0 . 3 5 15 7 0 £ -03 
0 . 3 5 1 5 7 0 E - 0 3  
0 . 3 4 9 3 1 7 E - 0 3  
0 . 3 4 9 3 1 6 E - 0 3  
0 . 3 2 89 2 2 E - 0 3  
0 . 3 2 8 9 2 4 E - 0 3  
STRAIN ENERGY 

DENSITY 
0 . 2 3 7 8 8 8E - 0 6  
0 . 1 5 0 8 6 7 £ - 0 6  
0 . 1 5 2 0 6 0 E - 0 6  
0 . 105 8 8 8 E - 0 6  
0 . 2 4 9 2 5 6 E - 0 6  
0 . 7 7 6 5 5 8 E - 0 7  
0 . l 1 3 4 1 1 E -0 6  

WORK 
STRAIN 

0 . 8 3 0 6 2 0 E - 0 8  
0 .  6 6 0 2 1 1 E  - 0 6  
0 . 2 7 2 0 9 6 E - 0 5  
0 . 2 0 8 9 1 9 E - 0 5  
0 . 5 7 0 6 3 3 E - 0 5  
0 . 3 3 2 0 1 4E - 0 5  
0 .  6 1 1 8 9 2 E - 0 5  

WORK 
STRAIN 

0 . 4 8 7 7 3 8 E - 0 6  
0 . 3 8 8 4 1 6 E - 0 6  
0 . 1 6 4 8 9 4 E - 0 5  
0 . 1 3 7 6 0 1E - 0 5  
0 . 4 2 5 7 6 7 E - 0 5  
0 . 2 3 7 6 4 9 E - 0 5  
0 . 5 4 9 9 3 6 E - 0 5  


