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Abstract 

Due to the complexity of structural response calculations used to solve real 
physical problems, the variety of codes available for performing these calcula
tions, and the importance of accurate predictions when these are used to assess 
conditions encountered in the field, confidence must be established in the con
sistency and accuracy of the modeling techniques and the computer codes 
which are used: This document describes a suite of verification and qualifica
tion problems which have been solved with SANTOS. They range from simple 
single-element problems that are used to verify specific constitutive model or 
other feature implementations in the code to the highly nonlinear, large defor
mation, complex drift problems of previous benchmarking exercises. The 
range of problems solved is intended to thoroughly exercise SANTOS thereby 
resulting in a code that has been extensively verified and qualified. 
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Preface 

This verification and qualification document is intended as a companion document to 
SANTOS- A Two-Dimensional Finite Element Program for the Quasistatic, Large 
Deformation, Inelastic Response of Solids, SAND90-0543. It was separated from the 
theory and user's manual in order to make both documents easier to use. The novice user 
should probably refer to the theory and user's document, first, before attempting to 

duplicate the problems described herein. 
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Introduction 

This document was written with two purposes in mind. First, and foremost, it is intended 
as an ancillary document to the SANTOS theory and user's manual (Stone, 1995). It can 
help the novice user in learning to use SANTOS, initially, by providing numerous detailed 
input instructions for simple example problems along with the accompanying solutions, 
and it can be of help to more experienced users who wish to try new features in the code. 
In addition, the document was also written to satisfy theW aste Isolation Pilot Plant (WIPP) 
project quality assurance requirements related to documentation of codes in use by the 
project. The WIPP is a research and development facility authorized to demonstrate the 
safe disposal of low-level radioactive wastes arising from the defense activities of the 
United States. It is being developed by the U.S. Department of Energy (DOE) and is 
located in southeastern New Mexico in a bedded salt formation at a depth of about 650 m 
below the surface. Several WIPP-speciflc geomechanics problems are included herein to 
document the qualification of this code for use on the WIPP project 

Due to the complexity of structural response calculations used to solve real physical 
problems, the variety of codes available for performing these calculations, and the 
importance of accurate predictions when these are used to assess conditions encountered in 
the field, confidence must be established in the consistency and accuracy of the modeling 
techniques and computer codes which are selected for use. This confidence ultimately must 
be gained by comparing code predictions with analytic solutions, experimental data, and 
measured field observations. When agreement is reached between the predictions from the 
code and the data measured in the field, the code is considered "validated." This means that 
there is an assurance that the model as embodied in the computer code is a correct 
representation of the physical process or system for which it was intended (Silling; 1983). 

There are two additional terms that are related to validation. These are "verification" and 
"qualification" and these can, in fact, be viewed as steps taken along the path to validation. 
Verification is the demonstration that a computer code does correctly what it is supposed 
to do. In other words, all algorithms and constitutive relations are programmed correctly 
although they may or may not be valid for a particular application. Qualification is related 
to the use of computer codes for solving real physical problems. A code is qualified for a 
particular application if it has been verified and if the combination of solution techniques, 
constitutive equations, geometric discretization, and boundary conditions, all consistent 
with the limitations of the code, lead to an acceptable solution to the physical problem 
(Morgan et al., 1981 ). 

The question of what is an acceptable solution is relative depending on the complexity of 
the problem being solved. When many nonlinearities affect the solution, there may be more 
variation in the range of what is considered to be an acceptable solution. Thus, to assess the 
predictive capability of a code, "benchmarking" is often used. Benchmarking, in this 
context, is defmed as the comparison of predictions obtained with one code to those 
obtained with other codes having presumably similar capabilities (Morgan et al., 1981). 
While benchmarking can be used for either verification or qualification, in this document, 
benchmarking will be associated with qualification rather than _verification because prior to 
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perfonning the benchmark calculations described herein, the code was subjected to 

extensive verification. 

The remainder of this document describes a suite of verification and qualification problems 

which have been solved with the SANTOS finite element computer program and, as such, 

the SANTOS theory and user's manual (Stone 1995) is incorporated herewith as the 

primary reference for all of the problems described herein. They range from simple single

element problems that are used to verify specific features or constitutive model 

implementations in the code to the highly nonlinear, large defonnation, complex 

geomechanics problems of previous benchmarking exercises. The range of problems 

solved is intended to thoroughly exercise SANTOS, and thus result in a code that has been 

extensively verified and qualified for WIPP applications. Each of the following problems 

is relatively self-contained. The problem and specific aspects of the code that are exercised 

are first described. The analytic solution (for the case of verification problems) or solutions 

from other codes (for the qualification problems) are then presented and discussed. The 

SANTOS solution along with all input/output is then presented. The SANTOS solution is 

then compared to the analytic or other solutions, and the results of the comparison are 

discussed. A fmal section for each problem contains references for all other cited literature. 

Rg.ferel!ces 

1. Morgan, H. S, R. D. Krieg, and R. V. Matalucci, Comparative Analysis of Nine 

Structural Codes Used in the Second WIPP Benchmark Problem, SAND81-1389, 

Sandia National Laboratories, Albuquerque, New Mexico, November 1981. 

2. Silling, S. A., Final Technical Position on Documentation of Computer Codes for 

High-Level Waste Management, NUREG-0856, U. S. Nuclear Regulatory 

Commission, Office of Nuclear Material Safety and Safeguards, 1983. 

3. Stone, C. M., SANTOS -A Two-Dimensional Finite Element Program for the 

Quasistatic, Large Deformation, Inelastic Response of Solids, SAND90-0543, Sandia 

National Laboratories, Albuquerque, New Mexico, 1995. 
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Problem 1 - Large Rotation Problem 

This problem demonstrates that SANTOS can correctly analyze the stress state in a large 
rotation problem. 

Problem Dercriptign 

A unit cube is initially loaded with a pressure on its top horizontal face (equal in value to 
its initial vertical stress). The other faces are not loaded. The cube is then rotated 90 degrees 
clockwise, as shown in Figure 1.1. The cube is rotated in ten increments from its original 
starting position. 

Pressure 

• 
, . 

- •" \ . \ 
\ 

y \ 
\ 

\ 
\ 

Figure 1.1 Problem Geometry and Boundary Conditions 

' ·A na(ytjc Solution 
·' 

The two-dimensional stress state in the body can be expressed by the following equations . 
. taken from Fung (1965). 

(EQ 1.1) 

(EQ 1.2) 

(EQ 1.3) 

where the unprimed stresses are those in the unrotated cube. 
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A value of 10,000 is used for the pressure in this specific example and the cube is treated 
as an elastic material with a Young's modulus of l.OE6. Notice that, cr.uand txy are equal 
to zero, meaning that initially both the horizontal and the shear streSSes in the system are 
zero. Because of the value of pressure used in this example, the initial vertical stress in the 
cube is -10,000. However, as the cube is rotated, the analytic solution given by 
Equations 1.1, 1.2, and 1.3 indicates that 

• The horizontal stress will increase withe to a final value of -10,000 at a value of 

·a= 90°; 
• The vertical stress will decrease with e to a final value of zero at a value of e ,; 90°; and 

• The shear stress w~ increase withe to a maximum, at a value of e = 4SO, and then will 

decrease back to zero ate= 90°. 

SANTOS Solution 

Problem Discretization 
' 

A single element ( 4-node quadrilateral) is used in the analysis. 

Input Data 

A listing of the SANTOS input file is given in APPENDIX A. 
' 

Output Listing 

A partial listing of the printed output showing pertinent problem information is given in 

APPENDIX A. 

Discuuion ofResults 

A comparison of analytically-derived results and those predicted by SANTOS is shown in 
Figure 1.2. The SANTOS predictions are the same as the analytical ones, demonstrating 
that SANTOS correctly handles large rotation stress transformations. 

References 

1. Fung, Y. C., Foundations of Solid Me.chanics, Prentice-Hall, 1965. 
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Figure 1.2 Rotated Stress Plot 
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Problem 2 - Delete Material Option Problem 

This problem checks the delete material option in SANTOS by removing materials from a 
hanging bar and observing changes in the support reactions due to the change in body mass. 

Problem Dewjptjgn 

A linear, elastic isotropic rod is hanging from a pinned support in a constant gravity field, 
as shown in Figure 2.l.'The rod is composed of five materials each with the same volume 

y 

5 

4 

g 

3 20 

2 

l 

2 

Figure 2.1 Problem Geometry and Boundary Conditions 

and mechanical properties. The materials are sequentially deleted, starting with the material 
farthest from the. pinned support and continuing until one material remains. 

Analytic Solution 

The delete option is considered to be working properly if it correctly computes the vertical 
support reaction in the body after each material deletion. The reaction can be computed 
analytically as follows: 
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N N* 

R = L pgVi- L pgVj (EQ 2.1) 

i=l j=i 

where N is the total number of material blocks and N* is the number of material blocks 
removed. The above equation applies for 0 < N* s; N. 

Specific values used for this example were: p = 1.0 ; g = 5.0 ;and N = 5 . An elastic 

material withE = l.Oxl04 and the geometric dimensions shown in Figure 2.1 was used. 
Thus, before any material is removed, R = 200. This value decreases by. 40 with every 
material block removed. Mter material blocks 1 to 4 are removed, the reaction reaches a 
fmal value of 40. · 

SANTOS Solut;on 

Problem Discretization 

A 160 element (4-node quadrilateral) mesh is used in the SANTOS calculations and is 
shown in Figure 2.2. 

Figure 2.2 . Finite Element Mesh 

Input Data 

A listing of tht: input table for SANTOS can be found in APPENDIX B. 
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• 

Output Listing 

A partial listing of the SANTOS output can be found in APPENDIX B. 

Discussion ofRem4s 

The plot of computed reaction forces versus the analytical solution (the solid line) is shown 
in Figure 2.3. The stair-step shape with time is a result of removing one material block at 
each specific time. Thus, the f11'8t material block, consisting of 32 elements in the SANTOS 
analysis, was removed at t = ).0; then the second material block of 32 elements was 
removed at t = 2.0, and so forth. The delete option is seen to work correctly in SANTOS. 

SUPPORT REACTION .:.. GRAVITY LOAD 
250 ,~~-r~Dra~EIT~M~A~ITrT~~A~L~O~PTI~O~N~~~~~ 

I I I I 

200 -

A 

z 150 1- . 
0 
I= 

~ A 

>- 100 

!::,. SANTOS A 

' 50 

"' 

0 I I I I 

0.0 1.0 2.0 3.0 4.0 . 5.0 

TIME 
Figure 2.3 Support Reaction Plot 
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Problem 3 - Prescribed Force Option Problem 

This problem tests the SANTOS prescribed force option. 

Prpblem Dewiptign 

A slender cantilever beam of linear, elastic, isotropic material is loaded at its tip with a 
concentrated load that varies with time, i.e., the load starts off at zero and linearly increases 
with time to some fmal value. The vertical endpoint displacement and vertical (shear) 
reaction of the beam are computed analytically and compared with the SANTOS solution. 

Analytjc Solution 

The model geometry and boundary conditions are shown in Figure 3.1. The shear force at 
the support is equal to the concentrated load. The vertical displacement of the end point of 
the beam, at any time, is computed using the following formula taken from Young, 1989: 

(EQ 3.1) 

. where P is the concentrated load, Lis the beam length, I is the beam's moment of inertia, 
and E is the Young's modulus. The solution given by Equation 3.1 above is valid for 
slender beams; consequently, the beam is given a length to depth ratio of 30 to 1. 

y 

l p 

1': 
X ~~--------------------------~ 

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

30 I 

Figure 3.1 Concentrated Load Problem 

For specific comparisons between analytic and computed solutions, Pis defined to start off 
at a value of zero, initially, and to increase linearly to a fmal value of 20 at a time of 2.0. In 
addition, a value of l.OE7 is used forE, and a value of l/12 is used for I. With these values, 
the analytic solution of Equation 3.1 indicates that the vertical displacement of the end 
point should increase linearly from a value of zero, initially, to a final value of 0.216. 
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Similarly, the vertical reaction at the left end should increase linearly from a value of zero, 
initially, to a final value of 20. 

$ANTOS Solution 

Problem Discretization 

A 120 element (4-node quadrilateral) mesh is used in the SANTOS analysis and is shown 
in Figure 3.2. , 

Figure 3.2 Finite Element Mesh 

Input Data 

A listing of the SANTOS input file is given in APPENDIX C. 

Output Listing 

A partial listing of the printed output from SANTOS, showing pertinent problem 
information, is also given in APPENDIX C. 

Discussion ofResults 

The plots of end point vertical displacement and vertical reaction with time (It should be 
noted that time here really only corresponds to increase in load, P) are shown in Figure 3.3 
and Figure 3.4. The symbols represent the computed values, while the solid line represents 
the analytic solution. Comparison of the computed and analytic results shown in the figures 
indicates that the implementation of the prescribed force option in SANTOS is correct. 

References 

2. Young, W. C., Roark's Formulas for Stress & Strain, 6th ed., McGraw-Hill, 1989, 
pplOO. 
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Figure 3.4 Support Shear Reaction 
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Problem 4 - Distributed Load Function Problem 

This problem tests the SANTOS distributed load function option. This option specifies that 
an external file is to be read. Said file contains nodal values of a distributed force per unit 
volume. The value of force per unit volume is multiplied by the "nodal volume" (i.e., one
fourth of the volume of each surrounding element containing the node in question) to obtain 
the magnitude of the required loading. · 

Problem Description 

A two-dimensional cube of linear, elastic, isotropic material is loaded vertically with a 
uniformly distributed load that varies with time, i.e., the load starts off at zero and linearly 
increases with time to some final value. The vertical displacement and vertical reaction 
force of the cube are computed analytically and compared with the SANTOS solution. 

Analytic Solution 

The model geometry and boundary conditions are shown in Figure 4.1. The reaction forces 
are computed by multiplying the area of the load surface by the distributed load. The 

W· 

y 

X 

Figure 4.1 Distributed Load Problem 

vertical displacement of the top surface of the cube is computed with the following 
formula: 

wL
2 

u=-AE 
(EQ 4.1) 

where w is the distributed load, Lis the in-plane cube length (a unit depth out-of-plane is 
used), A is the cross-sectional area under the applied load, and E is the Young's modulus. 
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Specific values used in this example were: L = 4.0; E = l.Ox10
7

; v = 0 (Poisson's 

ratio, v, is set to zero to produce one-dimensional response); and w starting off at zero and 
linearly increasing with time to a maximum value of 200 at time 2.0. According to the 
analytic solution, with the use of these values, the vertical reaction should start off at zero 
and linearly increase to a maximum value of 800 at time 2.0, and the vertical, displacement 
should start off at zero and increase linearly to a value of S.OE-5. 

SANTOS Solution 

Problem Discretization 

A 16 element (4-node quadrilateral) mesh is used in the analysis and is shown in Figure 4.2. 

Figure 4.2 Finite Element Mesh 

Input Data 

A listing of the SANTOS input file is given in APPENDIX D. The distributed loads input 
into SANTOS were created by using a separate fortran program written specifically for the 
verification problem to generate the external ftle required and read by SANTOS when the 
distributed load option is used. The listing of the fortran program DISTLF used to generate 
the external file is given in APPENDIX D. 

Output Listing 

A partial listing of the printed output showing pertinent problem information is given in 

APPENDIX D. 
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Discussion ofResults 

The plots of vertical displacement and reaction force are shown in Figure 4.3 and 
Distributed Load Problem 

Dis lacement 
9.0 r-r-r-r-,---,r-"1--,~~~~~-,.--,---,--,-,--,...-,--, 

8.0 

7.0 

....... 
'I' 6.0 
0 

• ....,s.o .... 
~ ~.0 
13.0 
iS 

2.0 

1.0 

o.oo.~.o~~~~~o~~~~~~~1.0~~~~~1~~~~~~~2.0 

Time 

Fi 4.3 gure Axial Displacement 

Figure 4.4, respectively, for both the computed and analytic solutions (the analytic solution 
is shown as the solid line in both figures). Agreement of computed and analytic results, as 
seen in the figures, indicates that the implementation of the distributed load option in 
SANTOS is correct 
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Problem 5 - Adaptive Pressure Option Problem 

This problem checks the adaptive pressure option in SANTOS by comparing the pressure 
behavior of an ideal gas in an expanding spherical cavity with a numerical solution . 

• 
Problem DescriPtion . 

A linear elastic hollow sphere is initially pressurized with P 0 , and the internal surface of the 

sphere expands radially outward increasing the volume of the cavity. Under adiabatic 
conditions the pressure of the gas will decrease in direct proportion to the volume 
expansion of the cavity. 

Analytic Solution 

The behavior of an ideal gas can be described by the following formula (Resnick and 
Halliday, 1966): 

PV = K 
T 

(EQ 5.1) 

where P is the pressure, Vis the volume, Tis the absolute temperature, and K is the 
, universal gas constant Because adiabatic conditions are assumed in this verification 
problem, pressure is solely a function of volume change. This relationship between 
pressure and volume can be written as follows: 

(EQ 5.2) 

where P 0 and V0 represent the initial pressure and initial volume, respectively. Figure 5.1 

shows the specific geometry and boundary conditions of the problem considered here. 
Also, the material properties used in this analysis correspond to those for an elastic material 

with: E = 1x10
7 

and v = 0.3. 

SANTOS Solution 

Problem Discretization 

A 400 element mesh (4 node-quadrilaterals) is used in the SANTOS calculations and is 
shown in Figure 5.2. 

Input Data 

A listing of the SANTOS input file is given in APPENDIX E. In order to use the adaptive 
pressure option in SANTOS the user is required to write a subroutine that describes the 
geometry and pressure boundary conditions that are relevant to the calculations. The 
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FigUre 5.1 Problem Geometry and Boundary Conditions 

Figure 5.2 Finite Element Mesh 

subroutine is compiled into the SANTOS code at the time of execution. A listing of the 
FOR1RAN subroutine used to solve the verification problem is also given in APPENDIX 
E. • . 
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Output Listing 

A partial listing of the printed output showing pertinent problem infonnation is given in 
APPENDIX E. 

Djscussion ofReyults 

The comparison of the pressure versus volume predictions made with the analytic solution 
(the solid line) and SANTOS is shown in Figure 5.3. From the graph it can be seen that the 
SANTOS adaptive pressure option is working correctly. 

References 

Adaptive Pressure Problem 
Ideal Gas Behavior · 
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Figure 5.3 Pressure Versus Volume 

1. Resnick, R., and D. Halliday, Physics- Part I, John Wiley & Sons, Inc., NY, 1966 
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Problem 6 ~ Spinning Disk Problem 

This calculation demonstrates that SANTOS can correctly analyze centrifugal acceleration 
problems in an axisymmetric geometry. The radial displacement profile predicted by 
SANTOS is compared to the analytic solution. 

Problem Demjption 

A linear elastic hollow disk is spun at a constant angular velocity and the calculation 
detennines the radial displacement of the disk. The geometry of the problem and boundary 
conditions are shown in Figure 6.1. 

z 

m=lOO . 

R 

a=l 

b=2 

Figure 6.1 Problem Geometry and Boundary Conditions 

Analytjc Solutjon 

The radial displacement function for the spinning disk is taken from Timoshenko (1958) 
and is shown below as. 

(EQ 6.1) 

where the constants N, C 1, and C2 are defined as: 

(EQ 6.2) 

3 +V ( 2 2) 
C1 = 8 ( 1 +V) a +b N, and (EQ 6.3) · 
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-
3 +V 2 2 

C2 = 8(1-v)a b N. 

The geometry and material constants used in the above equations are as follows: 

a = inner radius of the disk, 
b = outer radius of the disk, 

v = Poisson's ratio, · 
E =Young's Modulus, 
g = gravitational acceleration, 

y = weight density of the disk (Force/Length3}, 
co = angular velocity of the disk, and 
r = radial distance (a s; r s; b) . 

(EQ 6.4} 

For specific comparisons between analytic and computed solutions, the following values 

were used in this example: a = 1.0; b = 2.0; v = 0.3; E = 2.07xl0
11

; g = 9.8066; 

y = 21250; and co = 100 . . . --- . -

SANTOS Solut;on 

Problem Discretization 

The finite element mesh used in the SANTOS analysis is shown in Figure 6.2. It contains 
640 four-node quadrilateral elements. 

Figure 6.2 Finite Element Mesh 

Input Data 

A listing of the SANTOS input ftle is given in APPENDIX F. 

Output Listing 

A listing of the printed output showing pertinent problem information is given in 
APPENDIX F. 
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Discussion ofResulti 

A comparison of analytic results (shown as the solid line) and those predicted by SANTOS 
is shown in Figure 6.3. The SANTOS predictions are essentially the same as the analytical 
ones, demonstrating that SANTOS conecdy analyzes axisymmetric centrifugal 
acceleration problems. 

Radial Displacement - Spinning Disk 
Elastic Solution 40.00 r-.--.-...---r---r""T''""'T=;='-;.=-;t=:;:..:.:r....---r---r""T''""'T----r----,,--, 

37.50 

,..., 
"I' 
0 -35.00 
• ........ 
'() 

32.50 

/:). SANTOS Scidfon 

30~0L-L-~~~~~~~~~-L~~~~~~~~~ 

1~0 1.25 1.50 1.75 2~0 

Radius 
Figure 6.3 Radial Displacement Plot 

Rg.ferenc« 

I. Tnnoshenko, S., Strength of Materials, Part II, Advanced Theory and Problems, Van 
Norstrand Reinhold Company, 1958, pp. 214-215. 
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Problem 7 - Pressure and Gravity Loaded Beam Problems 

In this problem SANTOS solves an elastic beam bending problem for two loading 
conditions. The beam undergoes large bending deformation that tests the .stability of the . . 

hourglass algorithm in SANTOS, as well as the capability of SANTOS to analyze large . 
deformation problems. 

Problem Description 

A thin cantilever beam (30 to !length/depth ratio) is loaded with a pressure on its top 
horizontal surface in one load case, as shown in Figure 7.2, and is gravity-loaded in another 

y 

X 

30 

Figure 7.1 Cantilever Beam with Pressure Load 

y 

~ 

·~ 
~r-----~----------~ 

~~---------3-0----------~ 
X 

Figu~ 7.2 · Cantilever Beam with Gravity Load 

case, as shown in Figure 7 .1. The gravity and pressure loads are made large enough that the 
elastic beam undergoes a large displacement. An elastic analytic solution to the large 
displacement-rotation problem has been developed by Holden (1972) and the SANTOS 
results are compared to Holden's solution. · 
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Analytic Solution 

For the gravity-loaded problem Holden uses the following equation: 

(J2a -
- = -kScosa tf2s , 

. (EQ 7.1) 

developed from the Euler-Bemouilli theory of beam bending for the slope of the elastic 
beam in his calculations. For the pressure-loading case the following expression was solved 
to find the deflected shape of the beam: 

where the variables used in the above equation are defined as follows: 

e =slope of the beam's neutral axis. to the reference x-axis, 

s = the non-dimensional coordid'ate system, with s .= x/L, . 
L = length of the beam, 

k = the non-~imensionalload parameter, with k = wL3!El), 

(EQ 7.2) 

w =the load per unit beam length (the gravity load,pg, or the pressure, P), • 
E =Young's modulus, and 
I= moment of inertia. 

Equations 7.1 and 7.2 are ordinary diffe~ritiat ~~~tion that can be solved when subjected 
to the boundary conditions for a cantilever beam. The boundary conditions are: 

d9 ' """ = 0 at s = 0 (the free end) and 
us ' ' 

(EQ 7.3) 

·~· e = 0 at s = 1 (the fixed end). (EQ 7.4) 

The normalized horizontal and vertical displaCements of the free-end of the cantilever can 
then be represented, respectively, by the following integral expressions: 

(EQ 7.5) 

o Jl . ad-L=osm s . (EQ 7.6) 

. 
Numerical integration of Equations 7.5 and 7.6leads to the "analytic" solution for the 
horizontal and vertical displacements. 
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To generate the analytic solution for the gravity· loaded beam, the following specific values 

were used in this example problem: L = 30; I = 1112; E = l.Oxi0
7

; v = 0; 

p = 400 ; and g in they-direction that varies linearly with time, starting at zero and 
reaching a maximum value of -1.55 at timet= 1.55. Similarly, to generate the analytic 
solution for the pressure-loaded beam, the following specific values were used in this 

example problem: L = 30; I = 1/12; E = l.OxlO 
7

; v = 0; and P that varies linearly 
with time, starting at zero and reaching a maximum value of 620 at time t = 1.55. Using 

these specific values,yields a k that ranges from 0 to approximately 20, for comparison 
with Holden's published results. 

SANTOS Solution 

Problem Discretization 

A 102-element mesh was used for the SANTOS calculation and is shown in Figure 7 .3. The 
beam model has alength'to depthratio'of 30 to 1, which insures the deflection of the beam 
is governed by bending and is comparable with verification calculations done with the 
JAC2D finite elementcode (Biffle and Blanford, 1994). 

Figure 7.3 Finite Element Mesh Undeformed 

Input Data 

A listing of the SANTOS input file is given in APPENDIX G. 

Output Listing 

A partial listing of the printed output showing pertinent problem information is given in 
APPENDIX G. 

Discussion ofResults 

The situation analyzed wi!h SANTOS also considers load cases with k varying from 0 to 
20, as was the case for the analytic solution. The plots of the free-end deflections for both 
the analytic and the SANTOS computed solutions are shown in Figure 7 .4, for the gravity
loaded case and in Figure 7.5, for the pressure-loaded case, respectively. The gravity 
analysis indicates a very close correspondence between the predictions made with 
SANTOS and the results from the analytic solution. A sample deformed mesh of the 
SANTOS gravity-load problem is also shown in Figure 7.6 fork equal to 6.5 . 
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Figure 7.5 Pressure Beam End-Point Displacements 

In the pressure load calculation there is good agreement between SANTOS and the 
analytical solution up to k = 10, where the two solutions diverge. The SANTOS results 
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Figure 7.6 Deformed Gravity-Loaded Beam 

appear to be stiffer than the analytic results under higher loads. The JAC2D analysis of the 
' same problem produced the same results. Biffle and Blanford (1994) suggest that this 

difference is due to the beam bending back upon itself such that the radius of curvature of 
the bending is no longer as large as the depth of the beam. The analytical solution is to a 
one-dimensional model wherein the thickness of the beam does not explicitly enter into the 
calculation. 
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Problem 8- Tension Release Option Problem 

This problem tests the SANTOS tension release option in the contact surface algorithm by 
analyzing the forced separation of two elastic blocks. 

Problem Dewip#on 

Two elastic bodies are initially in contact, one resting on the other, with a frictionless 
interface between them. The smaller body is subjected to a tensile traction on its top surface 
that linearly increases from 0 at t = 0 to 10,000 at t = 1. The nodal tensile release force, f,, 
on the contact surface is set for 1,000. This means that once the force at a node on the 
contact surface reaches this value, it will release. The tensile release option should work 
correctly by releasing the top block once all the nodes on the interface reach this force 
value. The separation of the two blocks will be reflected in the step drop of the vertical 
reaction at the bottom supports. The geometry and boundary conditions of the prob~em are 
shown in Figure 8.1. 

p 
y 

1.0 

• 

2 

X 

Figure 8.1 Problem Geometry and Boundary Conditions 

8-1 



 

 Information Only 

WPO# 35675 March 27, 1996 

Analvtic Solution 

The vertical reaction will increase linearly to a value of 5,000 and then step drop to 0 at 

time, t=0.5. Both elastic bodies had a Young's modulus of E = 30x10
6 

and a Poisson's 

ratio of v = 0.3 . 

SMTOS Solutjon 

Problem Discretization 

The finite element mesh used in the SANTOS calculation is shown in Figure 8.2 and is 
composed of 26 elements (4 node quadrilaterals). A single element is used to model the 
lower body, containing the master surface, and 25 elements make up the upper body, 
containing the slave surface. Thus, there are four "internal" and two "external" nodes on 
the interface for a total of six slave nodes . 

• 

Figure 8.2 Finite Element Mesh 

Input Data 

The listings of the SANTOS input ftle for the calculation is given in APPENDIX H. 

Output Listing 

The output listing for the analysis is in APPENDIX H. 
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Discuuion ofResults 

The support reaction predicted by the SANTOS analysis is plotted against the closed-fonn 
solution (dashed line) in Figure 8.3. At t = 0.5, the four internal nodes on the interface each 
reach a value of 1,000 and release. Immediately thereafter, the load is transfered to the two 
external nodes causing the force in each of them to reach a value of 1,000 and release as 
well. The SANTOS results show excellent agreement with the analytical solution. From 
these calculations it appears the tensile release option of the contact surface algorithm in 
SANTOS is working correctly. 

>-
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~ 
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Figure 8.3 Plot of Vertical Support Reaction 
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Problem 9 - Rigid Sliding Surface Option Problem 

This problem tests the SANTOS rigid sliding surface option by analyzing the slippage of 
an elastic beam on a rigid surface with different coefficients of friction. 

Problem Description 

An elastic beam is resting upon a rigid half-space. It is restrained against horizontal 
movement on its left edge and is subjected to an initial vertical downward displacement on 
its top surface. It is pulled by a horizontal pressure on its right edge. The displacement of 
the right edge of the beam is resisted by the frictional force developed on the interface of 
the beam and the rigid surface upon which it rests. The vertical displacement is constant · 
and the horizontal pressure is linearly increased to a magnitude that exceeds the maximum 
frictional resistance of the beam. Figure 9.1 shows the geometry and boundary conditions 
of the problem. 

y 

li=4.0E-03 

-----r----E:~®~:o.---- 2 

X 

20 

Figure 9.1 Problem Geometry and Boundary Conditions 

Analytic Solutjon 

The formulation of a closed-form solution of the problem begins with the static summation 
offorces in the horizontal direction: 

1:-Fx = 0 = pht-IJ.pX. (EQ 9.1) 

This is shown on the free body diagram in Figure 9.2, where pis the horizontal pressure, h 
is the beam thickness, p is the vertical pressure (arising from the vertical displacement 
boundary condition), IJ. is the coefficient of friction, xis the slipping length of the beam, 
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p 

pht 

~px 

~ x = 0 = pht- ~px 

Figure 9.2 Free Body Diagram of Forces 

and tis the non-dimensional time parameter. The slipped length of the beam can be 
computed by rearranging the above equation to yield: 

e!!! X= • (EQ 9.2) 
ILP 

An equation relating the displacement of the beam to the applied forces can be derived from 
a functional, developed from energy principles (It is assumed the beam is one-dimensional, 
which greatly simplifies the solution): 

(EQ 9.3) 

Here Eis the Young's modulus, Lis the total length of the beam undergoing slippage, u is 
the displacement function, and F is the horizontal force applied to the right edge of the 
beam (F = pht) . The beam is assumed to be of unit width. A differential equation · 
describing the displacement function u can be derived by taking the fmt variation of the 
functional with respect to u, as follows: 

2 .aJ au 
- = -Eh ·-+ !LP = 0. au ai 

(EQ 9.4) 

Integrating twice with respect to x, the following analytical expression for u is derived: 

(EQ 9.5) 

9-2 

c 

( 
' 



 

 Information Only 

( 

c 

c 

WPO# 35675 March 27, 1996 

. The integration constants cl and c2 are derived from the following boundary conditions: 

u(O) = O~C2 = 0 (EQ 9.6) 

d au (L) = e.!!! :::: J.lpL C 
an ax Eh ·Eh+ 1 " (EQ 9.7) 

• 

Solving for C 1 yields: 

C _ pht- J.lpL 
1 - Eh (EQ 9.8) 

The general expression for horizontal displacement then becomes: 

2 
_ J.lpx phtx IJ-pLx 

u - 2Eh -1: Eh - Eh . · (EQ 9.9) 

The equation can be further simplifieif for the case of the displacement of the right-hand 
side of the beam by noting that: 

L = e.!!! 
llP 

(EQ 9.10) 

and solving the general displacement equation for x = L. The result is the following 
equation: 

• 2 2 
- e..!!!_ u (L) - 2J.1pE. (J?Q 9.11) 

Specific values used in this example to generate values for comparison with the SANTOS 

predictions were: E = l.Ox10
4

; v = 0 (Poisson's ratio, v, set to zero); ll = 4.0xl0-3 

(which corresponds top = 20 ); h = 2; and 1.1 = 0.1, 0.2, 0.5, 0.7 with respectively 

corresponding maximum values of p = 35, 58.75, 125, 170. 

SANIOS Solution 

Problem Discretization 

The finite element mesh used in the SANTOS analysis is shown in Figure 9.3 and is 
composed of 160 elements (4 node quadrilaterals). 

Input Data 

The listings of the SANTOS input files for the calculations are given in APPENDIX I. 
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Figure 9.3 Finite Element Mesh 

Output Listing 

The output listings for the analyses are in APPENDIX I. 

Qjscuuion ofResults 

Four SANTOS analyses were performed using coefficients of friction of 0.1, 0.2, 0.5, and 
0. 7. A horizontal pressure was applied to the right-hand side of the beam, varying linearly 
in magnitude from a value of p = 0 at time, t = 0, to a maximum of p = ·~p" at time, t = 1.0. 
The value of "P" was different for each analysis and was chosen to be large enough to 
induce full slip along the bottom of the beam and exceed the total frictional resistance of 
the beam. In order to simulate a one-dimensional geometry in the finite element model a 
vertical displacement boundary condition was used on the top surface of the beam in lieu 
of a vertical pressure. This was done because the finite element solutions begin to deviate 
from the analytic solutions when a vertical pressure boundary condition is used and friction 
coefficients exceed 0.5. This occurs because of shear distortions which arise in the beam as 
the frictional streSses which develop in the beam become more significant Thus, although 
the downward vertical displacement of 0.004 units corresponds to a vertical pressure of 
p = 20, the use of a vertical displacement boundary condition rather than a vertical pressure 
boundary condition decreases the amount of shear distortion in the mesh which arises from 
the horizontal pressure and frictional stresses on the beam. The horizontal end-point 
displacements are plotted in Figure 9.4. The figures shows excellent agreement between 
the SANTOS predictions of horizontal displacements and the analytic solutions (shown as 
the solid lines). · • 
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Figure 9.4 End-Point Horizontal Displacements 
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Problem 10- Double Elastic Beam Contact Sliding Problem 

This problem tests the SANTOS contact surface algorithm by analyzing the slippage of one 
elastic beam relative to another that it is in contact with (this system will be referred to 
herein as a double elastic beam). The computed results for relative slip are then compared 
to those obtained using a closed-form solution. 

Problem Description 

Two elastic beams of depth, h, and original length, L, and possessing different Young's 
moduli (E 1 for the top beam and E2 for the bottom beam) are held in contact by a pressure, 
P, acting uniformly along their length as shown in Figure 10.1. The softer top beam is 

f p 

h=l BEAM! F 

h=l ~ BEAM2 F 
X 

~ .I 
L=25 

Figure 10.1 Problem Geometry and Boundary Conditions 

subjected to the vertical pressure on its top horizontal surface. The stiffer bottom beam rests 
upon frictionless roller supports that restrict vertical, but not horizontal displacements. 
Both beams are restrained against horizontal displacement on their left-hand sides and have 
the same cross-sectional areas. A tensile axial force, F, is applied to the right end of each 
beam, and this force increases linearly with time. The boundary conditions for the problem 
are also shown in Figure 10.1. When the loads are applied, slippage occurs on the interface 
of the beams due to differences in axial stiffness, i.e., the softer beam tends to elongate 
more than the stiffer beam. As a result, the softer beam now has a deformed length, I I> while 
the stiffer beam now has a deformed length,l2, as depicted in Figure 10.1. lf a coordinate, 
x, along the length is taken to be measured with respect to an origin at the left end, the 
beams slip with respect to each other beyond some point (originally at Lo) which has now 
displaced to 10> but do not slip before that point is reached. The horizontal displacement of 
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y 

p 

h BEAMl Fl 

h ~ BEAM2 F2 
X 

I: lo ~ J 
12 

Figure 10.2 Problem Deformed Geometry 

the beams at the point of application of the axial loads will be a function of the frictional 

forces developed on the interface (which has a coefficient of friction, IJ., acting on it) and 

the axial stiffnesses of the two beams. 

Anqlv#c SolutWn 

The analytic solution was originally developed by R. D. Krieg in 1986 at Sandia National 

Laboratories in a set of informal notes. Krieg's analytic solution is re-developed herein for 

the purpose of formally documenting it and so that itmay be used to compare with the 

SANTOS results. 

The analytic solution assumes a one-dimensional geometry and small displacements. 

Furthermore, it is assumed that the axial strains are constant in zones of slip and non-slip. 

The solution examines the problem in three parts. The first part examines displacements 

and stress states in the beams along the zone where there is no slip (i.e., 0 :S: x :S: 10 ; we will 

refer to this as Zone A). The second develops the relationship between stress and 

displacement in the "slipped-off' portion of the top beam (12 :S: x :S: 11 ; referred to as 

Zone C), where the upper beam is no longer in contact with the lower beam and only 

Beam 1 exists for purposes of developing the displacement equation. The third examines 

the stress and displacement states in the portions of the upper and lower beams where 

slippage has occurred and both are still in contact with each other {10 :S: x :S: 12 ; referred to 

as Zone B). 
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Zone A 

The strains and displacements in the top beam (Beam 1) and bottom beam (Beam 2) are the 
same in the non-slip zone of the interface. This strain equivalence can be expressed as: 

(EQ 10.1) 

• 
Using linear, elastic constitutive relationships Equation 10.1 can be rewritten as: 

(EQ 10.2} 

where E1 and E2 are the Young's moduli for Beam 1 and Beam 2, respectively, and cr1 
and cr1 are the corresponding axial stresses in each beam throughout Zone A. The 

displacement of each beam at x = 10 in the non-slip zone can be expressed as the integral 

of the constant axial strain over the length of the zone (10), 

(EQ 10.3} 

x=l0 · x=l0 where u2 is the displacement of Beam 2 at x = 10 and u1 is the displacement of 

Beam 1 at x = 10 (hereafter, the superscript will be be understood to denote the x-location 

along the respective beam, if lowercase, or the range of x, if uppercase). 

Before proceeding, it is useful to introduce the following variables for defining the 
deformation of the beams: 

lo = Uo +L, (EQ 10.4) 

I, 
(EQ 10.5) 

• 
l1 =u1 +L, 

I, 
and 12 = u2 +L, (EQ 10.6) 

where Lis the original (undeformed) length of the beams, u0 is the displacement of both 

I 
beams at x = 10 (because up to this point, there is no relative slip between the two), ui 
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I 
is the displacement of the right end of the upper beam (at x = 11 ), and u; is the 

displacement of the right end of the bottom beam (at x = 12 ). 

ZoneC 

The displacement of the top beam in Zone C is related to the displacement of the bottom 
beam through the following relationship:. 

(EQ 10.7) 

where £~ is the axial strain in the top beam in Zone C. Using constitutive relations to 

substitute for the strain, £~,gives: 

(EQ 10.8) 

where a~ is the axial stress in the top beam in Zone C. Substituting the axial force carried 

by the top beam for the axial stress, a~, yields: • 

(EQ 10.9) 

ZoneB 

A differential equation is created describing the displacement of the top beam in Zone B by 
requiring the horizontal forces acting upon a differential element of beam to equal zero (see 
Figure 10.3 for details): 

df = !J.Pdx. (EQ 10.10) 

Integrating both sides of the equation yields the following: 

(EQ 10.11) 

(EQ 10.12) 

10-4 

c 

-c 



 

 Information Only 

c 

c 

( 

WPO# 35675 March 27, 1996 

p 

f .... ---1 1-----e.- f + df 

' ~dx y 

Figure 10.3 Differential Force Element - Top Beam 

where J; is the internal force in Beam 1 at some arbitrary location x within Zone B (the 

' stresses are not constant in this zone) and 1; is the internal force in Beam 1 at the right 

end of Zone B. Substituting stresses for the internal force, J; , we get: 

{EQ 10.13) 

where cr~ is the stress in Beam 1 at some arbitrary location x in Zone B. Noting that for 

x = 10 , we have ! 1' = F 1 (because of no-slip), so that the above equation becomes: 

{EQ 10.14) 

Using the constitutive relationship to replace a~ in Equation 10.13 creates the following 

displacement differential equation: 

{EQ 10.15) 

Rearranging variables and integrating both sides, we get: 
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(EQ 10.16) 

(EQ 10.17) 

where u~ is the displacement of Beam 1 at some arbitrary location x within Zone B. 

Evaluating the displacement at x = l2 (th~rightend of Zone B) and.noting that 1: =. F 1 

at x = l2 gives the displacement relationship: 

(EQ 10.18) 

Using the san1e methodology for the bottom beam (Beam 2) in Zone B, we get the 
following two equations: 

(EQ 10.19) 

(EQ 10.20) 

Six equations (Equations 10.2, 10.3,10.14, 10.18, 10.19, and 10.20) in six imknownshave 
been have been developed that will define the end-point displacements of both beams, 

because for small displacements we recognize that l1 = l2 = L. Furthermore, we also note 

loA loA .• 
that F 

1 
= F 

2 
= F; 0" 1 = 0" 1 ; and 0"2 = o2 • The SlX equations thus become: 

• 
(EQ 10.21) 

(EQ 10.22) 

(EQ 10.23) 

(EQ 10.24) 

(EQ 10.25) 
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(EQ 10.26) 

The six unknowns, a~, a~, u0, l0, u~, and u;, can be found by simultaneous solution of the 

above six equations: Doing so results in the displacement fonnulas for variables u0, u ~, and 

L 
u2 as follows: . 

(EQ 10.27) 

(EQ 10.28) 

and (EQ 10.29) 

The variables u0, u~, and u;, as defmed by Equations 10.27, 10.28, and 10.29, represent 

the non-slip horizontal displacement of the beams, the end-point displacement of the top 
beam, and the end-point displacement of the bottom beam, respectively. 

SANTOS Solution 

Problem Discretization 

The finite element mesh is shown in Figure 10.4 and is composed of 130 elements (4 node 
quadrilaterals).ln the finite element model the top beam is slightly shorter (24.8 units) than 
the bottom beam (25 units). This small deviation from the analytical model prevents node 
tracking problems in SANTOS. As the top beam slides over and off the bottom beam, the 
slide line algorithm can no longer track the end-point slave node. The shortened top beam 
geometry insures the slave node remains in contact with the master surface while not 
com promising the solution. 

1111111111111111 ffllllllllll II 111111111111111111111111111111111111 11111111111111111111111 Ulllllllllll II II !]I 

Figure 10.4 Finite Element Mesh 
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Two analysis cases are examined for different combinations of Young's modulus and 
coefficient<; of friction. The first case calculates end-point displacements for a coefficient 

of friction of0.4anda Young's modulus ratio (bottom beam modulus, E2 = 9000, t9 top 

beam modulus, E1 = 3000) of3 to 1. The second calcula~on uses a coefficient of friction 

of0.5 and a Young'smodulusratio oflO (E2 = 8000) to 1 (E1 = 800). In both problems 

the Poisson ratios of both beam are set to zero (to minimize two-dimensional effect'l); the 

pressure is set to P · = 1 ; and the end force on each beam increases linearly from zero 

initially to F = 10 at t = 10. Both beams are also of unit height, h. 

Input Data 

The listings of the SANTOS input files for the calculations are given in APPENDIX J. 

Output Listing 

The output listings for the analyses are in APPENDIX J. 

Wscuuign ofResults 

The end-point displacement<; predicted by the SANTOS analyses are plotted against the 
closed-form solutions in Figure 1 0.5, for the first case, and Figure 1 0.6, for the second case. 

· The SANTOS result'l show excellent agreement with the analytic solution (shown as the 
solid lines in both figures), and it can be concluded that the sliding part of the contact 
algorithm is working correctly in SANTOS. 

.· 
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Double Beam Friction Problem- Case 1 
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Figure 10.5 End-Point Displacements for Case 1 
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Double Beam Friction Problem - Case 2 
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Figure 10.6 End-Point Displacements for Case 2 
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Problem 11 - Ela~tic/Piastic Analysis of a Thick-Walled Hollow 
Sphere 

This problem tests the elastic/plastic constitutive model in SANTOS by analyzing both the 
pressurization and the thennalloading of a hollow sphere. Three cases are analyzed: an 
isothennal pressurized elastic/perfectly-plastic sphere, an isothennal pressurized elastic/ 
plastic with linear strain hardening sphere, and an thennally loaded elastic/perfectly-plastic 
sphere. 

Problem DewjDtion 

The sphere analyzed in all three cases has an internal radius of one and an outer radius of 
two, as shown in Figure 11.1. For the isothennalloading cases, the internal pressure on the 

. inner surface of the sphere is such that the sphere starts off at initial yield on the inner 
surface. The pressure is then increased until the sphere becomes fully plastic through the · 
thickness. In the thennal problem a radial temperature gradient is applied that causes initial 
yield on the inner surface of the sphere and the temperature is increased, expanding the 
plastic zone. · 

2.0 

1.0 

Figure 11.1 Problem Geometry and Boundary Conditions .For Pressurized Cases 

Analvtic Solution 

Pressure Loading Cases 

The analytic solutions for these problems were derived by Mendelson (1968). For the 
isothennal pressurized loading cases the elastic/plastic interface expands radially outward 
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from the inner surface of the sphere according to the equations below, taken from 
Mendelson. The first equation: 

p = 21np +- 1--. 2( 1 ) 
c 3 3 ' 

~c 
(EQ 11.1) 

is for the elastic/perfectly-plastic material, and the second equation 

4m ( 3) 3 2 ( 3) 3(1-V)I,_1-11~ Pc +2(1-m)lnpc+3(1-m) 1-1/~c 
P= 1 2 (1 ) ,(EQ 11.2) -m+ m -v 

is for a linear strain hardening material. The non-dimensional variables used in the above 
equations are: 

P = pi a
1

, ratio of applied internal pressure to material yield stress, 

Pc = cl a, ratio of elastic/plastic interface radius to the sphere's internal radius, 

~ c = b I c , ratio of sphere's outer radius to the elastic/plastic interface radius, 

~ = b I a , ratio of sphere's outer to inner radii, 
m =ratio of the hardening modulus to the Youngs' modulus, and 

v =Poisson's ratio. 

Expressions for the non-dimensional effective stress functions for both the elastic/ . 
perfectly-plastic case and the elastic/plastic with linear strain hardening case can also be 
found in Mendelson (1968). However, Biffle and Blanford (1994) discovered that the 
effective stress function for the linear strain hardening material in Mendelson is incorrect, 
and the corrected equation from the JAC2D manual (Biffle and Blanford, 1994) is shown 
below. The expression: 

(EQ 11.3) 

gives the dimensionless effective stress in the outer elastic region of elastic/perfectly
plastic material, which simply reduces to: 

3 3 
S = c lr , (EQ 11.4) 

once the interface radius, c, is computed. By definition, the dimensionless effective stress 
is unity in the plastic region for the elastic/perfectly plastic case. For the elastic/plastic with 
linear hardening case, the dimensionless effective stress in the elastic region is the same as 
given above. In the plastic region, the dimensionless effective stress for this case is given 
by: 
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. 3 3 
S = l-m+2m(l-v)c /r 

1-m+ 2m(l-v) 
{EQ 11.5) 

Specific values used in this example to generate a solution for comparison with computed 

' results from SANTOS for the elastic/perfectly-plastic case are: ay = l.Ox104
; a = 1.0: 

b = 2.0; E = 2.07x1011 
; and v = 0.3. The applied internal pressure used in the 

SANTOS analysis is shown in Table 11.1. The load increases with time to produce a plastic 

Table 11.1 Applied Pressure History for Elastic/ 
Perfectly-Plastic Case 

Ttme Pressure, p 

0.0 0.0 

1.0 5833.0 

1.2S 9501.9 

1.5 11963.5 

1.75 13392.8 

2.0 13900.0 

zone in the sphere that initiates at the inner surface and eventually encompasses the entire 
thickness. Similarly, specific values used in this example to generate a solution for 
comparison with computed results from SANTOS for the elastic/plastic with linear 

. 4 · H 
hardenmg case are: a = l.OxlO ; a = 1.0: b = 2.0; m =: 0.1; E = 2.07x10 ; and 

y . 

v = 0.3. The applied internal pressure used in the SANTOS analysis is shown in 
Table 11.2. Again, the load increases with time to produce a plastic zone in the sphere that 
initiates at the inner surface of the sphere and eventually envelopes the entire thickness. 
However, because of the strain hardening in this case, a higher final pressure is required to 

· yield the entire thickness of the sphere. Figure 11.2 and Figure 11.3 show the non-
. dimensional analytic effective stiesses using these values, plotted as a function of radius, 
for loadings starting from plastic yield on the inner surface of the sphere to full plastic 
yielding of the sphere (the analytical solutions are plotted as solid lines). 

Temperature ·Loading Case 

The temperature gradient used in the thermal analysis of an elastic/perfectly-plastic hollow 
sphere is derived from the steady-state solution of a hollow sphere with a constant 
temperature of T

0 
on the inner surface and zero temperature on the outer surface. The radial 

temperature gradient is given in Mendelson as: 
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Table 11.2 Applied Pressure History for Elastic/ 
Plastic With Lhiear Hardening Case 

Thne Pressure, p 

0.0 0.0 

1.0 5833.0 

1.25 9756.5 

'1.5 - 13003.2 

1.75 15798.4 

2.0 18278.8 

Effective Stress - Pressurized Sphere 
Perfect Elastic-Plastic 

1.1 r--r--r--r--r-o-~~~l.,!=!~~~~~ ........................ -.-..,.--------, 

0.9 

0.8 

0.3 

0.2 

0.1 

!:!,. P/u, = 1.0 
0 P/u, = 1.25 
0 P/u, = .1.5 
(> P /a,= 1.75 
+ P/u,=2.0 

04.o~o~~~~-1.2~5~~~~-1.s~o~~~~-1.~75_._._._.~2.00 

p (r/a) 

Figure 11.2 Elastic/Perfectly Plastic H~llow Sphere 

Toa (b ) T = --1 
(b-a) r 

(EQ 11.6) 

where a, b are the inner and outer radii of the sphere and r is the radial distance, such that 

(a S r S b) • The thennal problem differs from the previous elastic/plastic calculations in 
that two plastic zones are created with higher temperatures. Initially yield occurs on the 
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2.1 
2.0 
1.9 
1.8 
1.7 
1.S 
1.5 
1.4 

"1.3 

b'"1.2 

)1.0 
b 0.9 

0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
o:O 

1.00 

Effective Stress - Pressurized Sphere 
Linear Hardenin Elastic-Plastic 

1.25 

/), P/a,= 1.0 
0 P/a,= 1.25 

• 0 P/a,= 1.5 
0 P/a,= 1.75 
+ P/a,=2.0 

1.50 

p (r/a) 
1.75 

Figure 11.3 Elastic/Plastic Hollow Sphere with Linear Hardening 

2.00 

inner radius of the sphere due to compressive tangential stresses, and the elastic/plastic 
interface expands radially outward with higher thermal loads. The temperature required to 
initiate yielding on the inner surface of the sphere can be found by solving the following 
dimensionless thermal load equation: 

(EQ 11.7) 

for T0 , where t ( T0) is found by setting c = a in the following equation: 

(EQ 11.8) 

which is used for determining the radius c of the initial elastic/plastic interface. In the 
foregoing, a is the linear coefficient of thermal expansion and E is theY oung' s Modulus. 

In this specific example, we use: a = I.Oxl0-
5

; E = l.Oxl0
7

; v = 0.3; ay = I.Oxl0
4

; 

a = 1.0; and b = 2.0. Using these values, the inner surface temperature, T
0

, required to 

initiate yielding, at r = a, is 98 ° . 
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When the plastic boundary (expanding radially outward) has advanced to a radius c1 as 

detennined by solving the following equation: 

lncl = 2b(l- c1)2 
a 3c1 b 

(EQ 11.9) 

for c1, a second yield surface is initiated at the outer surface of the sphere due to tensile 

tangential stresses. For this specific example, c 1 has a value of 1.197 and oecurs at an inner 

surface temperature of 264.8° as detennined by use of Equation 11.8. Above this critical 

temperature, the elastic/plastic interface from the second yield zone expands radially 

inward with increasing temperatures while the inner plastic zone continues to'spread 

outward. An elastic region is sandwiched between the expanding plastic zones. 

The dimensionless effective stress in both plastic zones is equal to unity and the following 

equation: 

S= 
3 

B3b -t ab 

2l 2r(b-a) 
(EQ 11.10) 

is used to define the dimensionless stress in the elastic zone, with B defmed as follows: 

. 3 

B = 2c [ l-clb+ln(cla) J 
3 2 • 

b (2+clb) (l-clb) 
(EQ 11.11) 

However, B as detennined with Equation·ll.ll is the elastic stress function that can be 

used only prior to the creation of the second plastic zone. When there are two plastic zones, 

Equation 11.8 is no longer valid and the locations of both elastic/plastic interfaces have to 

be solved-for simultaneously using the following two equations (Biffle and Blanford, 

1994): 

(d d)( l;i) 
t = 2 a-;; 1 + 1-c/ d • and (EQ 11.12) 

1n(cd) = 2c [~ _ 1]2, 
ab 3d c 

(EQ 11.13) 

where d is the radius to the second elastic/plastic interface. The resulting new B function 

to be used in the dimensionless effeetive stress function (Equation 11.10) above is: 

3 
c [ die J 

B= 2b3 3(1-c/d) · 
(EQ 11.14) 
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Using the specific values for the thennal problem as detailed above, Figure 11.4 shows the 
analytic nondimensional effective stress (solid lines) for this case as T0 increases from 98 ° 

to 600°. 

Effective Stress - Hollow Sphere 
Thermal Problem Elastic-Plastic 

1.25 1.50 

p (r/a) 

I). r.= 9B.o 
0 T.=223.5 
0 T0 =349.0 
0 T0 = 474.5 + T0 =600.0 

1.75 2.00 

Figure 11.4 Elastic/Perfectly Plastic Hollow Sphere -Temperature Case 

SANTOS Solution 

Problem Discretization · 

The finite element mesh used in the SANTOS analyses is shown in Figure 11.5 and is 
composed of 600 elements (4 node quadrilaterals) 

Input Data 

A listing of the input file is given in APPENDIX K. 

Output Listing 

A partial listing of the printed output showing pertinent problem infonnation is given in 
APPENDIXK. 
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.. 

Figure 11.5 Finite Element Mesh 

Discussion ofResults 

The results predicted by SANTOS are also shown in Figures 11.2 to 11.4. As can be seen 
in the plots of the normalized effective stresses, the computed results match the analytic 
results almost exactly. It can be concluded that the implementation of the elastic/plastic 
constitutive model in SANTOS is correct for isothermal and temperature dependent 
problems. It is should be noted in Figure 11.2 that for the plot of effective stresses in the 

. case where the sphere is fully plastic, the SANTOS solutio~ does not predict a fully plastic 
sphere. The normalized effective stress for the element on the outer radius of the sphere is . · 
slightly less than one although the pressure input to SANTOS is the theoretical value that 
could induce full plastic yield of the sphere. For a load case where the sphere becomes fully 
plastic, the solution continues to iterate because the material is flowing in an unrestrained 

. manner. 

References. 

1. Mendelson, A., P JASTI CITY: Theory and Application, Macmillan Co.,NY, 1968. 

2. Biifle, J. H. and M. L. Blanford, JAC2D-A Two-Dimensional Finite Element 
Computer Program for the Nonlinear Quasi-Static Response of Solids with the 
Conjugate Gradient Method, SAND93-1891, Sandia National Laboratories, 
AJbuquerque,NM,May, 1994. 

11-8 

c 

c 

c 



 

 Information Only 

c 

c 

( 

WPO# 35675 March 27, 1996 

Problem 12- Restart Option Problem 

This problem tests the SANTOS restart (read and write) option by re-analyzing the elastic/ 
perfectly plastic hollow sphere temperature problem described in Problem 11. 

Problem Description 

A hollow sphere made of elastic/perfectly plastic material is loaded by a radial temperature 
gradient that initiates plastic yield on both the outer and inner radii of the sphere. This 
problem was analyzed in Problem 11 of the verification and qualification ptoblein set 

Analytic Solution 

See Problem 11 of the verification and qualification problem set for the analytic solution 
and for specific material properties and geometric parameters used for this example. 

$ANTQS Solution 

Problem Discretization 

' The ftnite element mesh is shown in Figure 11.5 and is composed of 600 elements (4 node 
quadrilaterals) 

Input Data 

A listing of the SANTOS input ftles for both the restart write and restart read calculations 
are given in APPENDIX L. 

Output Listing 

The output listings for both the restart write and restart read analyses are listed in 
APPENDIXL. 

Discussion ofResults 

To test the restart option in SANTOS two analyses were performed. The ftrst produced the 
restart tape an\1 was run to time 3 (the original calculation was run out to time 5). The 
second calculation restarts the ftrst at time 3 and concludes at time 5. Figure 12.1 shows the 
non-dimensional effective stress plots for times 3, 4, and 5 produced by the restart analysis 
along with those from the original continuous analysis. The results are shown to overlay, 
meaning that the restart option (read and write) in SANTOS is working correctly. 
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Effective Stress- Heated Sphere 
Restart Problem 

1.1 .-.--.--.--r--r--r--r~T-!-c~~~,..-,..-,..-,..-,..-,..-....-, 

0.9 

0.8 

0.4 -- Ortpj Ardysls 

0.3 - - - - Rwlu lod Ardysls 

0.2 

0.1 

o~L-L-~~~~~-L~-L-L-L-L-L~~~~~~~ 
1~0 1.25 . 1.50 1.75 2~0 

p (r/a) 

Figure 12.1 Effective Stress Comparison 
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Problem 13- Sloping Roller Option Problem 

This problem checks the sloping roller option in SANTOS by comparing the stresses 
computed using this option to those produced by a calculation using a complete geometric 
description of the body in question. 

Problem Descriptjgn 

A hollow sphere of elastic/perfectly plastic material is loaded with radial thermal gradients 
that create plaStic and elastic zones through the thickness of the sphere. This problem was 
analyzed in Problem 11 of the verification problem set using a hemispherical model of the 
sphere. In this calculation a 36° wedge of the sphere is modeled using the sloping roller 
option. Figure 13.1 depicts the geometry and boundary conditions used in the sloping roller 

- calculation. 

y----r--._ 

2.0 "T"""--L- ... ... 

1.0 

.... ...... 

' ' 

... ... 
' ' ' ' ' ' \ 

Figure 13.1 Sloping Roller Geometry and Boundary Conditions 

Analytjc Solution 

The analytical solution to this problem was derived by Mendelson (1968) and is discussed 
in fuller detail in Problem 11 of the verification problem set. 

-, 
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SANTO$ Solu#on 

In this specific example, we use the same material and geometric parameters as for Problem 
-S . -. 7 - 4 

11: a= l.Ox10 ; E = l.Ox10 ; v = 0.3; a = l.OxlO ; a= 1.0; and b = 2.0. y . 

Problem Discretization 

A 240 element mesh ( 4 node-quadrilateral) is used in the SANTOS calculation and is 
shown in Figure 13.2. 

I . 

Figure 13.2 Finite Element Mesh 

Input Data 

A listing of the SANTOS input file is given in APPENDIX M. 

Output Listing 

A partial listing of the printed output showing pertinent problem information is given in 
APPENDIXM. 

Discussion qfResults 

The calculation using the sloping roller option in SANTOS successfully recreated the 
effective stress profiles, as shown in Figure 13.3, that were plotted in Problem 11 of the 
verification problem set. The sloping roller option is correctly working in SANTOS. 
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1.1 

1.0 

0.9 

0.8 

0.7 

b"'0.6 
~ 
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0.0 
1.00 

Beferences 

Effective Stress - Sphere Wedge 
Thermal Problem Elastic-Plastic 

1.25 1.50 

p {r/a) 

D. r.= ss.o 
0 T.=223.5 
Q. T

0
=349.0 

0 T0 =474.5 
+ T0 =600.0 

1.75 

Figure 13.3 Effective Stress Plot 

2.00 

1. Mendelson, A. PlASTICITY: Theory and Application, Macmillan Co.,NY, 1968. 

13-3 
. . 



 

 Information Only 

WPO# 35675 March 27, 1996 

c 

Intentionally Left Blank 
( 

' 

13-4 

• 



 

 Information Only 

( 

c 

( 

WPO# 35675 March 27, 1996 

Problem 14- Creep Relaxation Problem 

This problem tests SANTOS power law creep constitutive model by analyzing a creep 
_relaxation problem. , · 

Problem Dewjgtion 

A stress-free, isotropic, and homogeneous hollow cylinder undergoes an axial 
displacement li at time zero. The calculation determines the axial creep stress relaxation in . 
the cylinder over time when li is kept constant 

Analytjc Solution 

This problem was used to verify the power law creep model in SANCHO (Stone, et. a!, 
1985). The total strain rate can be decomposed into elastic and inelastic (creep) parts as 
follows: 

(EQ14.1) 

The total strain rate is zero for the stress relaxation problem in question, after the 
displacement, li, is initially applied. This being the case, the governing equation becomes: 

(EQ 14.2) 

where E is the Young's modulus. The effective creep strain rate using the power law creep 
model is defined as follows: 

(EQ 14.3) 

The parameters D and n are material constants. They, along with the remaining parameters 
used in the above equation, are further defined as follows: 

D is the leading coefficient, 

0' is the effective stress (and in this case equal to the axial stress), 
n is the power on the effective stress, 
Q is the activation energy, 
R is the universal gas constant, 
and T is the reference temperature. 

Substitution of Equation 14.3 into Equation 14.2leads to an ordinary differential equation. 
Integration of the equation, following separation of variables, leads to the closed form 
solution for the axial stress as a function of time. This is given by: 
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1-n RT · [ (-Q) ]1 :n 
<Jz(t) = <Jz (0) +EDe . (n-1)t (EQ 14.4) 

where <Jz (t) is the axial stress as a function of time and <Jz (0) is the elastic axial stress 

value induced initially by the application of the displacement, li. 

Specific values used in this example are as follows: li = 0.001 ; E = 24.75x10
9

; v = 0; 

D = 5.79x10-36 ; n = 4.9; and Q/ (Rn = 20.13. Using these specific valu~s. the 
elastic response induced by application of the displacement li at time zero is found to lead 
to an initial axial stress of 24.7 5 MPa. The axial stress relaxes thereafter monotonically 
with time, attempting to reach a steady-state value. 

SANTOS Solution 

Problem Discretization 

A single element (4-mode quadrilateral) is used in the analysis and the problem geometry 
and boundary conditions are shown in Figure 14.1. 

... z 
b= 1.5 

------

a= 1.0 

R 

Figure 14.1 Thick-Walled Cylinder Axially Deformed at t = 0. 

Input Data 

A listing of the SANTOS input file is given in APPENDIX N. 

Output Listing 

• 

A partial listing of the printed output showing pertinent problem information is given in 
APPENDIXN. 
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Discussjon a,fResults 

A comparison of analytically-derived Von Mises stresses with those predicted by SANTOS 
is shown in Figure 14.2. The SANTOS solution follows the analytical solution of 
Equation 14.4 (shown as the solid line) very closely, verifying that the SANTOS 
implementation of the power-creep law is functioning correctly. 

VonMises Stress - Thick Cyfinder 
Creeo Relaxation - Power Creep Law 

30rT,-rT>1~~rr~~~~r~~~~~rT~~~~~rr~~ 

25 [" -

e 20 -.t: 
VI . 
:l ., 
115 
> . 

10 1- /::,. SANTOS SoUion . 
~ 

5 I I I I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
Time ( •106

) 

Figure 14.2 Von Mises Stress Plot - Power Creep Law 
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Problem 15- Linear Viscoelastic Constitutive Model Implementa
tion Problem 

This problem checks the implementation of a linear viscoelastic constitutive model (Stone 
and Costin, 1985) into SANTOS by analyzing an internally pressurized thick-walled 
cylinder. 

Problem Description 

A thick-walled cylinder representing a rocket motor is subjected to an instantaneous 
pressure on its inner surface. The solid propellant is modelled as a linear viscoelastic 
material with an elastic bulk response and is assumed to behave as a Maxwell body in shear. 
The propellant is restrained on its outer radius by a thin steel casing. It is desired to know 
the time dependent response of the propellant under the pressure load. Figure 15.1 shows 
the problem geometry and boundary conditions. 

z ,. 
• 

Steel Casing 
p 

Rocket Propellent 

., R 

I 
a .. I W~/2.- .. 1~ b 

Figure 15.1 Problem Geometry and Boundary Conditions 

Analytic Solution 

An analytical solution to this problem has been developed by Lee et al. (1959) and Stone 
and Costin (19_85) used this problem to test their linear viscoelastic constitutive model 
implementation in the SANCHO finite element program (Stone et al., 1985). Lee et al. 
make use of the Laplace tiansform to generate the following equation: 

_ p[333/+656p+320] +(b2!l)[141/+144p] 
cr = --rr 2 

P 921p + 1232p + 320 . 
(EQ 15.1) 
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in tenns of the transfonn parameter, p, for the ttansfonned radial stress, and 

_ p[333i + 656p + 320]-( b
2 
lr

2 
)[147i + 144p] 

aee = -- . 2 
p 921p + 1232p + 320 

(EQ 15.2) 

for the transfonned circumferential stress, where P is the applied internal pressure, b is the 

outer radius, and r is the radial distance. The equations can be inverted directly to give, for 

example: 

= -P [ { O 3616 0.005282( 1 _ -0.98491) 0.2233( 1 _ -0.3528/)} 
a,, · + 0.9849 e + 0.3528 e (EQ 15.3) 

b
2 

{ 0 1596- 0.001320( 1 - -0.98491)- 0.05583( 1 - -0.35281)}] 
+ 2 • 0.9849 e 0.3528 . e 

T 

for the actual radial stress (that will be used to compare with the SANTOS solution), and a 

similar equation can also be found for the actual circumferential stress. Note that these 

equations assume the use of specific values for material and geometric properties in both 

the propellant and the casing. The equivalent values used in the SANTOS analysis for the 
5 .,oo 5 k 

propellant are as follows: a = 2; b = 4; K = 1x10 ; A = 1x10 ; li = 1; 

00 4 s $ s 
G = O:G1 = 3.75xl0 ;G2 = G3 = O;ji1 = ji2 = ji3 = 1;C1 = 7.6;C2 = 277; 

and T0 = 373. The values used for the casing were as follows: h = 1/8; E = 3x10
7

; 

v = 0.3015; ay = 1x10
6

; H = 1x10
6

; and Ji = 1 (Note that although an elastic/plastic 

material model was used for the casing, the loading was such that it remained within the 

elastic regime throughout the analysis). A constant internal pressure of P = 1000 was also 

used in the analysis. 

SANTOS Solution 

Problem Discretization 

A 23 element mesh ( 4 node-quadrilateral) is used in the calculation and is shown in 

Figure 15.2. 

Input Data 

A listing of the SANTOS input flle is given in APPENDIX 0. 

Output Listing 

A partial listing of the printed output showing pertinent problem infonnation is given in 

APPENDIXO. 
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• 

Figure 15.2 Finite Element Mesh 

Discussion ofRuufts 

In Figure 15.3 and Figure 15.4 the normalized radial and circumferential stress profiles, 
respectively, are plotted for different times after the application of the pressure load, P. As 
it can be seen in the plots, the SANTOS stress predictions match the analytic solutions 
(shown as the solid curves) very well. 

Rocket Motor Problem - SANTOS QA 
1.2 

1.1 

1.0 

0.9 

0.8 

0.7 
a.. 
)o.s 
I 0.5 

ll TM:= 0.0 

0 TM:= 0.5 

0 TN:= 1.0 

0.4 0 TM:= 3.0 

0.3 + TM:= 5.0 
TM:= 10.0 

0.2 

0.1 

0.00.5 0.8 0.7 0.8 0.9 1.0 

r/b 
- Figure 15.3 Radial Stress Plot 
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Problem 16- M-D Constitutive Model Implementation Test 
Problem 

This problem tests the SANTOS implementation of the M-D constitutive model with a 
Tresca flow condition, as described by Munson et al. (1989), on a shaft closure analysis. 
The SANTOS results are compared to those computed with the SPEC1ROM-32 code 
(Callahan et al., 1986). This configuration was chosen because it tests the implementation 
of the model itself without including the additional complexities and influences of 
stratigraphy and sliding surfaces into the solution that would be inherent in a disposal
room-type problem. 

Problem DescriPtion 

A vertical shaft of 6.5 m diameter is assumed to be excavated instantaneously at time zero 
at a depth of 655.3 m in bedded salt The material at the depth of interest is subject to an in 
situ lithostatic stress of -15 MPa and immediately begins to close the shaft opening as it 
begins to creep. An analysis is done to determine the rate and amount of closure of the shaft 
at this depth. 

Other Solution an Lieu ofAnalvtic Solution I 

. There is no analytic solution to this problem. Consequently, to gauge the adequacy of the 
solution, the percent closure of the shaft computed with SANTOS is compared to that found 
in Munson et al. (1992). The results from that analysis were computed with SPEC1ROM-
32. Figure 16.1 shows the problem geometry used in both the present and the Munson et al. 
analyses. Specific values of inner and outer radii (a and b, respectively), initial stress (cr0 ), 

a =3.25 m cr0 =-15MPa p= 15 MPa 

z 

a p 
a 

R 

500a 

b 

Figure 16.1 Problem Geometry and Boundary Conditions 
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and applied pressure (p) used in the analysis are also shown on the figure. The elastic and 
creep properties used in this analysis are shown in Table 16.1 and Table 16.2, respectively. 
The creep parameters listed in the table are those given by Munson, et al. (1989) for clean 

salt 

Table 16.1 Elastic Properties 

G 
MPa 

12,400 

E 
MPa 

31,000 

v 

0.25 

Table 16.2 Creep Properties 

Parameters Clean 
(units) Salt 

A1 (/sec) 8.386E22 

Q 1 ( callmole) 25,000 

nl 5.5 

B1 (/sec) 6.086E6 

A2 (/sec) 9.672El2 

Q2 (cal/mole) 10,000 

n2 5.0 

B2 (/sec) 3.034E-2 

C1
0 

(MPa) 20.57 

q 5,335 

M 3.0 

Ko 6.275E5 

c (IT) 9.198E-3 

a -17.37 

j3• -7.738 

B 0.58 
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111111111111 

Figure 16.2 Detail of Finite Element Mesh near the Shaft Opening 

SANTOS Solution 

Problein Discretization 

A 128 element (4-node quadrilateral) mesh is used in the SANTOS analysis and is shown 
in Figure 16.2. The figure shows only a "close-up" of the mesh near the shaft opening, 
because the full mesh is very large. 

Input Data 

A listing of the SANTOS input is in APPENDIX P. 

Output Listing i 

' A partial listing of the printed output showing pertinent problem infonnation is given in 
APPENDIXP. 

Discussion ofResults 

. 
The SANTOS predictions of shaft closure are shown in Figure 16.3 and compare very well 
with the SPECIROM-32 results (shown as the solid line) that were presented in Munson 
et al. (1992) for the first two years of the analysis. The agreement between the predictions 
indicates that the implementation of the M-D constitutive model in SANTOS is correct. 

Re,ferences 

1. Callahan, G. D., A. F. Fossum, and D. K. Svalstad, Documentation ofSPECTROM 32: 
A Finite Element Themwmechanical Stress Analysis Program, RSI-0269, REJSPEC 
Inc., Rapid City, South Dakota, 1986. 

2. Munson, D. E., A. F. Fossum, and P. E. Senseny, Advances in Resolution of 
Discrepancies Between Predicted and Measured In Situ WIPP Room Closures, 
SAND88-2948, Sandia National Laboratories, Albuquerque, New Mexico, February 
1989. 

3. Munson, D. E., K. L. DeVries, D. M. Schienneister, W. F. DeYonge, and R. L. Jones, 
"Measured and Calculated Closures of Open and Brine Filled Shafts and Deep Vertical 
Boreholes in Salt," Proceedings of the 33rd U. S. Symposium on Rock Mechanics, 
T"tllerson & Wawersik (eds), Balkema, Rotterdam, 1992. 
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Problem 17- Upsetting of a Cylindrical Billet 

This qualification problem examines the behavior of a cylindrical metallic billet that has 
undergone a 60% upset by compreSsion between two flat, rjgid dies. This is the standard 
test case for a metal forming application defmed in Lippmann (1979). The time history of 
the die force is to be compared to computational results by Taylor (1981). The die force is 
governed by large deformation, inelastic material behavior in conjunction with complex 
contact surface response. · · 

Problem Description 

This verification problem examines the behavior of a cylindricai metallic billet that has 
undergone a 60% upset by compression between two flat, rigid dies. The billet has as initial 
dimensions a length of 30 mm and a diameter of 20 mm. The die material is assumed to be 
elastic-plastic with linear strain hardening. The material properties are taken from 
Lippmann (1979). The billet has a Young's modulus of200 GPa and a Poisson's ratio of 
0.3. The initial yield stress of the material is 700 MPa with a hardening modulus of 
300MPa. 

Other Solutjons (Jn Ljeu ofAnalvtic Solution! 

' The nonlinear nature of this calculation precludes the use of an analytic solution. The upset 
die force vs. die displacement curve is compared to computational results obtained by 
Taylor (1981). 

SANTOS Solution 

Problem Discretization 

The axisymmetric option in SANTOS is used and only the top half of the billet is modeled 
since the middle surface of the billet can be viewed as a plane of symmetry. The middle 
surface of the billet is given a prescribed 9.0 mm vertical displacement which compresses 
the billet against the top rigid die. The rigid die is modeled using the RIGID SURFACE 
option in SANTOS. The die surface is assumed to be rough which results in a no slip 
condition between the billet and die. This behavior can be achieved by specifying the 
friction value as FIXED on the RIGID SURFACE option. During deformation it is 
expected that the external surface of the billet will fold and come into contact with the rigid 
die, which means that the defmition of the side set associated with the rigid surface must 
include both elements along the top of the billet and elements along the external radial 
boundary. One hundred load steps were taken for this analysis. 

The fmite element mesh used in this analysis is shown in Figure 17 .I. Also shown on the 
figure are the applied boundary conditions. The mesh contains 247 nodes and 216 uniform 
strain, quadrilateral elements. 
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Figure 17.1 Mesh Discretization and Boundary Conditions Used for the 

Analysis of the Upsetting of a Cylindrical Billet 

Input Data 

A complete listing of the input data file that was used for the cylindrical billet analysis is 

given in APPENDIX Q. 

Output Listing 

The SANTOS printed output for the upsetting of a cylindrical billet problem is also 

provided as a section in APPENDIX Q. 

Discussion qfResult.J 

. Figure 17.2 shows the deformed shape of the billet at several different times during the 

upset process. The folding of the billet's external surface is clearly seen as well as its 

contact with the rigid die. A close-up of the billet's final deformed shape at 60% upset is 

shown in Figure 17 .3. Figure 17.4 shows a comparison of the upset force vs. die 

displacement with results taken from Taylor (1981). The agreement is seen to be excellent 

until the die displacement reaches 7.0 mm. At this value of displacement, the billet is 

folding and the first nodal point on the external surface is just coming into contact with the 

rigid surface. The slight difference in the upset force seen in the figure at die displacements 

greater than 7.0 mm is related to the contact occurring between the folding billet and the 
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... 

... 

Figure 17.2 Plots of the Deforming Billet at Various Tunes During the Upset 
Plots Shown Correspond to Non-Dimensional Tunes of 0., 0.33, 
0.667, and 1.0. 

Figure 17.3 Final Deformed Shape of the Billet Mter 60% Upset 

rigid surface. This agreement of the SANTOS results with those of Taylor (1981) suggests 
that SANTOS is adequate for performing metal-forming applications analyses. 
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Problem·18 -Isothermal WIPP Benchmark II Problem· 

ThiS problem is a geomechanics problem in which the creep response of a long series of 
parallel underground tunnels (drifts) is modeled. The drifts are surrounded by rock salt and 
other rock layers similar to those found at the storage horizon of the Waste Isolation Pilot 
Plant (WIPP). The WIPP is a research and development facility authorized to demonstrate 
the safe disposal of low-level radioactive wastes arising from the defense activities of the 
United States. It is being developed by the U. S. Department of Energy (DOE) and is 
locate<! in southeastern New Mexico in a bedded salt formation at a depth of about 650 m 
below the surface. • 

ThiS problem considers large displacements, large strains, and power law creep for an 
unheated drift configuration in a complicated stratigraphy. At the time that the problem was 
originally devised (Krieg, eta!. 1980), the isothermal drift was considered to be 
representative of a configuration that might be used for storing nonheat-producing 
transuranic (fRU) waste at the WIPP. As such, it is included here because it is one of four 
WIPP qualification problems traditionally used to assess a code's adequacy for performing 
salt repository analyses. 

Problem Description 

• 
, The problem geometry allows the use of a vertical plane of symmetry passing through the 

center of a drift and a symmetry plane between drifts to produce an equivalent single ·drift 
plane strain model. The boundary conditions and the layered stratigraphy are shown in 
Figure 1.1 (Morgan, et al. 1981). The drift is rectangular in cross-section, with a height of 
3.96 m and a width of 10.06 m. The horizontal extent from the center of the drift to the 
symmetry plane between drifts is 20.27 m. The upper and lower boundaries are 
approximately 50 m above and below the drift, respectively. These distances were chosen 
so that room response would not be affected by boundary conditions. 

Boundary conditions, because of symmetry, were such that horizontal displacements were 
specified to be zero .along the vertical boundaries. Along the upper and lower boundaries, 
uniform pressures were specified. Although the loads were specified such that the drift 
configuration was in static equilibrium, vertical constraints were needed to preclude rigid 
body motion. Thus, the top anhydrite layer was fiXed along the edge at the pillar centerline, 
as indicated on the figure. The surfaces of the room were traction-free, and the room was 
assumed to appear instantaneously at time zero. The initial temperature throughout the 
configuration was 300 K and remained constant throughout the 10-year simulation .. 

The stratigraphy was comprised of five different geologic materials. The layers identified 
as halite, argillaceous halite, and 10% anhydritelpolyhalite--90% halite were modeled using 
an elastic-secondary creep model of the form: 

(EQ 18,1) 
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Figure 18.1 Benchmark II Isothennal Drift Configuration (Morgan, et ai. 1981) 

where £ is the effective creep strain rate and Cf is the effective stress (Cf = Acr' ;p';j ), 

with the variables, aij and cr' ij, being the components of the stress tensor and the deviatoric 

stress tensor, respectively. The parameters D and n are material constants detennined 

from creep data analysis. T is the temperature in degrees Kelvin, Q is the activation energy 

in callmole, and R is the universal gas constant (1.987 callmole-K). The anhydrite and 

polyhalite layers were assumed to respond elastically. The mechanical material properties 

used for this analysis are given in Table 18.1. 
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Table 18.1 Material Properties Used for Benchmark II Isothermal 
Analysis 

Young's 
Poisson's D Q 

Material Modulus 
Ratio (Pa-"·9sec·l) n (kcallmole) 

(Pa) 

Hallie 2.48E10 0.2S S.79E-36 4.9 12.0 

Argillaceous 2.48E10 0.2S 1.74E-3S 4.9 12.0 
Hallie 

10% A-P, 2.6SE10 0.2S S.21E-36 4.9 12.0 
90%H 

Anhydriie 7.24E10 0.33 

Polybaliie 7.24E10 0.33 

The initial stress state was assumed to be-lithostatic with O'.u = O'yy = O'zz = -21252y, where 

y is the depth in meters and Stresses are in pascals. The mechanical loads acting on the 
model consisted of the overburden uniform pressures specified along the top and bottom 
boundaries (12.71 and 15.00 MPa, respectively) and body force loads due to gravity. There 

, were four active clay seams which were modeled using contact surfaces with the coefficient 

of friction, )J., set to zero. 

• 

Otber Solu#ons an l.Jeu ofAnalvtjc Solution l 

The nonlinear nature of repository calculations makes it difficult to demonstrate that the 
codes being used for performing the design and evaluation of these facilities are accurate; 
the reason for this being that exact solutions for long-term repository calculations of this 
type do not exist Consequently, the WIPP project has determined that benchmarking 
against other codes is an acceptable first step in demonstrating the adequacy of a code for 
performing these types of analyses. Figure 18.2 and Figure 18.3 show some results from a 
previous benchmark exercise (Morgan, et al. 1981) that used nine codes to solve the 
isothermal problem described herein. The results from that benchmark study for vertical 
closure and pillar midheight horizontal displacement are provided for comparison to the 
results from the present analysis. 

$ANTOS Sobftion 

Problem Discretization 

The finite element mesh used in this analysis is shown in Figure 18.4. Also shown on the 
figure are the applied boundary conditions. The mesh contains 1,371 nodes and 1,204 
elements. The grading of the mesh, in general, is such that finer elements occur near the 

18-3 

. . 



 

 Information Only 

WPO# 35675 

f 
! 
! 

March 27, 1996 

o.a 

·w i 0.6 

g 
u 
::E 
0 
g 0.4 

s ... 
w 
> 0.2 

0.0 "--'---'--'--'----''---...l--1.-~..J.---L-..L-.....L--J 

• 0. 1.E8 2.E8 3.E8 
TIME (tl8tonds) 

Figure 18.2 Vertical Closure History Results from Benchmark TI Exercise -Isothermal 

Drift (Morgan, et al. 1981) · 

room where the stress gradients will be higher. In some of the layers, however, the 

gradation in the vertical direction was dictated by the locations of the layer boundaries. 

Input Data 

A complete listing of the input data file that was used for the Benchmark TI isothermal 

analysis is given in APPENDIX R. Also included in this appendix, as a separate section, is 

a listing of the FORTRAN subroutine "INITST" that was used to compute the initial 

stresses in the configuration for the analysis. 

Output Listing 

• 
The SANTOS printed output for the Benchmark TI isothermal problem is also provided as 

a section in APPENDIX R. 

Djscussjon ofResulls 

Figure 18.5 and Figure 18.6 show the SANTOS vertical closure and pillar midheight 

horizontal displacement history results, respectively, along with two digitized curves from 

the Benchmark TI study to allow the reader to see where the SANTOS results fall within the · · 

Benchmark TI range. A comparison of the SANTOS results with the entire range of results 

predicted in the _Benchmark TI exercise is given in Table 18.2 for times of 1 year, 5 years, 
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Figure 18.3 Midpillar Horizontal Displacement History Results from Benchmark II Ex
ercise- Isothermal Drift (Morgan, eta!. 1981) 

Table 18.2 Comparison of SANTOS Results For The Isothermal 
Problem With Those Computed In Benchmark II 
Exercise 

Tme Vertical aosure Midpillar Horizontal 
(years) (meters) Displacement (meters) 

1.0 Benchmalk II Range 0.06to0.28 .0.03 to .0.06 

SANTOS Value 0.097 .0.044 

5;0 Benchmalk II Range 0.22to0.46 .0.11 to .0.21 

SANTOS Value 0.342 .0.174 

10.0 Benchmalk II Range 0.39 to0.77 .0.20 to .0.38 

SANTOS Value 0.614 .0.321 

and 10 years. The table shows that in all cases, the SANTOS results fall within the 
Benchmark II exercise ranges, indicating that SANTOS gives comparable results for the 
isothermal drift problem. 
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Figure 18.4 Santos Mesh Used For Benchmark IT Isothennal Problem 
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Problem 19- Heated WIPP Benchmark II Problem 

Again, as for the isothennal case of Problem 18, this problem models a repository horizon 
which consists of a long series of parallel drifts at the WIPP .. Once again, it considers large 
displacements, large strains, and power law creep but this time for a heated drift 
configuration in a complicated stratigraphy. At the time that the problem was originally 
devised (Krieg, et al. 1980), the heated drift was considered to be representative of a 
configuration that might be used for em placing heat-producing high-level waste 
experiments at the WIPP. This drift had different dimensions than the isothennal one and 
it was located at a different depth in the geologic fonnation. However, the boundary 
conditions and applied loads were basically the same as those for the isothennal drift. It is 
included in this document because if also is one of four WIPP qualification problems 
traditionally used to assess a code's adequacy for perfonning salt repository analyses . 

• 
Problem Description 

Two separate two-dimensional models were used for the heated Benchmark D analysis: a 
thennal model and a structural model. Only one-way coupling between the thennal and 
structural responses was considered, i.e., the thennal response was assumed to be 
unaffected by the structural defonnations. The thennal model was used to compute 
temperatures in the configuration around the opening for the 5 year simulation period. The 

. finite element code COYOTE D (Gartling and Hogan, 1994) was used for this c81culation. 
The temperatures were then used as input to SANTOS so that thennal expansion and creep -
property changes induced by changes in temperature could be included in the structural 
response. Because high temperature and stress gradients occur in different regions, the 
thennal and structural calculations required mesh refinement in different areas. Thus, the 
thennal and structural finite element meshes used for the heated Benchmark D calculation 
were different, and nodal temperatures computed in the COYOTE D calculation had to be 
interpolated to the nodes of the structural mesh. The interpolation code MERLIN D 
(Gartling, 1991) was used to perfonn this task. 

· As was the case for the isothennal problem, the geometry for the heated configuration 
allows us to use a vertical plane of symmetry passing through the center of a drift and a 
symmetry plane between drifts to produce an equivalent single drift plane strain model. The 
problem definition and stratigraphy are shown in Figure 19 .1. The drift is again rectangular 
in cross-section, with a height of 4.57 m and a width of 4.58 m. The horizontal extent from 
the center of the drift to the symmetry plane between drifts is 22.86 m. The upper and lower 
boundaries are approximately 50 m above and below the drift, respectively. These 
distances were chosen so that the room response would not be affected by the boundary 
conditions. 

Thermal Model 

In the thennal model, all boundaries were assumed to be adiabatic, and the entire fonnation 
was prescribed to have an initial temperature of 300 K. The thennalload was applied at 
time zero as a heat source that was modeled to simulate waste canisters placed at regular 
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Figure 19.1 Benchmark H Heated Drift Configuration (Morgan, et al. 1981) 

intervals beneath the floor. This led to a temperature increase with time throughout the 
simulation. The heat source was modeled as being continuously distributed along the drift 
length and had a time-dependent output of the form: 

-10 
q = 169.5exp (-7.326x10 t) (EQ 19.1) 

where q is the thermal load in watts/meter along the drift centerline and t is the time in 
seconds. The waste was idealized as a plane source with no x-direction dimension. The heat 
output was uniformly distributed over the 1.83 m height of the source. The thermal 
properties of all stratigraphic materials were assumed to be the same as those for halite. 
This assumption, which simplified the meshing for the thermal calculation, is a slight · 
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deviation from the Benchmark IT definition for the thermal aspects of the heated problem 
but was appropriate because previous calculations (Stone, 1983) have shown that thermal 
responses computed with an all-salt stratigraphy and with a layered stratigraphy are 
essentially the same. Heat transfer through the salt was modeled with a nonlinear thermal 
conductivity of the form: · 

(EQ 19.2) 

where k is the conductivity, 9 is the absolute temperature in Kelvin, and /.o andy are 
material constants. The room area was assumed to consist of an "equivalent thermal 
material" with a conductivity which allows radiation heat transfer in the room to be 
simulated by conduction. Thus, thermal radiation between the surfaces of the drift was 
simulated by an lirtificial thermal "material" in the drift with an "equivalent conductance." 
This "material" provided no structural support and, in fact, was used only in the thermal 
model but not in the structural model. The thermal finite element mesh used for the analysis 
is shown in Figure 19.2, and consists offour-node, isoparametric, quadrilateral elements. 

• 

.• 

Figure 19.2 Thermal Mesh Used For Benchmark IT Heated Problem 

The mesh contains 960 elements and 1029 nodal points. The room area modeled with the 
"equivalent thermal material" is outlined by the heavy line in the figure. The thermal 
properties of halite and the "equivalent thermal material," which were used in this 
calculation, are presented in Table 19.1. ' 
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Table 19.1 Material Properties Used for Benchmark II 
Heated Problem - Thermal Analysis 

1bermal Thermal 

Density, p, Specific ConduCL ConduCL 

Material . kg/m3 Heat, c;,. Parametu, Parametu, . 
J/(kg-K) ~· "(, 

W/(m-K) 

Halite 2167 860 5.0 1.14 

"Equiv. 1.000 1000 so.o 0.00. 

Thermal 
Material" 

Structural Model 

In the structural model, boundary conditions were such that horizontal displacements were 

specified to be zero along the vertical boundaries, as shown in Figure 19 .1. Along the upper 

and lower boundaries, uniform pressures were specified. As was the case for the isothermal 

problem, vertical constraints were needed to preclude rigid body motion, thus, the top 

anhydrite layer was fixed along the edge at the pillar centerline, as indicated on the figure. 

The surfaces of the room were traction-free, and the room was assumed to appear 

instantaneously at time zero. The initial stress state was assumed to be lithostatic with 

Cf.xx = ayy = Ozz = -21252y, where y is the depth in meters and stresses are in pascals. 

The entire stratigraphy was used in the structural model and was comprised of five different 

geologic materials. The layers identified as halite, argillaceous halite, and 10% anhydrite/ 

polyhalite-90% halite were modeled using an elastic-secondary creep model of the form: 

_g 
· n RT 
£ = DfJ e , (EQ 19.3) 

where e is the effective creep strain rate and fj is the effective stress (fJ = ~a'ija'ij ), 
with the variables, aij and a'ij, being the components of the stress tensor and the deviatoric 

stress tensor, respectively. The parameters D and n are material constants determined 

from creep data analysis. T is the temperature in degrees Kelvin, Q is the activation energy 

in callmole, and R is the universal gas constant (1.987 callmole-K). The anhydrite and 

polyhalite layers were assumed to respond elastically. The mechanical material properties 

used for this analysis are given in Table 19.2. 
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Table 19.2 Material Properties Used for Benchmark II Heated 
Problem - Structural Analysis 

Coeff. of 
Young's 

Poisson's D Q Linear 
Material Modulus 

Ratio (Pa-4.9sec·l) 0 
(kcal/mole) Thermal 

(Pa) Exp. a, 
K"l 

Halite 2.48E10 0.25 S.79E-36 4.9 12.0 4S.OE-6 

Argillaceous 2.48E10 0.25 1.74E-3S 4.9 12.0 40.0E-6 
Halite 

10% A-P, 2.6SE10 0.25 S.21E-36 4.9 12.0 42.7E-6 
90%H 

Anhydrite 7.24E10 0.33 20.0E-6 

Polyhalite 7.24E10 0.33 24.0E-6 

The mechanical loads acting on the model consisted of the overburden uniform pressures 
specified along the top and bottom boundaries (12.71 and 15.01 MPa, respectively) and 
body force loads due to gravity. There were four active clay seams which were modeled 

·.using contact surfaces with the coefficient of friction, J.L, set to zero. 

Other Solutions an Lieu ofAnalvtic Solution I -

The nonlinear nature of repository calculations makes it difficult to demonstrate that the 
codes being used for performing the design and evaluation of these facilities are accurate, 
because the exact solution for a long term repository calculation of this type does not exist 
Consequently, the WIPP project has determined that benchmarking against other codes is 
an acceptable.flfSt step in demonstrating the adequacy of a code for performing these types 
of analyses. Figure 19.3 and Figure 19.4 show some results from a previous benchmark -
exercise (Morgan, et al. 1981) that used nine structural codes to s~lve the heated problem 
described herein. The results from that benchmark study for vertical closure and pillar 
midheight horizontal displacement are provided for comparison to the results from the 
present analysis. 

SANTOS Solution • 

Problem Discretization 

The finite element mesh used in this analysis is shown in Figure 19;5. Also shown on the 
figure are the applied boundary conditions. The mesh contains 926 nodes and 798 elements. 
The grading of the mesh, in general, is such that finer elements occur near the room where 
the stress gradients will be higher. In some of the layers, however, the gradation in the 
vertical direction was dictated by the locations of the layer boundaries. 
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Figure 19.5 Santos Mesh Used For Benchmark II Heated Problem 

Input Data 

A complete listing of the input data file that was used for the Benchmark II heated analysis 
is given in APPENDIX S. Also included in this appendix is a listing of the FORTRAN 
subroutine ''INITST' that was used to compute the initial stresses in the configuration. 

Output Listing 

The SANTOS printed output for the Benchmark II heated problem is also provided as a 
section in APPENDIX S. 

Djscussjon ofResults 

Figure 19.6 and Figure 19.7 show the SANTOS vertical closure and pillar midheight 
displacement history results along with two digitized curves from the Benchmark II study 
to allow the reader to see where the SANTOS results fall within the Benchmark II range. 
A comparison of the SANTOS results with the entire range of results predicted in the 
Benchmark II exercise is given in Table 19.3 for times of I year, 3 years, and 5 years. The 
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Table 19.3 Comparison of SANTOS Results For The Heated 
Problem With Those Computed In Benchmark II 
Exercise 

Tune Vertical Closure Midpillar Horizontal 
(years) (meters) Displacement (meters) 

1.0 Benchmark II Range 0.07 to 0.11 --0.02 

SANTOS Value 0.083 -0.016 

3.0 Benchmark II Range 0.18 to 0.23 --0.03 

SANTOS Value 0.188 -0.030 

5.0 Benchmark II Range 0.45 to 0.53 -0.04 to -0.05 

SANTOS Value 0.486 -0.063 

table shows that for the case of vertical closure, the SANTOS results fall within the 
Benchmark II exercise ranges, and for the mid-pillar displacement, they are of the sanie 
order (being only slightly larger at the end of the 5-year simulation). The table thus 
indicates that SANTOS yields results that are comparable to those from the codes that 

.. participated in the Benchmark II exercise for the heated drift problem. 
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4. Morgan, H. S., R. D. Krieg, and R. V. Matalucci, Comparative Analysis of Nine 
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Sandia National Laboratories, Albuquerque, New Mexico, November 1981. 

5. Stone, C. M., "Analyses of the Heated WIPP In-Situ Experiments," Memo to D. E. 
Munson, Sandia National Laboratories, Albuquerque, New Mexico, February 16, 
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Problem 20 - Isothermal WIPP Parallel Calculation 

This problem a geomechanics problem in which the creep response of a long series of 

parallel underground tunnels (drifts) is modeled. The drifts are surrounded by rock salt and 

other rock layers similar to those found at the storage horizon of the Waste Isolation Pilot 

Plant (WIPP). The WIPP is a research and development facility authorized to demonstrate 

the safe disposal of low-level radioactive wastes arising from the defense activities of the 

United States. It is being developed by the U. S. Department of Energy (DOE) and is 

located in southeastern New Mexico in a bedded salt formation at a depth of about 650 m 

below the surface. 

This problem again considers large displacements, large strains, and power law creep for 

an unheated drift configuration in a complicated stratigraphy. This problem was originally 

chosen (Munson and Morgan 1986) because it represented one of the proposed storage 

room configurations at the WIPP. This isothermal drift was considered to be representative 

of a typical room in an infinite panel of rooms designed for storing nonheat-producing 

transuranic (fRU) waste at the WIPP site. It is included here because it is one of four WIPP 

qualification problems traditionally used to assess a code's adequacy for performing salt 

repository analyses. 

Problem DrW'igtion 

The two-dimensional planar configuration shown in Figure 20.1 was used in the isothermal 

calculation as the idealization of a single, long room in an infinite array of long, parallel 

rooms. The left boundary represents a symmetry plane through the center of the room, 

while the right boundary represents a symmetry plane through the center of the pillar 

separating adjacent rooms. The distance between the left and right boundaries is 20.27 m, 

and the room is 3.96 m high by 10.06 m wide. The floorlevel of the room is 6.40 m below 

Clay G, the reference from which all vertical distances are measured. Clay G is 650.43 m 

below the ground surface. The upper and lower boundaries are approximately 50 m above 

and below the drift, respectively. These distances were chosen so that room response would 

not be affected by boundary conditions. 

Boundary conditions were such that horizontal displacements were specified to be zero 

along the vertical boundaries. A pressure of 13.57 MPa, which represents the weight of the 

overlying rock is applied to the top boundary. An average overburden density of 2320 kg/ 

m3 and a gravitational acceleration of 9.79 m/s2 were used to determine this pressure. An 

average density of 2300 kg/m3 was used for all stratigraphic layers to compute the pressure 

of 15.96 MPa applied at the bottom boundary. Body forces representing the weight of the 

rock were also applied, as was an initiallithostatic stress state that varied linearly with 

depth. The overburden density and average configuration density defmed above were used 

to compute the initial stress state. Although the loads were specified such that the drift 

configuration was in static equilibrium, vertical constraints were needed to preclude rigid 

body motion. Thus, the top anhydrite layer was fixed along the edge at the pillar centerline, 

as indicated on the figure. In the out-of-plane direction, the room was considered to be 
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infinitely long so that a plane strain condition could be assumed. The surfaces of the room 
were traction-free, and the room was assumed to appear instantaneously at time zero. The 
initial temperature throughout the configuration was 300 K and remained constant 
throughout the 10-year simulation. 

The stratigraphy was comprised of five different geologic materials: halite, argillaceous 
halite, anhydrite, polyhalite, and clay seams. The layers identified as halite and argillaceous 

. halite, were modeled using an elastic-secondacy creep model of the form: 

(EQ 20.1) 

where E is the effective creep strain rate and If is the effective stress(rl' = J~a';p' ij), 
with the v~ables, a ii and a' ij , being the components of the stress tensor and the deviatoric 

stress tensor, respectively. The parameters D and n are material constants determined 
from creep data analysis. T is the temperature in degrees Kelvin, Q is the activation energy 
in cal/mole, and R is the universal gas constant (1.987 callmole-K). The anhydrite and 
polyhalite layers were assumed to respond elastically. The clay seams in the stratigraphy 
are very thin layers between layers of more competent rock. Structurally, these seams 

·. represent interfaces where the more competent layers can slip with respect to each other. A 
dry friction model, with a coefficient of friction, J.i'=().4, was specified for describing clay 
seam behavior. Of the 12 clay seams shown in the figure, only Clays D through J were 

. modeled. The mechanical material properties used for this analysis are given in Table 20.1. 

Table 20.1 Material Properties Used for Parallel Calculation 
Isothermal Analysis 

Young's 
Poisson's D Material Modulus 

Ratio (Pa-4.9sec·l) 
(Pa) 

Halite 3.IOEIO 0.25 5.79E-36 

Argillaceous 3.10EIO 0.25 1.74E-35 
Halite 

Anhydrite 7.5IEIO 0.35 

Poly halite 5.53EIO 0.36 

Qther Solutjom{Jn Lieu ofAnqlptjc Solution I 

n 

4.9 

4.9 

Q 
(kcal/mole) 

12.0 

12.0 

The nonlinear nature of repository calculations makes it difficult to demonstrate that the 
codes being used for performing the design and evaluation of these facilities are accurate; 
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the reason for this being that exact solutions for long-term repository calculations of this 
type do not exist Consequently, the WIPP project has determined that benchmarking 
against other codes is an acceptable first step in demonstrating the adequacy of a code for 
performing these types of analyses. Figure 20.2 and Figure 20.3 show some results from a 
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Figure 20.2 Vertical Closure History Results from Parallel Calculation Exercise - Iso-
thermal Drift (Morgan, et al. 1987) · 

previous benchmark exercise (Morgan, et al. 1987) that used three codes to solve the 
isothermal problem described herein. The results from that benchmark study for vertical 
closure and pillar midheight horizontal displacement are provided for comparison to the 
results from the present analysis. 

SANTOS Solution 

Problem Discretization 

The finite element mesh used in this analysis is shown in Figure 20.4. Also shown on the 
figure are the applied boundary conditions. The mesh contains 1,761 nodes and 1,476 
elements. The grading of the mesh, in general, is such that finer elements occur near the 
room where the stress gradients will be higher. In some of the layers, however, the 
gradation in the vertical direction was dictated by the locations of the layer boundaries. 
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Input Data 

A complete listing of the input data file that was used for the Parallel Calculation isothermal 
• analysis is given in APPENDIX T. Also included in this appendix, as a separate section, is 

a listing of the FORTRAN subroutine "INITST'' that was used to compute the initial 
· stresses in the configuration for the analysis. 

Output Listing 

The SANTOS printed output for the Parallel Calculation isothermal problem is also 
provided as a section in APPENDIX T. 

Discussion t1fResults 

Figure 20.5 and Figure 20.6 show the SANTOS vertical closure and pillar midheight 
horizontal displacement history results, respectively, along with two digitized curves from 
the Parallel Calculation exercise to allow the reader to see where the SANTOS results fall 
within the Parallel Calculation range. A comparison of the SANTOS results with the entrre 
range of results predicted in the Parallel Calculation exercise is given in Table 20.2 for 
times of 1 year, 5 years, and 10 years. The table shows that in all cases, the SANTOS 
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Figure 20.4 Santos Mesh Used For Parallel Calculation Isothermal Problem 

results fall very close to the lower end of the Parallel Calculation exercise ranges (within· 
about 5 % ), indicating that SANTOS gives comparable results for the isothermal drift 

problem. 
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Table 20.2 Comparison of SANTOS Results For The Isothermal 

Problem With Those Computed In Parallel 
Calculation Exercise 

Thne Vel'lical Closure Midpillar Horizontal 

(years) (meters) Displacement (meters) 

1.0 Parallel Calculation 0.06to0.09 -M3to-0.05 

Exercise Range 

SANTOS Value 0.059 -0.030 

5.0 Parallel Calculation 0.18 to0.20 -O.ll to -0.13 

Exercise Range 

SANTOS Value 
. 

0.170 -0.104 

10.0 Parallel Calculation 0.28 to035 -0.19 to -0.23 

Exercise Range 

SANTOS Value 0.279 -0.185 

.. 
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Problem 21 - Heated WIPP Parallel Calculation 

This problem is another of the problems analyzed in the Parallel Calculation exercise and 
is the heated room companion to Problem 20. Once again it models a repository horizon 
which consists of a long series of parallel drifts. It considers large displacements, large 
strains, and power law creep for a heated drift configuration in a complicated stratigraphy. 
This problem was originally chosen (Munson and Morgan 1986) because it was 
representative of a drift configuration at the WIPP in which experiments with higher heat 
loads were to be performed to provide data for the commercial waste program that was at 
one time considering storing high-level waste in salt This heated drift was considered to 
be representative of a typical room in an infinite array of rooms subjected to a thermal load 
of 18 W/m2. This thermal load corresponded to the heat load applied to the central room of 
a three-room array that comprises a large-scale experiment at the WIPP (Munson 1983). It 
is included here because it is again one of four WIPP qualification problems traditionally 
used to assess a code's adequacy for performing salt repository analyses. 

Problem DescriPtion 

Two separate two-dimensional models were used for the heated Parallel Calculation: a 
thermal model and a structural model. Only one-way coupling between the thermal and 
structural responses was considered, i.e., the thermal response was assumed to be 

·. unaffected by the structural deformations. The thermal model,.was used to compute 
temperatures in the configuration around the opening for the s· year simulation period. The 
finite element code COYOTE IT (Gartling, 1981) was used for this calculation. The 
temperatures were then used as input to SANTOS so that thermal expansion and creep 
property changes induced by changes in temperature could be included in the structural 
response. Because high temperature and stress gradients occur in different regions, the 
thermal and structural calculations required mesh refinement in different areas. Thus, the 
thermal and structural finite element meshes used for the heated Parallel Calculation were 
different, and nodal temperatures computed in the COYOTE IT calculation had to be 
interpolated to the nodes of the structural mesh. The interpolation code MERLIN IT 
(Gartling, 1991) was used to perform this task. 

As was the case for the isothermal problem, the geometry for the heated configuration 
allows us to use a vertical plane of symmetry passing through the center of a drift and a 
symmetry plane between drifts to produce an equivalent single drift plane strain model. The 
problem definition and stratigraphy are shown in Figure 21.1. The upper and lower 
boundaries are approximately 50 m above and below the drift, respectively. These 
distances were. chosen so that the room response would not be affected by the boundary 
conditions. The room is square in cross-section, with a height and width of 5.50 m. The 
horizontal extent from the center of the drift to the symmetry plane between drifts is 
11.75 m. The room is infinitely long in the out-of-plane direction. The floor is located 
1.08 m below Clay G in the same stratigraphy as was used in the isothermal calculation. 
The room was subjected to thermal loading provided by heaters placed beneath the floor, 
as shown in the figure, and spaced at regular intervals in the out-of-plane direction. These 
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·discrete heaters were approximated, in the calculation, as a continuous heat source in the 
out-of-plane direction. 

Thermal Model 

In the thermal model, all boundaries were assumed to be adiabatic, and the entire formation 
was prescribed to have an initial temperature of 300 K. The configuration remained at this 
temperature for the first six months of the simulation, during which isothermal creep 
closure was taking place. Then heating of the salt began. The heaters were modeled as a 
volumetric heat source with a thirty-year half life. The source was prescribed to be 2.316 m 
long and 0.61 min diameter, with its center positioned 5.41 m below Clay G and 1.145 m 
from the left symmetry plane, as shown in Figure 21.1. Each heater was prescribed to have 
an output of 0.47 kW, and spacing between the heaterS in the out-of-plane direction was 
defined to be 2.29 m. Using this information, the equivalent uniformly distributed heat flux 
to be used in the planar calculation could be computed. The resulting flux was of the form: 

. -10 
q = 145.3exp (-7.327x10 t) (EQ 21.1) 

where q is the heat flux in W/m3 and tis the time in seconds. The thermal response was 
computed for the 4.5 year period following the initial six month unheated period. In the 
thermal calculation, the thermal properties of all stratigraphic materials were assumed to be 
the same as those for halite. This assumption, which simplified the meshing for the thermal 

·. calculation, was appropriate because previous calculations have shown that thermal 
responses computed with an all-salt stratigraphy and with a layered stratigraphy are 
essentially the same (Stone, 1983). Only heat transfer by conduction was considered, and 
the salt was prescribed to have a nonlinear thermal conductivity of the form: 

k _ '). (300)Y 
- 0 9 (EQ 21.2) 

where k is the conductivity, 9 is the absolute temperature in Kelvin, and 'A.o andy are 
material constants. The room area was assumed to consist of an "equivalent thermal 
material" with a conductivity which allows radiation heat transfer in the room to be 
simulated by conduction. Thus, thermal radiation between the surfaces of the drift was 
simulated by an artificial thermal "material" in the drift with an "equivalent conductance." 
This "material" provided no structural support and, in fact, was used only in the thermal 
model but not in the structural model. The thermal finite element inesh used for the analysis 
is shown in Figure 21.2, and consists of four-node, isoparametric, quadrilateral elements. 
The mesh contains 774 elements and 836 nodal points. The thermal properties of halite and 
the "equivalent thermal material," which were used in this calculation, are presented in 
Table 21.1. 

Structural Model 

In the structural model, boundary conditions were such that horizontal displacements were 
specified to be zero along the vertical boundaries, as shown in Figure 21.1. A pressure of 
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Figure 21.2 Thennal Mesh Used For Heated Parallel Calculation 

13.57 MPa, which represents the weight of the overlying rock is applied to the top 

boundary. An average overburden density of 2320 kg/m3 and a gravitational acceleration 

of 9.79 rnis2 were used to detennine this pressure. An average density of 2300 kg/m
3 

was 
used for all stratigraphic layers to compute the pressure of 15.95 MPa applied at the bottom 
boundary. Body forces representing the weight of the rock were also applied, as was an 
initiallithostatic stress state that varied linearly with depth. The overburden density and 
average configuration density defmed above were used to compute the initial stress state. 
Although the loads were specified such that the drift configuration was in static 
equilibrium, vertical constraints were needed to preclude rigid body motion. Thus, the top 
anhydrite layer was ftxed along the edge at the pillar centerline, as indicated on the ftgure. 
In the out-of-plane direction, the room was considered to be infmitely long so that a plane 
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Table 21.1 Material Properties Used for Heated Parallel 
Calculation - Thermal Analysis 

TbeniJai Thennal 

Density, p, Specitic Conduct. Conduct 
Malezial kglm3 Heat, c;,. Panuneter, Parameter, 

J/(kg-K) ·Aoo "(, 
W/(m-K) 

Halite 2300 860 s.o 1.14 • 

"Equiv. 1:ooo 1000 so.o 0.00 
Thermal 
Material" 

' strain condition could be assumed. The surfaces of the room were traction-free, and the 
room was assumed to appear instantaneously at time zero. 

The entire stratigraphy was used in the structural model and was comprised of five different 
geologic materials: halite, argillaceous halite, anhydrite, polyhalite, and clay seams. The 
layers identified as halite and argillaceous halite were modeled using an elastic-secondary 

'creep model of the form: 

(EQ 21.3) 

where i: is the effective creep strain rate and rr is the effecti~e stress (rr = J~a ija' ij ), 

with the variables, aij and a' ii, being the components of the stress tensor and the deviatoric 
stress tensor, respectively. The parameters D and n are material constants determined 
from creep data analysis. T is the temperature in degrees Kelvin, Q is the activation energy 
in callmole, and R is the universal gas constant (1.987 callmole-K). The mechanical 
material properties of halite and argillaceous halite used for this analysis are given in 
Table 21.2. 

The anhydrite and polyhalite layers were assumed this time to have elastic volumetric 
behavior and elastic-plastic deviatoric behavior (instead of as isotropic and elastic materials 
in the isothermal calculation). The deviatoric yield stress was a function of the mean stress 
with the pressure dependence defined by the Drucker-Prager yield criterion: 

(EQ 21.4) 
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Table 21.2 Material Properties for Halite and Arg. Halite Used In 
Heated Parallel Calculation - Structural Analysis 

Coeff. of 

Yotmg's Poisson's D Q 
Linear 

Material Modulus (Pa -4.9 sec·!) D Thllflll8l 
(Pa) 

Ratio (kcallmole) 
Exp., a, 

K·t 

Halite 3.10£10 0.25 5.79E-36 4.9 12.0 45.0E-6 

Argillaceous 3.10E10 0.25 1.74E-35 4.9 12.0 4.0.0E-6 

Halite 

where J '2 is the second invariant of the deviatoric stress ( jJ";_ = fl I J3 ), J 1 is the first 

stress invariant (11 = <Jii), and C and a are constants. The mechanical material properties 

of anhydrite and polyhalite used for this analysis are given in Table 21.3 

Table 21.3 Material Properties for Anhydrite and Polyhallte Used 
In Heated Parallel Calculation - Structural Analysis 

Coeff.of 
Young's Linear 
Modulus Poisson's c 

Material (Pa) Ratio MPa 
a Thecmal. 

Exp., a, 
I{" I 

Anhydrite 7.51E10 0.35 1.35 0.450 20.0E-6 

Polybalite 5.53E10 0.36 1.42 0.473 24.0E-6 

The clay seams in the stratigraphy are very thin layers between layers of more competent 

rock. Structurally, these seams represent interfaces where the more competent layers can 

slip with respect to each other. A dry friction model, with a coefficient of friction, ).1=0.4, 

was specified for describing clay seam behavior. Of the 12 clay seams shown in the figure, 

only Clays D through L were modeled. 

Other Solutions ffn Lieu ofAna(ytjc Solution l 

The nonlinear nature of repository calculations makes it difficult to demonstrate that the 

codes being used for performing the design and evaluation of these facilities are accurate, 

because the exact solution for a long term repository calculation of this type does not exist. 

Consequently, the WIPP project has determined that benchmarking against other codes is 

an acceptable first step in demonstrating the adequacy of a code for performing these types 

of analyses. Figure 21.3 and Figure 21.4 show some results from a previous benchmark 
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Figure 21.3 Vertical Closure History Results from Parallel Calculation Exercise-' Heat
ed Drift (Morgan, eta!. 1987) 
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Figure 21.4 Mid pillar Horizontal Displacement History Results from Parallel Calcula
tion Exercise- Heated Drift (Morgan, et al. 1987) 
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exercise (Morgan, eta!. 1987) that used three structural codes to solve the heated problem 

described herein. The results from that benchmark study for vertical closure and pillar 

midheight horizontal displacement are provided for comparison to the results from the 

present analysis .. 

$ANIOS Solution 

Problem Discretization 

The finite element mesh used in this analysis is shown in Figure 21.5. Also shown on the 

figure are the applied boundary conditions. The mesh contains 1,675 nod~ and 1,396 

elements. The grading of the mesh, in general, is such that finer elements occur near the 

room where the stress gradients will be higher. In some of the layers, however, the 

gradation in the vertical direction was dictated by the locations of the layer boundaries. 

Input Data 

A complete listing of the input data file that was used for the Parallel Calculation heated 

problem is given in APPENDIX U. Also included in this appendix is a listing of the 

FORTRAN subroutine."INITST' used to compute the initial stresses in the configuration. 

Output Listing 

The SANTOS printed output for the Parallel Calculation heated problem is also provided 

as a section in APPENDIX U. 

Discussion qfRegult.t 

Figure 21.6 and Figure 21.7 show the SANTOS vertical closure and pillar midheight 

displacement history results, respectively, along with two digitized curves from the Parallel 

Calculation exercise to allow the reader to see where the SANTOS results fall within the 

Parallel Calculation range. A comparison of the SANTOS results with the entire range of 

results predicted in the Parallel Calculation exercise is given iri Table 21.4 for times of 

1 year, 3 years, and 5 years. The table shows that in all cases, the SANTOS results fall very 

close to the lower end of the Parallel Calculation exercise ranges (generally within about 

9 % ), indicating that SANTOS gives comparable results for the heated drift problem. 
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Table 21.4 Comparison of SANTOS Results For The Heated 
Problem With Those Computed In Parallel 
Calculation Exercise 

• Time Vertical Closure Midpillar Horizontal 
(years) (meters) Displacement (meters) 

1.0 Pamllel Calculation 0.11 to 0.13 ..().06 to ..().07 
Exercise Rimge 

SANI'OS Value 0.107 ..().051 

3.0 Pamllel Calculation 0.4Sto055 ..().25 to ..().31 
Exercise Range 

SANI'OS Value 0.443 ..().229 

5.0 PamlleJ Calculation 0.95 to 1.25 .()52 to ..().71 
Exercise Range 

SANI'OS Value 0.939 ..().503 

6. Stone, C. M., "Analyses of the Heated WIPP In-Situ Experiments," Memo to D. E. 
Munson, Sandia National Laboratories, Albuquerque, New Mexico, February 16, 
1983. 

' 
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APPENDIX A 

Input/Output Data For Problem 1 - Large Rotation 
Problem 

The following two sections present the input data and the fonnatted output for the single
element large rotation problem. 

FASTQ and SANTOS Input Data For The Large Rotation Problem 

This section presents a listing of the FASTQ and SANTOS input data ftles that were used 
for the mesh generation and analysis of the large rotation problem. 
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'l'ITLB 
ORB BLBMEN'1' RO'l'A'l'ION PROBLEM - SANTOS QA 'l'ES'l' PROBLEM - 10/21/94 ( 

POIN'l' 1 o. 1. 
POIN'l' 2 1. 1. 
POIN'l' 3 1. o. 
POIN'l' 4 o. o. 
LINE 1 S'l'R 1 2 0 1 1.0 

LINE 2 S'l'R 2 3 0 1 1.0 
LINE 3 S'l'R 3 4 0 1 1.0 

LINE 4 S'l'R 4 1 0 1 1.0 

POINBC 4 4 
POINBC 3 3 

BLBMBC 5 1 
SCBEMB 0 I!IP 

REGION 1 1 -1 -2 -3 -4 
EXI'l' 

. ' 

(_ 
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'l'I'l'LB 

SAN'l'OS QA PROBLEM - ONE BLBMBR'l' RO'l'A'l'ION - 10/21/94 
PLANE S'l'RAIN 
MAXIMUIII I'l'BRA'l'IONS 4 0 0 
RESIDUAL 'l'OLBRANCB • 01 
INI'l'IAL S'l'RBSS,CONS'l'AN'l',0.,-10000.,0.,0. 
MA'l'BRIAL,1,BLAS'l'IC,1. 
YOONas KODOLUS 1.0B06 
POISSONS RA'l'IO 0. 
END 
PUNC'l'ION,2 

0.0000000, 
0.4000000, 
0.8000000, 
1.2000000, 
1.6000000, 
2.0000000, 
2.4000000, 
2.8000000, 
3.6000000, 
4.0000000, 

END 
PUNC'l'ION,3 

0.0000000, 
0.4000000, 
0.'8000000, 
1.2000000, 
1.6000000, 
2.0000000, 
2.4000000, 
2.8000000, 
3.2000000, 
3.6000000, 
4.0000000, 

END 
PUNC'l'ION, 4 

o. 10000. 
4. 10000. 

S'l'BP CON'l'ROL 
10 4. 

END 
PLO'l' 'l'IMB 

1 4. 
END 
OO'l'PU'l' 'l'IMB 

1 4. 
END 

0.0000000 
0.0123117 
0.0489436 
0.1089938 
0.1909835 
0.2928941 
0.4122159 
0.5460110 
0.8435554 
0.9999833 

0.0000000 
0.1564346 
0.3090174 
0.4539911 
0.5877860 
0.7071076 
0.8090178 
0.8910072 
0.9510553 
0.9876868 
1.0000000 

PRESCRIBED DISPLACBMBR'l' X 4 2 1. 
PRESCRIBED DISPLACBMBR'l' Y 4 3 1. 
NO DISPLACBMBR'l' X 3 
NO DISPLACBMBR'l' Y 3 
PRESSURE 5 4 1. 
BXI'l' 
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SANTOS Output For The Large Rotation Problem 

The following section presents a portion of the SANTOS printed output for the single
element large rotation analysis. Because all pertinent infonnation and results from the 
analysis are written to the plot file for post-processing, the printed output fJ.le simply echoes 
input data and problem-descriptive infonnation at the beginning, followed by infonnation 
that tracks the convergence behavior of the solution, and a summary of CPU usage at the 
end. For this reason, only a partial listing, consisting of approximately the first 500 lines of 
output and the last 100 lines of output, is provided. 
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AAAAA N NN TTTT'l"l' 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 

~-"-'!A • NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA NN NN TT 00 00 
AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BY1 

CHARLBS M. STONE 
BNGI!IBBRING SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIBS 
ALBUQOBRQUB, NBN MEXICO 87185 

DBRIVBD PROM PRONT02D BY 
LBB M. TAYLOR AND DBNNIS P. PLANAGAN 

RUN ON 03/04/96 AT 14138147 
RUN ON A Cray0J90 UNDBR UDiCoS.O 
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Ul 
0\ 
-.J 
Ul 

. ssssss 
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ss ::r 
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.-.J 
ssssss -'Ci 
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~ 
0.. 

0 

INPtl'l' STRBAM IMAGBS 

LINE ------------------------------------------------------------------------
1• TITLB 

SANTOS QA l'ROBLBM - ONE BLBMBHT ROTATION - 10/21/94 2• 
3• 
4• 
5• 
6• 
7• 
e. 
9• 

10• 
11• 
12• 
13• 
14• 
15• 
16• 
17• 
18• 
19• 
20• 
21• 
22• 
23• 
24• 
25• 
26• 
27• 
28• 
29• 
30• 
31• 
32• 
33• 

l'LANB STRAIN 
MAXIMOM ITBRATIONS 400 
aBSIDUAL TOLBRANCB • 01 
INITIAL STaBSS,CONSTART,0.,-10000.,0.,0. 
MATBRIAL,1,BLASTIC,1. 
YOUNGS MODULUS 1.0B06 
l'OISSONS RATIO .0. 
BND 
PUNCTION,2 

0.0000000, 0.0000000 
0.4000000, 0.0123117 
0.8000000, 0.0489436 
1.2000000, 0.1089938 
1.6000000, 0.1909835 
2.0000000, 0.2928941 
2.4000000, 0.4122159 
2.8000000, 0.5460110 
3.6000000, 0.8435554 
4.0000000, 0.9999833 

BND 
PUNCTION,3 . 

0.0000000, 0.0000000 
0.4000000, 0.1564346 
0.8000000, 0.3090174 
1.2000000, 0.4539911 
1.6000000, 0.5877860 
2.0000000, 0.7071076 
2.4000000, 0.8090178 
3.8000000, 0.8910072 
3.2000000, 0.9510553 
3.6000000, 0.9876868 

n "' 
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""' U\ 
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U\ 

~ 

~ 
!j 
.... 
\0 
\0 
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~ 
0 

34• 4.0000000, 1.0000000 ~ 

w 35• BND <J\ 
0\ 361 PUNC'l'ION, 4 -..) 

. 37• o. 10000. <J\ 

' 38• 4. 10000. 
39• S~BP CONTROL 

~ 40• 10 4. 
~ 41• BND 
:::>" 

421 PLOT TIHB N 
43i 1 4. .;-J -44• BND \0 

\D 45• OtJTPtJT TIHB 0\ 
46• 1 4. 
47• BND 
481 PRBSCRIBBD DISPLACBHBNT X 4 2 1. 
49• PRESCRIBED DISPLACBHBNT Y 4 3 1. 
S01 NO DISPLACBHBNT X 3 

~ Sl1 NO.DISPLACBHBNT Y 3 
-..) 52• PRESSURE 5 4 1. 

531 BXIT 

------------------------------------------------------------------------
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00 

(\ 

• 
PROBLEM TITLE 

SANTOS QA PROBLEM - ONB ELEMENT ROTATION - 10/21/94 

PROBLEM DEFINITION 

HUMBER OP BLBMBNTS •••••••••••••••••••••• 
NOI!!BBR OP NODBS ••••••••••••••••••••••••• 
NUMBER OP MATBR.I:ALS ••••••••••••••••••••• 

NUMBER OP PONCTIONS ••••••••••••••••••·•• 
NUMBER OP CONTACT SURFACES •••••••••••••• 
NUMBER OP RXQID SURPACBS •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITORIW ••••• 
ANALYSIS TYPB •••••.•• " ................... . 
GLOBAL CONVERGENCE MBAStJRB •••••••••••••• 

1 
4 
1 
3 
0 
0 
0 

PLANE STRAIN 

RESIDUAL TOLERANCE ••••••••••••• ' • • • • • • • • 1. OOOB-02 
MAXIMUM NUMBER OP ITERATIONS •••••••••••• 400 
ITERATIONS POR INTERMBDIATE PRINT • • • • • • • 8 
MAXIMUM RESIDUAL TOLBRANCB •••••••••••••• 6.000B-01 
PREDICTOR SCALE PACTOR PONCTION ••••••••• 0 
MINIMUM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
BPPECTIVB MODOLOS STATUS •••••••••••••••• CONSTANT 
INITIAL STRESS DISTRIBUTION APPLIED ••••• 
SCALE PACTOR APPLIED TO TIMB STBP ••••••• 
STRAIN SOPTBNING SCALE PACTOR ••••••••••• 
HOURGLASS STIPPNBSS PACTOR •••••••••••••• 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

1.000B+00· 
l.OOOE+OO 
S.OOOE-02 
O.OOOE+OO 

L 0 A D S T B P D E P I N I T I 0 N S 

'~ 
/ 

'~ 
) 

~ 
~ 
.w 
Ut 

~ 
Ut 

~ 
·f!l . ..., 
::r 

.!::3 -~ 
0\ 
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0 

• 

~ 
"' 

TIME 
O.OOOB+OO 

NO. OP STEPS 
10 

0 

TIME 
4.000B+00 

PRINTED OUTPUT PRBQUBHCY 

TIME STEPS BBTWBBH PRINTS 
O.OOOB+OO 1 

·TIME 
4.0008+00 

PLOTTED OUTPUT PRBQUBHCY 

TIME STEPS BBTWBBH PLOTS 
O.OOOB+OO 1 

TIME 
4.000B+00 

HATBRIAL DBPIHITIOHS. 

MATERIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATERIAL ID •••••••••••••••••••••• ·• • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOB+OO 
MATERIAL PROPERTIES: 

YOUNGS MODULUS 
POISSONS RATIO 

• 
a 

1.000B+06 
O.OOOB+OO 

,'1 

~ 
~ 
w 
U\ 

~ 
U\ 

s:: 
~ 
::r 

~ -"' "' 0\ 
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~ .... 
0 

('. 

FUNCTION D 8 1" I N I T I 0 N S 

l"UNCTION ID ••••••••• 2 

N s 
1 0.0008+00 
2 4.000B-01 
3 8. 0008-01 
4 1.2008+00 
5 1.600B+00 
6 2.0008+00 
7 2.4008+00 
8 2.8008+00 
9 3.600B+00 

10 4.0008+00 

PONCTION ID ••••••••• 3 

N s 
1 O.OOOB+OO 
2 4.000B-01 
3 8.000B-01 
4 1.200B+00 
5 1.6008+00 
6 2.000B+00 
7 2.400B+00 
8 2.800B+00 
9 3.2008+00 

10 3.600B+00 
11 4.000B+00 

NUHB8R 01" POINTS •••• 

l"(S) 
0.0008+00 
1.2318-02 
4.8948-02 
1.0908-01 
1.9108-01 
2.9298-01 
4.1228-01 
5.4608-01 
8.4368-01 
1.0008+00 

NUHBBR 01" POINTS •••• 

l"(S) 
O.OOOB+OO 
1.564B-01 
3.0908-01 
4.540B-01 
5.878B-01 
7.0718-01 
8.090B-01 
8.9108-01 
9.511B-01 
9.8778-01 
1.0008+00 

I~ . .j 

~ ., 
0 

"" w 
VI 
0\ 
-.,J 
VI 

~ 

10 8 
::r 

~ .... 
\0 
\0 
0\ 

11 

,, 
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r 

~ --

!!'UNCTION ID 

N 
1 
2 

4 

s 
0.0008+00 
4.0008+00 

(\ 

NtlMBBR OP POIN'l'S •••• 

P(S) 
1.0008+04 
1.0008+04 

2 

NO DISPLAC8118NT BOUNDARY CONDITIONS 

NOD8 SB'l' PLAG 
3 
3 

DIRECTION 
X 
y 

PR8SCRIB8D DISPLAC8M8NT BOUNDARY CONDITIONS 

NOD8 SB'l' 
PLAG 

4 
4 

DIRECTION PUNC'l'ION 

X 
y 

ID 
2 
3 

SCALB 
PAC'l'OR 

1.0008+00 
1.0008+00 

AD 

PR8SSUR8 BOUNDARY CONDTIONS 

SORPAC8 
PLAG 

!!'UNCTION 
NtlMB8R 

SCALB 
PAC'l'OR 

BO 

'\ 

~ 
...., 
Vl 
0'\ 
-...) 
Vl 

~ 
~ :r 

~ -1.0 
1.0 
0'\ 
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~ -N 

r 

5 4 1.0008+00 

BND OF DATA :INPUT PHASB 
2.0408-01 CPO SBCONDS USBD 

2 WOJU)S ALLOCATBD 

BND OF DATA :IN:IT:IAL:IZAT:ION PHASB 
1.174B-02 CPO SBCONDS USBD 

4 WOJU)S ALLOCATBD 

VAR:IABLBS ON PLOTT:ING DATA BAS B 

NODAL BLBMBNT GLOBAL 

------- ------
D:ISPLX S:IGXX FX 

D:ISPLY S:IGYY I!'Y 
S:IGZZ RX 
TAUXY RY 

:ITBR 
ltMAG 

**** PLOT TAPB WJUTTBN FOR THB :IN:IT:IAL STATB AT T:IMB a 0. 000B+00 **** 

!\, ~ 

~ 
~ 
V> 
VI 

~ 
VI 

~ 

~ 
~ -\0 

~ 
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0 

STEP TIME TIME 
STEP 

8 4.000E-01 3.993E-01 
16 4.000E-01 4.000E-01 
24 4.000E-01 4.000E-01 
32 4.000E-01 4.000E-01 
40 4.000E-01 4.000E-01 
48 4.000E-01 4.000E-01 
56 4.0008-01 4.000E-01 
64 4.000E-01 4.000E-01 
72 4.000E-01 4.000E-01 
80 4.000E-01 4.000E-01 
88 4.000E-01 4.000E-01 
96 4.000E-01 4.000E-01 

104 4.0008-01 4.000E-01 
> 112 4.000E-01 4.0008-01 
' - 120 4.000E-01 4.000E-01 
"' 128 4.0008-01 4.000E-01 

136 4.000E-01 4.000E-01 
144 4.000E-01 4.000E-01 
152 4.000E-01 4.000E-01 
160 4.000E-01 4.000E-01 
168 4.000E-01 4.000E-01 
176 4.000E-01 4.000E-01 
184 4.0008-01 4.000E-01 
192 4.000E-01 4.000E-01 
200 4.000E-01 4.0008-01 
208 4.000E-01 4.000E-01 
216 4.000E-01 4.000E-01 
224 4.000E-01 4.000E-01 
232 4.000E-01 4.0008-01 
240 4.000E-01 4.000E-01 
248 4.000E-01 4.000E-01 
256 4.000E-01 4.000E-01 

DAMPING 
FACTOR 

8.001E-01 
8.000E-01 
8.016E-01 
8.000E-01 
8.1418-01 
8. 0168-01 
9.000E-01 
8.004B-01 
9.0008-01 
8.0048-01 
8.000E-01 
8.250E-01 
8.001E-01 
8.000E-01 
8.008E-01 
8.0008-01 
8.0638-01 
8.0008-01 
8.5008-01 
8.002E-01 
8.000E-01 
8.016E-01 
8.000E-01 
8.125E-01 
8.000E-01 
9.0008-01 
8.004E-01 
8.000E-01 
8.031E-01 
8.000E-01 
8.250E-01 
8. OOlB-01 

~ 
f .• ' 

APPLIED 
LOAD NORM 

7.057E+03 
6.973E+03 
7.039E+03 
7.142E+03 
7.1188+03 
6.989E+03 
7.0478+03 
7.139E+03 
7.082E+03 
7.019E+03 
7.071E+03 
7.110E+03 
7.066E+03 
7.046E+03 
7.079E+03 
7.089E+03 
7.063E+03 
7.059E+03 
7.079E+03 
7.0798+03 
7.065E+03 
7.0668+03 
7.076E+03 
7 .074E+03 
7.067E+03 
7.0708+03 
7.075E+03 
7.072E+03 
7.068E+03 
7.071E+03 
7.073E+03 
7.071E+03 

·~ 

~ 
~ 
"' Vt 
0\ RESIDUAL PERCENT TOTAL -l 

LOAD NORM IMBALANCE_ 
Vt 

STEPS 
5.080E+04 719.87 8 
1.094E+04 156.83 16 is: 9.640E+03 136.96 24 ~ 6.977E+03 97.69 32 ::r 
7.293E+03 102.46 40 N 

6.703E+03 95.91 48 ;--I -5.483E+03 77.81 56 \0 
\0 

5.001E+03 70.05 64 0\ 

4.086E+03 57.70 72 
3.728E+03 53.10 80 
3.0558+03 43.20 88 
2.784E+03 39.15 96 
2.270E+03 32.13 104 
1.811E+03 25.70 112 
1.684E+03 23.79 120 
1.355E+03 19.11 128 
1.244E+03 17.61 136 
1.015E+03 14.38 144 
8.858E+02 12.51 152 
7.6058+02 10.74 160 
6.234E+02 8.82 168 
5.675E+02 8.03 176 
4.640E+02 6.56 184 
4.1688+02 5.89 192 
3.460E+02 4.90 200 
2.811E+02 3.98 208 
2.588E+02 3.66 216 
2.106E+02 2.98 224 
1.942E+02 2.75 232 
1.574E+02 2.23 240 
1.4418+02 2.04 248 
1.173E+02 1.66 256 
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264 4.0008-01 4.0008-01 8.0008-01 7.0708+03 9.3668+01 1.32 264 "' V\ 

272 4.0008-01 4.0008-01 8.0088-01 7.0718+03 8.7148+01 1.23 272 0\ ...... 
280 4.0008-01 4.0008-01 8.0008-01 7.0728+03 7.0068+01 0.99 280 V\ 

288 4.0008-01 4.0008-01 8.0638-01 7.0718+03 6.4348+01 0.91 288 

296 4.0008-01 4.0008-01 8.0008-01 7.0708+03 5.2488+01 0.74 296 :;:: 
304 4.0008-01 4.0008-01 8.0008-01 7.07l8+03 4.3348+01 0.61 304 

312 .4.0008-01 4.0008-01 8.0638-01 7.0718+03 3.8188+01 0.54 312 ~ ::r• 
320 4.0008-01 4.0008-01 8.0008-01 7.0718+03 3.2448+01 0.46 320 N 

328 4.0008-01 4.0008-01 8.5008-01 7.0718+03 2.7408+01 0.39 328 ;-J 

336 4.0008-01 4.0008-01, 8.0028-01 7.0718+03 2.4128+01 0.34 336 -v:> 

344 4.0008-01 4.0008-01 8.0008-01 7.0718+03 ·1.9358+01 0.27 344 v:> 
0\ 

352 4.0008-01 4.0008-01 8.0168-01 7.0718+03 1.7848+01 o.25 352 

360 4.0008-01 4.0008-01. 8.0008~01 7.0718+03 1.4558+01 0.21 360 

' 368 4.0008-01 4.0008-01 8.1258-01 7.0718+03 1.2988+01 0.18 368 

376 4.0008-01 4.0008-01 8.0008-01 7.0718+03 1.0958+01 0.15 376 

384 4.0008-01 4.0008-01 9.0008-01 7.0718+03 8.6978+00 0.12 384 

392 4.0008-01 4.0008-01 8.0048-01 7.0718+03 8.2618+00 0.12 392 

> 
' -.j>. 

r (\ •\ 
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SANTOS, VERSION 2.0.0 ,RON ON 03/04/96 ,AT 14138147 
SANTOS QA PROBLEM - ONE BI.gMBNT ROTATION - 10/21/94 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 1, TIMB • 4.000E-01 
NUMBER OP ITERATIONS • 400, TOTAL NUMBER OP ITERATIONS • 
PINAL CONVERGENCE TOLERANCE • 9.142E-02 
SCM OP EXTERNAL PORCES IN X-DIRECTION a-1.564E+03 
SUM OP EXTERNAL PORCES IN Y-DIRBCTION a-9.877E+03 
SCM OP REACTION PORCES IN X-DIRECTION •-7.845E+02 
SCM OP REACTION PORCES IN Y-DIRBCTION a-4.942E+03 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIMB • 4.000E-01 STEP NUMBER 1 **** 

STEP TIMB TIMB DAMPING APPLIED RESIDUAL PERCENT 
STEP PACTOR LOAD NORM LOAD NORM IMBALANCE 

8 8.000E-01 4.000E-01 8.008E-01 7.058E+03 5.796E+03 82.12 
16 8.000E-01 4.000E-01 8.000E-01 7.033E+03 5.537E+03 78.73 
24 8.000E-01 4.000E-01 8.000E-01 7.116E+03 3.588E+03 50.42 
32 8.000E-01 4.000E-01 8.000E-01 7.066E+03 2.911E+03 41.19 
40 8.000E-01 4.000E-01 8.063E-01 7.038E+03 2.650E+03 37.65 
48 8.000E-01 4.000E-01 6.570E-01 7.075E+03 2.016E+03 28.49 
56 8.000E-01 4.000E-01 8.057E-01 7.088E+03 1.288E+03 18.17 
64 8.000E-01 4.000E-01 8.000E-01 7.065E+03 1.150E+03 16.28 
72 8.000E-01 4.000E-01 7.813E-01 7.062E+03 6.710E+02 9.50 
80 8.000E-01 4.000E-01 8.062E-01 7.073E+03 5.292E+02 7.48 
88 8.000E-01 4.000E-01 8.008E-01 7.077E+03 4.968E+03 7.02 
96 8.000E-01 4.000E-01 8.500E-01 7.068E+03 4.411E+03 6.24 

104 8.000E-01 4.000E-01 8.002E-01 7.067E+03 3.753E+03 5.31 
112 8.000E-01 4.000E-01 8.000E-01 7.074E+03 3.098E+03 4.38 
120 8.000E-01 4.000E-01 8.016E-01 7.074E+03 2.800E+02 3.96 

(\ 

~ 
~ 
w 
Ut 
0\ ..... 
Ut 

400 ~ 
8 
::r 
tv 
.:-' -"' "' 0\ 

TOTAL 
STEPS 

408 
416 
424 
432 
440 
448 
456 
464 
472 
480 
488 
496 
504 
512 
520 
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! 
128 8.0008-01 4.0008-01 8.0008-01 7.0698+03 2.3088+02 3.27 528 w 

VI 

136 8.0008-01 4.0008-01 8.1258-01 7.0698+03 2.0568+02 2.91 536 0\ 
-..) 

144 8.0008-01 4.0008-01 8.0008-01 7.0738+03 1.7218+02 2.43 544 
VI 

152 8.ooo8:.o1 4.0008-01 9.0008-01 7.0728+03 1.3878+02 1.96 552 

160 8.0008-01 4.0008-01 8.0048-01 7.0698+03 1.2878+02 1.82 560 ~ 
168 8.0008-01 4.0008-01 8.ooo8-01 7.0718+03 1.0398+02 1.47 568 ' 

~ 
176 8.0008-01 4.0008-01 8.0318-01 7.0728+03 9.6518+01 1.36 576 . ::r 

184 8.0008-01 4.0008-01 8.0008-01 7.0718+03 7.7748+01 1:10 584 IV 
-..) 

192, 8.0008-01 4.0008-01 8.2508-01 7.0708+03 7.1528+01 1.01 592 -
200 8.0008-01 4.0008-01 8.0018-01 7.0718+03 5.8028+01 0.82 600 \0 

\0 

208 8.0008-01 4.0008-01 8.0008-01 7.0728+03 4.6468+01 0.66 • 608 0\ 

216 8.0008-01 4.0008-01 8.0088-01 7.0718+03 4.3168+01 0.61 616 . 
224 8.0008-01 4.0008-01 8.0008-01 7.0718+03 3.4708+01 0.49 624 

232 8.0008-01 4.0008-01 8.0638-01 7.0718+03 3.1918+01 0.45 632 

240 8.0008-01 4.0008-01 8.0008-01 7.0718+03 2.5958+01 0.37 640 

248 8.0008-01 4 .• 0008-01 8.0008-01 7 .0718+03 2.1518+01 0.30 648 

> ' 
256 8.0008-01 4.0008-01 8.0638-01 7.0718+03 1.8868+01 0.27 656 

.... 264 8.0008-01 4.0008-01 8.0008-01 7.0718+03 1.6128+01 0.23 6U 
0\ 

272 8.0008-01 4.0008-01 8.5008-01 7 .0718+03 1.3528+01 0.19 672 

280 8.0008-01 4.0008-01 8.0028-01 7.0718+03 1.1998+01 0.17 680 

288 8.0008-01 4.0008-01 8.0008-01 7. 0718+03 9.5488+00 0.14 688 

296 8.0008-01 4.0008-01 8.0168-01 7.0718+03 8.8758+00 0.13 696 

304 8.0008-01 4.0008-01 8.0008-01 7.0718+03 7.1778+00 0.10 704 

312 8.0008-01 4.0008-01 8.1258-01 7.0718+03 6.4598+00 0.09 712 

320 8.0008-01 4.0008-01 8.0008-01 7.0718+03 5.4058+00 0.08 720 

328 8.0008-01 4.0008-01 9.0008-01 7.0718+03 4.3258+00 0.06 728 

336 8.0008-01 4.0008-01 8.0048-01 7.0718+03 4.0808+00 0.06 736 

344 8.0008-01 4.0008-01 8.0008-01 7.0718+03 3. 2118+00 0.05 744 

352 8.0008-01 4.0008-01 8.0318-01 7.0718+03 3.0848+00 0.04 752 

360 8.0008-01 4.0008-01 8.0008-01 7.0718+03' 2.3848+00 0.03 760 

368 8.0008-01 4.0008-01 8.2508-01 7 .0718+03 2.2988+00 0.03 768 

376 8.0008-01 4.0008-01 8.0018-01' 7.0718+03 1.7708+00 0.03 776 

384 8.0008-01 4.0008-01 8.0008-01 7.0718+03 1.4958+00 0.02 784 

392 8.0008-01 4.0008-01 8.0088-01 7.0718+03 1.3158+00 0.02 792 

(' '~ '\ 
I 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/04/96 ,AT 14o38o47 
SANTOS QA PROBLEM - ONB ELEMENT ROTATION - 10/21/94 

* * ** * * ** *. * * * * * * * ** ** * * *'* ** * * * ** ** * *. ** * * * ** * * * ** * *. * * * * ** * *. *. * * * * *. '1-

SUMMARY OP DATA AT STEP NUMBER 2, TIME a 8.000E-01 
NUMBER OP ITERATIONS = 400, TOTAL NUMBER OP ITERATIONS a 800 
PINAL CONVERGENCE TOLERANCE a 1.581E-02 
SUM OP EXTERNAL PORCES IN X-DIRECTION •-3.090E+03 
SUM OP EXTERNAL PORCES IN Y-DIRBCTION •-9.511B+03 
SUM OP REACTION PORCES IN X-DIRECTION a-1.545E+03 
SUM OP REACTION PORCES IN Y-DIRBCTION •-4.755E+03 
********************************************************************* 

•••• PLOT TAPE WRITTEN AT TIME • 8.000E-01 STEP NUMBER 2 **** 

STEP TIME TIME DAMPING APPLIED RBSIDVAL PERCENT 
STEP PACTOR _LOAD NORM LOAD NORM IMBALANCE 

8 1.200E+00 4.000E-01 8.008E-01 7.058E+03 5.803E+03 82.21 
16 1.200E+00 4.000E-01 8.2SOE-01 7.031E+03 6.483E+03 92.20 
24 1.200E+00 4~000E-01 8.509E-01 7.134E+03 4.820E+03 67.56 
32 1.200E+00 4.000E-01 8.002E-01 7.052E+03 4.365E+03 61.90 
40 1.200E+00 4.000E-01 8.016E-01 7.026E+03 4.026E+03 57.31 
48 1.200E+00 4.000E-01 8.000E-01 7.102E+03 3.301E+03 46.48 
56 1.200E+00 4.000E-01 8.000E-01 7.097E+03 2.668E+03 37.60 
64 1.200E+00 4.000E-01 7.625E-01 7.058E+03 1.460E+03 20.69 
72 1.200E+00 4.000E-01 7.999E-01 7.058E+03 1.153E+03 16.34 
80 1.200E+00 4.000E-01 8.000E-01 7.079E+03 9.476E+02 13.39 
88 1.200E+00 4.000E-01 8.125E-01 7.080B+03 8.398E+02 11.86 
96 1.200E+00 4.000£-01 8.000E-01 7.064E+03 7.086E+02 10.03 

104 1.200E+00 4.000£-01 9.000£-01 7.066£+03 5.663£+02 8.01 
112 1.200£+00 4.000E-01 8.004E-01 7.077£+03 5.299£+02 7.49 
120 1.200B+00 4.000£-01 8.000E-01 7.074E+03 4.245E+02 6.00 

TOTAL 
STEPS 

808 
816 
824 
832 
840 
848 
856 
864 
872 
880 
888 
896 
904 
912 
920 

/"\, 

! 
w 
Ul 

~ 
Ul 

~ 

~ 
~ -\0 
\0 
0\ 

' 
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128 1.2008+00 4.0008-01 8.0318-01 7 .0668+03 3.9728+02 5.62 928 w 
Lll 

"' 136 1.2008+00 4.0008-01 8.0008-01 7.0708+03 3.1778+02 4.49 936 -l 
Lll 

144 1.2008+00 4.0008-01 7.9188-01 7.0738+03 1.7118+02 2.42 944 

152 1.2008+00 4.0008-01 8.0008-01 7.0728+03 1.4668+02 2.07 952 

160 1.2008+00 4.0008-01 8.0008-01 7.0708+03 1.1638+02 1.65 960 
~ 
~ 

168 1.2008+00 4.0008-01 8.0318-01 7.0718+03 1.1048+02 1.56 968 ::r 

176 1.2008+00 4.0008-01 8.0008-01 7.0728+03 8. 6378+01 1.22 976 
N 
.:--' 

184 1.2008+00 4.0008-01 8.2508-01 7.0718+03 8.2398+01 1.17 984 -'Ci 
\C 

192 1.2008+00 4.0008-01 8.0018-01 7.0708+03 6.3998+01 0.91 992 "' 
200 1.2008+00 4.0008-01 8.0008-01 7.0718+03 5.3708+01 0.76 1000 

208 1.2008+00 4.0008-01 8.0088-01 7.0728+03 4.7388+01 0.67 1008 

216 1.2008+00 4.0008-01 8.0008-01 7.0718+03 4.0258+01 0.57 1016 

224 1.2008+00 4.0008-01 8.0638-01 7.0718+03 3.5008+01 0.49 10.24 

~ 232 1.2008+00 4.0008-01 8.0008-01 7.0718+03 3.0128+01 0.43 1032 
...... 240 1.2008+00 4.0008-01 8.0008-01 7.0718+03 2.3608+01 0.33 1040 00 

248 1.2008+00 4.0008-01 7.1358-01 7.0718+03 1.8238+01 0.26 1048 

256 1.2008+00 4.0008-01 7.9978-01 7.0718+03 1.2058+01 0.17 1056 

264 1.2008+00 4.0008-01 8.5008-01 7.0718+03 1.0878+01 0.15 1064 

272 1.2008+00 4.0008-01 8.0028-01 7.0718+03 9.1918+00 0.13 1072 

280 1.2008+00 4.0008-01 8.0008-01 7.0718+03 7.6238+00 0.11 1080 

288 1.2008+00 4.0008-01 8.0168-01 7.0718+03 6.8518+00 0.10 1088 

296 1.2008+00 4.0008-01 8.0008-01 7.0718+03 5.6848+00 0.08 1096 

304 1.2008+00 4.0008-01 7.9538-01 7.0718+03 2.8208+00 0.04 1104 

312 1.2008+00 4.0008-01 8.0008-01 7.0718+03 2.4818+00 0.04 1112 

320 1.2008+00 4.0008-01 6.5798-01 7.0718+03 1.7308+00 0.02 1120 

328 1.2008+00 4.0008-01 7.9948-01 7.0718+03 1.0408+00 0.01 1128 

336 1.2008+00 4.0008-01 8.0008-01 7.0718+03 8.5968-01 0.01 1136 

344 1.2008+00 4.0008-01 8.5008-01 7.0718+03 7.5158-01 0.01 1144 

( ,'1 ~ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/04/96 ,AT 14a38a47 
SANTOS QA PROBLEM - ONE ELEMENT ROTATION - 10/21/94 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 3, TIMB • 1.200E+00 
NUMBBR OP ITERATIONS a 349, TOTAL NUMBER OP ITERATIONS a 1149 
PINAL CONVERGENCE TOLERANCE a· 9.759E-03 
SUM OP EXTERNAL PORCES IN X-DIRECTION •-4.540E+03 
SUM OP EXTERNAL PORCES IN Y-DIRECTION a-8.910E+03 
SUM OP REACTION PORCES IN X-DIRECTION •-2.270E+03 
SUM OP REACTION PORCES IN Y-DIRBCTION •-4.455E+03 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIMB " 1.200E+00 STEP NUMBER 3 ·**** 

~ -'-0 
STEP TIMB TIMB ' DAMPING APPLIED RESIDUAL PERCENT TOTAL 

STEP PACTOR .LOAD NORM LOAD NORM IMBALANCE STEPS 
8 1.600E+00 4.000E-01 7.164E-01 7.098E+03 4.861E+03 68.48 1157 

16 1.600E+00 4.000E-01 8.247E-01 7.034E+03 3.349E+03 47.61 1165 
24 1.600E+00 4.000E-01 8.001B-01 7.093E+03 2.026E+03 28.56 117l 
32 1.6008+00 4.000E-01 8.000E-01 7.078E+03 1.666E+03 23.54 1181 
40 1.600E+00 4.000E-01 8.000E-01 7.052E+03 1.363E+03 19.33 1189 
48 .1.600E+00 4.000E-01 8.563E-01 7.075E+03 1.317E+03 18.62 1197 
56 1.600E+00 4.000E-01 8.502E-01 7.087E+03 1.233E+03 17.40 1205 
64 1.600E+00 4.000E-01 8.002E-01 7.065E+03 1.095E+03 15.49 1213 
72 1. 600E+00 4.000E-01 7.961E-01 7.063E+03 5.898E+02 8.35 1221 
80 1.600E+00 4.000E-01 7.048E-01 7.071E+03 4.723E+02 6.68 1229 
88 1.600E+00 4.000E-01 7.996E-01 7.075E+03 

. 
3.017E+02 4.26 1237 

96 1.6008+00 4.000E-01 8.500E-01 7.0708+03 2.739E+02 3.87 1245 
104 1.600E+00 4.000E-01 7.557E-01 7.068E+03 2.215E+02 3.13 1253 
112 1.600E+00 4.000E-01 7.998E-01 7.072E+03 1.695E+02 2.40 1261 
120 1. 6008+00 4.000E-01 8.000E-01 7.073E+03 1.349E+02 1.91 1269 

0 

~ 
w 
Ul 

"' -.1 
Ul 

~ 
~ 
::r 
N 
-.1 -'-0 
'-0 
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128 1.600B+00 4.000B-01 8.0008-01 7.071B+03 1.122B+02 1.59 1277 "' "' 
136 1.6008+00 4.000B-01 8.016B-01 7.070B+03 1. 006B+02 1.42 1285 ~ 

"' 
144 1.6008+00 4.0008-01 7.9568-01 7.071B+03 5.418B+01 0.77 1293 

152 1.600B+00 4.0008-01 8.500B-01 7.072B+03 4.7428+01 0.67 1301 
s::: 

160 1.600B+00 4.0008-01 8.0028-01 7.071B+03 4.218B+01 0.60 1309 8 
168 1.600B+00 4.0008-01 8.0168-01 7. 071B+03 3.769B+01 0.53 1317 ::r 

i3:i5 
N 

176 1.600B+00 4.000B-01 8.000B-01 7.0718+03 3.135B+01 . 0.44 ;-J -4.0008-01 7.0718+03 2.5608+01 0.36 1333 184 1.600B+00 8.033B-01 \0 
\0 

192 1.600B+00 4.0008-01 7.655B-01 7.071B+03 1.478B+01 0.21 1341 0\ 

200 1.6008+00 4.0008-01 7.9998-01 7.0718+03 1.151B+01 0.16 1349 

208 1.6008+00 4.000B-01 8.0168-01 7.071B+03 1.0818+01 0.15 1357 

216 1.600B+00 4.000B-01 8.125B-01 7.071B+03 9.536B+00 • 0.13 1365 

224 1.600B+00 4.0008-01 8.000B-01 7.0718+03 8.064B+00 0.11 1373 

~ 232 1.6008+00 4.0008-01 9.000B-01 7. 071B+03 6.425B+00 0.09 1381 

N 240 1.6008+00 4.0008-01 8.004B-01 7.071B+03 6.033B+00 0.09 1389 
0 

248 1. 6008+00 4.0008-01 8.0008-01 7.071B+03 4.8148+00 0.07 1397 

256 1.600)!+00 4.0008-01 8.0318-01 7.0718+03 4.5238+00 0.06 1405 
-

264 1.600B+00 4.000B-01 8.000B-01 7.071B+03 3.604B+00 0.05 1413 

272 1.6008+00 4.0008-01 8.250B-01 7. 071B+03 3.348B+00 0.05 1421 

280 1.6008+00 4.0008-01 8.001B-01 7.0718+03 2.6938+00 0.04 1429 

288 1.6008+00 4.000B-01 8.0008-01 7.0718+03 2.1738+00 0.03 1437 

296 1.600B+00 4.0008-01 8.0088~01 7.071B+03 2.007B+00 0.03 1445 

304 1.600B+00 4.0008-01 8.000B-01 7.071B+03 1.620B+00 0.02 1453 

312 1.6008+00 4.0008-01 8.0638-01 7.0718+03 1.4878+00 - 0.02 1461 

320 1.6008+00 4.0008-01 8.000B-01 7.0718+03 1.2098+00 0.02 1469 

328 1.6008+00 4.0008-01 8.5008-01 7.071B+03 1.0638+00 0.02 1477 

336 1.6008+00 4.0008-01 8.0028-01 7. 071B+03 9.0288-01 0.01 1485 

344 1.600B+00 4.000B-01 8.0008-01 7.0718+03 7.4928-01 0.01 1493 

('- ,/"'.. 
,-----.,_ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/04/96 ,AT 14138147 
SANTOS QA PROBLBM - ONB 8LEMBNT ROTATION - 10/21/94 

********************************************************************* 
SUMMARY OP DATA AT ST8P NUMB8R 4, TIMB = 1.6008+00 
NUMB8R OP IT8RATIONS a 346, TOTAL NUMB8R OP IT8RATIONS • 1495 
PINAL CONVBRGBNC8 TOLBRANC8 a 9,8488-03 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION m-5.8788+03 
SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION a-8.0908+03 
SUM OP RBACTION PORC8S IN X-DIRBCTION =-2.9388+03 
SOH OP RBACTION PORC8S IN Y-DIRBCTION a-4, 0458+03 
********************************************************************* 

**** PLOT TAP8 WRXTTBN AT TIMB = 1.6008+00 ST8P NUMB8R ' **** 

~ .... 

SANTOS, VERSION 2.0.0 ,RUN ON 03/04/96 ,AT 14138147 
SANTOS QA PROBLBM - ONB 8'·BMBNT ROTATION - 10/21/94 

********************************************************************* 
SUMMARY OP DATA AT ST8P NUMB8R 10, TIMB a 4.0008+00 
NUMB8R OP IT8RATIONS a 400, TOTAL NUMB8R OP IT8RATIONS = 3859 
PINAL CONVBRGBNC8 TOL8RANC8 = 1.5728-02 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION •-1.0008+04 
SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION • 2.8848+00 
SUM OP RBACTION PORC8S IN X-DIRBCTION •-4.9988+03 
SUM OP RBACTION PORC8S IN Y-DIRBCTION m 1.8498+00 
********************************************************************* 

**** PLOT TAP8 WRXTTBN AT TIMB = 4.0008+00 ST8P NUMB8R 10 **** 
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APPENDIX B 

Input/Output Data For Problem 2 - Delete Material 
Option Problem 

The following two sections present the input data and the fonnatted output for the delete 
material option verification problem. 

FASTQ and SANTOS Input Data For The Delete Material Option 
Problem · · 

This section presents a listing of the FASTQ and SANfOS input data files that were used 
for the mesh generation and analysis of the delete material option problem. 
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TITLB 

QJIAVITY LOAD PROBLEM - DBLETB OPTION TBST - SANTOS QA c 
POINT 1 o. ci. 

POINT 2 1. o. 
POINT 3 2. o. 
POINT 4 o. -4. 

POINT 5 2. -4. 

POINT 6 o. -8. 

POINT 7 2. -8. 

POINT 8 o. -12. 

POINT 9 2. -12. 

POINT 10 o. -16. 

POINT 11 2. -16. 

POINT 12 o. -20. 

POINT 13 2. -20. 

LINB 1 STR 1 2 0 2 1.0 

LINB 2 STR 2 3 0 2 1.0 

LINB 3 STR 1 4 0 8 1.0 

LINB 4 STR 3 5 0 8 1.0 

LINB 5 STR 4 5 0 4 1.0 

LINB 6 STR 4 6 0 8 1.0 c 
·---~ 

LINB 7 STR 5 7 0 8 1.0 

LINB 8 STR 6 7 0 4 1.0 

LINB 9 STR 6 8 0 8 1.0 

LINB 10 STR 7 9 0 8 1.0 

LINB 11 STR 8 9 0 4 1.0 

LINB 12 STR 8 10 0 8 1.0 

LINB 13 STR 9 11 0 8 1.0 

LINB 14 STR 10 11 0 4 1.0 

LINB 15 STR 10 12 0 8 1.0 

LINB 16 STR 11 13 0 8 1.0 

LINB 17 STR 12 13 0 4 1.0 

POINBC 1 2 

NODBBC 2 1 2 

SCBBMB 0 Ml' 

RBQION 1 5 -1 -2 -4 -5 -3 

RBQION 2 4 -5 -7 -8 -6 

RBQION 3 3 -8 -10 -11 -9 

RBQION 4 2 -11 -13 -14 -12 

RBQION 5 1 -14 -16 -17 -15 ( 
BND 
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TI'l'LB 

GRAVITY LOAD PROBLEM - DELETE OPTION TEST - SANTOS QA 
PLANE STRAIN 
MAXIHDM ITERATIONS,1000 
RESIDUAL TOLERANCE 0 .1 
MATBRIAL,1,ELASTIC,1. 
YOCNCS MODOLUS 10000. 
POISSONS RATIO 0. 
END 

MATBRIAL,2,BLASTIC,1. 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
Eim 
MATBRIAL,3,BLASTIC,1. 
YOUNGS MODOLUS 10000. 
POISSONS RATIO 0. 
END 

MATBRIAL,4,BLASTIC,1.TI'l'LB 
YOCNGS MODOLUS 10000. 
POISSONS RATIO 0. 
END 

MATERIAL,5,ELASTIC,1. 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
END 

DELETE MATERIAL 1 1. 0 
DELETE MATERIAL 2 2. 0 
DELETE MATERIAL 3 3. 0 
DBLBTE MATERIAL 4 4.0 
PUNCTION,1 

0. '1. 

5.' 1. 
END 

STEP CONTROL 
10,5. 

END 

PLOT TIME 
1,5. 

END 

OUTPUT TIME 
2,5. 

END 

GRAVITY,1,0.,-5.,0. 
NO DISPLACEMENT,X,1 
NO DISPLACEMENT,Y,2 
EXIT 
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SANTOS Output For The Delete Material Option Problem 

The following section presents the SANTOS printed output for the delete material option 
analysis. Because all pertinent information and results from the analysis are written to the 
plot file for post-processing, the printed output file simply echoes input data and problem
descriptive information at the beginning, followed by information that tracks the 
convergence behavior of the solution, and a summary of CPU usage at the end. 
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AAAAA N NN T'1"l"l'T'r 00000 

AA AA NN NN TT 00 00 

AA AA NNN NN TT 00 00 

AAAAAAA NN N NN TT 00 00 

AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 

AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIQHT 1994, SANDIA CORPORATION 

PROGRAMMED BY: 

CHARLES M. STONE 

BNGINBERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 

ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONT02D BY 
LEE M. TAYLOR AND DBNNIS P. FLANAGAN 

RUN ON 03/04/96 AT 15:16:43 

RUN ON A Cray0J90 UNDER UniCo8.0 
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LINB 
11 
21 
31 
41 
51 

' 61 
71 
81 
91 

101 
111 
121 
131 
141 
151 

o:l 161 
0.. 171 

. 181 
191 
201 
211 
221 
231 
241 
251 
261 
271 
281 
291 
301 
311 
321 
331 
341 

r 

INPO'l' STREAM IMAGBS 

------------------------------------------------------------------------
TITLB 

GRAVITY LOAD PROBLBM - DBLBTB OPTION TBST - SANTOS QA 
PLANB STRAIN 
MAXIMUM ITBRATIONS,1000 
RBSIDOAL TOLBRANCB 0 .1 
MATBRIAL, 1,BLASTIC, 1. 
YOUNGS MODOLOS 10000. 
POISSONS RATIO 0. 
BND 
MATBRIAL,2,BLASTIC,1. 
YOUNGS MOOOLOS 10000. 
POISSONS RATIO 0. 
BND 
MATBRIAL,3,BLASTIC,1. 
YOUNGS MOOOLOS 10000. 
POISSONS RATIO 0. 
BND 
MATBRIAL,4,BLASTIC,1 • 
YOUNGS MOOOLOS 10000. 
POISSONS RATIO 0. 
BND 
MATBRIAL;5,BLASTIC,1. 
YOUNGS MOOOLOS 10000. 
POISSONS RATIO 0. 
BND 
DBLBTB MATBRIAL 1 1.0 
DBLBTB MATBRIAL 2 2. 0 
DBLBTB MATBRIAL 3 3.0 
DBLBTB MATBRIAL 4 4. 0 
PONCTION,1 

0. '1. 
5. '1. 

BND 
STBP CONTROL 

.~. 
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t:l:j 

' 00 

r 

PROBLBM"TITLB 

GRAVITY LOAD PROBLBM - DBLBTB OPTION TBST - SANTOS QA 

PROBLBM DBFINITION 

NUMBBR OF BLBMBNTS •••••••••••••••••••••• 
NUMBBR OF NODBS ••••••••••••••••••••••••• 
NUMBBR OF MATBRIALS ••••••••••••••••••••• 

NUMBBR OF FUNCTIONS ••••••••••••••••••••• 
NUMBBR OF CONTACT SURPACBS •••••••••••••• 
NUMBBR OF RIGID SURPACBS •••••••••••••••• 
NUMBBR OF MATBRIAL POINTS MONITORBD ••••• 

ANALYSIS TYPB ••••••••••.•• • • ••• • • • • • • • • · • 
GLOBAL CONVBRGBNCB MBASURB •••••••••••••• 
RESIDUAL TOLBRANCB •••••••••••••••••••••• 

MAXIMUM NUMBBR OF ITBRATIONS •••••••••••• 
ITBRATIONS FOR INTBRMBDIATB PRINT ••••••• 
MAXIMUM RBSipl'AL TOLBRANCB •••••••••••••• 
PRBDICTOR SCALB FACTOR PI.JNCTION ••••••••• 
MINIMUM DAMPING FACTOR •••••••••••••••••• 
BFFBCTIVB MODULUS STATUS •••••••••••••••• 
GRAVITY LOADS APPLIBD ••••••••••••••••••• 
SCALB FACTOR APPLIBD TO TIMB STBP ••••••• 
STRAIN SOPTBNING SCALB FACTOR ••••••••••• 
HOURGLASS STIFPNBSS FACTOR •••••••••••••• 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

160. 
205 

$ 
1 
0 
0 
0 

PLANB STRAIN 

1.0008-01 
1000 

410 
6.0008-01 

0 
2.0008-01 

CONSTANT 

1.0008+00 
1.000B+00 
S.OOOB-02 
0.000B+00 

L 0 A D S T B P D B F I N I T I 0 N S 

.~ 
.' 

. ., 

~ 

~ 
~ 
w 
Ul. 
0\ _, 
Ul 

~ 
~ 
::r 
N 
.:-' -\0 
\0 
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TIME 
0.0008+00 

• 

NO. OP STBPS 
10 

n 

TIME 
S.OOOB+OO 

PRINT B D 0 U T PUT P.R B Q U B N C Y 

TIME STBPS BBTWBBN PRINTS 
O.OOOB+OO 2 

TIME 
5.0008+00 

PLOTTED OUTPUT PRBQUBNCY 

TIME STBPS BBTWBBN PLOTS 
O. 000B+00 1 

TIME 
S.OOOB+OO 

MATERIAL DBPINITIONS 

MATERIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATERIAL ID • • • • • • • • • • . • . • • • • . • • • • • • • • 5 
DENSITY • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 1. OOOB+OO 
MATERIAL PROPBRTIBS1 

YOUNGS MODULUS 
POISSONS RATIO 

a 

= 
1.0008+04 
O.OOOB+OO 

/\ 

~ 
"t:: 

~ ..., 
Ul 
0\ 
-'1 
Ul 

2::: 
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N 
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\0 
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\0 
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(' 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC 
MA.TBRXAL ID •• •' • • • .. • • • • • • • • • • • • • • • • • • • 4 
DENSITY • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • 1.000B+00 
MATERIAL PROPBRTIBSo 

YOONGS MODULUS 
POISSONS RATIO 

• 
• 

1.0008+04 
O.OOOB+OO 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC 
MATBRXAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 3 
DBHSITY • . • • • • .. • • • • • . . • • • • • • • • • • • . •. • • •. 1. 0008+00 
MATERIAL PROPBRTIBSo 

YOUNGS MODULUS 
POISSONS RATIO 

" 
• 

1.0008+04 
O.OOOB+OO 

KATBRIAL 'l'YPB •••••••••••••••••••••••• BLASTIC 
MATBRZAL ID • .• • • .. .. • • • • • • • • • • • • • • • • • • • • 2: 
DENSITY • • • • • • • • • • • • • • . • • • • • • • . . • • • • • • 1. 0008+00 
MATERIAL PROPBRTIBSo 

YOUNGS MODULUS 
POISSONS RATIO 

= 
" 

1.0008+04 
O.OOOB+OO 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC 
MATERIAL ID • • • • • • • • .• • • • • • • • • • • • • • • • • • 1 
DENSITY •••••••••••••••••••••••••••••• 1.000B+00 
MATERIAL PROPERTIES 1 

YOUNGS MODULUS 
POISSONS RATIO 

" 
" 

1.0008+04 
O.OOOB+OO 

BLBMBNT MATERIAL BLOCK DELETION 

n. ·'\ 
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MATERIAL ID 
1 .. 

2 
3 
4 
5 

0 

DELETION TIME 
1. 000E+01 
4.000E+00 
3.000E+00 
2.000E+00 
1. OOOE+OO 

PUNCTION DEPINITIONS 

PUNCTION ID .......... 1 

N 
1 
2 

s 
O.OOOE+OO 
S.OOOE+OO 

NUMBER OP POINTS •••• 

P(S) 
1.000E+00 
1.000E+00 

2 

N 0 D I S P LAC E'M EN T B 0 UN DAR Y C 0 N D IT I 0 N S 

NODE SET PLAG 
1 
2 

DIRECTION 
X 
y 

END OP DATA INPUT PHASE 
1.975E-01 CPU SECONDS USED 

.~ 

·~ 

~ 
"' U\ 

~ 
U\ 

?l:: 

~ 
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\0 
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**** 

6 WORDS ALLOCATBD 

END OP DATA' INITIALIZATION PHASE 
1.230E-02 CPO SECONDS USED 

205 WORDS ALLOCATED 

V A R I A B L E S 0 N P L 0 T T I N 0 D A T .A B A S E 

NODAL ELBKBH'l' GLOBAL 

------- ------
DISPLX SIOXX PX 

DISPLY SIGIYY py 

SIOZZ RX 

TAUXY RY 

STATUS ITER 
RMAO 

PLOT TAPE WRITTEN POR THE INITIAL ST~TE AT TIME • O.OOOE+OO **** 

**** PLOT TAPE ~TTBN AT TIME • S.OOOE-01 STEP NUMBER 1 **** 

/"\ '\ 

~ ..., 
U1 

~ 
U1 

~ 
8 
::r 
N 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/04/96 ,AT 15:16:43 
GRAVITY LOAD PROBLEM - D8LBT8 OPTION T8ST - SANTOS QA 

************************************···~····························· 
SUMMARY OP DATA AT ST8P NOMB8R 2, TIME • 1.0008+00 
NOM88R OP IT8RATIONS a 359, TOTAL NOMB8R OP IT8RATIONS a 
PINAL CONVERGBNC8 TOLBRANC8 a 9.899B-02 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION a O.OOOB+OO 
SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION a-2.0008+02 
SUM OP RBACTION PORC8S IN X-DIRBCTION • 6.465B-14 
SUM OP RBACTION PORC8S IN Y-DIRBCTION a-2.0028+02 
********************************************************************* 

**** PLOT TAP8 WRITTBN AT TIME a 1.0008+00 ST8P NOMB8R ~ **** 

****PLOT TAPB WRITTBN AT TIME a 1.5008+00 ST8P NOMB8R. 3 **** 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/04/96 ,AT 1Ss16s43 
GRAVITY LOAD PROBLBM - DBLBTB OPTION TBST - SANTOS QA 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 4, TIMB ~ 2.000B+00 
NUMBBR OP ITBRATIONS ~. 288, TOTAL NUMBBR OP ITBRATIONS ~ 1300 

PINAL CONVBRGBNCB TOLBRANCB • 9.177B-02 
SDK OP BXTBRNAL PORCBS IN X-DIRBCTION • O.OOOB+OO 
SUM OP BXTBRNAL PORCBS IN Y-DIRBCTION a-2.0008+02 
SDK OP RBACTION PORCBS IN X-DIRBCTION a-2.831B-13 
SUM OP RBACTION PORCBS IN Y-DIRBCTION •-1.623B+02 
********************************************************************* 

i **** PLOT TAPB WRITTBN AT TIMB a 2.000B+00 STBP NUMBBR 4 **** 

**** PLOT TAPB WRITTBN AT TIMB. • 2.500B+00 STBP NUMBBR 5 **** 
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SANTOS, VERSION 2.0.0 ,RON ON 03/04/96 ,AT 15:16&43 
GRAVITY LOAD PROBLEM - D8LET8 OPTION T8ST - SANTOS QA 

********************************************************************* 
SUMMARY OP DATA AT ST8P NOMB8R 6, TIMB a 3.0008+00 
NOMB8R OP IT8RATIONS • 247, TOTAL NOMB8R OP ITBRATIONS a 1758 
PINAL CONVERGBNC8 TOLBRANC8 a 9.9048-02 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION • 0.0008+00 
SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION •-2.0008+02 
SUM OP RBACTION PORC8S IN X-DIRBCTION •-1.0928-13 
SUM OP RBACTION PORC8S IN Y-DIRBCTION •-1.2248+02 
***********************************************•••··················· 

**** PLOT TAP8 WRITTBN AT TIMB = 3.0008+00 ST8P NOMB8R 6 **** 

**** PLOT TAP8 WRITTBN AT TIMB = 3.5008+00 ST8P NOMB8R 7 **** 
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SANTOS, VERSION 3. 0. 0 
GRAVITY LOAD PROBLEM -

,RUN ON 03/04/96 ,AT 15z16z43 
DELETE OPTION TEST - SANTOS QA 

********************************************************************* 
SUMMARY OF DATA AT STEP NOMBER 8, TXMB m 4.000E+00 
NOMBER OF XTERATXONS m 154, _TOTAL NOMBBR OF ITERATIONS • 
FINAL COHVBRGBHCE TOLERANCE a 9.543E-03 
SUM OF EXTERNAL FORCES IN X-DIRECTION a O.OOOE+OO 
SUM OF EXTERNAL FORCES IN Y-DXRECTION a-3.000E+03 
sUM OF REACTION FORCES IN X-DIRECTION •-3.303E-14 
SUM OF REACTION FORCES XN Y-DXRECTION a-8.340E+01 

3108 

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

**** PLOT TAPE WRXTTBH AT TXHB • 4.000E+00 STEP NOMBER 8 **** 

**** PLOT TAPE WRXTTBH AT TIHB • 4. 500E+00 STEP NOMBER 9 **** 

.~ 

" ·~ . ' 
"· · .. 

:;:: 
"0 
0 

"" w 
Ul 

~ 
Ul 

::: 
~ 
::r 
N _, 
-\0 
\0 
0'> 

\ 



  
Inform

ation O
nly 

0 

b1 
0 --.l 

• 

,f\ 

SANTOS, VBRSION 2.0.0 ,RON ON 03/04/96 

GRAVITY LOAD PROBLBM - DBLBT8 OPTION T8ST 

' 

,AT 15o16o43 

- SANTOS QA 

********************************************************************* 
~y OP DATA AT ST8P NUMB8R 10, TIIIIB = 5.0008+00 

NUMB8R OP IT8RATIONS • . 85, TOTAL NUMB8R OP IT8RATIONS • . 

PINAL CONVBRGBNC8 TOLBRANC8 = 9.704B-02 

SUM OP BXT8RNAL PORCBS IN X-DIRBCTION a 0.0008+00 

SUM OP BXT8RNAL PORCBS IN Y-DIRBCTION =-2.0008+02 

SUM OP RBACTION PORCBS IN X-DIRBCTION =-2.6908-14 

SUM OP RBACTION PORCBS IN Y-DIRBCTION a-4.2578+01 

2262 

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

**** PLOT TAP8 WRITTBN AT TIIIIB • 5. 000B+00 ST8P NUMB8R 10 **** 

• 

10 TIIIIB ST8PS WBRB WRITTBN TO TBB PLOTTING DATA BAS8 

8ND OP SOLUTION PHAS8 

4.137B+OO CPO S8CONDS t7S8D 

• 205 WORDS ALLOCAT8D 

·~ 

~ 
< 0 

* w 
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APPENDIX C 

Input/Output Data For Problem 3 - Prescribed 
Force Option Problem 

The following two sections present the input data and the fonnatted output for the 
prescribed force option problem. 

FASTQ and SANTOS Input Data For The Prescribed Force Option 
Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the prescribed force option problem. . . 
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TITLB 
BBAM PROBLEM - 30 TO 1 BBAM - PORCB B.C. - SANTOS QA - 11/30/94 ( 

POINT 1 o. o. 
POINT 2 30. o. 
POINT 3 30. 0.5 
POINT 4 30. 1. 

POINT 5 o. 1. 
LIHB 1 STR 1 .2 0 30 

LIHB 2 STR 2 3 0 2 

LINE 3 STR 3 4 0 2 

LINE 4 STR 4 5 0 30 

LINE 5 STR 1 5 0 4 

POINBC 1 3 
NODBBC 2 5 
SCBBMB OMP 
RBGIOlll 1 1 -1 -2 -3 -4 -5 

EXIT 

c 
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TITLB 
30 TO 1 BBAM WITH CONCENTRATED FORCE - SANTOS QA - 11/30/94 

PLANE STRADT 
RESIDUAL TOLIIRAHCE, 0.1 
MAXIHOM ITERATIONS, 20000 

' MAXIHOM TOLERANCE, 1000 
NO OAHPING,120,20 
MATBRIAL,1,ELASTIC,1.0 
YOUNGS MODULUS • 1. 0E+7 
POISSONS RATIO c 0.0 
BHD 
PUHCTION, 1 $ PUHCTION USED TO DEFINE PRESCRIBED FORCE 

o. o. 
2. 20. 

BHD 
STEP CONTROL 

400,2. 
BHD 
PLOT TIME 

100,2. 
BHD 
OUTPUT TIME 

400,2.' 
BHD 
NO DISPLACBMBHT Y,2 
NO DISPLACBMBHT X,2 
PRESCRIBED PORCE,Y,1,1,-1. 
EXIT 
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SANTOS Output For The Prescribed Force Option Problem 

The following section presents a portion of the SANTOS printed output for the prescribed 
force option analysis. Because all pertinent information and results from the analysis are · 
written to the plot file for post-processing, the printed output file simply echoes input data 
and problem-descriptive information at the beginning, followed by information that tracks 
the convergence behavior of the solution, and a summary of CPU usage at the end. For this 
reason, only a partial listing, consisting of approximately the first 500 lines of output and 
the last 100 lines of output, is provided. 
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AAAAA N NN = 00000 
AA AA NN NN 'r'l' 00 00 

AA AA NNN NN 'r'l' 00 00 

A.a. .... ~u NN N NN 'r'l' 00 00 

AA AA NN NNN 'r'l' 00 00 

AA AA NN NN 'r'l' 00 00 

AA AA NN N 'r'l' 00000 
L . 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BYo 

CHARLBS M. STONE 
ENGINEERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONT02D BY 
LEE M. TAYI.OR AND DENNIS P. FLANAGAN 

RUN ON 03/08/96 AT 11o19o06 
RUN ON A CrayOJ90 ONDER 0DiCo8.0 
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1• 
2• 
3• 
4• 
5o 
6• 

7• 
e. 
g, 

10• 
11• 
12• 
13• 

("') 14• ' 0\ 
15• 
16• 
17• 
18• 
19• 

20• 
21• 
22• 
23• 
24• 
25• 
26• 
27• 
28• 

r 

INPU'l' STREAM IMAGES 

------------------------------------------------------------------------
TITLB 

30 TO 1 BBAH WITH CONCBN'l'RATED PORCB - SANTOS QA - 11/30/94 
PLANE STRAIN 
RESIDUAL TOLBRANCB, 0.1 
MAXIMUM ITERATIONS, 20000 
MAXIMUM TOLBRANCB, 1000 
NO DAHPING,120,20 
MATERIAL,1,BLASTIC,1.0 
YOO'NQS MODULO'S a 1.0E+7 
POISSONS RATIO • 0.0 
BND 

PO'NCTION, 1 $ PO'NCTION O'SBD TO DBPINB PRESCRIBED PORCE 
0. 0. 

2. 20. 
BND 

STBP CONTROL 
400,2. 

BND 

PLOT TIME 
100,2. 

BND 

OO'TPO'T TIME 
400,2. 

BND 

NO DISPLACBMBNT Y,2 
NO DISPLACBMBNT X,2 
PRESCRIBED PORCE,Y,1,1,-1. 
EXIT 

------------------------------------------------------------------------
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PROBLEM Tl:TLE 

30 TO 1 BEAM Wl:TH CONCENTRATED PORCE - SANTOS QA - 11/30/94 

PROBLEM DEPJ:NJ:TJ:ON 

NtlMBER OP ELBMBNTS •••••••••••••••••••••• 
NtlMBER OP NODES ••••••••••••••••••••••••• 
NOMBER OP MATBRJ:ALS ••••••••••••••••••••• 
NOMBER OF PONCTJ:ONS ••••••••••••••••••••• 
NOMBER OP CONTACT SURFACES •••••••••••••• 
NOMBBR OP RJ:GJ:D SURFACES •••••••••••••••• 
NOMBER OP MATBRJ:AL POJ:NTS MONJ:TORBD ••••• 

120 
155 

1 
1 
0 
0 
0 

ANALYSJ:S TYPE • • • • • • • • • • • • • • • • • • • • • • • • • • • PLANE STRAJ:N 
GLOBAL CONVERGENCE MBAS0RB •••••••••••••• 
RBSJ:DOAL TOLERANCE •••••••••••••••••••••• 1.000E-01 
MAXJ:MUM NOMBER OF J:TERATJ:ONS •••••••••••• 20000 
J:TERATJ:ONS POR J:NTERMBDJ:ATE PRJ:NT ••••••• 310 
MAXJ:MUM RBSJ:DUAL TOLERANCE •••••••·'····· 1.000E+03 
PRBDJ:CTOR SCALE FACTOR PUNCTJ:ON ••••••••• 0 
MJ:NJ:MUM DAMPJ:NG PACTOR •••••••••••••••••• 2.000E-01 
EPPECTJ:VB MODULUS STATUS •••••••••••••••• CONSTANT 
NO DAMPJ:NG OPTJ:ON ••••••••••••••••••••••· ACTJ:VB 

NOMBER OF NO DAMPJ:NG l:TERATJ:ONS •••••• 
NOMIIER OF LOAD STEPS WJ:TB NO DAMPJ:NG • 

SCALE FACTOR APPLJ:ED TO TJ:MB STEP ••••••• 
STRAJ:N SOPTBNJ:NG SCALE PACTOR ••••••••••• 
HOURGLASS STJ:PPNBSS FACTOR •••••••••••••• 
HOURGLASS VJ:SCOSJ:TY PACTOR •••••••·•••••• 

120 
20 

1.000E+00 
1.000E+00 
5.000E-02 
O.OOOE+OO 

1\ 

. 

~ 
"t:: 

~ 
w 
Vt 
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Vt 
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L 0 A D S T B P D B P I N I T I 0 N S 

TIME 
O.OOOE+OO 

NO. OP STBPS 
400 

PRINTED OUTPUT 

TIME STBPS BBTWBBN PRINTS 
O.OOOB+OO 400 

TIME 
2.0008+00 

PRBQUBNCY 

TIME 
2.0008+00 

~ 

PLOT,TBD 0. U T P U T PRBQUENCY 

• 

TIME STEPS BBTWBBN PLOTS TIME 
0.0008+00 100 2.0008+00 

' 

MATERIAL DBPINITIONS 

MATERIAL TYPE •••••••••••••••••.••••••• BLASTIC 
MATERIAL ID .. • • • .. .. .. .. .. .. • .. .. .. .. 1 
DENSITY .............. ; ............... 1.000E+00 
MATERIAL PROPERTIES 1 

YOUNGS MODULUS 
POISSONS RATIO 

• 
" 

1.0008+07 
0.0008+00 

.~. 

~ 
'"C 
0 

'"' w 
V\ 
0\ _, 
V\ 

' ~ 
8 
;:r 
N _, 

-\0. 
\0 
0\ 

•· 
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PONC'l'ION D8PINI'l'IONS 

POHC'l'ION ID 

N 
1 
2 

1 

s 
0.0008+00 
2.0008+00 

NtlKB8R OP POINTS •••• 

P(S) 
0.0008+00 
2.0008+01 

2 

N 0 D I S P LAC B M B N·'l' B 0 0 N DAR Y C 0 N D I '1' I 0 N S 

NODB SB'l' PLAQ 
2 
2 

DIRBC'l'ION 
y 

X 

P R 8 S C R I B 8 D N 0 D A L P 0 R C 8 B 0 0 N D A R Y C 0 N D I '1' I 0 N S 

NOD8 SB'l' 
PLAQ 

1 

DIRBC'l'ION 

y 

POHC'l'ION SCALB AD BO 
ID . PAC'l'OR · 

1 -1.0008+00 

0 

~ 
~ 
w 
U\ 
0\ 
--.1 
U\ 

• 

a:: 
~ 
::r 
N 
;-I -\0 
\0 
0\ 
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0 
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( 

BND OP DATA INPUT PBASB 
1.309B-01 CPU SBCONDS USBD 

6 WORDS ALLOCATBD 

BND OP DATA INITIALIZATION PBASB 
1.147B-03 CPU SBCONDS USBD 

155 WORDS ALLOCATBD 

VARIABLBS 0 N PLOTT INC DATA BAS B 

NODAL BLBIIBNT CLOBAL 

----- ------- ------
DISPLX SICXX PX 
DIS PLY SICYY py 

SICZZ RX 
TAUXY RY 

ITBR 
RMAC 

**** PLOT TAPB WRXTTBN POR THB INITIAL STATB AT TIMB • 0.0008+00 **** 

STBP 

310 

TIMB 

5.000B-03 

TIMB 
STBP 

5.000B-03 

DAMPINC APPLIBD 
PACTOR LOAD NORM 

1.000B+00 5.0008-02 

'~\ 

RESIDUAL 
LOAD NORM 

1.387B-03 

PBRCBNT 
IM!Iu.ANCB 

25.73 

TOTAL 
STBPS 

310 

/\ 
./ 

~ 
w 
Vl 

~ 
Vl 

~ 
8 
::r 
N ._, 
..... 
:g 
"' 
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I' ~~ ~ 

~ 
~ 620 5.000B-03 5.000B-03 9.989B-01 5.000B-02 l.llOB-02 22.20 620 
"' 930 5.000B-03 5.000B-03 9.978B-01 5.000B-02 9.991B-03 19.98 930 v. 
0\ 1240 5.000B-03 5.000B-03 9.983B-01 5.000B-02 9.107B-03 18.21 1240 -.J 
v. 1550 5.000B-03 5.000B-03 9.980B-01 5.000B-02 8.297B-03 16.59 1550 

1860 5.000B-03 5.000B-03 9.964B-01 5.000B-02 8.132B-03 16.26 1860 
2170 .5. OOOB-03 5.000B-03 9.986B-01 5.000B-02 8.011B-03 16.02 2170 :::: 2480 5.000B-03 5.000B-03 9.99lB-01 5.000B-02 7.989B-03 15.98 2480 ~ 2790 5.000B-03 5.000B-03 1. OOOB+OO 5.000B-02 7.878B-03 15.76 2790 ::r 
3100 5.000B-03 5.000B-03 9.996B-01 5.000B-02 7. 610B-03 i5.22 3100 N 

-.J 3410 5.000B-03 5.000B-03 9.996B-01 5.000B-02 7.323B-03 14.65 3410 
~ 

3720 5.000B-03 5.000B-03 9.997B-01 5.000B-02 7.058B-03 14.12 3720 "' "' 4030 5.000B-03 5.000B-03 9.996B-01 5.000B-02 6.729B-03 13.46 4030 0\ 

4340 5.000B-03 5.000B-03 9.995B-01 5.000B-.02 6.481B-03 12.96' 4340 
4650 5.000B-03 5.000B-03 9.994B-01 5.000B-02 6.199B-03 12.40 4650 
4960 5.000B-03 5.000B-03 9.994B-01 5.000B-02 5.894B-03 11.79 4960 
5270 5.000B-03 5.000B-03 9.994B-01 5.000B-02 5.608B-03 11.22 5270 
5580 5.000B-03 5.000B-03 9.994B-01 5.000B-02 5.328B-03 10.66 5580 

() 5890 5.000B-03 5.000B-03 9 .• 994B-01 5.000B-02 5.060B-03 10.12 • 5890 0 -...... 6200 5.000B-03 5.000B-03 9.994B-01 5.000B-02 4.860B-03 9.72 6200 ...... 
6510 5.000B-03 5.000B-03 9.995B-01 5.000B-02 4.612B-03 9.22 6510 
6820 5.000B-03 5.000B-03 9.995B-01 5.000B-02 4.351B-03 8.70 6820 
7130 5.000B-03 5.000B-03 9.995B-01 5.000B-02 4.111B-03 8.22 7130 
7440 5.000B-03 5.000B-03 9.995B-01 5.000B-02 3.864B-03 7.73 7440 
7750 5.000B-03 5.000B-03 9.995B-01 5.000B-02 3.654B-03 7.31 7750 
8060 5.000B-03 5.000B-03 9.995B-01 5.000B~02 3.456B-03 6.91 8060 
8370 5."000B-03 5.000B-03 9.994B-01 5.000B-02 3.244B-03 6.49 8370 
8680 5.000B-03 5.000B-03 9.994B-01 5.000B-02 3.058B-03 6.12 8680 
8990 5.000B-03 5.000B-03 9.994B-01 5.000B-02 2.884B-03 5.77 8990 
9300 5.000B-03 5.000B-03 9.994B-01 5.000B-02 2.702B-03 5.40 9300 
9610 5.000B-03 5.000B-03 9.994B-01 5.000B-02 2.550B-03 5.10 9610 
9920 5.000B-03 5.000B-03 9.994B-01 5.000B-02 2.404B-03 4.81 9920 

.. 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/08/96 ,AT 11o19o06 

30 TO 1 BEAM WITH CONCBN'l'RAT8D FORC8 - SANTOS QA - 11/30/94 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUMMARY OF DATA AT ST8P NUMB8R 400, TIMB • 2.0008+00 

NUMB8R OF IT8RATIONS • 28, TOTAL NUMB8R OF IT8RATIONS • 

FINAL CONVERGBNC8 TOLBRANC8 • 9.6368-02 
SUM OF BXT8RNAL FORC8S IN X-DIRBCTION • 0.0008+00 
SUM OP BXT8RNAL FORC8S IN Y-DIRBCTION •-2.0008+01 

SUM OF RBACTION FORC8S IN X-DIRBCTION • 1.6638-01 
SUM OP RBACTION PORC8S IN Y-DIRBCTION •-1.9988+01 

66249 

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

**** PLOT TAP8 WRITTBN AT TIMB • 2.0008+00 ST8P NUMB8R 400 •••• 

4 TIMB ST8PS WBRB WRITTBN TO TBB PLOTTING DATA BAS8 

8ND OF SOLUTION PHAS8 

1.0078+02 CPU SBCONDS US8D 

155 WORDS ALLOCAT8D 

r"- ~' 

~ 
~ 
"' U\ 

~ 
U\ 

~ 

~ 
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\0 
\0 
0\ 



 

 Information Only 

c 

c 

( 

WPO# 35675 March 27, 1996 

APPENDIX D 

Input/Output Data For Problem 4 - Distributed. 
Load Function Problem 

The following three sections present the input data, the distributed force subroutine, and the 
formatted output, respectively, for the distributed load function verification problem. 

FASTQ and SANTOS Input Data For The Distributed Load 
Function Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the distributed load function problem. 
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TITLE 
DISTRIBUTED LOAD PROBLBH 

POINT 1 o. o. 
POINT 2 4. o. 
POINT 3 4. 4. 
POINT 4 o. 4. 
LDIB 1 atr 1 2 

LINB 2 atr 2 3 

LINB 3 str 3 4 
LDIB 4 ·atr 1 4 
NODBBC 1 4 
NODBBC 2 1 

SCIIBMB MP 

REGION 1 1 -1 -2 

BND. 

• 

- 16 ELEMENT 

0 4 1.0 
0 4 1.0 
0 4 1.0 
0 4 1.0 

-3 -4 
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TITLE 
DISTRIBUTED LOAD PROBLEM - SANTOS QA - 12/4/94 

PLANS STRAIN 
MAXIMUM ITBRATIONS, 10000 
MAXIMUM TOLBRANCB, 1000 
MATBRIAL,1,BLASTIC,1.0 
YOUNGS MODULUS a 1.0B+7 
POISSONS RATIO a 0.0 

. BND 

DISTRIBUTED LOAD 
STBP CONTROL 

4,2. 
BND 
PLOT TIMB 

1,2. 
BND 
OUTPUT TIMB 

4,2. 
BND 
NO DISPLACBMBNT Y,2 
NO DISPLACBMBNT X,1 
BXIT 
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Distributed Force Subroutine For The Distributed Load Function 
Problem 

This section presents a listing of the DISTL subroutine that was used in SANTOS to specify 
the distributed loading for the distributed load function problem analysis. 
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c 
c ••••• program distl 
c 
c ••••• this program calculates the distributed force for the qa test 
c ••••• problam for santos 
c ••••• programmar: J. P. Holland, TechDadyne 12/1/94 
c 

c 

dimansion fx(SOO),fy(SOO) 
common /gpa/ coord(S00,2),n'IDIII1od,numal 
character*16 ofile,mfile,jfile 

c •••.• open files 
c 

c 
c 

ofile • •sant_distl.dist• 
mfile • •sant_distl.g' 
jfile • •sant_distl.log• 
opan(unit=12,fila=ofila,statusa'naw',for.ma'unfor.matte4') 
open(unit=11,filecmfile,status•'old',form•'UDformatted') 
open(unit=13,fileajfile,status='new',form•'formatted') 

wa • 100. 
wb = 100. 
call ganny 
write ( *, 2S) n'W118l,n'IDIII1od 

as· format(l,tS,'# of elements D •,iS,2x, '#of nodes D ',iS) 
i = 0 

c 

do while ( i .le. 2 ) 
fac = i 
n a 0 
do while ( n .lt. n'IDIIDod ) 

D.aD+l 

fx(n) D 0. 
fy(n) = 0. 

enddo 
llllll a 21 
do while ( mm .lt. 2S ) 

fy(mm) = f~(mm) + 114.286*fac 
fy(mm+1) = fy(mm+1) + 114.286*fac 
mm=mm+l 

end do 
write(12) fac,(fx(k),k = 1,n'IIJIIDod),(fy(m),m • 1,n'IDIII1od) 

c .•••• force check 
c 

30 

fsum = 0. 
n • 0 
do while ( n .lt. n'IDIIDod) 

n a n + 1 
fsum • fsum + fy(n) 

enddo 
write(*,30) fac,fsum 
format(/,t10,'tima • •,e11.4,2x,•total load a •,e11.4,/) 
write(13,3S) fac 
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35 

wr1te(13,40) (n,fy(n),n • l,numnod) 

format(/,tS,'time • •,e11.4,/l 

40 format(tlO,'node • •,15,2z,•fy • •,e11.4) 

1 .. 1 + 1 

c 

c 

c 

c 

c 

c 

c 

enddo 

cloole (11) 

close (12) 

close (13) 

stop 

end 

C ••••• 'l'RIS SUBROUTINE READS 'l'RB PASTQ GINES IS DATA BASB 

c 
COMMON /GPA/ COORD(500,2),NOMNOD,NOMBL 

c 
C ••••• READ DATA PROM 'l'RB GBNBSIS PILB 

c 

c 
c 

c 

READ (11) 

READ (11) NOMNOD,NDIM,NOMBL,NBLBLK,NOMNPS,LNPSNL,NUMBSS,LESSBL, 

*LBSSNL, IVBliS 

C ••••• READ IN 'l'RB COORDINATE DATA 

c 
READ (11) ( ( COORD(I,J), I • l,NOMNOD ) , J .• l,NDIM ) 

c 

c 

return 

end 
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SANTOS Output For The Distributed Load Function Problem 

The following section presents the SANTOS printed output for the distributed load 
function analysis. Because all pertinent infonnation and results from the analysis are 
written to the plot me for post-processing, the printed output me simply echos input data 
and problem-descriptive infonnation at the beginning, followed by infonnation that tracks 
the convergence behavior of the solution, and a summary of CPU usage at the end. 

'· 
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AA AA NN NNN T'r 00 00 

AA AA NN NN T'1' 00 00 

AA AA NN N T'1' 00000 

VBRSION 3.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROQR.•""BD BY I 

CBARLBS II. STONB 
BNGINBBRING SCIBNCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NBW IIBXICO 87185 

DERIVBD PROM PRONT03D BY 
LBE II. TAYLOR AND DBNNIS p, PI.ANAGAN 

RUN ON 03/05/96 AT 08t33t57 
RUN ON A CrayOJ90 UNDER UDiCo8.0 
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INPUT STREAM IMAGES 

LINE -----------------------------------------------------------------------~ 
1: TITLE 

21 DISTRIBUTED LOAD PROBLEM - SANTOS QA - 12/4/94 

3 1 PLANE STRAIN 

41 MAXIMUM ITERATIONS, 10000 

51 MAXIMUM TOLERANCE, 1000 

6 ,. MATERIAL, 1, BLASTIC, 1. 0 

71 YOUNGS MODULUS ~ 1.0B+7 

81 POISSONS RATIO ~ 0.0 

91 END 

101 DISTRIBUTED LOAD 

11• STEP CONTROL 

12• 4,2. 

13• END 

14• PLOT TIME 

15• 1,2. 

16: END 

17 1 OUTPUT TIME 

18• 4,2. 

19• END 

20• NO DISPLACEMENT Y,2 

211 NO DISPLACEMENT X,1 

221 EXIT 

• 

------------------------------------------------------------------------
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PROBLEM TITLE 

DISTRIBUTED LOAD PROBLEM - SANTOS QA - 12/4/94 

PROBLEM DEFINITION 

NUMBER OP ELBMBNTS •••••••••••••••••••••• 
NUMBER OP NODES ••••••••••••••••••••••••• 
NUMBER OP MATERIALS ••••••••••••••••••••• 
NCMBBR OP PUNCTIOHS ••••••••••••••••••••• 

NUMBER OP CONTACT SURFACES •••••••••••••• 
NUMBER OP RIGID SURFACES •••••••••••••••• 

16 
25 

1 
0 
0 
0 

NUMBER OP MATERIAL POINTS MONITORED • • • • • 0 
ANALYSIS 'l'YPB • • • • • • • • • • • • • • • • • • • • • • • • • • • PLANB STRA.IR 
GLOBAL CONVBRGBNCB MBASURB •••••••••••••• 
RESIDtJAL TOLERANCE • • • • • • • • • • • • • • • • • • • • • • 5. OOOE-01 
MAXIMUM NOMBBR OP ITERATIONS •••••••••••• 
ITERATIONS POR INTERMBDIATE PRINT ••••••• 
MAXIMUM RESIDtJAL TOLERANCE •••••••••••••• 
PREDICTOR SCALB PACTOR PUNCTION ••••••••• 
MINIMUM DAMPING PACTOR •••••••••••••••••• 

10000 
50 

1.000E+03 
0 

2.000E-01 

EPPECTIVB MODtJLOS STATUS •••••••••••••••• CONSTANT 
DISTRIBUTED BODY LOADS APPLIED •••••••••• 
SCALB PACTOR APPLIED TO TIMB STEP ••••••• 
STRAIN SOPTBNING SCALB PACTOR ••••••••••• 
HOURGLASS STIPPNBSS PACTOR •••••••••••••• 
HOOROLASS VISCOSITY PACTOR •••••••••••••• 

1.000E+00 
1.000E+00 
S.OOOE-02 
O.OOOE+OO 

L 0 A D S T E P D E P I N I T I 0 N S 

,0 
,~.) 

~ 

~ 
"' VI 

~ 
VI 

~ 
~ 
::T 
N 
-.J -~ 
0\ 
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9 ..... ..... 

(' 

TIMB 
0.0008+00 

NO. OP STBPS 
4 

.I\ 

TIMB 
2.0008+00 

PRINTBD OUTPUT PRBQUBNCY 

TIMB STBPS BBTWBBN PRINTS 
o. 0008+00 4 

TIMB 
2.0008+00 

P L 0 T T B D 0 U T PUT P R B Q U B N C y' 

TIMB STBPS BBTWBBN PLOTS 
0.0008+00 1 

TIMB 
2.0008+00 

M A T B R I A L D B P I N I T I 0 N S 

MATBRIAL TYPB •••••••••···••••••••••••BLASTIC 
MATBRIAL ID • • . • • • • • • • • • • • • • • • • • • • • • • • 1 
DBNSITY . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1.0008+00 
MATBRIAL PROPBRTIBSo 

YOUNGS MODULUS 
POISSONS RATIO " 

" 
1. 0008+07 
0.0008+00 

'\ 

~ 
w 
u. 
~ u. 

f 
;t::l 
..... 
\0 
\0 

"' 
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9 -N 

NO DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET PLAQ DIRECTION 
2 y 

1 X 

END 0 P DATA' I N PUT P R AS E 
9.717E~02 CPU SECONDS USED 

10 WORDS ALLOCATED 

END OP DATA INITIALIZATION PRASE 
1.962E-02 CPU SECONDS USED 

25 WORDS ALLOCATED 

VARIABLES ON PLOTTING DATA BASE 

NODAL ELBIIBNT GLOBAL 

------- ------
DISPLX SIGXX PX 

DIS PLY SIGYY py 

SICZZ RX 
TAUXY RY 

r ~ /\ 
. ' 

• 

~ 
~ 
t..l 
VI 

~ 
VI 

~ 
~ ;:r 
N 
.:--' -\D 
\D 
0\ 
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I' 

0 
' .... ..., 

' 

() 

I'l'I!IR 

RMAG 

•••• PLO'l' 'l'APE WRITTEN POR THB INITIAL S'l'ATB AT TIME a O.OOOB+OO •••• 

STEP TIME TIME DAMPING APPLIED RBSIDOAL PERCENT 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE 

50 S.OOOE-01 S.OOOE-01 4.505E-01 1.010E+02 5.983E-01 0.59 

•••• PLO'l' TAPE WRITTEN AT TIME m 5. OOOE-01 STEP NOMBER 1 **** 

•••• PLO'l' TAPE WRITTEN AT TIME = 1.000E+00 STEP NOMBER 2 **** • 

•••• PLOT TAPE WRITTEN AT TIME = 1.500E+00 STEP NOMBER 3 **** 

·~ 

TOTAL 

STEPS 

50 

~ ..., 
Ul 

~ 
Ul 

~ 
::r' 

-~ -'-0 
'-0 

"' 
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t1 
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('· 

SANTOS, VBRSXON 2 .• 0.0 ,RUN ON 03/05/96 ,AT 08t33t57 

DXSTRXBtlT8D LOAD PROBLBM - SANTOS QA - 12/4/94 

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

SUMMARY OP DATA AT ST8P NUMB8R 4, TXMB • 2.0008+00 

NUMB8R OP XTBRATXONS " 3, TOTAL NUMB8R OP XTBRATXONS • 62 

PXNAL CONVBRGBNC8 TOLBRANC8 • 2.5908-01 

SUM OP BXT8RNAL PORCBS XN X-DXRBCTXON • 0.0008+00 

SUM OP BXTBRNAL PORCBS XN Y-DXRBCTXON " 8.0008+02 

SllM OP RBACTXON PORC8S XN X-DXRBCTXON • 6. 5588-05 

SUM OP RBACTXON PORC8S XN Y-DXRBCTXON • 7.9588+02 

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

•••• PLOT TAP8 WRXTTBN AT TXMB • 2.0008+00 STBP NUMB8R 4 •••• 

4 TXMB ST8PS WBRB WRXTTBN TO THB PLOTTXNG DATA BAS8 

8ND OP SOLUTXON PHASB 

4.8738-02 CPU SBCONDS USBD 

50 WORDS ALLOCAT8D 

,f\ /) 

~ 
~ 
w 
Ul 

·0\ 
-1 
Ul 

s:: 
~ 
~ -\0 
\0 
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APPENDIX E 

Input/Output Data For Problem 5 - Adaptive 
Pressure Option Problem · 

The following three sections present the input data, the pressure subroutine, and the 
fonnatted output, respectively, for the adaptive pressure option verification problem. 

FASTQ and SANTOS Input Data For The Adaptive Pressure 
Option Problem 

' . 
This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the adaptive pressure option problem. 

E-1 
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TI'l'LB 
HOLLOW CYLINDER - SANTOS QA TBST PROBLBM - 10/24194 c· 

POINT 1 o. o. 
POIN'l' 2 1. o. 
POIN'l' 3 o. 1. 
POIN'l' 4 o. 1.5 
POIN'l' 5 1.5 o. 
LIRB 1 .CIRC 2 3 1 20 1.0 

LIRB 2 STR 3 4 0 20 1.0 

LIRB 3 CIRC 5 4 1 20 1.0 

LIRB 4 STR 2 5 0 20 1.0 

NODBBC 1 2 
NODBBC 2 4 
NODBBC 4 1 
BLBMBC 3 1 
SCHBMB 0 HP 
RBQION 1 1 -1 -2 -3 -4 
BXIT 

c 

• 

E-2 
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• 

TITLE 
SANTOS QA PROBLBM - ADAPTIVB PRBSSURB PROBLBM - AXISYMMBTRIC 

AXISYMMBTRIC 
MAXIMUM ITERATIONS 40000 
MATBRIAL,1,BLASTIC,1. 
YOUNGS MODULUS, 1.1+7 
POISSONS RATIO, 0.3 
BND 
FUNCTION 2 $ DISPLACBMBNT FUNCTION 

0. 0. 
1.1-4 0. 

10. 0.25 
BND 
STEP CONTROL 

1 1.1-4 
20 10 • 

BND 
, OUTPUT 'l'IMB 

0 1.1-4 
0 10. 

BND 
PLOT TIMB 

1 1.1-4 
1 10. 

ADAPTIVB PRESSURE 3 0. 0. 
PRESCRIBED DISPLACBMBNT RADIAL 4 2 1. 0. 0. 
NO DISPLACBMBNT Y 2 
NO DISPLACBMBNT X 1 
BXl:T 

E-3 
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Pressure Subroutine For The Adaptive Pressure Option Problem 

This section presents a listing of the FPRES subroutine that was used in SANTOS to 
specify the pressure within a cavity for the adaptive pressure option analysis. 

E-4 
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c 
c ••••• subroutine fpres 
c 
c ••••• this subroutine is·use4 to develop pressure within a cavity 
c ••••• for qa test of the adpative pressure function 
c ••••• progrl!lllllll8r: J. P. Holland, TechDa4yne 
c 

c 
c 

c 

subroutine fpres(volume,tima,pgas) 
common /john/ voll,nacho 

• 

po " l.B+l 
if( time .le. l.e-4 ) nacho = 1 

c •••• this assumes the gas behaves as an ideal gas. When the volume 
c •••• of the cavity increases there is a proportional decrease in the 
c •••• pressure of the gas 
c 

c 
c 

if( volume .ne. 0 •• ana. nacho .eq. 1 ) then 
voll = volume 
nacho = 0 

eD4if 
if.( time .gt. 0. ) then 

pgas " po*voll/volume 
else 

pgas • po 
en4if 

return 
end 

E-5 
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'SANTOS Output For The Adaptive Pressure Option Problem 

The following section presents a portion of the SANTOS printed output for the adaptive 
pressure option analysis. Because all pertinent infonnation and results from the analysis are 
written to the plot file for post-processing, the printed output file simply echoes input data 
and problem-descriptive infonnation at the beginning, followed by infonnation that tracks 
the convergence behavior of the solution, and a summary of CPU usage at the end. For this 
reason, only a partial listing, consisting of the first few hundred lines of output and the last 
few tens of line of output, is provided 

• 

, . -

• 
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ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 
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AAAAA N NN = 00000 . 
AA AA NN NN 'l"r 00 00 
AA AA NNN NN TT 00 00 
A.~• .... a. .... ~u NN N NN TT 00 00 
AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 
AA AA NN N TT 00000 

VERSION 2.0.0 

COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BYt 

CllAJILBS M. STONE 

ENGINEERING SCIENCES CBBTER 

SANDIA NATIONAL LABORATORIES 

ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONTO:ID BY 

LEE M. TAYLOR AND DENNIS P. FLANAGAN 

RON ON 03/05/96 AT 13t30t39 

RON ON A CrayOJ90 ONDER ttn1Co8.0 

f\ 

~ 
0 

"" w 
Vt 
0\ 

ssssss -.) 
Vt 

ss 
ss 
sssss s::: 

ss 8 
ss ;:r' 

N ssssss -.) 

..... 
\0 
\0 
0\ 
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LINE 
1• 
2• 
3• 
4• 
5o 
6• 
7• 
a. 
g, 

10• 
11• 
12• 
13• 
14• 

tp 15• 
00 

16• 
17• 
18• 
19• 
20• 
21• 
22• 
23• 
24• 
25• 
26• 
27• 
28• 
29• 
30• 

I 

INPUT STREAM IMAGES 

------------------------------------------------------------------------
TITLB 

SANTOS QA PROBLEM - ADAPTIVE PRBSstJRB PROBLEM - AXISYMMBTRIC 
AXISYMMBTRIC 
MAXIMDM ITERATIONS 40000 
MATERIAL,1,ELASTIC,1. 
YOUNGS MODULUS, 1.E+7 
POISSONS RATIO, 0.3 
END 

PONCTION 2 $ DISPLACEMENT PONCTION 
o. o. 
1.E-4 0. 

10. 0.25 
END 

STEP CONTROL 
1 1.E-4 

20 10. 
END 

OOTPOT TIMB 
0 . 1.E-4 
0 10. 

END 

PLOT TIMB 

END 

1 1.E-4 
1 10. 

ADAPTIVE PRESstJRB 3 0. 0. 
PRESCRIBED DISPLACEMENT RADIAL 4 2 1. 0. 0. 
NO DISPLACEMENT Y 2 
NO DISPLACEMENT X 1 
EXIT 

------------------------------------------------------------------------

!0 F'\ 

~ 
0 "*'. 
w 
U1 

~ 
U1 
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(\ 

PROBLEM TJ:TLE 

SANTOS QA PROBLEM - ADAPTJ:VB PRESSORB PROBLEM - AXJ:S'!MMBTRJ:C 

P R 0 B L E M D E F :I N :I T :I 0 N 

Nt!MBER OF ELEMENTS •••••••••• , • , ••••• , ••• 
Nt!MBER OF NODES ........................ . 
Nt!MBER OF MATERJ:ALS .................... . 
Nt!MBER OF l"UNCTJ:ONS ••••••••••·•••••••••• 
Nt!MBER OF CONTACT SURFACES •••••••••••••• 
Nt!MBER OF RJ:GJ:D SURFACES •••••••••••••••• 
Nt!MBER OF MATERJ:AL POJ:NTS MON:ITORED ••••• 

400 
441 

1 
1 
0 
0 
0 

ANALYSJ:S TYPE ••••••• ' • • • • • • • • • • • • • • • • • • • AXJ:SYMMETRJ:C 
GLOBAL CONVERGENCE MEASORB •••••••••••••• 
RESJ:DUAL TOLERANCE •••••••••••••••••••••• S.OOOE-01 
MAXJ:MDM Nt!MBER OF J:TERATJ:ONS •••••••••••• 40000 
J:TERATJ:ONS FOR J:NTERMEDJ:ATE PRJ:NT •••••• , 882 
MAXJ:MDM RESJ:DUAL TOLERANCE •·•••••••••••• 6.000E-01 
PREDJ:CTOR SCALE FACTOR l"UNCTJ:ON ••••••••• 0 
MJ:NJ:MDM DAMPJ:NQ FACTOR •••••••••••••••••• 2.000E-01 
EFFECTJ:VE MODULUS STATUS •••••••••••••··· CONSTANT 
ADAPTJ:VE PRESSORB B. C. APPLJ:ED ••••••·•• 
SCALE FACTOR APPLJ:ED TO TJ:ME STEP ••••••• 
STRAJ:N SOFTENJ:NQ SCALE FACTOR ••••••••••• 
HOURGLASS STJ:Fl"NESS FACTOR •••••••••••••• 
HOURGLASS VJ:SCOSJ:TY FACTOR ••• • ••••• , , , •• , 

1. 000E+00. 
1.000E+00 
l. OOOE-02 
3.000E-02 

L 0 A D S T E P D E F :I N :I T :I 0 N S 

'\ 

' 
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~ -0 

r-

TIMB 
O.OOOE+OO 
1.000E-04 

NO. OP STEPS 
1 

20 

TIMB 
1.000E-04 
1.000E+01 

P R I'N TED 0 U T PUT P ,R E QUE N C Y 

TIMB 
O.OOOE+OO 
1.000B-04 

STEPS BETWEEN PRINTS 
0 
0 

TIMB 
1.000B-04 
l.OOOB+01 

P L 0 T T E D 0 U T P U T P R B Q U B N C Y 

TIMB 
O.OOOE+OO 
1.000E-04 

STEPS BETWEEN PLOTS 
1 
1 

TIMB 
1.000E-04 
1.000E+01 

MATERIAL DEFINITIONS 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC 
MATBUAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOB+OO 
MATERIAL PROPBRTIBSz 

YOUNGS MODULUS ~ 1.000B+07 

t~ 
'·,_ .... ._:;;_? 

',~ 

~ .., 
u. 
::) 
u. 

a:: 
8 
::r 
tv _, 

-~ 
C>\ 



  
Inform

ation O
nly 

('-. 

trl 
0 --

(\ 

POISSONS RATIO a 3.0001!:-01 

FUNCTION D E F I N I T I 0 N S 

FUNCTION ID 

N 
1 
2 
3 

2 NOMBER OF POINTS •••• 

s 
O.OOOE+OO 
1.000E-04 
1.000E+01 

F(S) 
. O.OOOE+OO 

O.OOOE+OO 
2.500E-01 

3 

NO DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET FLAG 
2 
1 

DIRECTION 
y 

X 

' 
PRESCRIBED DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET 
FLAG 

4 

DIRECTION 

RAD 

FUNCTION SCALE 
ID FACTOR 

2 1. OOOE+OO 

AO BO 

O.OOOE+OO O.OOOE+OO 

•\ 

~ 
~ 
w 
lJl 

~ 
lJl 

I 
~ -~ 
0\ 
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m • -N 

r 

ADAPTIVE PRESSURE BOUNDARY CONDITIONS 

END 

END 

SURPACE 
PLAG 

l 

0 p DATA 

RBPERBNCE 
VALUB 

O.OOOE+OO O.OOOE+OO O.OOOE+OO 

INPUT PHASE 
1.461E-01 CPU SECONDS USBD 

6l WORDS ALLOCATED 

0 p D A T A· I N I T I A L I Z A T I 0 N PHASE 
l.lSOE-02 CPU SECONDS USED 

441 WORDS ALLOCATED 

VARIABLES 0 N PLOTTING DATA BASE 

NODAL ELBMBNT GLOBAL 

------- ------
DISPLX SIQXX PX 
DIS PLY SIQYY py 

SIGZZ RX 
TAUXY RY 

,....---...\ /""\ 
; 

~ 
\.;.) 
u. 
a, _, 
u. 

~ 
~ 
::T 

~ -~ a, 
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~ -w 

r n 

IT8R 
RMAG 

·PGAS 

VOLUMB 

**** PLOT TAP8 WRITTBH POR THE INITIAL STAT8 AT TIME a O.OOOB+OO **** 

**** PLOT TAP8 WRITTBH AT TIME a 1.0008-04 ST8P NUMB8R 1'**** 

**** PLOT TAPB WRITTBH AT TIME a 5.001B-01 STBP NUMBBR 2 **** 

**** PLOT TAPB WRITTBH AT TIME • 1.0008+00 STBP NUMBBR 3 **** 

**** PLOT TAPB WRITTBH AT TIME a 1.500B+00 STBP NUMB8R 4 **** 

**** PLOT TAP8 WRITTBH AT TIME a 2.0008+00 ST8P NUMB8R 5 **** 

·/) 

~ 
0 
"*' w 
VI 
0\ _, 
VI 

~ 
8 
::r 
N - _, 
-\0 
\0 
0\ 
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**** PLOT TAP8 WRZTTBN AT TIMB • 2.5008+00 ST8P NOMB8R 

**** PLOT TAP8 WRZTTBN AT TIHB m 3.0008+00 ST8P NOMBBR 

**** PLOT TAP8 WRZTTBN AT TIHB • 3.5008+00 ST8P NOMB8R 

**** PLOT TAP8 WRZTTBH AT TIHB • 4.0008+00 STBP. NOMB8R 

tp 
...... 
-1:>-

**** PLOT TAPB WRZTTBN AT TIHB a 4.5008+00 STBP NOMBBR 

**** PLOT TAPB WRZTTBN AT TIHB • 5.0008+00 ST8P NOMB8R 

**** PLOT TAP8 WRZTTBN AT TIHB • 5.5008+00 ST8P NOMBBR 

**** PLOT TAP8 WRZTTBN AT TIHB • 6.0008+00 ST8P NOMB8R 
• 

(· '~ 

6 •••• 

7 **** • 

8 **** 

9 •••• 

10 **** 

11 **** 

12 **** 

13 **** 

" ' .. 

~ 
~ 
"'. Ul 
0\ 
-.J 
Ul 
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8 
::r 
tv 
;-.1 -'!) 
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0\ 
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tt1 
' ...... 
v. 

r .f\. 

**** PLOT TAP8 WRITTEN AT TIMB a 6.5008+00 ST8P NUMB8R 

**** PLOT TAP8 WRITTEN AT TIMB a 7.0008+00 ST8P NUMB8R 

**** PLOT TAPE WRITTEN AT TIMB a 7.5008+00 ST8P NUMB8R 

**** PLOT TAP8 WRITTEN AT TIMB a 8.0008+00 ST8P NUMB8R 

**** PLOT TAP8 WRITTEN AT TIMB • 8.5008+00 ST8P NUMB8R 

**** PLOT TAP8 WRITTEN AT TIMB a 9.0008+00 ST8P NUMB8R 

**** PLOT TAP8 WRITTEN AT TIMB • 9.5008+00 ST8P NUMB8R 

·"-

14 **** 

15 **** 

16 •••• 

17 **** 

18 •••• 

19 **** 

20 •••• 

~ 
~ 
w 
v. 
0\ 
-.J v. 

~ 
8 
::r 
_!j 
...... 
\0 
\0 
0\ 
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tr1 
' -0\ 

( 

SAJI'l'OS, VBRSION 2.0.0 ,R'IlH ON 03/05/96 ,AT 13t30t3.9 • 

SAJI'l'OS QA PROBLEM - ADAPTIVE PRBSSURB PROBLEM - AXJ:SYMMB'l'RIC 

········································~···························· 
SUMMARY OP DATA AT ST8P NUHB8R 21, TIMB o 1.000B+01 

NUHB8R OP IT8RATIONS ~ 307, TOTAL NUMB8R OP IT8RATIONS a 

PINAL CONVBRGBNC8 TOLBRANC8 ~ 4.8508-01 

SUM OP BXTBRNAL PORCBS IN X-DIRECTION a 6.2778+00 

SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION a 4.0008+00 

SUM OP RBACTION PORC8S IN X-DIRBCTION •-1.817B+06 

SUM OP RBACTION PORC8S IN Y-DIRBCTION • 1.154B+06 

5023 

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

•••• PLOT TAPB WRXTTBN AT TIMB a 1.000B+01 ST8P NUHB8R 21 •••• 

21 TIMB ST8PS WBRB WRXTTBN TO 'l'HB PLOTTING DATA BAS8 

BND OP SOLUTION PHASB 

2.5148+01 CPU S8CONDS US8D 

441 WORDS ALLOCAT8D 

./"""\ .0 
. ) 

~ 
~ 
w 
VI 

~ 
VI 

~ 
~ 
:T 

~ -\0 
\0 
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APPENDIX F 

Input/Output Data For Problem 6 - Spinning Disk 
Problem 

The following two sections present the input data and the fonnatted output for the spinning 
disk verification problem. 

FASTQ and SANTOS Input Data For The Spinning Disk Problem. 

This section presents a listing of the FASTQ arid SANTOS input data files that were used 
for the mesh generation and analysis of the spinning disk problem. 

F-1 
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TI'l'LB 
10/14/94 - QUAD MESH (' 

SPINNING DISK - SANTOS QA TEST PROBLEM -
POINT 1 1· o. 
POINT 2 1. 0.1 
POINT 3 2: -0.1 
POINT 4 2. o. 
LINB 1 STil 1 2 0 8 1.0 

LINB -2 STil' .2 3 0 80 1.0 

LINB 3 STil 3 4 0 8 1.0 

LINB 4 STil 4 1 0 80 1.0 

NODBBC 1 2 
NODBBC 2 4 
SCJIBMB 0 !liP 
llBGIION 1 1 -1 -2 -3 -4 

BXIT 

c 

c 
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TITLE 
SANTOS QA PROBLBM - SPINNING DISK - 10/14/94 

AXISYMMBTRIC 
KAXIMDM ITBRATIONS,2000 
RESIDUAL TOLBRANCB 0 .1 
MATBRIAL,1,BLASTIC,2.1669B+03 
YO'DNGS MODULUS 2. 07B+11 
POISSONS RATIO 0.3 
BND 
PUNCTION,1 

0 • 11. 
1. ,1. 

BND 
STBP CONTROL 

1,1. 
BND 
PLOT TIMB 
1,1. 

BND 
OUTPUT TIMB 
1,1. 

BND 
$ NO DISPLACBMBNT,Y,1 
NO DISPLACBMBNT,Y,2 
GRAVITY,1,0.,0.,100. 
GLOBAL CONVBRGBNCB,1.B-8 
BXIT 

F-3 
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SANTOS Output For The Spinning Disk Problem 

The following section presents the SANTOS printed output for the spinning disk analysis. 
Because all pertinent information and results from the analysis are written to the plot me 
for post-processing, the printed output me simply echoes input data and problem
descriptive information at the beginning, followed by information that tracks the 
convergence behavior of the solution, and a summary of CPU usage at the end. 
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ssssss 
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'P 
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AAAAA N NN T'l'T'l'TT 00000 
AA AA NN NN T'r 00 00 
AA AA NNN NN TT 00 00 
A.~•A-.u NN N NN T'r 00 00 
AA AA NN NNN T'r 00 00 
AA AA NN NN T'r 00 00 
AA AA NN N T'r 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGIUIMMBD BY 1 

CHARLES M. STONE 
ENGINEERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 

ALBUQOBRQUB, NEW MEXICO 87185 

DERIVED PROM PRONT02D BY 

LBE M. TAYLOR AND DENNIS P. FLANAGAN 

RUN ON 03/05/96 AT 14105139 
RUN ON A Cray0J90 UNDER UDiCo8.0 

·'\ 

~· 
0 
'llo 
w 
Lll 
0\ 

ssssss -..1 
Lll 

ss 
ss 
sssss ~ 

ss ~ 
::r ss N 
-..1 ssssss . -\0 
\0 
0\ 
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INPUT STRBA!!I IMAGES 

LINB ------------------------------------------------------------------------
1: TITLE 

2z SANTOS QA PROBLEM - SPINNING DISK - 10/14/94 

3z 
4z 
5z 
6z 
7z 
8z 

9z 
10z 
11z 
12z 
13z 
14z 
15: 
16: 

17. 

18• 
19• 

AXISYMMETRIC 
MAXIMDM ITERATIONS,2000 

RESIDUAL TOLERANCE 0 .1 
MATERIAL,1,ELASTIC,2.1669E+03 

YOtlNGS MODULUS 2.07E+11 
POISSONS RATIO 0.3 

END 
PUNCTION,1 

0., 1. 

1. '1. 

END 

STBP CONTROL 
1, 1,. 

END 
PLOT TIME 
1,1. 

END 

20: OUTPUT TIME 

21• 1, 1. 
22z END 
23: $ NO DISPLACEMENT,Y,1 
24: NO DISPLACEMENT,Y,2 
25: GRAVITY,1,0.,0.,100. 
26: GLOBAL CONVBRGENCE,1.B-8 

27: EXIT ' 

------------------------------------------------------------------------
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r\ 

PROBLEM TITLE 

SANTOS QA PROBLEM - SPINNING DISK - 10/14/94 

P R 0 B L EM DE PIN I.T I 0 N 

NUMBER OP ELBMBNTS •••••••••••••••••••••• 
NUMBER OP NODES ••••••••••••••••••••••••• 
NUMBER OP MATERIALS ••••••••••••••••••• , • 
NUMBER OP PONCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SURFACES •••.•••••••••• 
NUMBER OP RIGID SURFACES •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITORED ••••• 

640 
729 

1 
1 
0 
0 
0 

ANALYSIS TYPE • • • • • • • • • • • . • • • • • • • • • • • • • • • AXISYMMETRIC 
GLOBAL CONVBRGBNCE MEASURE ••••••.••••••• 
RESIDUAL TOLERANCE ••••••••••••••••••·••• 1.000E-01 
MAXIMDM NUMBER OP ITERATIONS •••••••••••• 
ITERATIONS POR INTERMEDIATE PRINT ••••••• 

. 2000 
1458 

MAXIMUM RESIDUAL TOLERANCE ••••••••••·••• •6.000E-01 
PREDICTOR SCALB PACTOR PONCTION • • • • • • • • • 0 
MINIMUM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
EPPECTIVB MODULUS STATUS •••••••••••••••• ·cONSTANT 
GRAVITY LOADS APPLIED ••••••••• .' ••••••••• 
SCALB PACTOR APPLIED TO TIMB STEP. • •••••• 
STRAIN SOPTBNING SCALB PACTOR ••••••••••• 
HOURGLASS STIPPNBSS FACTOR .............. 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

1.000E+00 
1.000E+00 
1.000E-02 
3.000E-02 

L 0 A D S T E P D E P I N I T I 0 N S 

'"'\ 

• 

~ 
w 
U\ 

~ 
U\ 

s::: 
8 
::r 
N 
-..] -'D 
'D 
0\ 
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.. 

• 

'P 
00 

(· 

TJ:MB 
O.OOOE+OO 

NO. 01!" STEPS 
1 

TJ:MB 
.1.000E+00 

• 

PRJ:NTED OUTPUT J!I'REQUENCY 

TJ:MB 
O.OOOE+OO 

STEPS BBTWBBN PRJ:NTS 
1 . 

TJ:MB 
1.000E+00 

P L 0 T TED 0 U T PUT I!' R E·Q U EN C Y 

TJ:MB STEPS BBTWBBN PLOTS 
·O.OOOE+OO 1 

TJ:MB 
1.000E+00 

MATERJ:AL DEJ!I'J:NJ:TJ:ONS 

MATERJ:AL TYPE •••••••••••••••••••.••••• ELASTIC 
MATERJ:AL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • . • . • . • • .. • • • • • • • • • • • • • • • • • • 2 .167B+03 
MATERJ:AL PROPERTIES• 

YOUNGS MODULUS 
POISSONS RATIO 

.. 
= 

2.070E+11 
3.000E-01 

~ 
'\ 

~ 
~ 
w 
VI 

~ 
VI 

?;:: 

~ 
N _, 

.. -
~ 
0\ 
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NO 

71 
1.0 

• 
(\ 

P U N C T I 0 N D E P I N I T I 0 N S 

FUNCTION ID 1 

N S 
1 0, OOOE+OO 
2 1. 000E+00 

NUMBER OP POINTS •••• 

P(S) 
1.000E+00 
1,000E+00 

2 

DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET PLAG DIRECTION 
2 y 

END OP DATA INPUT PRASE 
1.533E-01 CPU SECONDS USED 

162 WORDS ALLOCATED 

END OP DATA INITIALIZATION PRASE 
1.295E-02 CPU SECONDS USED 

729 WORDS ALLOCATED 

/~ . 
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.w 
U\ 

~ 
U\ 
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_!:::! -1.0 
1.0 
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VARIABLES ON PLOTTING! DATA BASE 

NODAL ELBMBN'l' GILOBAL 

------- ------
DISPLX SIGIXX PX 

DIS PLY SIGIYY py 

SIGIZZ Rlt 

TAIJXY RY 
ITER 
RMAGI 

**** PLOT TAPE WRITTEN POR THE INITIAL STATB AT TIMB • O.OOOB+OO **** 

STEP TIMB 

1458 1.000E+00 

TIMB 
STEP 

1.000E+00 

. DAMPING! 

PACTOR 
9.893E-01 

APPLIBD RBSIDtiAL 
LOAD NORM LOAD NORM 

2.057B+05 .8.8178+02 

(~\ 

PBRCBNT 
IMBALANCB 

0.43 

TOTAL 
STBPS 

1458 

•'\ 

~ 
~ 
w 
U\ 

~ 
U\ 

::::: 
~· 
=
"' ._, 
...... 
:g 
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71 --

·~ 

SAN'l'OS, VERSION 2.0.0 ,RtJN ON 03/05/96 ,A'l' 14o05o39 

SAN'l'OS QA PROBLEM - SPINNING DISK - 10/14/94 

********************************************************************* 
S~Y OP DA'l'A A'l' S'l'BP NUMBBR 1, 'l'IMB • 1.0008+00 
lfUMBBR OP I'l'BRA'l'IONS = 1781, 'l'O'l'AL lfUMBBR OP I'l'BRA'l'IONS = 
PINAL CONVERGBNCB 'l'OLBRANCB • 9.9948-02 

SUM OP BX'l'BRNAL PORCBS IN X-DIRBC'l'ION • 5.0588+06 

SUM OP BX'l'BRNAL PORCBS IN Y-DIRBC'l'ION = 0.0008+00 

SUM OP RBAC'l'ION PORCBS IN X-DIRBC'l'ION = 0.0008+00 

SUM OP RBAC'l'ION PORCBS IN Y-DIRBC'l'ION • 6.4548+01 

1781 

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

**** PLO'l' 'l'APB WRI'l''l'BN A'l' 'l'IMB = 1.0008+00 S'l'BP lfUMBBR 1 **** 

1 'l'IMB S'l'BPS WBRB WRI'l"l'BN '1'0. 'l'HB PLO'l"l'ING DA'l'A BASB 

BND OP SOLUTION PHASB 

1.3298+01 CPU SECONDS USBD 

729 WORDS ALLOcA'l'BD 

• 

;'\ 

~ 
VJ 

"' 0\ 
-..) 

"' 

f 
::r 
!::l -\0 
\0 
0\ 



 

 Information Only 

WPO# 35675 March 27, 1996 -

( 

' 

• 

Intentionally Left Blank ( 

• 

l 

F-12 



 

 Information Only 

( 

( 

WPO# 35675 March 27, 1996 

APPENDIXG 

Input/Output Data For Problem 7 - Pressure and 
Gravity Loaded Beam Problems 

The following two sections present the input data and the fonnatted output for the pressure 
and gravity loaded beam verification problems. 

FASTQ and SANTOS Input Data For The Pressure and Gravity 
Loaded Beam Problems · 

This section presents a listing of each of the FASTQ and SANTOS input data files that were 
used for the niesh geneartion and analysis of the pressure and gravity loaded beam 
problems. 
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'ri'l'LB 
JAC BEAM SAMPLE PROBLEM - 30 'rO 1 BEAM (' 

' POIH'l' 1 o. o. 
POIN'l' :a 30. o. 
POIH'l' 3 30. 1. 

POIH'l'. 4 o. 1. 
LINB 1 S'rR 1 :a 0 30 

LINB :a S'rR :a 3 0 4 

LINB 3 S'rR 4 3 0 30 

LINB 4 S'l'R 1 4 0 4 

RBQIOIII 1 1 -1 -:a -3 -4 

IIIODBBC 1 1 

IIIODBBC :a :a 
IIIODBBC 3 3 
IIIODBBC 4 4 
BI·J!MBC 10 1 

BLBMBC . :ao :a 
BLBMBC 30 3 
BLBMBC 40 4 
SCIIBMB 
EXIT 

(~· 
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Grayity Loaded Beam 

TITLB 
30 TO 1 BEAM WJ:TH GRAVITY LOADS - SANTOS QA PROBLEM 

RESIDUAL TOLERANCE, 0. 5 
MAXIMUM ITERATIONS, 3000 
INTBIIMBDIATB PRINT, 100 
MAXIMUM TOLERANCE, 1000 
NO DAMPING, 100, 50 
PLI\NB STRAIN 
STEP CONTROL 

310 1.55 
BND 

PLOT TIME 
10 1.55 

BND 
OUTPUT TIME 

1 1.55 
BND 

PLOT NODAL DISPLACBMBNT 
PLOT BLBMBNT STRESS, VONMISBS 
NO DISPLACBMBNT Y, 4 
NO DISPLACBMBNT X, 4 
GRAVITY,1,0.,1.,0. 
PIJNCTION, 1 $ PIJNCTION TO DBPINB GRAVITY LOADS 
o. o. 
2. -2. 
BND 
MATERIAL, 1, BLASTIC, 400. 
YOUNGS MODULUS = l.B7 
POISSONS RATIO = 0.0 
BND 
EXIT 

G-3 

.. 



 

 Information Only 

WPO# 35675 March 27, 1996 

Pressure Loaded Beam 

TITLB 
30 TO 1 BEAK WI'l'B APPLIED PRESSURE 

RBSIDO'AL TOLBIUINCB, 0 • 5 
MAXDMDM ITERATIONS, 3000 
IN'l'DMBDIATB PRINT, 100 
MAXDMDM TOLBRANCB, 1000 
NO DAMPINO, 100, 50 
PLANE STRAIN 
STEP CONTROL 

1550 1.55 
BND 

PLOT TIHB 
10 1.55 
BND 

OU'l'PO'r TIHB 
1 1.55 
BND 

PLOT NODAL DISPLACBMBN'l' 
PLOT BLBMBN'l' STRBSS,VONMISBS 
NO DISPLACEMENT Y, 4 
NO DISPLACBMBN'l' X, 4 
PRBSSURB, 30, 1, 400. 
PtJNCTION, 1 $ PtJNCTION TO DBPINB PRESCRIBED DISPLACBMBN'l' 
0. 0. 
2. 2. 
BND 
MATERIAL, 1, BLASTIC, 2167. 
YOUNGS MODO'LtJS a 1 • B7 

POISSONS RATIO • 0.0 
BND 
BXIT 

G-4 
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SANTOS Output For The Pressure and Gravity Loaded Beam 
Problems 

The following section presents a portion of the SANTOS printed output for the pressure 
and gravity loaded beam analyses. Because all pertinent information and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-descriptive information at the beginning, followed by information 
that tracks the convergence behavior of the solution, and a summary of CPU usage at the 
end. For this reason, only a partial listing, consisting of approximately the first 500 lines of 
output and the last 100 lines of output, is provided. 
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Grayity Loaded Beam 

ssssss 
ss 
ss 
sssss 

ss 
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'il 
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AAAAA N NN T'l'TTT'l' 00000 

AA AA NN NN T'1' 00 00 

AA AA NNN NN T'1' 00 00 

A.•--~a. .. a.._a.A NN N NN T'1' 00 00 

AA AA NN NNN T'1' 00' 00 

AA AA NN NN T'1' 00 00 

AA AA NN N T'1' 00000 

VBRSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMHBil BY1 

CHARLBS M. STONB 
BNGINBBRINQ SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIES 
ALBOQUBRQUB, NBW MEXICO 87185 

• 
DBRIVBil FROM PRONT02D BY 

LEB M. TAYLOR AND DENNIS P. FLANAQAN 

RON ON 03/06/96 AT 14124150 
RON ON A Cray0J90 ONDBR ODiCo8.0 

r, 

~ 
0 
~ 

VJ 

ssssss VI 
0\ 

ss 
_, 
VI 

ss 
sssss 

ss a:: 
ss 8 

ssssss ::r 
N _, 

-\0 
\0 
0\ 
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LINE 
1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
11: 
12: 
13: 
14: 

0 15: 
' -..I 16: 

17: 
18: 
19: 
20: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
28: 
29: 
30: 
31: 

P?\ 

INPUT STREAM IMAGBS 

------------------------------------------------------------------------
TITLB 

30 TO 1 BBAM WITH GRAVITY LOADS - SAliTOS QA PROBLBM 
RBSIDUAL TOLBRANCB, 0. 5 
MAXIMUM ITBRATIONS, 3000 
INTBRMBDIATB PRINT, 100 
MAXIMDM TOLBRANCB, 1000 
NO DAMPING, 100, SO 
PLANE STRAIN 
STBP CONTROL 

310 1.55 
BND 

PLOT TIMB 
10 1. 55 

BND 
OUTPUT TIMB 

1 1.55 
BND 

.. 

PLOT NODAL DISPLACBMBNT 
PLOT BLBMBNT STRBSS, VONMISBS 
NO DISPLACBMBNT Y, 4 
NO DISPLACBMBNT X, 4 
GRAVITY,1,0.,1.,0. 

FUNCTION, 1 $ FUNCTION TO DBPINB GRAVITY LOADS 
o. o. 
2. -2. 
BND 

MATBRIAL, 1, BLASTIC, 400. 
YOUNGS MODULUS o 1. B7 
POISSONS RATIO ~ 0.0 
BND 
BXIT 

------------------------------------------------------------------------

/j 
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w u. 
~ u. 
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00 

r 

• 

PROBLEM TITLE 

30 TO 1 BEAM Wl:TB GRAVITY LOADS - SAN'l'OS QA PROBLEM 

PROBLEM DEFINITION 

HUMBER OP BLBM:BNTS •••••••••••••••••••••• 
NtlMI!BR OP NODBS ••••••••••••••••••••••••• 
NtlMI!BR OP MATBRJ:ALS ••••••••••••••••••••• 
NtlMI!BR OP PONCTIONS ••••••••••••••••••••• 
NUMBBR OP CONTACT SURPACBS ••••••••••·"·· 
NUMBER OP RJ:GID SURFACES •••••••••••••••• 
NtlMI!BR OP MATBRJ:AL POINTS MONITORED ••••• 
ANALYSIS TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVERGENCE MBAS0RB •••••••••••••• 

120 
155 

1 
1 
0 
0 
0 

PLANE STRAIN 

RESIDUAL TOLBRANCB •••••••••••••••••••••• S.OOOE-01 
MAXIMUM NUMBER OP ITERATIONS •••••••••••• 
ITERATIONS POR INTERMEDIATE PRJ:NT ••••••• 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 
PREDICTOR SCALE PACTOR PONCTION ••••••••• 
MINIMUM DAMPING PACTOR •••••••••••••••••• 

3000 
100 

1.000E+03 
0 

2.000E-01 
EPPBCTIVB MODULUS STATUS •••••••••••••••• CONSTAN'l' 
NO DAMPING OPTION ••••••••••••••••••••••• ACTIVE 

NtlMI!BR OP NO DAMPING ITERATIONS •••••• 
NUMBBR OP LOAD STBPS WITH NO DAMPING • 

GRAVITY LOADS APPLIED •••••••••••• : •••••• 
SCALE PACTOR APPLIED TO TIME STEP ••••••• 
STRAIN SOPTBNING SCALE PACTOR ••••••••••• 
HOURGLASS STIPPNBSS PACTOR •••••••••••••• 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

I) 

100 
50 

1.000E+00 
1.000B+00 
S.OOOE-02 
0.000E+00 

' 

·) 

~ ..., 
Ul 
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0 
\0 

f') 

L 0 AD S.T B P DB PIN IT I 0 N S 

TIMB 
O.OOOB+OO 

NO. OP STBPS 
310 

TIMB 
1.550B+00 

PRINTED OUTPUT PRBQUBN.CY•. 

TIMB STBPS BBTWBBN PRINTS 
0. OOOB+OO 1 

TIMB 
1.5501!1+00 

P L 0 T T B D 0 U T P U T P R B Q U B N C Y 

TIMB STBPS BBTWBBN PLOTS 
O.OOOB+OO 10 

TIMB 
1.550B+00 

M A T B R I A L D B P I N I T I 0 N S 

MATERIAL TYPB ••••••••••••••••••.••••• BLASTIC 
MATERIAL ID • • • • • • • • • • • . • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • 4. 000B+02 
MATERIAL PROPBRTIBS: 

YOUNGS MODULUS • 1. 000B+07 

.'\ 

~ 
~ 
w 
Vt 

!23 
Vt 

I 
_!::l -\0 
\0 
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'? ..... 
0 

r 

POISSONS RATIO • O.OOOB+OO 

PUNCTION DBPINITIONS 

PONCTION ID ......... 1 

N S 
1 O.OOOB+OO 
2 2.000B+00 

NUMBBR OP POINTS •••• 

P(S) 
O.OOOB+OO 

-2.000B+00 

2 

NO DISPLACBMBNT BOUNDARY CONDITIONS 

NODB SBT PLAG'I 
4 
4 

DIRBCTION 
y 

X 

BND OP DATA INPUT PBASB 
1.605B-01 CPU SBCONDS USBD 

72 WORDS ALLOCATBD 

/ 

0 
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~ ,..... ,..... 

r 

' 

(\ 

END OP DATA INITIALIZATION PHASE 
1.186E-02 CPU SECONDS USED 

155 WORDS ALLocATED 

VARIABLES 0 N PLOTTING DATA BASE 

NODAL EI.!2MBN'l' GLOBAL 
------- ------

DISPLX SIGXX PX 
DIS PLY SIGYY py 

SIGZZ RX 
TAUXY RY 
VONMJ:SES ITER 

RMAG 

**** PLOT TAPE WRITTEN POR TBB INITIAL STATE AT TIMB a O.OOOE+OO **** 

STEP TIMB TIMB DAMPING APPLIED RESIDUAL PERCENT 
STEP PACTOR LOAD NORM LOAD NORM IMBALANCE 

100 5.000E-03 5.000E-03 1.000E+00 5.081E+00 4.815E+00 94.77 
200 5.000E-03 5.000E-03 9.971E-01 5.081E+00 4.664E+00 91.79 
300 5.000E-03 5.000E-03 9.976E-01 5.081E+00 4.585E+00 90.25 
400 5.000E-03 5.000E-03 9.979E-01 5.081E+00 4.445E+00 87.49 
500 5.000E-03 5.000E-03 9.983E-01 5.081E+00 4.362B+Oo 85.86 
600 5.000E-03 5.000E-03. 9.983E-01 5.081E+00 4.339E+00 85.40 
700 5.000E-03 5.000E-03 9.985E-01 5.081E+00 4.267E+00 83.98 
800 5.000E-03 5.000E-03 9.987E-01 5.081E+00 4.161E+00 .81.89 
900 5.000E-03 5.000E-03 9.989E-01 5.081E+00 4.041E+00 79.55 

1000 5.000E-03 5.000E-03 9.988E-01 5.081E+00 3.967E+00 . 78.08 

TOTAL 
STEPS 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 

·~ 

~ 
w 
V\ 

~ 
V\ 

~ 
~ 
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1100 5.0008-03 5.0008-03 9.9918-01 5.0818+00 3.9128+00 76.99 1100 ~ 
1200 5.0008-03 5.0008-03 9.9898-01 5.0818+00 3.8518+00 75.79 1200 "1:1 

1300 5.0008-03 5.0008-03 9.9888-01 5.0818+00 3.8488+00 75.73 1300 ~ 
1400 5.0008-03 5.0008-03 9.9888-01 5.0818+00 3.8478+00 75.71 1400 w 

V\ 

1500 5.0008-03 5.0008-03 9.9898-01 5.0818+00 3.7928+00 74.63 1500 0\ 
-.J 

1600 5.0008-03 5.0008-03 9.9908-01 5.0818+00 3.7358+00 73.52 1600 V\ 

1700 5.0008-03 5.0008-03 9.9908-01 5.0818+00 3.7628+00 74.05 1700 

1800 5.0008-03 5.0008-03 9.9918-01 5.0818+00 3.7408+00 73.61 1800 

1900 5.0008-03 5.0008-03 9.9938-01 5.0818+00 3.7498+00 73.80 1900 a: 
2000 5.0008-03 5.0008-03 9.9948-01 5.0818+00 3.7418+00 73.63 2000 8 
2100 5.0008-03 5.0008-03 9.9958-01 5.0818+00 3.6978+00 72.76 2100 ::r 

N 

2200 5.0008-03 5.0008-03 9.9998-01 5.0818+00 3.6708+00 72.24 2200 .-.J 

2300 5.0008-03 5.0008-03 1.0008+00 5.0818+00 3.6318+00 71.47 2300 -\0 

2400 5.0008-03 5.0008-03 1.0008+00 5.0818+00 3.5638+00 70.13 2400 \0 
0\ 

2500 5.0008-03 5.0008-03 1.0008+00 5.0818+00 3.5418+00 69.70 2500 

2600 5.0008-03 5.0008-03 1.0008+00 5.0818+00 3.4928+00 68.73 2600 

2700 5.0008-03 5.0008-03 9.9998-01 5.0818+00 3.4718+00 68.32 2700 

0 2800 5.0008-03 5.0008-03 9.9988-01 5.0818+00 3.U08+00 67.31 2800 

' 5.0008-03 5.0008-03 9.9978-01 5.0818+00 3.3458+00 65.83 2900 .... 2900 
N 

r ,r-'\ .·-\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 14s24s50 
30 TO 1 BBAM WITH GRAVITY LOADS - SANTOS QA PROBLEM 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 1, TIME a 5.000E-03 
NUMBER OP ITERATIONS = 3000, TOTAL NUMBER OP ITERATIONS = 3000 
PINAL CONVERGENCE TOLERANCE a 6.500E+01 
SUM OP EXTERNAL FORCES IN X-DIRECTION • 0.000B+00 
SUM OP EXTERNAL FORCES IN Y-DIRECTION =-6.0008+01 
SUM OP REACTION FORCES IN X-DIRECTION a 9.400E-02 
SUM OP REACTION FORCES IN Y-DIRECTION a-2.977E+01 
********************************************************************* 

STEP 

100 

TIME 

1.545E+00 

TIME 
STEP 

5.000E-03 

DAMPING 
FACTOR 

9.800E-01 

APPLIED 
LOAD NOIIH 

1.570E+03 

RESIDUAL 
LOAD NOIIH 

8.148E+00 

PERCENT 
IMBALANCE 

0.52 

TOTAL 
STEPS 
238637 

• 

~ . 
• 

~ 
~ 
w 
(JI 

~ 
(JI 

is: 
~ 
::r 

~ -"' "' 0\ 
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SANTOS, VBRSXON 2.0.0 ,RUN ON 03/06/96 ,AT 14a24a50 
30 TO 1 BBAM WJ:'l'B GRAVJ:TY LOADS - SANTOS QA PROBLEM 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 309, TXMB • 1.545B+00 
NUMBBR OP XTERATXONS = 133, TOTAL NUMBBR OP XTBRATXONS • 238670 
PXNAL CONVBRGBNCE TOLBRANCB • 4.997E-01 
SUM OP EXTERNAL PORCBS XN X-DXRBCTXON • 0.000B+00 
SUM OP BXTBRNAL PORCBS XN Y-DXRBCTXON •-1.854B+04 
SOH OP RBACTXON PORCBS XN X-DXRBCTXON a-2.809B+01 
SUM OP RBACTXON FORCES XN Y-DXRBCTXON •-1.860B+04 
·********************************************************************* 

STBP TXMB TXMB DAMPXNG APPLJ:BD RBSXDOAL PERCENT 
STBP FACTOR LOAD HOliK LOAD HOliK XMBALANCB 

100 1.550B+00 5.000E-03 9.922B-01 1.575B+03 8.063B+00 0.51 

.~ 

TOTAL 
STEPS 
238770 

'\ 
' 

! 
w 
Ul 

~ 
Ul 

B::: 

~ 
!:3 -'-C> 
'-C> 

"' 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 14124150 

30 TO 1 BEAM WITH GRAVITY LOADS - SANTOS QA PROBLEM 

********************************************************************* 
' 

SUMMARY OP DATA AT STEP NUMBER 310, TIMB = 1.550E+00 

NUMBER OP ITERATIONS = 141, TOTAL NUMBBR OP ITERATIONS a 

PINAL CONVERGENCE TOLERANCE = 5.0008~01 
SUM OP EXTERNAL PORCES IN X-DIRECTION a O.OOOE+OO 

SUM OP EXTERNAL PORCES IN Y-DIRBCTION a-1.860E+04 

SUM OP REACTION PORCES IN X-DIRECTION =-3.491E+01 

SOH OP REACTION PORCES IN Y-DIRBCTION a-1.866E+04 

238811 

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

**** PLOT TAPE WRITTEN AT TIMB • 1.5508+00 STBP NUMBER 310 **** 

31 TIMB STBPS WBRB WRITTEN TO TRB PLOTTING DATA BASB 

E N D 0 P ·s 0 L 0 T I 0 N P R A S E 

3.6268+02 CPO SECONDS OSED 

155 WORDS ALLOCATED 

·"\ 

~ 

~ 
w 
VI 

~ 
VI 

f 
::r 

-~ -\0 
\0 
~ 
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Pressure Loaded Beam 

ssssss 
ss 
ss 
sssss 

ss 
ss 

Eisssss 

r 
\ 

AAAAA N NN T'rTT'rT 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 
A.Yaaa~ NN N NN TT 00 00 

AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 

AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROORAIIMBD BY: 

CKARLBS M. STONE 
BNGIHBBRING SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIES 
ALB'OQUBRQUB, NBW MBXICO 87185 

DBRIVBD PROM PRONT02D BY 
LBB M. TAYLOR AND DENNIS P. PLANAQAN 

R'ON.ON 03/06/96 AT 14:32:10 
RUN ON A CrayOJ90 'ONDBR 'OniCo8.0 

.~. 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

' 

·'\ 
' 

~ 
~ .., 
U\ 
0\ _, 
U\ 

~ 
R 
::r 
!j 
...... 
'-0 
'-0 
0\ 
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LINE 
1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
11: 
12: 
13: 
14: 

0 15: 
' - 16: -.l 

17: 
18: 
19: 
20: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
28: 
29: 
30: 
31: 

n 

INP'O'l' STREAM IMAGES 

TITLE 
30 TO 1 BEAM WITH APPLIED PRESSURE 

RESIDUAL TOLERANCE, 0.5 
MAXIMUM ITERATIONS, 3000 
INTERMEDIATE PRINT, 100 
MAXIMUM TOLERANCE, 1000 
NO DAMPING, 100, 50 
PLANE STRAIN 
STEP CONTROL 

1550 1.55 
END 

PLOT TIME 
10 1.55 
END 

O'O'l'P'O'l' TIME 
1 1.55 
END 

PLOT NODAL DISPLACEMENT 
PLOT ELEMENT STRESS, VONMISBS 
NO DISPLACEMENT Y, 4 
NO DISPLACEMENT X, 4 
PRESSURE, 30, 1, 400. 
PUNCTION, 1 $ PUNCTION TO DBPINB PRESCRIBED DISPLACEMENT 
o. o. 
2. 2. 
END 

MATERIAL, 1, BLASTIC, 2167. 
YOUNGS MODULUS ~ 1. B7 
POISSONS RATIO ~ 0.0 
END 

EXIT 

0 

~ 
w 
Vo 

~· 
Vo 

f :r 

~ -\0 
\0 

"' 
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PROBLEM TITLE 

30 TO 1 BEAM WITH APPLIBD PRBSSURB 

P R 0 B L E.M DE FIN IT I 0 N 

NOMBBR OP BLEMBHTS •••••••••••••••••••••• 
NUMBER OF NODES ••••••••••••••••••••••••• 
NUMBBR OP MATBRZALS ••••••••••••••••••••• 
NUMBER OP PONCTIOHS ••••••••••••••••••••• 

HOMBBR OP CONTACT SORPACBS •••••••••••••• 
NUMBER OF RIGID SURFACES •••••••••••••••• 
NUMBBR OF MATERIAL POINTS MONITORBD ••••• 
ANALYSIS TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVBROBNCE MBASURB •••••••••••••• 

120 
155 

1 
1 
0 
0 
0 

PLANE STRAIN 

RBSIDUAL TOLHRANCE •••••••••••••••••••••• S.OOOE-01 
MAXIMDM NUMBER OF ITERATIONS •••••••••••• 3000 
ITERATIONS FOR INTERMBDIATB PRINT ••••••• 100 
MAXIMDM RBSIDUAL TOLHRANCB • • • • • • • • • • • • • • 1. 0008+03 
PRBDICTOR SCALB FACTOR FUNCTION ••••••••• 0 
MINIMDM DAMPING FACTOR •••••••••••••••••• 2.0008-01 
EFFECTIVB MODULUS STATUS •••••••••••••••• CONSTANT 
NO DAMPING OPTION ••••••••••••••••••••••• ACTIVB 

NUMBER OF NO DAMPING ITERATIONS •••••• 
NUMBBR OF LOAD STEPS WITH NO DAMPING • 

SCALB FACTOR APPLIBD TO TIMB STEP ••••••• 
STRAIN SOPTBNING SCALB FACTOR ••••••••••• 
HOURGLASS STIFPNBSS PACTOR 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

,i'. 
'· 

100 
so 

1.000E+00 
1.0008+00 
S.OOOE-02 
0.0008+00 

~ 

~ 
w 
V\ 

~ 
V\ 

~ 

~ 
~ -"' "' 0\ 
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L 0 A D S T B P D B P I N I T I 0 N S 

TIHB 
0.0008+00 

NO. OP STEPS 
1550 

TIMB 
1.5508+00 

PRINTED OUTPUT PRBQUBNCY 

TIMB STEPS BB'l'WBBH PRINTS 
o. 0008+00 1 

TIMB 
1.5508+00 

PLOTTED OUTPUT PRBQUBNCY 

TIMB STEPS BB'l'WBBN PLOTS 
0.0008+00 10 

TIMB 
1.5508+00 

MATERIAL DBPINITIONS 

MATERIAL TYPB ••••••• ; ••••••••...••••• BLASTIC 
MATERIAL ID • • • • • • • . . • • • • • . • . • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • . • • • . • • 2 .1678+03 
MATERIAL PROPERTIES• 

YOUNGS MODULUS 
POISSONS RATIO 

c 

~ 

1.0008+07 
0.0008+00 

~ 

~ 
w 
IJ\ 

"' _, 
IJ\ 

~ 
~ 
::r 

.!::! -\0 
\0 

"' 
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FUNCTION D8FINITIONS 

FUNCTION ID 1 

N s 
1 0. 0008+0.0 
2 2.0008+00 

NUMB8R OF POINTS 

F(S) 
O.OOOB+OO 
2.0008+00 

2 

NO DISPLACBM8NT BOUNDARY CONDITIONS 

NODB SBT FLAG 
4 
4 

DIRECTION 
y 

X 

P R 8 S SUR 8 B 0 U.N DAR Y C 0 N D T I 0 N S 

SURPAC8 
FLAG 

30 

FUNCTION 
NUMBBR 

1 

SCALB 

FACTOR 
4.0008+02 

(8.. 
(."..q?,J ..• · ·"'-

"\ 

! 
"' VI 
0\ _, 
VI 

s;:: 

~ 
~ -\0 
\0 
0\ 
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r\ 

END OP DATA INPUT PHASE 
1.415E-01 CPU SECONDS USED 

72 WORDS ALLOCATED 

END OP DATA INITIALIZATION PHASE 
. 1.174E-02 CPU SECONDS USED 

155 WORDS ALLOCATED 

VAlli ABLES 0 N PLOTTING DATA BASE 

NODAL ELBHBN'l' GLOBAL 
------- ------

DISPLX SIQXX PX 
DIS PLY SIQYY py 

SIGZZ llX 
TAUXY llY 
VOIIMISES I TEll 

RMAG 

•••• PLOT TAPE WRITTEN POll THE INITIAL STATE AT TIME = O.OOOE+OO **** 

STEP 

100 

TIME 

1.000E-03 

TIME 
STEP 

1.000E-03 

DAMPING 
PACTOil 

l.OOOE+OO 

APPLIED 
LOAD NORM 

2.173E+00 

llBSIDUAL 
LOAD NORM 

4.084E+00 

PERCENT 
IMBALANCE 

188.00 

TOTAL 
STEPS 

100 

.") 

~ 
w 
Vl 

~ 
Vl 

a: 
~ 
::r 
N 
.-J .... 
'D 
'D 
0\ 
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200 1.000B-03 1.000B-03 l.OOOB+OO 2.173B+00 4.510B+00 207.59 200 ~ 
'"Cl 

300 1. OOOB-03 1.000B-03 1.000B+00 2.173B+00 3.048B+00 140.29 300 0 
'*" 

400 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.364B+00 200.87 400 w 
Ul 

500 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.520B+00 208.07 500 "' -.l 
Ul 

600 1.000B-03 1.000B-03 1.000B+00 2.173B+00 3.608B+00 166.09 600 

700 1.000B-03 1.000B-03 1.000B+00 2.173B+00 3.636B+00 167.34 700 

800 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.253B+00 195.76 800 ~ 

900 1.000B-03 1.000B-03 1.000B+00 2.173B+00 3.338B+00 153.66 900 B 
::r 

1000 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.229B+00 194.66 1000 
N 
;-l 

1100 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.476B+00 206.02 1100 -_., 
1200 l.OOOB-03 1.000B-03 1.000B+00 2.173B+00 3.380B+00 155.56 1200 

_., 
"' 

1300 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.206B+00 193.58 1300 

1400 1.000B-03 1.000B-03 l.OOOB+OO 2.173B+00 4.478B+00 206.14 1400 

0 1500 l.OOOB-03 1.000B-03 1.000B+00 2.173B+00 3.449B+00 158.77 1500 

' ~ 1600 1.000B-03 1.000B-03 1.000B+00 2.173B+00 3.728B+00 171.62 1600 

1700 1.000B-03 1.000B-03 1.000B+00 2.173B+00 4.683B+00 215.55 1700 

1800 1.000B-03 1.000B-03 1.000B+00 2.173B+00 3.133B+00 144.19 1800 

1900 l.OOOB-03 1.000B-03 1.000B+00 3.173B+00 3.905B+00 179." 1900 

2000 1.000B-03 1.000B-03 l.OOOB+OO 2.173B+00 3.061B+00 140.89 2000 

2100 1.000B-03 1.000B-03 1.000B+00 2.173B+00 3.644B+00 167.73 2100 

2200 1.000B-03 1.000B-03 9.979B-01 2.173B+00 3.424B+00 157.60 2200 

2300 1.000B-03- 1.000B-03 8.506B-01 2;173B+00 9.953B-01 45.81 2300 

2400 1.000B-03 1.000B-03 l.OOOB+OO 2.173B+00 7.479B-01 34.42 2400 

2500 1.000B-03 1.000B-03 9.983B-Ol 2.173B+00 7.293B-01 33.57 2500 

2600 1.000B-03 l.OOOB-03 1.000B+00 2.173B+00 7.240B-01 33.33 2600 

2700 1.000B-03 l.OOOB-03 9.976B-01 2.173B+00 7.150B-01 32.91 2700 

2800 1.000B-03 1.000B-03 9.953B-01 2.173B+00 7.051B-01 32.46 2800 

2900 1.000B-03 1.000B-03 9.980B-01 2.173B+00 6.937B-01 31.93 2900 

r 0 '~ 



  
Inform

ation O
nly 

ct1 
N ..., 

,'"' (\ 

SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 14132110 
30 TO 1 BEAM WITH APPLIED PRESSURE 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER · 1, TIME a 1.000E-03 
NUMBER OP ITERATIONS = 3000, TOTAL NUMBER OP ITERATIONS = 
PINAL CONVERGENCE TOLERANCE = 3.149E+01 

3000 

SUM OP EXTERNAL PORCES IN X-DIRECTION =-3;089E-03 
SUM OP EXTERNAL PORCES IN Y-DIRECTION =-1.200E+01 
SUM OP REACTION PORCES IN X-DIRECTION =-1.425E-03 
SUM OP REACTION PORCBS IN Y-DIRECTION =-7.233E+00 
********************************************************************* 

/"\ 

~ 
0 

"" ..., 
Ul 
0\ .._, 
Ul 

~ 
::r 
N _...., 
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\0 
\0 
0\ 



  
Inform

ation O
nly 

• 

~ 
.j:.' 

r 

SANTOS, VBRSION 2.0:0 ,RON ON 03/06/96 ,AT 14o32o10. 
30 TO 1 BBAM WITH APPLIBD PRBSSORB 

********************************************************************* 
SUMMARY OF DATA AT STBP HOMBBR 1549, TIMB a 1.5498+00 
HOMBBR OP ITBRATIONS • 47, TOTAL HOMBBR OP ITBRATIONS • 268694 

PINAL CONVBRGBNCB TOLBRANCB • 4.9628~01 
SCM OP BXT8RNAL PORCBS IN X-DIRBCTION •-1.2338+04 
SCM OP BXTBRNAL FORCBS IN Y-DIRBCTION a 5.5308+03 
SCM OP RBACTION PORC8S IN X-DIRBCTION •-1.2398+04 
SCM OP RBACTION PORCBS IN Y-DIRBCTION a 5.6268+03 
********************************************************************* .• 

/---........ ~. 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 14:32:10 

30 TO 1 BEAM WITH APPLIED PRESSURE 

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

~y OF DATA AT STEP NUMBER 1550, TIME = 1.550E+00 

NUMBER OF ITERATIONS = 35, TOTAL NUMBER OF ITERATIONS = 
FINAL CONVERGENCE TOLERANCE a 4.991E-01 

SUM OF EXTERNAL FORCES· IN X-DIRECTION a~1.233E+04 

SUM OF EXTERNAL FORCES IN Y-DIRECTION = 5.541E+03 

SUM OF REACTION FORCES IN X-DIRECTION a-1.238E+04 

SUM OF REACTION FORCES IN Y-DIRECTION = 5.635E+03 

268729 

····································~································ 

**** PLOT TAPE WRITTEN AT TIME • 1.550E+00 STEP NUMBER 1550 **** 

155 TIME STEPS WERE WRITTEN TO THE PLOTTING DATA BASE 

END OF SOLUTION PHASE 

4.220E+02 CPU SECONDS USED 

155 WORDS ALLOCATED 

~ 

~ 
Vl 
Ul 

~ 
Ul 
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P" 
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WPO# 35675 March 27, 1996 

APPENDIXH 

Input/Output Data For Problem 8-Tension Release 
Option Problem 

The following two sections present the input data and the fonnatted output for the tension 
release option verification problem. 

FASTQ and SANTOS Input Data For The Tension Release Option 
Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the tension release option problem. 

H-1 
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TI'l'LB 
TBST OP CONTACT SURFACE TENSION RBLBASB ( 

POINT 1 0.0 0.0 
POINT 2 2.0 o.o 
POINT 3 2.0 2.0 
POINT 4 0.0 2.0 
POINT 5 0.5 2.0 
·POINT 6 1.5 2."0 
POINT 7 1.5 3.0 
POINT a 0.5 3.0 
LINE 1 STR 1 2 0 1 

LINE 2 STR 2 3 0 1 

LINE 3 STR 3 4 0 1 

LINE 4 STR 1 4 0 1 

LINE 5 STR 5 6 0 5 

LINE 6 STR 6 7 0 5 

LINE 7 STR 8 7 0 5 

LINE 8 STR 5 a 0 5 

REGION 1 1 -1 -2 -3 -4 

REGION 2 2 -5 -6 -7 -8 

NODBBC 1 1 
NODBBC 2 2 
NODBBC 3 3 
NODBBC 4 4 
SIDBBC 10 7 
SIDBBC 100 3 
SIDBBC 200 5 c SCHBMB 
EXIT 

l. 

H-2 



 

 Information Only 

·wPO# 35675 

c 

( 

March 27, 1996 

TITLB 
SANTOS QA PROBLEM - TENSION RBLBASB CHBCK 

PLANE STRAIN 
MAXIMDK ITERATIONS 5000 
RESIDUAL TOLBRARCB,1. 
INTBRMBDIATB PRDIT ,. 100 

.MAXIMDK TOLBRARCB ,. 100000. 
MATBRIAL,1,BLASTIC,1. 
YOtlBQS KODOLtJS 30 .a+6 
POISSIOHS RATIO 0.3 
BND 
MATBRIAL,2,BLASTIC,1. 
YOtJHQS KODOLtJS 30 .a+6 
POISSIONS RATIO 0.3 
BND 
PLOT,HODAL,DISPLACBMBHTS,RBSIDUALS 
PLOT,BLBMBHT,STRBSS 
PLOT,STATB,BQPS 
PIJHCTIOH 1 

BND 

0 •• 0 .o 
1. ,1. 

STBP CONTROL 
100,1. 

BND 
OUTPUT TIHB 

1,1. 
BND 
PLOT TIHB 

1,1. 
BND 
PRBSStJRB, 10, 1, ·-10000. 
HO DISPLACBMBHT X 1 
NO DISPLACBMBHT X 2 
NO DISPLACBMBHT X 3 
NO DISPLACBMBHT X 4 
HO DISPLACBMBNT Y 1 
HO DISPLACBMBNT Y 2 
NO DISPLACBMBNT Y 3 
HO DISPLACBMBNT Y 4 
CONTACT SURPACB 100 200 0. 1.a-6 1000. 
BXIT 

H-3 
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SANTOS Output For The Tension Release Option Problem 

The following section presents a portion of the SANTOS printed output for the tension 
release option analysis. Because all pertinent infonnation and ·results from the analysis are 
written to the plot file for post-processing, the printed output me simply echoes input data 
and problem-<lescriptive infonnation at the beginning, followed by infonnation that tracks 
the convergence behavior of the solution, and a summary of CPU usage at the end. For this 
reason, only a partial listing, consisting of approximately the first 500 lines of output and 
the last 100 lines of output, is provided. 

' 
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AAAAA N NN TT'l'TT'l' 00000 

AA AA NN NN TT 00 00 

AA AA NNN NN TT 00 00 

AAAAAAA NN N NN TT 00 00 

AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 

AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BYa 

CHARLES M. STONE 

BNGINBBRINQ SCIBNCBS CBNTBR 
SANDIA NATIONAL LABORATORIES 
ALBUQUBRQUB, NBW MBXICO 87185 

DBRIVED PROM PRONT02D BY 
LBB M. TAYLOR AND DENNIS P. FLANAGAN 

RUN ON 03/05/96 AT 14a24a01 
RUN ON A CrayOJ90 UNDBR OD1Co8.0 

0 

:j 
~ 
"" Ul 
0\ 

ssssss -..) 
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INP'Il'l' STREAM IMAGBS 

LINB ------------------------------------------------------------------------
11 TITLB 
21 SANTOS QA PROBLBM ·- TBNSION RBLBASB CHBC!t 
3 1 PLANB STRAIN 
41 MAXIMUM ITERATIONS 5000 

RBSIDUAL TOLBRANCB,l. 
INTBRMBDIATB PRINT a 100 
MAXIMUM TOLBRANCB m 100000. 
MATBRIAL,1,BLASTIC,1. 
YOUNGS MODULUS 30.8+6 
POISSIONS RATIO 0.3 

51 
61 
7• 
a. 
g, 

101 
111 
121 
131 
141 
151 
161 
171 
181 
191 
201 
211 
221 
231 
24• 
251 
261 
271 
281 
291 
301 
311 
321 
331 
341 

BND 
MATBRIAL,2,BLASTIC PLASTIC,1. 
YOUNGS MODULUS 10.8+6 
POISSIONS RATIO 0.3 
YIBLD STRBSS 1. Oa+4 
HARDENING MODULUS 17000. 
BBTA 0. 
BND 
PLOT,NODAL,DISPLACBHBNTS,RBSIDUALS 
PLOT,BLBMBNT,STRBSS 
PLOT,STATB,BQPS 
Pt.TNCTION 1 

BND 

o~.o.o 

1.,1. 

STBP CONTROL 
100,1. 

BND 
Ot.TTP'Il'l' TIHB 

1,1. 
BND 
PLOT TIHB 

1,1. 
BND 

(',. ~ 

~ 
~· 

"' V> 

~ 
V> 
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~ 
::>" 

~ -\0 
\0 
0\ 



  
Inform

ation O
nly 

!' ('\ 

35z PRESSURE, 10, 1, -10000. 
36z NO DISPLACEMENT X 1 
37z NO DISPLACEMENT X 2 
38z NO DISPLACEMENT X. 3 
39z NO DISPLACEMENT X 4 
40z NO DISPLACEMENT Y 1 
41z NO DISPLACEMENT Y 2 
42z NO DISPLACEMENT Y 3 
43z NO DISPLACEMENT Y 4 
44z CONTACT SURFACE 100 200 0. 1.e-6 1000. 
45z. EXIT 

------------------------------------------------------------------------
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PROBLBM Tl:TLB 

SANTOS QA PROBLEM - TBNS:ION RBLBASB CHECK 

PROBLBM DBPl:Nl:Tl:ON 

Nt!MBBR OP BLBMBNTS •••••••••••••••••••••• 
Nt!MBBR OP NODBS ••••••••••••••••••••••••• 
Nt!MBBR OP MATBR:IALS ••••••••••••••••••••• 
NUMBER OP PUNCTXONS ••••••••••••••••••••• 
Nt!MBBR OP CONTACT SURPACBS •••••••••••••• 
NUMBBR OP Rl:Gl:D SURPACBS •••••••••••••••• 
Nt!MBBR OP MATBR:IAL PO:INTS MON:ITORBD ••••• 

26 
40 

2 
1 
1 
0 
0 

ANALYS:IS TYPB • • • • • • • • • • • • • • • • • • • • • • • • • • • PLANK STRA:IN 
GLOBAL CO!IVBRGBNCB MBASt1Ril •••••••••••••• 
RBS:IDOAL TOLBRANCB •••••••••••••••••••••• 
MAX:IMUM NUMBBR OP l:TBRAT:IONS •••••••••••• 

1.000B+00 
5000 

l:TBRAT:IONS POR l:NTBRMBD:IATB PR:INT ••••••• 100 
MAX:tMCM RBS:IDOAL TOLBRANCB •••••••••••••• 1.000B+05 
PRBD:ICTOR SCALB PACTOR PONCT:ION ••••••••• 0 
Ml:Nl:MUM DAMP:ING PACTOR •••••••••••••••••• 2.0008-01 
BPPBCT:IVB MODOLOS STATUS ·•·••••••••••••• CONSTANT 
SCALB PACTOR APPL:IBD TO Tl:MB STBP ••••••• 1.000B+00 
STRA:IN SOPTBN:ING SCALB PACTOR ••••••••••• 
HOURGLASS ST:IPPNBSS PACTOR 
HOURGLASS Vl:SCOS:ITY PACTOR •••••••••••••• 

1. 000B+00 
S.OOOB-02 
O.OOOB+OO 

L 0 A D· S T B P D B P :t N :t T :t 0 N S 
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TIME NO. OF STBPS TIME 
O.OOOB+OO 100 1.000B+00 

PRINTBD OUTPUT FRBQUBNCY 

TIME STBPS BBTWBBN PRINTS TIME 
O.OOOB+OO 1 1.000B+00 

PLOTTBD OUTPUT PRBQUBNCY 

TIME STBPS BBTWBBN PLOTS 
O.OOOB+OO 1 

TIME 
1.000B+00 

MATBRIAL DBPINITIONS 

MATBRIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATERIAL ID •••••••••••••••••.•••••••• •. 

1 
DBNSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOB+OO 
MATBRIAL PROPBRTIBS • 

YOUNGS MODULUS 
POISSONS RATIO 

.. 
a 

3.000B+07 
3.000B-01 

MATBRIAL TYPB •••••••••••••••••·••••••BLASTIC PLASTIC 
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::X: • -0 

NO 

• 

[' 

MAT8Rl:AL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 3 
DBNSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. 0008+00 
MAT8Rl:AL PROP8RTI8So 

YOUNGS MODULUS 
POISSONS RATIO 
YI8LD STRBSS 
BARDBNING MODULUS 
BBTA 

" 
" 
a 

" 
a 

1.0008+07 
3.0008-01 
1.0008+04 
1.7008+04 
0.0008+00 

FUNCTION D8PINITIONS 

FUNCTION ID ......... 1 

N 
1 
:a 

s 
0.0008+00 
1.0008+00 

NUMBBR OP POINTS •••• 

P(S) 
0.0008+00 
1.000B+00 

:a 

DISPLAC8M8NT BOUNDARY C 0 N D I T I 0 N S 

NOD8 SBT PLAG DIRECTION 
1 X 

:a X 

3 X 

4 X 

1 y 

:a y 

3 y 

4 y 

!~ ~ 

~ 
~ 
w 
Ul 

~ 
Ul 

~ 

~ 
!:3 -\0 
\0 
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SURPAC8 
NUMB8R 

1 

0 

CONTACT SURPAC8S 

SURPAC8 1 
PLAG 
100 

SURPAC8 2 PBNALTY 
PLAG PACTOR 

200 0.0008+00 

C08PPICI8NT PBNBTRATION 
OP PRICTION MULTIPLI8R 

0.0008+00 1.0008-06 

PR8SSUR8 BOUNDARY CONDTIONS 

SURPAC8 
PLAG 

10 

PUNCTION SCALB 
NUMB8R PACTOR 

1 -1. 0008+04 

8ND OP DATA INPUT PBAS8 
1.7908-01 CPU S8CONDS US8D 

8 WORDS ALLOCAT8D 

8 N D 0 P D AT A I N I T I A·L I Z A T I 0 N P B A S 8 
1.1978-02 CPU S8CONDS US8D 

4 0 WORDS ALL0cAT8D 

TBNSION 
RBLBAS8 

1.0008+03 

r--, 
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w 
VI 
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SANTOS, VERSION 2.0.0 ,RON OR 03/05/96 ,AT 14c24c01 
SANTOS QA PROBLEM - TENSION RBLBASE CHECK 

********************************************************************* 
SUMMARY OP DATA AT STEP. NUMBER 1, TIME a 1.000E-02 
NUMBER OP ITERATIONS a 64, TOTAL NUMBER OP ITERATIONS • 
PINAL CONVERGENCE TOLERANCE ~ 9.061E-01 
SOM OP EXTERNAL PORCES IN X-DIRECTION ~ O.OOOE+OO 
SOM OP EXTERNAL PORCES IN Y-DIRBCTIOH a 1.000E+02 
SOM OP REACTION PORCES IN X-DIRECTION a 0. 000E+.00 
SOM OP REACTION PORCES IN Y-DIRBCTIOH a 1.010E+02 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIME • 1.000E-02 STEP NUMBER 1 **** 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/05/96 ,AT 14s24s01 
SANTOS QA PROBLBM - TENSION RELEASE CHECK 

********************************************************************* 
SUMMARY OF DATA AT STEP NUMBER 2, TIMB • 2.000E-02 
NUMBER OF ITERATIONS a 3, TOTAL NUMBER OF ITERATIONS a· 67 
FINAL CONVERGENCE TOLERANCE a 6.976E-01 
SUM OF EXTERNAL FORCES IN X-DIRECTION • O.OOOE+OO 
SUM OF EXTERNAL FORCES IN Y-DIRBCTION • 2.000E+02 
SUM OF REACTION FORCES IN X-DIRECTION a 0.000E+00 
SUM OF REACTION FORCES IN Y-DIRBCTION a 2.025E+02 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIMB a 2.000E-02 STEP NUMBER 2 **** 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/05/96 ,AT 14o24o01 
SANTOS QA PROBLEM - TBNSION RELBASB CBBCK 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBER 3, TIMB ~ 3.000E-02 
NUMBER OP ITERATIONS ~ 3, TOTAL NUMBER OP ITERATIONS ~ 70 
PINAL CONVBRQBNCE TOLERANCE ~ 9.260E-01 
SUM OP EXTERNAL PORCBS IN X-DIRECTION • 0.000E+00 
SUM OP EXTERNAL FORCES IN Y-DIRECTION ~ 3.0008+02 
SUM OP REACTION FORCES IN X-DIRECTION ~ 0.0008+00 
SUM OP REACTION FORCES IN Y-DIRECTION • 3.022E+02 
********************************************************************* 

**** PLOT TAPS WRITTBN.AT TIMB ~ 3.000E-02 STBP NUMBER 3 •••• 
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SANTOS, VERSION 2.0.0 ,RON ON 03/05/96 ,AT 14&24&01 
SANTOS QA PROBLBll - TENSION RELBASB CBBCK 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 4, TIMB • 4.000B-02 
NUMBBR OP ITBRATIONS " 4, TOTAL NUMBBR OP ITBRATIONS • 
PINAL CONVBRGENCB TOLBRANCB • 9.426B-01 
SUM OP BXTBRNAL PORCBS IN X-DIRECTION • O.OOOB+OO 
SUM OP BXTBRNAL PORCBS IN Y-DIRBCTION a 4.000£+02 
SUM OP RBACTION PORCBS IN X-DIRECTION • O.OOOB+OO 
SUM OP RBACTION PORCBS IN Y-DIRBCTION • 4.037B+02 
********************************************************************* 

**** PLOT TAPB WRITTEN AT TIMB • 4.000B-02 STBP NUMBBR 4 **** 
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SANTOS, VBRSXON 2.0.0 ,RUN ON 03/05/96 ,AT 14•24•01 
SANTOS QA PROBLEM - TENSXON RBLBAS8 CHECK 

********************************************************************* 
SUMMARY OP DATA AT ST8P NVMB8R 5, TXMB a 5.0008-02 
NVMB8R OP XT8RATIONS a 5, TOTAL NUMB8R OP IT8RATIONS = 
PXNAL CONVBRGBNC8 TOLBRANC8 a 6.5698-01 
SUM OP BXT8RHAL PORC8S IN X-DIRECTION • 0.0008+00 
SUM OP BXT8RHAL PORC8S IN Y-DIRBCTION • 5.0008+02 
SUM OP RBACTXON PORC8S IN X-DIRBCTION • 0.0008+00 
SUM OP RBACTION PORC8S IN Y-DIRBCTION • 5.0238+02 
********************************************************************* 

**** PLOT TAP8 WRXTTEN AT TIME a 5.0008-02 ST8P NVMB8R 5 **** 
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SANTOS, VBRSXON 2.0.0 , ,RUN ON 03/05/96 ,AT 14124101 
SANTOS QA PROBLEM - TBNSXON RBLBAS8 CBBC~ 

********************************************************************* 
SUMMARY OP DATA AT ST8P NUMB8R 6, TXMB a 6.0008-02 
NUMB8R OP XT8RATXONS • 3, TOTAL NUMB8R OP XT8RATXONS a 82 
PXNAL CONVBRGBNC8 TOLBRANC8 a 8.7358-01 
SUM OP BXT8RNAL PORC8S XN X-DXRBCTXON • 0.0008+00 
SUM OP BXT8RNAL PORC8S XN Y-DXRBCTION • 6.0008+02 
SUM OP RBACTION FORCES XN X-DXRBCTION • 0.0008+00 
SUM OP RBACTION PORC8S IN Y-DIRBCTION a 6.0128+02 
********************************************************************* 

**** PLOT TAP8 WRXTTBN AT TXMB a 6.0008-02 STEP NUMBER 6 **** 
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SAN'l'OS, VBRSION 2.0.0 ,RUN ON 03/0.5/96 ,AT 14•24•01 
SANTOS QA PROBLEM - TENSION RBLBASB CHBCK 

********************************************************************* 
SUMMARY OP DATA AT STBP NOMBBR 7, TIMB • 7.0008-02 
NOMBBR OP ITBRATIONS ~ 11, TOTAL NOMBBR OP ITBRATIONS = 
PINAL CONVBRQENCB TOLBRANCB ~ 9.0298-01 
SUM OP BXTBRNAL PORCBS IN X-DIRECTION = 0.0008+00 
SUM OP BXTBRNAL PORCBS IN Y-DIRBCTION • 7.0008+02 
SUM OP RBACTION PORCBS IN X-DIRECTION a 0.0008+00 
SUM OP RBACTION PORCBS IN Y-DIRBCTION = 6.9898+02 
********************************************************************* 

**** PLOT TAPS WRITTEN AT TIMB = 7.0008-02 STBP NOMBBR 7 **** 
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SANTOS, VERSION 2.0.0 ,RON ON 03/05/96 ,AT 14s24s01 
SANTOS QA PROBLEM - TENSION RELEASE CHECK 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER· 8, TIME • 8.000B-02 
NUMBER OP ITERATIONS a 6, TOTAL NUMBER OP ITERATIONS ~ 

PINAL CONVERGENCE TOLERANCE ~ 6.581E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION • O.OOOE+OO 
SUM OP EXTERNAL PORCES IN Y-DIRBCTION • 8.000E+02 
SUM OP REACTION PORCES IN X-DIRECTION • O.OOOE+OO 
SUM OP REACTION PORCES IN Y-DIRBCTION • 7.983E+02 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

**** PLOT TAPE WRITTEN AT TIME a S.OOOE-02 STEP NUMBER 8 **** 
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SANTOS, VERSION 2.0.0 ,RON ON 03/05/96 ,AT 14:24:01 
SANTOS QA PROBLEM - TENSION RELEASE CHECK 

**********************~********************************************** 

SUMMARY OP DATA AT STEP NUMBER 9, TIME • 9.000E-02 
NUMBER OP ITERATIONS • 4, TOTAL NUMBER OP ITERATIONS • 
PINAL CONVERGENCE TOLERANCE • 5.868E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION • O.OOOE+OO 
SUM OP EXTERNAL PORCES IN Y-DIRBCTION • 9.000E+02 
SUM OP REACTION PORCES IN X-DIRECTION • 0.000E+00 
SUM OP REACTION PORCES IN Y-DIRBCTION • 8.999E+02 
********************************************************************* 

•••• PLOT TAPE WRXTTEN AT TIME • 9.000E-02 STEP NUMBER 9 **** 
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SANTOS, VERSION 2.0.0 ,RON· ON 03/05/96 ,AT 14z24z01 
SANTOS QA PROBLBM - TENSION RBLBABB CBBCK 

********************************************************************* 
SUMMARY OP DATA AT STBP NOMBBR 10, TIMB a 1.000E-01 
NOMBER OP ITERATIONS • 4, TOTAL NOMBER OP ITERATIONS a 
PINAL CONVBROBNCE TOLBRANCE • 9.712E-01 
SCM OP BXTERNAL FORCES IN X-DIRBCTION • O.OOOE+OO 
SUM OP BXTERNAL FORCES IN Y-DIRBCTION a 1.000E+03 
SUM OP RBACTION FORCES IN X-DIRBCTION • O.OOOE+OO 
SCM OP RBACTION FORCES IN Y-DIRBCTION • 9.964E+02 

. 107 

********************************·************************************* 

**** PLOT TAPE WRITTEN AT TIMB a 1.000E-01 STEP NOMBBR 10 **** 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/05/96 ,AT 14:24:01 
SANTOS QA PROBLBM - TENSION RELEASE CHECK 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 11, TIME ~ 1.100E-01 
NUMBER OP ITERATIONS m 5, TOTAL NUMBER OP ITERATIONS a 

PINAL CONVERGENCE TOLERANCE a 4.984E-01 
SUM OP EXTERNAL PORCBS IN X-DIRECTION a 0.0008+00 
SUM OP BXTBRNAL PORCBS IN Y-DIRBCTION a 1.100E+03 
SUM OP REACTION PORCBS IN X-DIRECTION a 0.0008+00 
SUM OP REACTION PORCBS IN Y-DIRBCTION a 1.1008+03 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIME a 1.100E-01 STEP NUMBER 11 **** 
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SANTOS, VBRSION 2.0.0 ,RUN ON 03/05/96 ·,AT 14•24101 
SANTOS QA PROBLBM - TENSION RBLBASB CHECK 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 12, TIMB = 1.200B-01 
NUMBBR OP ITBRATIONS = 5, TOTAL NUMBBR OP ITBRATIONS = 
PINAL,CONVBRGENCB TOLBRANCB • 3.957B-01 
SUM OP BXTBRNAL PORCBS IN X-DIRBCTION • O.OOOB+OO 
SUM OP BXTBRNAL PORCBS IN Y-DIRBCTION a 1.200B+03 
SUM OP RBACTION PORCBS IN X-DIRBCTION = O.OOOB+OO 
SUM OP RBACTION PORCBS IN Y-DIRBCTION a 1.199B+03 
********************************************************************* 

**** PLOT TAPB WRITTEN AT TIMB • 1.200B-01 STBP NUMBBR 12 **** 

/'. 
./ i 

~ 
"" w 
U\ 
0\ 
-J 

117 U\ 

~ 
8 
::r 
N 
:-1 -\0 
\0 
0\ 

/\ 



  
Inform

ation O
nly 

r-- /\ 

SANTOS, VERSION 2.0.0 ,RUN ON 03/05/96 ,AT 14•24101 
SANTOS QA PROBLEM - TBNSION RELEASE CHECK 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 13, TIMB a 1.3008-01 
NUM8BR OP ITERATIONS a 3, TOTAL NUMBBR OP ITERATIONS a 

PINAL CONVBRGBNCB TOLBRANCB • 6.8378-01 
SUM OP BXTBRNAL PORCBS IN X-DIRECTION a 0. 0008+00. 
SUM OP BXTBRNAL PORCBS IN Y-DIRECTION a 1.3008+03 
SUM OP REACTION PORCBS IN X-DIRECTION a 0.0008+00 
SUM OP REACTION PORCBS IN Y-DIRECTION a 1.3028+03 
********************************************************************* 

•••• PLOT TAPS WRITTBN AT TIMB • 1.3008-01 STBP NUMBBR 13 **** 
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SANTOS, VERSXON 2.0.0 ,RUN ON 03/05/96 ,AT 14•24•01 
SANTOS QA PROBLEM - TBNSXON RELEASE CHBCX 

NUMBER OP XTERATXONS m 5, TOTAL NUMBER OP XTERATXONS a 125 

w 
U\ • 
~ 
U\ 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 14, TXME = 1.400E-01 

PXNAL CONVERGENCE TOLERANCE= 7.218E-01 
SUM OP EXTERNAL PORCES XN X-DXRBCTXON • 0,000E+00 
SUM OP EXTERNAL PORCES XN Y-DXRBCTXON • 1.400E+03 
SUM OP RBACTXON PORCES XN X-DXRBCTXON • 0. OOOE+OO 

~ 
~· 
(") 
::r 

·SUM OP R.BACTXON PORCES XN Y-DXRBCTXON = 1.400E+03 t:l 
********************************************************************* -"' "' a-

**** PLOT TAPE WRXTTBN AT TXMB • 1.400E-01 STEP NUMBER 14 **** 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/05/96 ,AT 14z24z01 
SANTOS QA PROBLEM - TENSION RELEASE CHECK 

...............................•... ~ .. ~ .... ~~-~ ..................... . 
SUMMARY OP DATA AT STEP NUMBER 15, TIME = 1.500E-01 

' NUMBER OP ITERATIONS a 5, TOTAL NUMBER OP ITERATIONS • 
PINAL CONVERGENCE TOLERANCE = 9.802E-01 
SUM OP EXTERNAL FORCES IN X-DIRECTION • O.OOOE+OO 
SUM OP EXTERNAL FORCES IN Y-DIRECTION • 1.500E+03 
SUM OP REACTION FORCES IN X-DIRECTION a O.OOOE+OO 
SUM OP REACTION FORCES IN Y-DIRECTION • 1.501E+03 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIME • 1.500E-01 STEP NUMBER 15 **** 
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SANTOS, VERSION 3.0.0 ,RUN ON 03/05/96 ,AT 14;34;01 
SANTOS QA PROBLEM - TENSION RBLBASB CRBCK 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBER 100, TIME ~ 1.000E+00 
NUMBER OP ITERATIONS a 5000, TOTAL NUMBER OP ITERATIONS • 

PINAL CONVERGENCE TOLBRANCB a 5.134E+01 
SUM OP EXTERNAL PORCBS IN'X-DIRBCTION a 9.306B+03 

SUM OP EXTERNAL FORCES IN Y-DIRBCTION • 3.537B+03 
SUM OP REACTION FORCES IN X-DIRECTION = O.OOOE+OO 
SUM OP REACTION PORCBS IN Y-DIRBCTION a O.OOOE+OO 

355310 

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

**u PLOT TAPB WRITTEN AT TIME " 1.000B+00 STBP NUMBER 100 **** 

100 TIME STBPS WERE WRITTBN TO TRB PLOTTING DATA BASE 

END OP SOLUTION PBASB 
2.893E+03 CPU SBCONDS USBD 

40 WORDS ALLOCATED 
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WPO# 35675 March 27, 1996 

APPENDIX I 

Input/Output Data For Probiem 9 - Rigid Sliding 
Surface Option Problem 

The following two sections present the input data and the fonnatted output for the rigid 
sliding surface option verification problem. 

FASTQ and SANTOS Input Data For The Rigid Sliding Surface 
Option Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for mesh generation and for each of the analyses of the rigid sliding surface option problem. 

• 
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WPO# 35675 March 27, 1996 

TITLB 
FRICTIONAL SLIP PROBLEM - ONB BEAM - SANTOS QA TEST PROBLEM - v. ( 

cUap 
POIN'r 1 . 0. o. 
POIN'r 2 o. 2. 
POIN'r 3· 20. 2. 
POIN'r 4 20. o. 

.LINB 1 STR 1 :2. 0 4 :1•0 
LINB 2 STR 2 3 0 40 1.0 

LINB 3 STR 3 4 0 4 1.0 

LINB 4 STR 4 1 0 40 1.0 

NODBBC 1 1 
NODBBC 3 2 
BLBMBC 4 3 
EI·BM'BC 5 4 
SCIIBI!IB 0 MP 

:RBQION 1 1 -1 -2 -3 -4 

BXIT 

( 

l 
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Case of y. - 0.1 

TITLE 
SANTOS QA PROBLEM - SINQLB BEAM PRICTION MO a 0.1 

PLANE S'l'RAIN 
MAXIMOH ITBRATIONS,20000 
RBSIDOAL TOLBRANCB 0 .1 
TIMB STBP SCALB 1. 0 
MATBRIAL,1,BLASTIC,1. 
YOONQS MODULUS 10000. 
POISSONS RATIO 0. 
BND 
PONCTION,1 

0 • 1 l. 
1.' 1. 

BND 
PONCTION,2 

. o.,o. 
1. '1. 

BND 

STBP CONTROL 
1000.,1. 

BND 
PLOT TIMB 
10. '1. 

BND 
OUTPUT TIMB 
1000.' 1. 

BND 
CNO DISPLACBMBNT,X,1 
PRESCRIBED DISPLACBMBNT Y 3 1 -4.B-3 0. 0. 
PRBSStJRB,4,2,-35 •. 
RIGID St1RPACE,S,0,,0.,0.,1.,0.1 
EXIT 

1-3 
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Case of bl = 0~2 

TITLE 
SlUITOS QA PROBLEM - SINQLB BBAH FRICTION KtJ .. 0 I 2 

PLli!IB STRAIN 
MAXIMDK ITBRATIONS,20000 
RBSIDOAL TOLBRARCB 0 .1 
TIMB STBP SCALB 1. 0 
HATBRIAL,1,BLASTIC,1. 
YOURQS MODULUS 10000 I 
POISSONS RATIO 0. 
BRD 
Pt1RCTION, 1 

0. ,1. 
1. ,1. 

BRD 
Pt1RCTION, 2 

0 •• 0. 
1. ,1. 

BRD 
STBP CONTROL 

1000. ,1. 
BRD 
PLOT TIMB 
.10.,1. 

BRD 
OUTPUT TIMB 

1000. ,1. 
BRD 
RO DISPLACBMBRT,X,1 
PRESCRIBED DISPLACEMENT Y 3 1 -4.£-3 0~ 0~ 
PRBSSURB,4,2,-58.75 
RIGID St1RPACB,S,0.,0.,0.,1.,0.2 
EXIT 

1-4 
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Case of y. = Q.5 

TITLE 
SANTOS QA PROBLEM - SINGLE BEAM FRICTION MU c 0.5 

PLANB STRAIN 
MAXIMUM ITBRATIONS,20000 
RBSIDtiAL TOLERANCB 0 .1 
TIMB STBP SCALB 1.05 
MATBRIAL,1,BLASTIC,1. 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
END 

FUNCTION,1 
0. '1. 
1.' 1. 

END 

FUNCTION,2 
0.' o. 
1. '1. 

END 

STBP CONTROL 
1000.,1. 

END 

PLOT TIMB 
10.,1. 

END 

OUTPUT TIMB 
1000.,1. 

END 

NO DISPLACBMBNT,X,1 
PRBSCRIBBD DISPLACEMENT Y 3 1 -4.B-3 0. 0. 
PRBSSORB,4,2,-125. 
RIGID SORFACB,S,0.,0.,0.,1.,0.5 
EXIT 

I-5 
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Case of u - 0.7 

'l'ITLB 
SAH'rOS QA PROBLBII - SINGLB BBAII PRICTION Mtl " 0 • 7 

PLANB STRAIN 
MAXIMDM ITBRATIONS,20000 
RBSIDUAL TOLERANCE 0 .1 
'l'IKB STBP SCALE 1.05 
MATERIAL, 1,ELABTIC, 1.· 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
BND 
PIJNCTION, 1 

o., 1 . 
. 1.,1. 

PONCTION,2 
0., 0. 
1., 1. 

BND 
STEP CONTROL 

1000.,1. 
BND 
PLOT TIMB 

10. '1. 
BND 
OUTPUT TIKB 
1000.,1. 

BND 
NO DISPLACBMBNT,X,1 
PRESCRIBED DISPLACBMBNT Y 3 1·-4.E-3 0. 0. 
PRBSSURB,4,2,-170. 
RIGID SURPACE,S,0.,0.,0.,1.,0.7 

' EXIT 

1-6 
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SANTOS Output For The Rigid Sliding Surface Option Problem 

The following section presents a portion of the SANTOS printed output for each of the rigid 
sliding surface option analyses. Because all pertinent information and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-descriptive information at the beginning, followed by information 
that tracks the convergence behavior of the solution, and a summary of CPU usage at the 
end. For this reason, only a partial listing, consisting of approximately the first 500 lines of 
output and the last 100 lines of output, is provided. 

• 
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... 
00 

Case_ofJ.l - 0.1 

(> 
' 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

AAAAA N NN TTTT'l'T 00000 

AA AA NN NN TT 00 00 

AA AA NNN NN TT 00 00 
A. .. ,..._ .. __ u NN N NN TT 00 00 

AA AA NN NNN TT 00 00 

AA AA NN liJi TT 00 00 

AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMIIBD BY• 

CHARLBS M. STONE 
BNGIINBBRINGI SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIBS 
ALB'IJQUBRQUB, NBW MBXICO 87185 

DBRIVBD FROM PRONT02D BY 
LBB M. TAYLOR AND DBNNIS P. PLANAGAN 

RUN ON 03/07/96 AT 09a05a24 
RUN ON A CrayOJ90 'IJNDBR 'IJniCo8.0 

~, < : 

~ 
~ ..., 
Ul ssssss 0\ 
-I ss Ul 

ss 
sssss 

ss ~ 
ss ~ 

ssssss ::r 
N 
;-1 -"' "' 0\ 

• 

'\ 
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• LINE 
1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
11: 
12: 
13: 
14: 

.... 15: 
\0 16: 

17: 
18: 
19: 
20: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
28: 
29: 
30: 
31: 
32: 

(l 

• 

INPtl'l' STREAK IMAGES 

------------------------------------------------------------------------TITLE 
SANTOS QA PROBLEM - SINGLE BEAM FRICTION MU = 0.1 

PLANE STRAIN 
MAXIMUM ITERATIONS,20000 
RESIDUAL TOLERANCE 0 .1 
TIME STEP SCALE 1.0 
MATERIAL,1,BLASTIC,1. 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
END ' 

PUNCTION,1 
0. '1. 
1. '1. 

END 
PUNCTION,2 

0.,0. 
1. ,1. 

END 

STEP CONTROL 
1000.,1. 

END 

PLOT TIME 
10. '1. 

END 

Otl'l'Ptl'l' TIME 
1000.,1. 

END 

NO DISPLACBMBNT,X,1 
PRESCRIBED DISPLACEMENT Y 3 1 -4.E-3 0. 0. 
PRESSURB,4,2,-35. 
RIGID St1RPACE,5,0.,0.,0.,1.,0.1 
EXIT 

!'\ 

! 
'-" 
Ul 
0\ _, 
Ul 

~ 
~ 
::>" 
N _, 
~ 

\0 
\0 
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( 

PROBLEM TITLE 

• SANTOS QA PROBLEM - SINGLB BBAM FRICTION MU ~ 0.1 

PROBLEM DEFINITION 

NUMBER OP BLBMBNTS •••••••••••••••••••••• 
NllMBER OF NODES ••••••••••••••••••••••••• 
NllMBER OF MATERIALS ••••••••••••••••••••• 
NllMBER OF PUNCTIONS ••••••••••••••••••••• 
NllMBER OF CONTACT SURFACES •••••••••••••• 
NllMBBR OF RIGID SURFACES •••••••••••••••• 
NllMBER OF MATERIAL POINTS MONITORED ••••• 
ANALYSIS TYPB ••••••••••••••••• ~ ••••••••• 
GLOBAL CONVBRGBNCE MBAStJRB •••••••••••••• 
RESIDUAL TOLERANCE •••••••••••••••••••••• 
MAXIMUM NUMBER OF ITERATIONS •••••••••••• 
ITERATIONS FOR INTERMEDIATE PRINT ••••••• 
MAXIMUM RESIDUAL TOLBRANCE •••••••••••••• 
PREDICTOR SCALE FACTOR PUNCTION ••••••••• 
MINIMUM DAMPING FACTOR •••••••••••••••••• 
EFFECTIVE MODULUS STATUS •••••••••••••••• 
SCALE FACTOR APPLIED TO TIMB STEP ••••••• 
STRAIN SOFTENING SCALE FACTOR ••••••••••• 
HOURGLASS STIFPNBSS FACTOR .............. 
HOURGLASS VISCOSITY FACTOR .•••••••••••••• 

160 
205 

1 
• 2 

0 
1 
0 

IILAHB STRAIN 

1.000E-01 
20000 

410 
6.000E-01 

0 
2.000E-01 

CONSTANT 
1.000E+00 
1.000E+00 
S.OOOE-02 
O.OOOE+OO 

L 0 A D S T E P D E F I N I T I 0 N S 

'~ \ 

~ ..., 
V\ 

"' _, 
V\ 

~ 
~ 
::r 
N _, 
-\0 
\0 

"' 
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... .... .... 

r 

TIME 
O.OOOE+OO 

NO. OP STEPS 
1000 

,"\ 

TIME 
1.000B+0.0 

PRINTED OUTPUT FREQUENCY 

TIME STEPS BBTWBBN PRINTS 
O.OOOB+OO 1000 

TIME 
1.000B+00 

' 

P L 0 T TED 0 U T PUT P R B Q U B N.C Y 

TIME STEPS BBTWBBN PLOTS 
O.OOOE+OO 10 

.TIME 
1.000B+00 

M A T B R I A L D E P I N I T I 0 N S 

MATERIAL TYPB ••.•••••••••••••••••• ' •• BLASTIC 
MATBRXAL ID ........................... . 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • l."OOOE+OO 
MATERIAL PROPERTIES r 

YOUNGS MODULUS 
POISSONS RATIO 

= 
• 

1.000B+04 
O.OOOE+OO 

/.---.. \ 

~ 
~ 
w 
lJ\ 

~ 
lJ\ 

~ 

~ 
·~ -\0 

\0 
0\ 



  
Inform

ation O
nly 

':"' 
~ 

N 

(' 

' 

P U N C T I 0 N D B P I N I T I 0 N S 

PUNCTION ID •••• ~ •••• 1 NUMBBR OP POINTS •••• 2 

N s P(S) 
1 0.000B+00 1.000B+00 
2 1.000B+00 . 1. OOOB+OO 

PUNCTION ID .•.•••••• 2 NUMBBR OP POINTS 2 . 
N s P(S) 
1 O.OOOB+OO • O.OOOB+OO 
2 1.000B+00 1.000B+00 

NO DISPLACBMBNT BOUNDARY CONDITIONS 

NODB SBT PLAG DIRBCTION 
1 X 

PRBSCRIBBD DISPLACBMBNT BOUNDARY CONDITIONs· 

NODB SBT 
PLAG 

3 

DIRBCTION FUNCTION SCALB 
ID. PACTOR 

Y 1 -4.000B-03 

'~ 
\, _:. •' 

AO BO 

/~ 
) 

~ 
w 
VI 

~ 
VI 

f 
N 
.:-' 
~ 

\0 
\0 

"' 
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RIGID SORl'ACBS 

SURPACB SIDE SBT COEPPICIBNT XO YO NX NY 
NUMBER PLAO OP l'RICTION 

1 5 0.100 O.OOOE+OO O.OOOE+OO 0.0001!:+00 1.000E+00 

PRESSURE BOUNDARY CONDTIONS 

SURFACE 
PLAG 

4 

l'ONCTION SCALB 
NUMBER PACTOR 

2 -3.500E+01 

END OP DATA INPUT PHASE 
1.394E-01 CPO SECONDS USED 

46 WORDS ALLOCATED 

END OP DATA INITIALIZATION PBASB 
1.190E-02 CPO SBCONDS USED 

205 WORDS ALLOCATED 
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VARIABLBS 

NODAL 

· DISPLX 
DIS PLY 

ON PLOTTING DATA 

BLBMBN'l' 

siaxx 
SIQYY 
SIGZZ 
TAOXY 

GLOBAL 

PX 
py 

RX 
RY 
ITBR 
RMAG 

BAS 8 

**** PLOT TAPB WRITTBN POR TBB INITIAL STAT8 AT TIMB • 0.0008+00 **** 

**** PLOT TAPB WRITTBN AT TIMB a 1.0008-02 STBP NuMB8R 10 •••• 

**** PLOT TAPB WRITTBN AT TIMB a 2.000B-02 ST8P NOMBBR 20 **** 

**** PLOT TAP8 WRITTBN AT TIMB a 3.0008-02 ST8P NOMBBR 30 **** 

**** PLOT TAPB WRITTBN AT TIMB • 4.0008-02 ST8P NOMB8R 40 **** 

~~ ' ; 
' 

' 

' 

• 

··~ 

~ 
~ 
w 
lJt 

~ 
lJt 

f 
_!::l -\0 
\0 
0\ 
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... .... 
1.11 

("' ,f\ 

**** PLOT TAPE WRITTEN AT TIME a S.OOOE-02 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TIME a 6.000E-02 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TIME a 7.000E-02 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TIME • S.OOOE-02 STBP NUMBBR 

****PLOT TAPE WRITTEN AT TIME a 9.000E-02 STEP· NUMBER 

**** PLOT TAPB WRITTEN AT TIME a 1.000B-01 STBP NUMBBR 

**** PLOT TAPB WRITTEN AT TIME a 1.100B-01 STBP NUMBER 

so **** 

60 **** 

70 **** 

80 •••• 

90 **** 

100 **** 

110 **** 

/\ 

:J 
~ 
w 
1.11 

::l 
1.11 
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.... ..... 
0\ 

(' 

• 

**** PLOT TAPE WRXTTBN AT TIME a 1.200E-01 STEP NUMBER 

**** PLOT TAPE WRXTTBN AT TIME ., 1. 300E-01 STBP NUMBER 

•••• PLOT TAPE WRXTTBN AT TIME a 1.4008-01 STBP NUMBER 

**** PLOT TAPB WRXTTBN AT TIME " 1.5008-01 STEP NUMBER 

•••• PLOT TAPE WRXTTBN AT TIME • 1 •. 600E-01 STEP NUMBER 

-, 

**** PLOT TAPB WRXTTBN AT TIME a 1.700E-01 STEP NUMBER 

•••• PLOT TAPE WRXTTBN AT TIME " 1.8008-01 STEP NUMBER 

I~ 
' .:.;-} 

~ 
~ 
"' 120 **** IJ\ 
0\ 
-.) 
IJ\ 

130 **** 
:;:: 
~ 
::r 
N 
-.) -'0 
'0 

140 **** 0\ 

150 •••• 

160 **** 

170 **** 

180 **** 

'\ 
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•••• PLOT TAPE WRITTEN AT TIME~ 1.900E-01 STEP. NUMBER 

•••• PLOT TAPE WRITTEN AT TIME ~ 2.000E-01 STEP NUMBER 

•••• PLOT TAPE WRITTEN AT TIME ~ 9.900E-01 STEP NUMBER 

·~ 

190 •••• 

200 **** 

990 **** 
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w 
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l.ll 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 09s05s24 

SANTOS QA PROBLEM - SINQLB BBAM FRICTION Mt7 ~ 0. 1 

**************•······················································ 
SUMMARY OF DATA AT STEP HUMBBR 1000, TIMB ~ 1.0008+00 

HUMBBR OF ITERATIONS ~ 26, TOTAL HUMBER OF ITERATIONS • 

FINAL CONVBRGBNCB TOLERANCE a 6.437E-02 

SOH OF BXTBRNAL FORCBS IN X-DIRECTION a 6.986E+01 

SOH OF EXTERNAL FORCES IN Y-DIRECTION •-2.2218-02 

SOH OF REACTION FORCES IN X-DIRECTION = 3.0208+01 

SUM OF REACTION FORCES IN Y-DIRECTION • 4.0148+02 

27562 

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

•••• PLOT TAPB WRITTEN AT TIMB • 1.0008+00 STBP HUMBER 1000 •••• 

100 TIMB STEPS WERE WRITTEN TO THE PLOTTING DATA BASB 

END OF SOLUTION PHASB 

6.294E+01 CPO SECONDS OSED 

205 WORDS ALLOCATED 
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Caseof~0.2 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

n 

AAAAA N NN TTT'l'T'l' 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 

A.a. ... ··~~ NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA NN NN TT 00 00 
AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA. CORPORATION 

PROGRAMMED BY 1 

CHARLES H. STONE 
BNGINEERING SCIBNCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONT02D BY 
LBE H. TAYLOR AND DBNNIS P. PLANAGAN 

RUN ON 03/07/96 AT 09•13z21 
RUN ON A Cray0J90 UNDER Un1Co8.0 
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w 
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ssssss 
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0 

r 

INPO'l' STRBAII IMAGBS 

LINB ------------------------------------------------------------------------
1: TITLB 
::1 z SANTOS QA PROBLBM - SINGLB BBAM FRICTION MtJ = 0. ::1 
3: PLANB STRAIN 
4: MAXIMUM ITBRATIONS,::IOOOO 
5 z RBSIDUAL TOLBRANCB 0. 1 
6z TIMB STBP SCALB 1.0 
7: MATBRIAL,1,BLASTIC,1. 
8: YOUNGS MODULUS 10000. 
9: POISSONS RATIO 0. 

10: BND 
11: FUNCTION,1 
12• 0.,1. 
131 1.,1. 
141 BND 
151 FUNCTION,::! 
161 0.,0. 
171 1.,1. 
181 BND 
191 STBP CONTROL 
201 1000.,1. 
::111 BND 
::1::1 1 PLOT TIMB 
231 10.,1. 
24t BND 
::15 1 OO'l'PO'l' TIMB 
261 1000.,1. 
271 BND 
::!81 NO DISPLACBMBNT,X,1 
::191 PRBSCRIBBD DISPLACBMBNT Y 3 1 -4.B-3 0. 0. 
301 PRBSSURB,4,2,-58.75 
311 RIGID SURFACB;5, 0., 0., 0., 1., 0.::1 
32t ·BXIT 

'"' 
\ 

~ .., 
0 

'"' v.> 
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u. 

~ 
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~ -\0 
\0 
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PROBLEM TITLE 

SANTOS QA PROBLEM - SINGLE BBAM FRICTION MU ~ 0.2 

PROBLEM DEFINITION 

NUMBER OF ELBMBNTS ••••••• • •••••••••••••• 
NUMBER OF NODES •••••••••.•••.••••••••••• 
NUMBER OP MATERIALS ••••••••••••••••••••• 
NUMBER OP PONCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SURFACES •••••••••••••• 
NUMBER OP RIGID SURFACES •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITORED ••••• 
ANALYSIS TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVERGENCE MBAStJRB •••••••••••••• 

160 
205 

1 
2 
0 
1 
0 

PLANE STRAIN 

RESIDUAL TOLERANCE •••••••••••••••••••••• 1.000E-01 
MAXIMUM NUMBER OP ITERATIONS •••••••••••• 20000 
ITERATIONS POR INTERMEDIATE PRINT ••••••• 410 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 6.000E-01 
PREDICTOR SCALE FACTOR PONCTION ••••••••• 0 
MINIMUM DAMPING FACTOR •••••••••••••••••• 2.000E-01 
BPPECTIVB MODULUS STATUS •••••••••••••••• CONSTANT 
SCALE PACTOR APPLIED TO TIME STEP .; ••••• 1.000E+00 
STRAIN SOFTENING SCALE PACTOR •••••• ; •••• 1.000E+00 
HOURGLASS STIPPNBSS FACTOR S.OOOE-02 
HOURGLASS VISCOSITY FACTOR •••••••••••••• O.OOOB+OO 

L 0 A D S T E P D E P I N I T I 0 N S 
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PLOTT8D OO'TPO'T PR8Q0'8NCY 

TIME ST8PS BBTWBBN PLOTS 
0.0008+00 10 

TIME 
1.0008+00 

MAT8RIAL D8PINITIONS 

MAT8RIAL TYP8 •••••••••••••••••••••••• BLASTIC 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. 0008+00 
MATERIAL PROPBRTI8S• 

YOUNGS MODULUS 
POISSONS RATIO 

" 
" 

1.0008+04 
0.0008+00 

t\ ~, 
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FUNCTION DEFINITIONS 

FUNCTION ID ••••••••• 1 NUMBER OF POINTS •••• . 2 

. 
N s F(S) 
1 O.OOOE+OO 1.000E+00 
2 1.000E+00 1.000E+00 

FUNCTION ID ••••••••• 2 NUMBER OF POINTS •••• 2 

R s F (S) • 
1 O.OOOE+OO O.OOOE+OO 
2 1.000E+00 1.000E+00 

NO DISPLACEMENT BOUNDARY CONDITIONS 

RODE SET FLAG 
1 

DIRECTION 
X 

PRESCRIBED DISPLACEMENT BOUNDARY CONDITIONS 

RODE SET 
FLAG 

3 

DIRECTION FUNCTION 
ID 

y 1 

SCALE 
FACTOR 

-4.000E-03 

AO BO 

·~ 

~ 
w 
Ul 

~ 
Ul 

s::: 
8 
::r 
_t:l -\0 
\0 
0'> 
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RIGID SORPACBS 

SO'RPACB SIDB SBT COBPPICIBNT xo YO NX NY 

NtJMBBR 
1 

PLAG 
5 

OP PRICTION 
0.200 0.000B+00 O.OOOB+OO O.OOOB+OO 1.000B+00 

PRBSSORE BOONDARY CONDTIONS 

SO'RPACE 
PLAG 

4 

PO'NCTION SCALB 
Nt!MBBR PACTOR 

2 -5.875E+01 

END OP DATA INPOT PBASB 
1.405B-01 CPO SECONDS OSED 

4 6 WORDS ALLOCATED 

BND OP DATA INITIALIZATION PHASB 
1.179B-02 CPO SECONDS OSBD 

205 WORDS ALLOCATED 

(', ~ 

~ 
w 
"' "' _, 
"' 

I 
N _ _, 
-\0 
\0 

"' 
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VA R X ABLES 0 H P L 0 T T X H G D·A T A BASE 

NODAL ELEMENT GLOBAL 
------- ------

DXSPLX SXGXX I!'X 
DXSPLY SXGYY I!'Y 

SXGZZ RX 
TAUXY RY 

XTER 
RMAG 

**** PLOT TAPE WRJ:TTEH FOR THE XHXTXAL STATE AT TXME ~ O.OOOE+OO **** 

**** PLOT TAPE WRJ:TTEH AT TXME ~ l.OOOE-02 STEP NUMBER 10 **** 

**** PLOT TAPE WRJ:TTEH AT TXME ~ 2.000E-02 STEP NUMBER 20 **** 

**** PLOT TAPE WRJ:TTEH AT TXME ~ 9.900E-01 STEP NUMBER 990 **** 

.~ 

~ 
~ 
w 
lJI 

~ 
lJI 

~ 
~ 
::r 

'tv 
.-.1 -1.0 
1.0 
0\ 
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SANTOS, VBRSION 2.0.0 ,RUN ON 03/07/96 ,AT 09o13•21 

SANTOS QA PROBLEM - SINGLE BBAM PRICTION MO = 0.2 

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

SUMMARY OP DATA AT STEP NUMBER 1000, TIMB a 1.000E+00 

NUMBER OP ITBRATIONS a 34, TOTAL NUMBER OP ITERATIONS • 

PINAL CONVBRGBNCE TOLERANCE a 7.9948-02 
SUM OP EXTERNAL FORCES IN X~DIRBCTION • 1.173E+02 

SUM OP EXTERNAL FORCES IN Y-DIRBCTION =-7.973E-02 

SUM OP REACTION PORCES IN X-DIRECTION a 3.9358+01 

SUM OP REACTION PORCES IN Y-DIRBCTION a 4.0208+02 

26544 

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

**** PLOT TAPE WRXTTBN AT TIMB • 1.0008+00 STEP NOMB8R 1000 **** 

• 

100 TIMB ST8PS WBRB WRXTTBN TO THB PLOTTING DATA BASE 

END OP SOLUTION PHAS8 

5.966E+01 CPU SECONDS USED 
205 WORDS ALLOCATED 

./\, ~~ 
) 

::E 
'"tl 

~ 
"' Ul 

~ 
Ul 
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::r 
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Case of u = 0.5 

.. 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

() 

AAAAA N HN TT'l'TT'l' 00000 ssssss 
AA AA HN HN. T'1' 00 00 ss 
AA AA NHN HN T'1' 00 oo- ss 
A~-.. ..... -. .. ViA HN N HN T'1' 00 00 
AA AA HN NHN T'1' 00 00 
AA AA HN HN TT 00 00 
AA AA HN N T'1' 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BY1 

CHARLES M. STONE 
BNQINEERINQ SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQuERQUE, NEW MEXICO 87185 

DERIVED PROM PRONT02D BY 
LEE M. TAYLOR AND DBNNIS P. PLANAQAN 

RUN ON 04/19/95 AT 08143118 
RUN ON A CrayY-MP UNDER ttniCo7.0 

sssss 
ss 
ss 

ssssss 

·'\ 

~ 
0 
# 
lH 
u. 
0\ 
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u. 

~ 
8 =-
N 
_-..J 
...... 
\0 
\0 
0\ 
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LINB 
11 
21 
31 
41 
51 
61 
71 
81 
91 

101 
111 
121 
131 
141 
151 - 161 ' N 

00 171 
181 
191 
201 
211 
221 
231 
241 
251 
261 
271 
281 
291 
301 
311 
321 

f' 

INPll'r STREAM IMAQBS 

------------------------------------------------------------------------
TITLE 

SANTOS QA PROBLEM - SINGLE BEAM I!'RICTION Ml7 = 0. 5 
PLANE STRAIN 
MAXIMDM ITBRATIONS,20000 
RESIDUAL TOLBRANCB 0 .1 
TIME STBP SCALB 1.05 
MATBRIAL,1,BLASTIC,1. 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
BND 
I!'UNCTION,1 

0. '1. 
1. # 1. 

BND 
!!'UNCTION, 2 

o.,o. 
1. '1. 

BND 
STBP CONTROL 

1000.,1. 
BND 
PLOT TIME 
10.,1. 

BND 
OUTPUT TIME 

1000.,1. 
BND 
NO DISPLACBHBNT,X,1 
PRBSCRIBBD DISPLACBHBNT Y 3 1 -4.8-3 0. 0. 
PRBSSURB,4,2,-125. 
RIGID SURI!'ACB,5,0.,0.,0.,1.,0.5 
BXIT 

------------------------------------------------------------------------

0 
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PROBLBM TITLB 

SANTOS QA PROBLBM - SINGLB BBAM FRICTION MtJ a 0, 5 

P R 0 B L B M D B F I N I T I 0 N 

NtlMBBR OF B•·BMBN'l'S ••••• , ••••••• , •••••••• 
NtlMBBR OF NODBS ........................ . 
NtlMBBR OF MATBRIALS .................... . 
NtlMBBR OF FUNCTIONS ••••••••••••·•••••••• 
NtlMBBR OF CON'l'ACT stJRl'ACBS •••••••••.•••• 
NtlMBBR OF RIGID stJRl'ACBS ••••··•·•••••••• 
NtlMBBR OF MATBRIAL POIN'l'S MONITORBD ••••• 
ANALYSIS TYPB ••••••••••••••••••••••• , ••• 
GLOBAL CONVI!RGBNCB MBABtlRl!l •••• , ••••••••• 
RBSIDUAL TOLBRANCB •••••••••••••••••••••• 
MAXIMtJM NtlMBBR OF ITBRATIONS •••••••••••• 
ITBRATIONS FOR IN'l'BRMBDIATB PRIN'l' ••••••• 
MAXIMtJM RBSIDUAL TOLBRANCB ••••••• ' •••••• 
PRBDICTOR SCALB FACTOR FUNCTION ••••••••• 
MINIMUM DAMPING FACTOR ••••••••••••••·••• 
BFFBCTIVB MODULUS STATUS •••••••••••·•·•• 
SCALB FACTOR APPLIBD TO TIMB STBP ••••••• 
STRAIN SOFTBNING SCALB FACTOR; •••••••••• 
HOURGLASS STIFFNBSS FACTOR ............... 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

160 
205 

1 
2 
0 
1 
0 

PLANB STRAIN 

1.000B-01 
20000 

410 
6.000B-01 

0 
:I.OOOB-01 

CONSTANT 
1.050B+00 
1.000B+00 
5.000B-02 
O.OOOB+OO 

L 0 AD S T B P D B F I N I T I 0 N·S 

~""'\ 

• 

! 
V> 

"' ~ 
"' 

2::: 
~ 
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::r 
N 
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TIME NO. OF STBPS TIME 

0.0001!!+00 1000 1.0001!!+00 • 

PRINTED OUTPUT I!'RBQUBNCY 

TIME STBl'S BBTWBBN PRINTS TIMB 

0.0001!!+00 1000 1.0001!!+00 

PLOTTED OUTl'UT I!'RBQUBNCY 

TIMB STBl'S BBTWBBN PLOTS TIMB 

0.0001!!+00 10 1.0001!!+00 

MATERIAL DBI!'INITIONS 

MATERIAL TYl'B •••••••••••••••••••••••• BLASTIC 
MA.TBRIAL ID •••••••••••••• ·• • • • • • • • • • • • 1 
DENSITY ••••••• •• .................... •• 1.0001!!+00 
MATERIAL l'ROl'BRTIBSo 

YOUNGS MODULUS 
l'OISSONS RATIO 

D 

~ 

1.0001!!+04 
0.0001!!+00 

~~ 

:E ., 
0 
~ 

w 
u. 
~ 
u. 

~ 

~ 
N 
;.J --a 
-a 
01 

,~\ 
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P 0 N C T I 0 N D 8 P I N I T I 0 N S 

FUNCTION ID ••••••••• 1 NoMB8R OP POINTS •••• 2 

N s P(S) 
1 0.0008+00 1.0008+00 
2 1.0008+00 1.0008+00 

FUNCTION ID ••••••••• 2 NUMB8R OP POINTS •••• 2 

N s P(S) 
1 0.0008+00 0.0008+00 
2 1.0008+00 1.0008+00 

• N 0 'DIS P LA C.8 M 8 NT B 0 0 N DAR Y C 0 N D IT I 0 N S 

NOD8 SBT PLAG 
1 

DIRBCTION 
X 

P R 8 S CRIB 8 D D.I S P LAC 8 M 8 NT B 0 0 N DAR Y C 0 N D IT I 0 N S 

NOD8 SBT 
PLAG 

3 

DIRBCTION . FUNCTION 
ID 

y 1 

SCALB 

FACTOR 
-4.0008-03 

AO BO 

~ 

:J 
~ 
w 
Ul 
0\ 
-.1 
Ul 

s:: 
8 
::r 
N 
-.1 -\0 
\0 
0\ 
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RIGID SURPACBS 

SORPACB SIDB SBT COBPPICIBNT xo YO NX NY 

NUMBBR PLAG OP PRIC'l.'ION 
1 5 0.500 O.OOOB+OO O.OOOB+OO O.OOOB+OO 1.0008+00 

PRBSSURB BOUNDARY CONDTIONS 

SORPACB 
PLAG 

4 

PUNC'l.'ION SCALB 
NOMBBR FACTOR 

2 -1.2508+02 

END OP DATA INPUT PHASE 
5.999B-02 CPU SECONDS USED 

46 WORDS ALLOCATED 

BND OP DATA INITIALIZATION PHASB 
5,838B-03 CPU SBCONDS USED 

205 WORDS ALLOCATED 

(\ 0\ '\ 
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VARIABLES 0 N PLOTTING DATA BASE 

NODAL ELBMBNT GLOBAL 

------- ------
DISPLX SIGXX PX 
DISPLY SIGYY py 

SIGZZ RX 

• TAOXY RY 
ITER 
RMAG 

**** PLOT TAPE WRITTEN POR THB INITIAL STATE AT TIMB = O.OOOE+OO **** 

**** PLOT TAPE WRITTEN AT TIMB = l.OOOE-02 STEP NUMBER 10 **** 

**** PLOT TAPE WRITTEN AT TIMB = 2.000E-02 STEP NUMBER 20 **** 

**** PLOT TAPE WRITTEN AT TIMB = 9.900E-Ol STEP NUMBER 990 **** 

r---, 

~ 
~ 
w 
(./\ 

"' --.1 
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~ 
~ 
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SANTOS, VERSION 2.0.0 ,RON ON 04/19/95 ,AT 08•43•18 

SANTOS QA PROBLBM - SINGLB BEAM FRICTION MO •· 0,5 

********************************************************************* 
SUMMARY OF DATA AT STEP NUMBER 1000, TIMB • 1.000E+00 

NUMBER OF ITERATIONS • 47, TOTAL NUMBER OF ITERATIONS = 
FINAL CONVERGENCE TOLBRANCB a 6.767E-02 

SUM OF BXTBRRAL FORCES IN X-DIRECTION • 2.495E+02 

SUM OF BXTBRRAL FORCES IN Y-DIRBCTION a-5.521E-01 

SUM OF REACTION FORCES IN X-DIRECTION a 5.481E+01 • 

SUM OF REACTION FORCES IN Y-DIRBCTION a 4.033E+02 

24307 

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

**** PLOT TAPE WRITTEN AT TIMB • 1.000E+00 STEP NUMBER 1000 **** 

100 TIMB STEPS WBRB WRITTEN TO TBB PLOTTING DATA BASB 

END OF SOLUTION PHASE 
3.131E+01 CPO SECONDS USED 

205 WORDS ALLOCATED 
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VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BYs 

CBARLBS M. STONE 

BNGINBERING SCIENCES CENTER 
SANDIA NATIONAL LABORATORIES 
ALBtiQUBRQUB, NEW MEXICO 87185 

. DERIVED PROM PRONT02D BY 

LBE M. TAYLOR AND DBNNIS P. PLANAGAN 

RtiN ON 03/07/9.6 AT 09s18s40 
RtiN ON A CrayOJ90 tiNDER tiUiCo8.0 

,---.., 
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INPUT STRBAM IMAGBS 

LINE ------------------------------------------------------------------------
1: TITLB 
2: 
3: 

SANTOS QA PROBLBM - SINGLB BBAM FRICTION MU = 0.7 
PLANE STRAIN 

4: 
5: 
6: 
;, 
8: 
9: 

10: 
11: 

-12: 
13: 
14: 

. 15: 
16: 
17: 
18: 
19: 
20: 
21: 
22: 

MAXIMUM ITBRATIONS,20000 
RESIDUAL TOLBRANCB 0 .1 
TIMB STBP SCALB 1. 05 ' 
MATBRIAL,1,BLASTIC,1. 
YOUNGS MODULUS 10000. 
POISSONS RATIO 0. 
BNII 
PUNCTION,1 

0.,1. 
1. ,1. 

BNII 
PUNCTION,2 

o.,o. 
1·. ,1. 

BND 
STBP CONTROL 

1000.,1. 
BNII . 

PLOT TIMB 
23: 10. ,1. 
24: BNII 
2 5 : . OUTPUT TIMB 
26: 1000. ,1. 
27: BNII 
28: NO DISPLACBMBNT,X,1 
29: PRBSCRIBBD DISPLACBMBNT Y 3 1 -4.B-3 0. 0. 
30:. PRBSSURB,4,2,-170. 
31: RIGID SURPACB,S,0.,0.,0.,1.,0.7 
32: BXIT 

r1 /\ 

a 
w 
U\ 

~ 
U\ 

~ 

~ 
~ -\D 
\D 
0\ 
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PROBLEM TITLE 

SANTOS QA PROBLBM - SINGLB BBAM FRICTION MU a 0.7 

PROBLEM DEFINITION 

NUMBER OF ELEMBll'l'S •••••••••••••••••••••• 
IIUMBER OF NODES ••••••••••••••••••••••••• 
NUMBER OF MATERIALS ••••••••••••••••••••• 

.NUMBER OF FUNCTIONS ••••••••••••••••••••• 
IIUMBER OF CONTACT SURFACES •••••••••••••• 
NUMBER OF RIGID SURFACES •••••••••••••••• 
NUMBER OF MATERIAL POINTS MONITORED ••••• 

160 
205 

1 
2 ~ 
0 
1 
0 

ANALYSIS 'l'YPE ••••••••••••••••••••••••••• PLANE STRAIN 
GLOBAL CONVERGENCE MBASURB •••••••••••••• 
RESIDUAL 'l'OLBRANCB • • • • • • • • • • • • • • • • • • • • • • 1. OOOE-01 
MAXIMUM NUMBER OF ITERATIONS •••••••••••• 20000 
ITERATIONS FOR INTERMEDIATE PRINT ••••••• 410 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 6.000E-01 
PREDICTOR SCALE FACTOR FUNCTION ••••••••• 0 
MINIMUM DAMPING FACTOR •••••••••••••••••· 2.000E-01· 
EFFECTIVE MODULUS STATUS •••••••••••••••• CONSTANT 
SCALE PAC'l'OR APPLIED TO TIMB STEP ••••••• 
STRAIN SOFTENING SCALE FACTOR ••••••••••• 
HOURGLASS STIPPNBSS PAC'l'OR •••••••••••••• 
HOURGLASS VISCOSITY PAC'l'OR •••••••••••••• 

1.050E+00 
1.000E+00 
5.000E-02 
O.OOOE+OO 

L 0 A D S T E P D E F I N I T I 0 N S 

,.~ 

:J 
~ 
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TIME NO. OF STEPS TIME 
O.OOOE+OO 1000 1.000E+00 

PRINTED OUTPUT 1" R E Q U E N C Y 

TIME STEPS BBTWBBN PRINTS TIME 
O.OOOE+OO 1000 1.000E+00 

PLOTTED OUTPUT FREQUENCY 

TIME STEPS BBTWBBN PLOTS TIME 
O.OOOE+OO 10 1.000E+00 

K A T E R I A L D E 1" I N I T I 0 N S 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC 
HA.TBRIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOE+OO 
MATERIAL PROPERTIES • 

YOVNGS MODULUS 
POISSONS RATIO 

Q 

Q 

1. 000E+04 
0.0008+00 

~ 

~ 
0 
'"' v> 
u. 
0\ _, 
u. 

~ 
8 
;:r' 
N _, 
-"' "' 0\ 

·~ 
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P U N C T I 0 N D E P I N I T I 0 N S 

FUNCTION ID •••••.••• 1 NUMBER OP POINTS 

N s P(S) 
1 O.OOOE+OO 1.000E+00 
2 1.000E+00 1. OOOE+OO 

FUNCTION ID ••••••••• 2 NUMBER OP POINTS •••• 

N s P(S) 
1 O.OOOE+OO O.OOOE+OO 
2 1.000E+00 1. OOOE+OO 

2 

2 

NO DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET PLAQ 
1 

DIRECTION 
X 

PRESCRIBED DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET 
PLAG 

3 

DIRECTION 

y 

FUNCTION 
ID 

1 

SCALE 

PACTOR 
-4.000E-03 

AO BO 

'\ 

~ 
~ 
w 
lJI a-
-.1 
lJI 

s:: 
8 
::T 
N 
-.1 

~ 

\0 
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SIDB SBT 
FLAG 

R I G I D S o·R FA C B S 

XO YO NX NY SORFACB 
NtlMIIBR 

1 . 5 

COBFFICIBNT 
OF FRICTION 
0.700 0.0008+00 0.0008+00 0.0008+00 1.0008+00 

PRBSSORB BOUNDARY CONDTIONS 

SORFACB 
FLAG 

4 

FUNCTION 
NtlMIIBR 

2 

SCALB 
FACTOR 

-1.7008+02 

BND OF DATA INPOT PHASB 
1.4368•01 CPO SBCONDs· OSBD 

46 WORDS ALLOCATED 

B N· D 0 F D A T A I N I T I A L I Z A T I 0 N P H A S B 
1.1828·02 CPO SBCONDS OSBD 

205 WORDS·ALLOCATBD 
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VI 
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VARIABLES ON PLOTTING DATA BASB 

NODAL BLBMBNT GLOBAL 
------- ------

DISPLX SIGXX PX 
DISPLY SIQYY py 

SIGZZ RX 
TAllXY RY 

ITBR 
RMAG 

**** PLOT TAPB WRITTBN POR TBB INITIAL STATE AT TIME ~ O.OOOE+OO **** 

1: ..... 

**** PLOT TAPB WRITTBN AT TIME a l.OOOB-02 STBP NUMBER 10 **** 

**** PLOT TAPE WRITTBN AT TIME a 2.000E-02 STBP NUMBER 30 •••• 
• 

**** PLOT TAPE WRITTBN AT TIME = 3.000E.:02 STEP NUMBER 30 **** 

**** PLOT TAPE WRITTBN AT TIME • 4.000E-02 STEP NUMBER 40 **** 

0 

:J 
~ 
w 
VI 

~ 
VI 
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**** PLOT TAP8 WRITTEN AT TIMB a 5.0008-02 ST8P NOMB8R 

**** PLOT TAP8 WRITTEN AT TIHB a 6.0008-02 ST8P NOMB8R 

**** PLOT TAP8 WRITTBH AT TIHB a 7.0008-02 ST8P NOMB8R 

b 
**** PLOT TAP8 WRITTEN AT TIMB a 8.0008-02 ST8P NOMB8R 

**** PLOT TAP8 WRITTEN AT TIMB = 9.0008-02 ST8P NOMB8R 

**** PLOT TAP8 WRITTBH AT TIMB • 1.0008-01 ST8P NOMB8R 

**** PLOT TAP8 WRITTBH AT TIMB a 1.1008-01 ST8P NOMB8R 

(' .1\ 

50 **** 

60 **** 

70 •••• 

80 **** 

.. 
90 •••• 

100 **** 

110 **** 

/\ 

~ 
w 
U1 
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U1 
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\0 
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**** PLOT TAPE WRITTEN AT TIME • 1.200E-01 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TIME = 1.300E-01 STEP NUMBER 

•••• PLOT TAPE WRITTEN AT TIME = 1.400E-01 STEP NUMBER 

6 •••• PLOT TAPE WRITTEN AT TIME = 1.500E-01 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TIME • 1.600E-01 STEP NUMBER 

•••• PLOT TAPE WRITTEN AT TIME a l.700E-01 STEP NUMBER 

•••• PLOT TAPE WRITTEN AT TIME = 1.800E-01 STEP NUMBER 

/\ 

120 **** 

130 **** 

140 **** 

150 **** 

160 **** 

170 **** 

180 **** 

~ 
w 
VI 

~ 
VI 
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**** PLOT TAPB WRXTTBN AT TIMB • 1.900B-01 STBP NUMBBR 

**** PLOT TAPB WRXTTBN AT TIMB a 2.000B-01 STBP NUMBBR 

**** PLOT TAPB WRXTTBN AT TIMB • 9.900B-01 STBP NUMBBR 

Q 
\;;.:: .. :; 
--·~· 

190 **** 

200 **** 

990 **** 

~ . f 

a 
...., 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 09:18:40 

SANTOS QA PROBLBM - SINGLE BEAM FRICTION MO ~ 0.7 

********************************************************************* 
SUMMARY OP nATA AT STEP NUMBER 1000, TIME ~ 1.000E+00 

NUMBER OP ITERATIONS • 32, TOTAL NUMBER OP ITERATIONS • 

PINAL CONVERGENCE TOLERANCE • 9.265B-02 

SUM OP BXTBRNAL PORCBS IN X-DIRECTION ~ 3.393E+02 

SUM OP EXTERNAL FORCES IN Y-DIRECTION •-1.406B+00 

SUM OP REACTION FORCES IN X-DIRECTION • 5.690E+01 

SUM OP REACTION FORCES IN Y-DIRBCTION a 4.040B+02 

23686 

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

**** PLOT TAPE WRITTEN AT TIME ~ 1.000B+00 STBP NUMBER 1000 **** 

100 TIME STEPS WERE WRITTEN TO THB PLOTTING DATA BASE 

END OP SOLUTION PRASE 

5.421E+01 CPU SECONDS USED 

205 WORDS ALLOCATED 
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APPENDIXJ 

Input/Output Data For Problem 1 0 - Double Elastic 
Beam Contact Sliding Problem 

The following two sections present the input data and the fonnatted output for the double 
elastic beam contact sliding verification problem. 

FASTQ and SANTOS Input Data For The Double Elastic Beam 
Contact Sliding Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for mesh generation and for each of the analyses of the double elastic beam contact sliding 
problem. 

• 

J-1 



 

 Information Only 

WPO# 35675 March 27, 1996 

TITLB 
FRICTIONAL SLIP PROBLEM - DOUBLE BEAM - SANTOS QA TEST PROBLEM ( 

POINT 1 o. 1. 
POINT 2 o. 2. 
POINT 3 25. . 2. 
POINT 4 25. 1. 
POINT 5 o. 1. 
oPOINT '6 ·0. ·o. 
POINT 7 25.5 o. 
POINT 8 25.5 1. 
LIHB 1 STR 1 2 0 1 1.0 

LIIIB 2 STR 2 3 0 65 1.0 

LIRE .3 STR 3 4 0 1 1.0 

LIHB 4 STR 4 1 0 65 1.0 

LIHB 5 STR 5 6 0 1 1.0 

LIHB 6 STR 6 7 0 65 1.0 

LINB 7 STR 7 8 0 1 1.0 

LIHB 8 STR 8 5 0 65 1.0 

NODBBC 1 1 
NODBBC 2 6 
NODBBC 8 5 
BLEMBC 3 2 
BLEMBC 4 3 
BLEMBC 5 4 
BLBMBC 6 8 
BLBMBC 7 7 
SCBBMB 0 MP c REGION 1 1 -1 -2 -3 -4 

REGION 2 2 -5 -8 -7 . -6 
BXIT 
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Case 1 Input 

TI'l'LB 
SANTOS QA. PROBLEII - llOUBLB BEAK PRJ:CTION - Mt1 c 0.4 - B2/B1 a 3 

PLANK STRAIN 
MAXIMUM ITBRATIONS a 3000 
RBSIDUAL TOLBRANCB • 0.50 
MAXIMUM TOLBRANCB c 1000.0 
BLASTIC SOLUTION 
PREDICTOR SCALB FACTOR • 3 
TIME STBP SCALB c 0.70 
MATBRIAL,1,BLASTIC,1. 
YOUNQS MODULtl'S 3000. 
POISSONS RATIO O. 
BND 
MATBRIAL,2,BLASTIC,1. 
YOUNQS MODULUS 9000. 
POISSONS RATIO 0. 
BND 
PUNCTIOH,1 

0., 1. 
10.,1. 

BND 
PUNCTIOH,2 

0.,0. 
10. '1. 

BND 
STBP CONTROL 

100.,10. 
BND 
PLOT TIME 
1.' 10. 

BND 
OUTPUT TIME 
10. '10. 

BND 
PLOT NODAL,RBACTIOH,RBSIDUAL 
NO DISPLACBMBHT,X,1 
NO.DISPLACBMBNT,X,8 
NO DISPLACBMBNT,Y,2 
CONTACT St1RPACB,6,5,0.4,1.B-3,1.B+40 
PRBSSt1RB,3,1,1. 
PRBSSt1RB,4,2,-10. 
PRBSStJRB,7,2,-10. 
BXIT 
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Case2 Innut 

TITLE 
SANTOS QA PROBLEM - DOUBLE BBAH FRICTION - MO • 0, 5 - B2/B1 • 10 

PLAHB STRAIN 
MAXIMOK ITERATIONS c 3000 
RESIDUAL TOLBRAHCB = 0 • 50 
MAXIMOK TOLBRAHCB • 1000,0 
BLASTIC SOLUTION 
PREDICTOR SCALE PACTOR • 3 
TIMB STBP SCALE a 0.70 
MATBR.IAL,1,BLASTIC,1. 
YOtJHQS MODtiLUS 800. 
POISSONS RATIO 0. 
BND 
MATBRIAL,2,BLASTIC,1. 
YOtJHQS MODULUS 8 0 0 0 • 
POISSONS RATIO 0. 
BND 
PtiHCTION, 1 

0., 1. 
10.,1. 

BND 
PtJHCTION, 2 

0 •• 0. 
10. ,1. 

BND 
STBP CONTROL 

100.,10. 
BND 
PLOT TIMB 
1.,10. , 

BHD 
OUTPUT TIMB 

10. ,10. 
BND 
PLOT NODAL,RBACTION,RBSID'O'AL 
NO DISPLACBMBNT,X,1 
NO DISPLACBMBNT,X,8 
NO DISPLACBMBNT,Y,2 
CONTACT SURPACB,6,5,0.5,1.B-3,1.B+40 
PRBSSURB,3,1,1. 
PRBSSURB,4,2,-10. 
PRBSSURB,7,2,-10. 
BXIT 
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SANTOS Output For The Double Elastic Beam Contact Sliding 
-Problem 

The following section presents a portion of the SANTOS printed output for each of the 
double elastic beam contact sliding analyses. Because all pertinent infonnation and results 
from the analysis are written to the plot file for post-processing, the printed output file 
simply echos input data and problem-descriptive infonnation at the beginning, followed by 
infonnation that tracks the convergence behavior of the solution, and a summary of CPU 
usage at the end. For this reason, only a partial listing, consisting of approximately the first 

-500 lines of output and the last 100 lines of output, is provided. 
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Case 1 Outnut 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

';< 
0\ 

(" 

AAAAA N NN TTT'r'r'l' 00000 

AA AA NN NN T'l' 00 00 

AA AA NNN NN T'l' 00 00 

A.•-a..&..~a.A NN N NN T'l' 00 00 

AA AA NN NNN TT 00 00 

AA AA NN NN T'l' 00 00 

AA AA NN N T'l' 00000 

VBRB:tON 2. O. 0 
COPYRIGHT 1994, SAND:tA CORPORAT:tON 

PROGRAMMED BY z 

CHARLBS M. STONB 
BNG:tNBBR:tNO SC:tBNCBS CBNTBR 

SAND:tA NAT:tONAL LABORATOR:tBS 

ALBUQUBRQUB, NBW MBX:tCO 87185 

. DBR:tVBD PROM PRONT02D BY 

LBB K. TAYLOR AND DBNN:tS P. PLANAGAN 

RUN ON 03/07/96 AT 09z37z06 
RUN ON A CrayOJ90 UNDBR UDiCo8.0 

0 

~ 
"':l 
0 
'**' ssssss V> 
U\ 

ss 0\ 
-..! 

ss U\ 

sssss 
ss 
ss B;:: 

ssssss ~ 
::r' 
N 
.-..! --o -o 
0\ 
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rNPUT STREAM rMAGBS 

LrNB ------------------------------------------------------------------------
1: TrTLB 

2:, SANTOS QA PROBLBII - DOUBLE BBAM PRrCTrON - MU a 0.4 - B2/E1 '" 3 · 
3: PLANE STRAJ:N 
4: MAXrMUM rTBRATrONS a 3000 
5o RBSrDOAL TOLBRANCB a 0. 50 
6 o MAXrMUM TOLBRANCB a 1000.0 
7: BLASTrc SOLUTrON 
8: PRBDrCTOR SCALE PACTOR a 3 
9: TrMB STEP SCALE a 0.70 

10: MATBRrAL,1,BLASTrc,1. 
11: YOUNGS MODOLOS·3000. 
12: POrSSONS RATro 0. 
13: BND 
14: MATBRrAL,2,ELASTrC,1. 
15: YOUNGS MODULUS 9000. 
16: POrSSONS RATrO O • 
17: BND 
18: PONCTrON,1 
19: o .. 1. 
20: 10.,1. 
21: BND 
22: PONCTrON,2 
23: 0. 'o. 
24: 10. '1. 
as, BND 
26: STEP CONTROL 
27: 100.,10. 
28: BND 
29: PLOT TrMB 
30: 1-.10. 
31: BND 
32 o OUTPUT TrMB 
33: 10. '10. 
34: BND 

0 
• 

~ .., 
Ut 
0\ 
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35 s PLOT NODAL, REACTION, RESIDUAL 
36: NO DISPLACBMBNT,X,l 
.37: NO DISPLACBMBNT,X,B 
38: NO DISPLACBMBNT,Y,2 
39: CONTACT SURPACB,6,5,0.4,1.B-3,1.B+40 
40: PRBSSURE,3,1,1. 
41: PRESSURE,4,2,-10. 
42: PRBSSURB,7,2,-10. 
43: BXIT 

• 

------------------------------------------------------------------------
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PROBLEM TJ:TLE 

SANTOS QA PROBLEM - DOtlBLB BEAM PRJ:CTJ:ON - MU a 0. 4 - Ea /E1 '" 3 

PROBLEM DEPJ:NJ:TJ:ON 

NUMBER OP ELEMENTS ······•••••••••••••••• 
NOMBBR OP NODES .......................... .. 

NUMBER OP MATERJ:ALS ••••••••••••••••••••• 
NUMBER OP PUNCTJ:ONS ••••••••••••••••••••• 
NUMBER OP CONTACT SURPACES •••••••••••••• 
NUMBER OP RJ:GJ:D SURPACES •••••••••••••••• 
NUMBER OP MATERJ:AL POJ:NTS MONJ:TORBD ••••• 
ANALYSJ:S TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVERGENCE MEASURE •••••••••••••• 
RBSJ:DUAL TOLERANCE •••••••••••••••••••••• 
MAXJ:MUM NUMBER OP J:TERATJ:ONS •••••••••••• 
J:TERATJ:ONS POR J:NTERMEDJ:ATE PRJ:NT ••••••• 
MAXJ:MUM RBSJ:DUAL TOLERANCE •••••••••••••• 
PRBDJ:CTOR SCALE PACTOR PUNCTJ:ON ••••••••• 
MJ:NJ:MUM DAMPJ:NG PACTOR ••·••••·••·••••••• 
EPPECTJ:VE MODULUS STATUS ••••••••·••••••• 
ELASTJ:C SOLUTJ:ON REQUESTED •••••••••••••• 
SCALE PACTOR APPLJ:ED TO TJ:ME STEP ••••••• 
STRAJ:N SOPTENJ:NG SCALE PACTOR ••••••••••• 
HOURGLASS STJ:PPNBSS PACTOR 
HOURGLASS VJ:SCOSJ:TY PACTOR •••••·•••·•••• 

130 
au 

a 
a 
1 
0 
0 

PLANE STRAJ:N 

S.OOOE-01 
3000 
sae 

1.000E+03 
3 

a.OOOE-01 
CONSTANT 

7.000E-01 
1.000E+00 
S.OOOE-Oa 
O.OOOE+OO 

L 0 A D S T E P D E P J: N J: T J: 0 N S 

1\ 

.. 

~ 
~ .., 
Ul 
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Ul 
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TIMB NO. OP STBPS TIMB 
0.000B+00 100 1. 000B+01 

PRINTBD OO'TPO'T PRBQO'BNCY 

TIMB STBPS BBTWBBN PRINTS TIMB 
O.OOOB+OO 10 1. 000B+01 

PLOTTED OO'TPO'T PRBQO'BNCY 

TIMB STBPS BBTWBBN PLOTS TIMB 
0.0008+00 1 1.0008+01 

MATBRIAL DBPINITIONS 

MATBRIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATBRIAL ID • . • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOB+OO 
MATERIAL PROPBRTIBS1 

YOO'NQS MODULO'S 
POISSONS RATIO 

" 
" 

3.0008+03 
0.0008+00 

~ 
I ' 

~ 
~ 
"' u. 
0\ 
-l 
u. 
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MATERIAL TYPB •••••••••••••••••.•.•••• BLASTIC 
MATBRI.AL ID • .. .. • • • • • • • • • • • • • • • • • • • • • • • 2 
DENSITY •• ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOB+OO 
MATERIAL PROPBRTIBSl 

YOUNGS MODULUS 
POISSONS RATIO 

= 
m 

9.000B+03 
O.OOOB+OO 

P U N C T I 0 N D B P I N I T I 0 N S 

FUNCTION ID ••••••••• 1 NUMBER OP POINTS 

N s P(S) 
1 O.OOOB+OO 1.000B+00 
2 1.000B+01 1.000B+00 

FUNCTION ID ••••••••• 2 NUMBER OP POINTS •••• 

N s P(S) 
.1 O.OOOB+OO O.OOOB+OO 
.2 1.000B+01 1.000B+00 

2 

2 

N 0 D I S P L A C B M B N T B 0 U N D A R Y C 0 N D I T I 0 N S 

NODB SBT PLAG 
1 
8 
2 

DIRECTION 
X 
X 
y 

,, 
' 

~ 
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w 
Ul 
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Ul 
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CONTACT S'ORPAC8S 

S'ORPAC8 S'ORPAC8 1 S'ORPAC8 2 PENALTY C08PPICIBNT PBNBTRATION TBNSION 
NUMB8R 

1 
PLAG 

6 

PLAG PACTOR OP PRICTION HOLTIPLI8R RBLBAS8 
5 0.0008+00 4.0008-01 1.0008-03 1.0008+40 

PR8SS'OR8 BOUNDARY CONDTIONS 

S'ORPAC8 P'ONCTION SCALB 
PLAG 

3 
4 
7 

NUMB8R PACTOR 
1 1.0008+00 
2 -1.0008+01 
2 -1.0008+01 

8ND OP DATA INPUT PHAS8 
1.8138-01 CPO S8CONDS 'OS8D 

70 WORDS ALLOCAT8D 

8ND OP DATA INITIALIZATION PHAS8 
1.9188-02 CPO S8CONDS 'OS8D 
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SANTOS, VBRSION 2.0.0 ,RUN ON 03/07/96 ,AT 09t37t06 
SANTOS QA PROBLEM - DOUBLB BBAM FRICTION - MU • 0.4 - B2/B1 • 3 

···································~································· 
SUMMARY OP DATA AT STBP NOMBBR 0, TIMB m O.OOOE+OO 
NUMBER OP ITERATIONS = 104, TOTAL NUMBER OP ITERATIONS • 
PINAL CONVBRQBNCE TOLBRANCE • 4.639B-01 
SUM OP BXTBRNAL PORC8S IN X-DIRECTION • 8.0628-06 
SUM OP BXT8RNAL FORCES IN Y-DIRBCTION •-2.5008+01 
SUM OP RBACTION FORCES IN X-DIRBCTION a 7.289E-04 
SUM OP RBACTION PORC8S IN Y-DIRBCTION a-2.5008+01 
********************************************************************* 

**** PLOT TAPB WRXTTBN AT TIMB m O.OOOB+OO STBP NOMBBR 

**** PLOT TAP8 WRXTTBN AT TIMB a 1.0008-01 ST8P NOMB8R 

STBP TIMB TIMB DAMPING APPLI8D RBSIDUAL 
ST8P FACTOR LOAD NORM LOAD NORM 

528 2.000B-01 1.0008-01 7.490B-01 3.095B+00 2.301B-02 
1056 2.000B-01 1.0008-01 8.542B-01 3.0958+00 4.098B-01 

**** PLOT TAP8 WRXTTBN AT TIMB a 2.0008-01 ST8P NOMB8R 

ST8P 

528 
1056 

TIMB 

3.0008-01 
3.0008-01 

TIMB 
ST8P 

1.000B-01 
1.0008-01 

DAMPING 
FACTOR 

5.7478-01 
7.7518-01 

APPLI8D 
LOAD NORM 

3.104B+00 
3.104B+00 

!) 
' . ' 

RESIDUAL 
LOAD NORM 

1.284B+00 
1.7058-02 

0 •••• 

1 •••• 

P8RCBNT 
IMBALANC8 

0.74 
13.24 

~2 **** 

PBRCBNT 
IMBALANC8 

41.38 
0.55 

104 

TOTAL 
STBPS 

1104 
1632 

TOTAL 
ST8PS 

2242 
2770 

• 

.~ 

~ 
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**** PLOT TAPE WRITTEN AT TIME m 3.000E-01 STEP NUMBER 

STEP TIME TIME DAMPING APPLIED RESIDUAL 
STEP FACTOR LOAD NORM LOAD NORM 

528 4.000E-01 1.000E-01 9.388E-01 3.115E+00 4.175E-02 

1056 4.000E-01 1.000E-01 8.647E-01 3.115E+00 1.896E-02 

1584 · 4.000E-01 1.000E-01 7.233E-01 3.115E+00 6.253E-01 

**** PLOT TAPE WRITTEN AT TIME a 4.000E-01 STEP NUMBER 

STEP 

528 

TIME 

5.000E-01 

TIME 
STEP 

1.000E-01 

DAMPING 
FACTOR 

4 .• 887E-01 

APPLIED RESIDUAL 
LOAD NORM LOAD NORM 

3.129E+00 6.310E-02 

**** PLOT TAPE WRITTEN AT TIME a 5.000E-01 STEP NUMBER 

STEP TIME TIME DAMPING APPLIED RESIDUAL 
STEP FACTOR LOAD NORM LOAD NORM 

528 6.000E-01 1.000E-01 8.005E-01 3.147E+00 5.518E-01 

1056 6.000E-01 1.000E-01 8.470E-01 3.147E+00 5.971E-01 

**** PLOT TAPE WRITTEN AT TIME a 6.000E-01 STEP NUMBER 

3 **** 

PERCENT 
IMBALANCE 

1;34 
0.61 

20.08 

4 **** 

PERCENT 
IMBALANCE 

2.02 

5 **** 

PERCENT 
IMBALANCE 

17.53 
18.97 

6 **** 

TOTAL 
STEPS 

3305 
3833 
4361 

TOTAL 
STEPS 

5020 

• 
TOTAL 
STEPS 

5914 
6442 
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STBP TIMB TIMB DAMPING APPLIBD RBSIDUAL 
STBP PACTOR LOAD NORM LOAD NORM 

528 7.000B-01 1. OOOB-01 4.547B-01 3.168B+00 4.061B-01 
1056 7.000B-01 1.000B-01 7.677B-01. 3.168B+00 1.820B-01 

**** PLOT TAPB WRITTBN AT TIMB • 7.000B-01 STBP NllMBBR 

STBP TIMB 

528 8.000B-01 

TIMB 
STBP 

1.000B-01 

DAMPING 
PACTOR 

7.722B-01 

APPLIBD 
LOAD NORM 

3.191B+00 

RBSIDUAL 
LOAD NORM 
4.031B-02 

**** PLOT TAPB WRITTBN AT TIMB a 8.000B-01 STBP NllMBBR 

STBP TIMB TIMB DAMPING APPLIBD RBSIDUAL 
STBP PACTOR LOAD NORM LOAD NORM 

528 9.000B-01 1.000B-01 8.564B-Ol 3.218B+00 8.800B-01 
1056 9.000B-01 1.000B-01 8.636B-01 3.218B+00 6.459B-01 

**** PLOT TAPB WRITTBN AT TIMB • 9.000B-01 STBP NllMBBR 

STBP TIMB 

528 1.000B+00 

TIMB 
STBP 

1. OOOB-01 

DAMPING 
PACTOR 

9.307B-01 

APPLIBD 
LOAD NORM 

3.247B+00 

~~ 

RBSIDUAL 
LOAD NORM 

1.043B+00 

PBRCBNT 
IMBALANCB 

12.82 
5.75 

7 •••• 

PBRCBNT 
IMBALANCB 

1.26 

8 •••• 

PBRCBNT 
IMBALANCB 

27.35 
20.07 

9 **** 

PBRCBNT 
IMBALANCB 

32.11 

TOTAL 
STBPS 

7008 
7536 

TOTAL 
STBPS 

8271 

TOTAL 
STBPS 

9242 
9770 

TOTAL 
STBPS 

10518 . 
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SANTOS, VERSION 3.0.0 ,RUN ON 03/07/96 ,AT 09•37•06 
SANTOS QA PROBLEM - DOUBLE BEAM FRICTION - MU ~ 0.4 - E2/E1 ~ 3 

********************************************************************* 
SUMMARY OF DATA AT STEP NUMBER 10, TIME ~ 1.000E+00 
NUMijER OF ITERATIONS ~ 1010, TOTAL NUMBER OF ITERATIONS ~ 11000 
FINAL CONVERGENCE TOLERANCE ~ 4.933E-01 
SUM OF EXTERNAL FORCES IN X-DIRECTION c 1.999E+00 
SUM OF EXTERNAL FORCBS IN Y-DIRECTION c-3.500E+01 
SUM OF REACTION FORCES IN X-DIRECTION ~ 1.859E+00 
SUM OF REACTION FORCES IN Y-DIRBCTION c-2.503E+01 
*****~****************************!******~ ••••••••••••••• ~ ••••••••••• 

**** PLOT TAPE WRITTEN AT TIME ~ 1.000E+00 STEP NUMBBR 

STBP TIME 

528 1.100E+00 

TIME 
STEP 

l.OOOE-01 

DAMPING 
FACTOR 

8.816E-01 

APPLIED 
LOAD NORM 

3.379E+00 

RESIDUAL 
LOAD NORM 

1.187E-01 

**** PLOT TAPE WRITTEN AT TIME ~ 1.100E+00 STEP NUMBER 

STBP TIME 

528 1.200E+00 

TIME DAMPING 
STEP FACTOR 

1.0008-01. 8.257E-01 

APPLIED 
LOAD NORM 

3.314E+00 

RESIDUAL 
LOAD NORM 

8.438E-03 

**** PLOT TAPE WRITTBN AT TIME ~ 1.200E+00 STEP NUMBER 

10 **** 

PERCENT 
IMBALANCE 

3.62 

11 **** 

PERCENT 
IMBALANCE 

3.55 

12 **** 

TOTAL 
STEPS 

11538 

TOTAL 
STEPS 

12565 

0 

~ 
0 
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~ v. 

:::: 
8 
::r 
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ST8P TJ:MB TJ:MB DAMPJ:NG APPLJ:8D RBSJ:DUAL P8RCBH'l' TOTAL ~ ST8P PACTOR LOAD NORM LOAD NORM :i:MBALAHC8 ST8PS 0 
528 1.3008+00 1. 0008-01 9.3848-01 3.3528+00 9. 7848-02 2.92 13570 # 

1056 1.3008+00 1. 0008-01 3.5768-01 3.3528+00 5.2478-01 15.65 14098 w 
Ul 
a-
-..] 
Ul 

****'PLOT TAP8 WRJ:TTBH AT TJ:MB • 1.3008+00 ST8P HtlMB8R 13 **** 
~· 

~ 
ST8P TJ:MB TJ:MB DAMPJ:NG APPLJ:BD RBSJ:D11AL P8RCBH'l' TOTAL 

::r 
N 

ST8P PACTOR LOAD NORM LOAD NORM J:MBALAHC8 ST8PS .:-' 
528 1.4008+00 1.0008-01 9.8398-01 3.3928+00 1.:1148+00 35.80 15144 -"' "' a-

**** PLOT TAP8 WRJ:TTBH AT TJ:MB m 1.4008+00 ST8P HtlMB8R 14 **** 
.... 
' -00 

ST8P TJ:MB T:IMB DAMPJ:NG APPLJ:8D RBSJ:DUAL P8RCBH'l' TOTAL 
ST8P PACTOR LOAD NORM LOAD NORM J:MBALAHC8 STBPS 

5:18 1.500B+00 1.0008-01 7.964B-01 3.4348+00 2.333B-01 6.79 16007 

**** PLOT TAP8 WRJ:TTBH AT TJ:MB = 1.500B+00 STBP HtlMB8R 15 **** 

ST8P TJ:MB TJ:MB DAMPJ:NG APPLJ:8D RBSJ:D11AL P8RCBH'l' TOTAL 
ST8P PACTOR LOAD NORM LOAD NORM J:MBALAHC8 ST8PS 

528 1.6008+00 1.0008-01 8.067B-01 3.4798+00 2.3288-01 6.69 17034 
1056 1.6008+00 1.0008-01 9.0038-01 3.4798+00 7.399B-01 21.27 17562 

**** PLOT TAP8 WRJ:TTBH AT TJ:MB • 1.6008+00 STBP HtlMBBR 16 **** 

(· !'; .~ 
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'l"' -\0 

STEP 

528 

TIME 

1.700E+00 

TIME 
STEP 

l.OOOE-01 

DAMPING 
FACTOR 

7.796E-01 

(\ 

APPLIED RBSIDOAL 
LOAD NORM . LOAD NORM 

3.526E+00 1.789E-01 

**** PLOT TAPE WRITTBN AT TIME a 1.700E+00 STEP NUMBER 

STEP TIME TIME DAMPING APPLIED RESIDUAL 
STEP FACTOR LOAD NORM LOAD NORM 

528 1.800E+00 1.000E-01 8.447E-01 3.576E+00 2.882E-01 
1056 1.800E+00 l.OOOE-01 9.385E-01 3.576E+00 1.546E-01 

**** PLOT TAPE WRITTBN AT TIME = 1. 800E+00 STEP NUMBER 

STEP TIME TIME DAMPING APPLIED RESIDUAL 
STEP FACTOR LOAD NORM, LOAD NORM , 

528 1. 900E+00 1. OOOE-01 8.766E-01 3.627E+00 3.296E-01 
1056 1.900E+00 1. OOOE-01 5.260E-01 3.627E+00 7.429E-02 

**** PLOT TAPE WRITTBN AT TIME a 1.900E+00 STEP NUMBER 

STEP 

528 
1056 

TIME 

2.000E+00 
2.000E+00 

TIME 
STEP 

l.OOOE-01 
1. OOOE-01 

DAMPING APPLIED 
FACTOR LOAD NORM 

6.640E-01 3.680E+00 
9.563E-01 3.680E+00 

RESIDUAL 
LOAD NORM 

1.716E-01 
2.231E-01 

PERCBNT 
IMBALANCE 

5.07 

17 **** 

PERCBNT 
IMBALANCE 

8.06 
4.32 

18 **** 

PERCBNT 
IMBALANCE 

9.09 
2.05 

19 **** 

PERCBNT 
IMBALANCE 

4.66 
6.06 

TOTAL 
STEPS 

18411 

TOTAL 
STEPS 

19226 
19754 

TOTAL 
STEPS 
·2o3o4 
20832 

TOTAL 
STEPS 

21581 
22109 

·"-

~ 
w 
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~ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 09•37•06 
SANTOS QA PROBLEM - DOUBLB BEAM FRICTION - MU ~ 0.4 - E2/E1 ~ 3 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 20, TIMB • 2.000E+00 
NUMBER OP ITERATIONS ~ 1104, TOTAL NUMBER OP ITERATIONS ~ 22157 
PINAL CONVBRGBNCE TOLBRANcE a 4.629E-01 
SOH OP BXTERNAL FORCES IN X-DIRBCTION • 3.999E+00 
SOH OP BXTERNAL FORCES IN Y-DIRBCTION •-2.501E+01 
SOH OP REACTION FORCES IN X-DIRECTION • 3.849E+00 
SOH OP REACTION FORCES IN Y-DIRBCTION ~-2.503E+01 
********************************************************************* 

•••• PLOT TAPE WRITTBN AT TIMB • 2.000E+00 STEP NUMBER 

STEP TIMB TIMB DAMPING APPLIED RBSID'OAL 
STEP FACTOR LOAD NORM LOAD NORM 

528 2.100E+00 1.000E-01 8.328E-01 3.736E+00 9.068E-01 

•••• PLOT TAPE WRITTBN AT TIMB • 2 .100E+00 STEP NUMBBR 

**** PLOT TAPE WRITTBN AT TIMB a 9. 900E+00 STEP NUMBBR 

STEP 

528 

TIMB 

1.000E+01 

TIMB 
STEP 

1.000E-01 

DAMPING 
FACTOR 

8.761E-01 

APPLIED 
LOAD NORM 

1.046E+01 

r\ 
\ .· • ! 

RBSID'OAL 
LOAD NORM 

7.670E-01 

20 ~··· 

PERCBRT 
IMBALANCE 

24.27 

21 **** 

99 **** 

PERCBRT 
IMBALANCE 

7.33 

TOTAL 
STEPS 

22685 

TOTAL 
STEPS 

92235 

·~ 
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w 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 09t37t06 

SANTOS QA PROBLEM - DOUBLE BBAM PRZCTION - MU a 0.4 - B2/B1 a 3 

********************************************************************* 
SUMMARY OP DATA AT STEP HUMBER 100, TIME a 1.0008+01 

HUMBER OP ITERATIONS a 906, TOTAL HUMBER OP ITERATIONS a 92613 
PINAL COHVBRGBHCB TOLERANCE a 4.4248-01 

SUM OP EXTERNAL PORCBS IN X-DIRECTION a 1.9998+01 

SUM OP EXTERNAL PORCBS IN Y-DIRBCTION •-2.5068+01 

SUM OP REACTION PORCBS IN X-DIRECTION a 1.9638+01 

SUM OP REACTION PORCBS IN Y-DIRBCTION •-2.5128+01 

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

•••• PLOT TAPB WRZTTBH AT TIME • 1.0008+01 STBP HUMBER 100 **** 
. 

101 TIME STEPS WBRB WRI'l'TBH TO THB PLOTTING DATA BASH 

BND OP SOLUTION PBASB 

1.1848+03 CPU SECONDS USBD 

264 WORDS ALLOCATED 

.. 

·~ 

~ 
w 
VI 

~ 
VI 
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Case 2 Output 

r 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

AAAAA N NN Ul'TTT 00000 ssssss 
AA AA NN NN '1'T 00 00. ss 
AA AA NNN NN '1'T 00 00 

A. ...... ~~u NN N NN '1'T 00 00 

AA AA NN NNN '1'T 00 00 

AA AA NN NN '1'T 00 00 

AA AA NN N '1'T 00000 

VBRSJ:ON 2.0.0 
COPYRJ:GBT 1994, SAHDJ:A CORPORATJ:ON 

PROORAJdMBD BY 1 

CIIAJILBS ll. STONB 
BNGJ:NBBRING . SCJ:BNCBS CBNTBR 

SAHDJ:A NATJ:ONAL LABORATORIES 
ALBOQUBRQUB, NBW l!BXJ:CO 8 718 5 

DBRIVBD PROM PRONT02D BY 
LBB ll. TAYLOR AND DBNNJ:S P. PLANAGAN 

RoN ON 03/07/96 AT 09o58o59 
RON ON A CrayOJ90 ONDBR 11niCo8.0 

/'\. 

' 

ss 
sssss 

ss 
ss 

ssssss 

~ 
0 
~ 

"" Lll 

~ 
Lll 

·f 
::r 
N _, 

->.0 
>.0 
0\ 
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LINE 
1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
11: 
12: 
13: 
14: 
15: .,. 16: ..., 
17: w 
18: 
19: 

' 20: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
28: 
29: 
30: 
31: 
32: 
33: 
34: 

I~ 

INPUT STREAM IMAGES 

------------------------------------------------------------------------
TITLE 

SANTOS QA PROBLEM - DOUBLE BEAM FRICTION - Mt1 m 0.5 - B2/B1 ~ 10 
PLANE STRAIN 
MAXIMDM ITERATIONS a 3000 
RESIDUAL TOLERANCE • 0.50 
MAXIMDM TOLERANCE ~ 1000.0 
BLASTIC SOLUTION 
PREDICTOR SCALE FACTOR a 3 
TIMB STEP SCALE a 0.70 
MATERIAL,1,BLASTIC,1. 
YOUNGS MODULUS 800. 
POISSONS RATIO 0. 
END 

MATBRIAL,2,ELASTIC,1. 
YOUNGS MODULUS 8000. 
POISSONS RATIO 0 • 
END 
PUHCTION,1 

0., 1. 
10.,1. 

END 
PUHCTION,2 

o.,o. 
10.,1. 

END 
STEP CONTROL 

100.,10. 
END 

PLOT TIMB 
1. '10. 

END 

OUTPUT TIMB 
10.,10. 

END 

• 

r'\. 

~ 

~ 
w 
Ul 

~ 
Ul 

s:: 
~ 
::r 

-~ -\0 
\0 
0\ 



  
Inform

ation O
nly 

.... 
~ 

(' 

'• 

351 PLOT NODAL,RBACTION,RESIDUAL 
361 NO DISPLACBMBNT,X,l 
371 NO DISPLACBMBNT,X,B 
381 NO DISPLACBMBNT,Y,l. 
391 CONTACT SURFACB,6,5,0.5,1.B-3,1.B+40 
401 PRBSSURE,3,1,1. 
411 PRBSSURE,4,2,-10. 
421 PRBSSURE,7,2,-10. 
431 EXIT 

------------------------------------------------------------------------

.~ ~ 

~ 
"' Vl 

~ 
Vl 
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PROBLEM TITLE 

SAll'l'OS QA PROBLEM - DOUBLE BEAM FRICTION - MU • 0.5 - E2/E1 a 10 

PROBLEM DEFINITION 

llllMBER OP ELEMENTS •••••••••••••••••••••• 
llllMBER OF NODES ••••••••••••••••••••••••• 
llllMBER OF MATERIALS ••••••••••••••••••••• 
llllMBER OF FUNCTIONS •••••••••••••••••••••' 
llllMBER OF CONTACT SURFACES •••••••••••••• 
llllMBER OF RIGID SURFACES •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITORED ••••• 
ANALYSIS TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVERGENCE MEASORE •••••••••••••• 
RESIDUAL TOLERANCE •••••••••••••••••••• ; • 
MAXIMUM llllMBER OF ITERATIONS •••••••••·•• 
ITERATIONS FOR INTERMEDIATE PRINT ••••••• 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 
PREDICTOR SCALB FACTOR FUNCTION • · •••.•••• 
MINIMUM DAMPING FAC'l'OR ••••••• ~ • -••••••••• 
EFFECTIVE MODULUS STATUS •••••••••••••••• 
BLASTIC SOLUTION REQUESTED •••••••••••••• 
SCALB FACTOR APPLIED TO TIMB STEP ••••••• 
STRAIN SOFTENING SCALB FACTOR ••.•••••••• 
HOURGLASS STIFFNESS FACTOR .............. 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

130 
264 

2 
2 
1 
0 
0 

PLANE STRAIN 

S.OOOB-01 
3000 

528 
1.000B+03 

3 
2.000E-01 

CONSTAll'l' 

7.000E-01 
1.000E+00 
S.OOOE-02 
O.OOOE+OO 

L 0 A D S T E P D E F I N I T I 0 N S 

'\ 

-~ 

~ 
w 
Ul 

~ 
Ul 

:::: 
! 
N 
,;-l -\0 
\0 
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TIME 
0.0008+00 

NO. OP STEPS 
100 

PRINTED OUTPUT 

TIME 
0.0008+00 

STEPS BBTWBBN PRINTS 
10 

TIME 
1.0008+01 

PRBQUBNCY 

TIME 
1.0008+01 

P L 0 T T B D 0 U T P··u T P R B Q U B N C Y 

TIME 
0.0008+00 

STEPS BBTWBBN PLOTS 
1 

TIME 
1.0008+01 

MATERIAL DBPINITIONS 

MATERIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. 0008+00 
MATERIAL PROPERTIES& 

YOUNGS. MODULUS 
POISSONS RATIO 

D 

• 
8.0008+02 
0.0008+00 

"" ~ 
! 

~ 
~ 
w 
VI 

~ 
VI 

~ 
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MATERJ:AL TYPE •••••••••••••••••••••••• ELASTJ:C 
MATBRXAL ID • • • .. • • • • • • • • .. • • • • • • • .. • • • • • 2 
DBNSJ:TY •••••••••••••• _................ 1. OOOE+OO 
MATERJ:AL PROPERTJ:ESz 

YOUNGS MODULUS 
POJ:SSONS RATIO 

D 

• 
8.000E+03 
O.OOOE+OO 

P U N C T J: 0 N D E P I N J: T J: 0 N S 

PONCTJ:ON J:D •• · ••••••• 1 

PONCTJ:ON J:D 

N 
1 
:a 

N 
1 
:a 

s 
O.OOOE+OO 
1.000E+01 

:a 

s 
O.OOOE+OO 
1.000E+01 

NUMBER OP POJ:NTS •••• 

P(S) 
1.000E+00 
1.000E+00 

NUMBER OP POJ:NTS 

P(S) 
O.OOOE+OO 
1.000E+00 

:a 

NO DJ:SPLACEMENT BOUNDARY CONDJ:TJ:ONS 

NODE SBT PLAG _ 
1 
8 
:a 

DJ:RBCTJ:ON 
X 

X 
y 

'\ 



  
Inform

ation O
nly 

';< ' 
N 
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SURPAC8 
HUMB8R 

1 

CONTACT 

SURPAC8 1 SURPAC8 2 
PLAQ I!'LAGI 

6 5 

SURPAC8S 

PBHALTY C08PPXCXBHT PBHBTRATXON 
!!'ACTOR OP PRXCTXON MULTXPLX8R 

0.0008+00 5.0008-01 1.0008-03 

PR8SSUR8 BOUNDARY CONDTXOHS 

SURPAC8 Pt!NCTXOH SCALB 
PLAG 

3 
4 
7 

HUMB8R I!' ACTOR 

' 1 1.0008+00 
2 -1.0008+01 
2 -1.0008+01 

8ND OP DATA XHPUT PHAS8 
1.8188-01 CPU S8CONDS US8D 

70 WORDS ALLOCAT8D 

TBHSXON 
RBLBAS8 

1.0008+40 

8ND OP DATA XNXTXALXZATXON PHAS8 
1.8598-02 CPU S8CONDS USED 

n 
•' I 

\ 

~ 
"" "' VI 

~ 
VI 

a: 
8 
::r 
N _, 

-'-D 
'-D 
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VARJ:ABLBS 

NODAL 

DJ:SPLX 
DJ:SPLY 
RBSJ:DX 
RBSJ:DY 
RBSJ:D 
RBACTX 
RBACTY 

• 

r\ 
' 

264 WORDS ALLOCATED 

ON PLOTTJ:NG DATA 

BLBMBN'l' GLOBAL 
------- ------
SJ:GXX PX 
SJ:GYY py 

SJ:GZZ RX 
TAUXY RY 

J:TBR 
RMAQ 

~. 

BAS B 

~ 
~ 
"' Vl 

~ 
Vl 

~ 
~ ::r 

~ -'D 
'D 
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SANTOS, VBRSION 2.0.0 ,RUN ON 03/07/96 ,AT 09o58o59 
SANTOS QA PROBLEM - DOUBLE BBAM FRICTION - HO • 0.5 - E2/E1 a 10 • 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 0, TIMB a O.OOOE+OO 
NUMBER OP ITERATIONS a 90, TOTAL NUMBER OP ITERATIONS a 
PINAL CONVERGENCE TOLERANCE = 4.971E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION • 6.738E-06 
SUM OP EXTERNAL PORCES IN Y-DIRBCTION •-2.500E+01 
SUM OP REACTION PORCES IN X-DIRECTION •-6.200E-05 
SUM OP REACTION PORCES IN Y-DIRECTION a-2.505E+01 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIMB • O.OOOE+OO STEP NOMBBR 

STEP TIMB 

528 1.000E-01 

TIMB 
STEP 

1.000E-01 

DAMPING 
PACTOR 

7.312E-01 

APPLIED 
LOAD NOIUI 

3.091E+00 

RESIDUAL 
LOAD NOIUI 

5.132E-01 

**** PLOT TAPE WRITTEN AT TIMB • 1.000E-01 STEP NUMBER 

STEP TIMB 

528 2.000E-01 

TIMB 
STEP 

1.000E-01 

DAMPING APPLIED 
PACTOR LOAD NOIUI 

5.012E-01 3.095E+00 

RESIDUAL 
LOAD NOIUI 

4.069E-01 

**** PLOT TAPE WRITTEN AT TIMB a 2.000E-01 STEP NUMBER 

n . 1 

0 **** 

PERCENT 
IMBALANCE 

16.61 

1 **** 

PERCENT 
IMBALANCE 

13.14 

2 **** 

90 

TOTAL 
STEPS 

618 

TOTAL 
STEPS 

1281 

. ..---,\ 

~ 
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~ 
Vl 
0\ _, 
Vl 

3:: 

~ 
!::l -\0 
\0 
0\ 



  
Inform

ation O
nly 

(' 

... ..., ..... 

STBP TIMB TIMB 
STBP 

528 3.000B-01 1.000B-01 

DAMPING 

~ 
l:;L_ol 
~~:-

APPLIBD RBSIDOAL 
PACTOR LOAD NORM LOAD NORM 

9.001B-01 3.1048+00 2.298B-02 

PBRCBNT 
IMBALANCE 

0.74 

****.PLOT TAPB WRXTTBN AT TIMB • 3.000E-01 STBP NUMBBR 3 **** 

STBP TIMB 

528 4.000E-01 

TIMB 
STBP 

1.000E-01 

DAMPING APPLIBD 
PACTOR LOAD NORM 

9.557B-01 3.115B+00 

RBSIDOAL 
LOAD NORM 

1.081B-01 

PBRCBNT 
IMBALANCE 

3.47 

**** PLOT TAPB WRXTTBN AT TIMB a 4.000E-01 STBP NUMBER 4 **** 

STBP 

528 

TIMB 

5.000E-01 

TIMB 
STBP 

1.000B-01 

DAMPING 
PACTOR 

9.534B-01 

APPLIBD 
LOAD NORM 

3.1298+00 

RBSIDOAL 
LOAD NORM 

6.129E-01 

PBRCBNT 
IMBALANCE 

19.58 

**** PLOT TAPB WRXTTBN AT TIMB = 5.000E-01 STBP NUMBER 5 **** 

STBP TIMB TIMB 
STBP 

528 6.000B-01 1.000B-01 

DAMPING APPLIBD RBSIDOAL PBRCBNT 
PACTOR LOAD NORM LOAD NORM IMBALANCE 

6.759B-01 3.1478+00 2.0948-01 6.66 

TOTAL 
STBPS 

2279 

TOTAL 
STBPS 

3307 

TOTAL 
STBPS 

4176 

TOTAL 
STBPS 

5125 

0 

~ 
~ ..., 
VI 

~ 
VI 
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**** PLOT TAPE WRITTEN AT TIME ~ 6.000E-01 STEP NUMBER 

STEP TIME 

528 ?.OOOE-01 

TIME 
STEP 

l.OOOB-01 

DAMPING 
PACTOR 

9.554B-01 

APPLIED 
LOAD NORM 

3.168E+00 

RBSIDUAL 
LOAD NORM 

3.521B-01 . 

**** PLOT TAPE WRITTEN AT TIME ~ ?.OOOE-01 STBP NUMBBR 

STEP TIME TIME DAMPING APPLIED RBSIDUAL 
STEP PACTOR LOAD NORM LOAD NORM 

528 8.000E-01 1.000E-01 9.555B-01 3.191B+00 1.620E-02 

**** PLOT TAPE WRITTEN AT TIME a 8.000E-01 STEP NUMBER 

~ 

STEP TIME TIME DAMPING APPLIED RBSIDOAL 
STEP- PACTOR LOAD NORM LOAD NORM 

528 9.000E-01 1.000E-01 7 .044E-01 3.218E+00 2.442E-01 

**** PLOT TAPB WRITTEN AT TIME ~ 9.000E-01 STEP NUMBER 

STEP TIME TIME DAMPING APPLIBD RESIDUAL 
STEP PACTOR LOAD NORM LOAD NORM 

528 1.000E+00 1.000E-01 6.301B-01 3.247E+00 3.056E-01 

r;. 

6 **** 

PERCENT· 
IMBALANCB 

11.12 

7 ****. 

PERCENT 
IMBALANCE 

0.51 

8 **** 

PBRCENT 
IMBALANCE 

7.59 

9 **** 

PERCENT 
IMBALANCE 

9.41 

TOTAL 
STBPS 

6063 

TOTAL 
STBPS 

6966 

TOTAL 
STEPS 

7585 

TOTAL 
STEPS 

8435 

.~ 
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SANTOS, VBRSION 2.0.0 ,RUN ON 03/07/96 ,AT 09:58:59 
SANTOS QA PROBLBM - DOUBLE BEAM FRICTION - MtJ a 0.5 - E2/81 a 10 

***************************************************************~***** 

SUMMARY OP DATA AT ST8P NOMB8R 10, TIMB a 1.0008+00 
NUM88R OP IT8RATIONS = 701, TOTAL NUMB8R OP IT8RATIONS a 8608 
PINAL CONVBRGBNC8 TOLBRANC8 • 4.9808-01 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION a 1.998E+00 
SUM OP BXTERNAL FORCES IN Y-DIRBCTION =-2.501E+01 
SUM OP REACTION PORC8S IN X-DIRECTION • 1.8388+00 
SUM OP REACTION FORCES IN Y-DIRBCTION ~~2.501E+01 
********************************************************************* 

**** PLOT TAPE WRITTBN AT TIMB = 1.000E+00 STEP NOMB8R 

STEP TIMB TIMB DAMPING APPLIED RBSIDOAL 
STEP FACTOR LOAD NORM LOAD NORM 

528 1.100E+00 1.0008-01 8.699E-01 3.2808+00 2.718E-02 

**** PLOT TAPE WRITTBN AT TIMB a 1.100E+00 ST8P NUMBER 

ST8P TIMB TIMB DAMPING APPLIED RBSIDOAL 
ST8P FACTOR LOAD NORM LOAD NORM 

528 1.200E+00 1.000E-01' 8.3298-01 3.314E+00 2.055E-01 

**** PLOT TAPE WRITTBN AT TIMB a 1.200E+00 ST8P NUMBER 

10 **** 

PERCBNT 
IMBALANCE 

0.83 

11 **** 

PERCBNT 
IMBALANCE 

6.20 

12 **** 

TOTAL 
ST8PS 

9136 

TOTAL 
STEPS 

9876 

·~ 

~ 
0 
'**' 
w 

"' ~ -..) 

"' 

8:: 

~ 
N 
;--I -\0 
\0 
~ 

K 
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STEP 

528 

TIME 

1.300E+00 

TIME 
STEP 

1.000E-01 

DAMPING APPLIED 
PACTOR LOAD NOIIM 

8.390E-01 3.352E+00 

RESIDUAL 
LOAD NOIIM 

5.889E-01 

**** PLOT TAPE WRXTTBN AT TIME • 1.300E+00 STEP NUMBER 

PERCENT 
IMBALANCE 

17.57 

13 **** 

TOTAL 
STEPS 

10634 

STEP TIME TIME 
STEP 

l.OOOE-01 

DAMPING 
PACTOR 

9.988E-01 

APPLIED RESIDUAL PERCENT ' TOTAL 

528 1.400E+00 

LOAD NOIIM LOAD NOIIM 
3.392E+00 2.230E-02 

IMBALANCE 
0.66 

**** PLOT TAPE WRXTTBN AT TIME • 1.400E+00 STEP NOMBBR 14 •••• 

STEP TIME 

528 1.500E+00 

TIME 
STEP 

1.000E-01 

DAMPING 
PACTOR 

7.730E-01 

APPLIED RESIDUAL PERCENT 
LOAD NOIIM LOAD NOIIM . IMBALANCE 

3.434E+00 6.661E-01 19.39 

**** PLOT TAPE WRXTTBN AT TIME ~ 1.500E+00 STEP NUMBER 15 •••• 

.STEP TIME 

528 1.600E+00 

TIME 
STEP 

1.0008-01 

DAMPING 
PACTOR 

5.275E-01 

APPLIED RESIDUAL 
LOAD NOIIM LOAD NOIIM 

3.479E+00 1.404E-01 

!) 

PERCENT 
IMBALANCE 

4.03 

STEPS 
11436 

TOTAL 
STEPS 

12283 

TOTAL 
STEPS 

13208 

"', 

~ 
~ 
"' Ul 

~ 
Ul 

~ 

~ 
-~ -~ 
~ 
0'1 
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**** PLOT TAPE WRITTBN AT TIMB ~ 1.600E+00 STEP NUMBER 

STEP TIMB 

528 1.700E+00 

TIMB 
STEP 

1.000E-01 

DAMPING APPLIED 
PACTOR LOAD NORM 

5.246E-01 3.526E+00 

RESIDUAL 
LOAD NORM 

5. 904E-01 

**** PLOT TAPE WRITTBN AT TIMB • 1.700E+00 STEP NUMBER 

STEP TIMB ,_ TIMB DAMPING APPLIED RESIDUAL 
STEP PACTOR LOAD NORM LOAD NORM 

528 1.800E+00 1.000E-01 7.015E-01 3.576E+00 7.791E-01 

**** PLOT TAPE WRITTBN AT TIMB ~ 1. 800E+00 STEP NUMBER 

-STEP 

528 

TIMB 

1.900E+00 

TIMB 
STEP 

1.000E-01 

DAMPING APPLIED RESIDUAL 
PACTOR LOAD NORM LOAD NORM 

9.100E-01 3.627E+00 1.874E-02 

**** PLOT TAPE WRITTBN AT TIMB ~ 1.900E+00 STEP NUMBER 

STEP 

528 

TIMB 

2.000E+00 

TIMB 
STEP 

1.000E-01 

DAMPING 
PACTOR 

9.133E-01 

APPLIED RESIDUAL 
LOAD NORM LOAD NORM 

3.680E+00 3.086E-02 

16 **** 

PERCENT 
IMBALANCE 

16.74 

17 **** 

PERCENT 
IMBALANCE 

21.79 

18 **** 

PERCENT 
IMBALANCE 

0.52 

19 **** 

PERCENT 
IMBALANCE 

0.84 

TOTAL 
STEPS 

14067 

TOTAL 
STEPS 

14724 

TOTAL 
STEPS 

15726 

TOTAL 
STEPS 

16261 

~ 

~ 
"" .., 
u. 
0\ ..., 
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SANTOS, VERSION 3.0.0 ,RUN ON 03/07/96 ,AT 09:58:59 
SANTOS QA PROBLEM - DOUBLE BEAM PRICTION - MU • 0.5 - E3/E1 a 10 

*************************************•·····~························· 

SUMMARY OP DATA AT STEP NUMBER 30, TIME a 3.000E+00 
NUMBER OP ITERATIONS a 931, TOTAL NUMBER OP ITERATIONS • 16654 
PINAL CONVERGENCE TOLERANCE • 4.801E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION • 3.995E+00 
SUM OP EXTERNAL PORCES IN Y-DIRECTION •-3.502E+01 
SUM OP REACTION PORCES IN X-DIRECTION a 3.874E+00 
SUM OP REACTION PORCES IN Y-DIRECTION a-3.499E+01 
********************************************************************* 

**** PLOT TAPE WRZTTEN AT TIME a 3.000E+00 STEP NUMBER 

STEP TIME TIME DAMPING APPLIED RESIDUAL 
STEP PACTOR LOAD NORM LOAD NORM 

538 3.100E+00 1.000E-01 9.338E-01 3.736E+00 3.518E-02 

**** PLOT TAPE WRZTTBN AT TIME • 3.100E+00 STEP NUMBER 

STEP TIME 

528 2.200E+00 

TIME 
STEP 

1. OOOE-01 

DAMPING 
PACTOR 

7.9318-01 

APPLIED 
LOAD NORM 

3.7938+00 

RESIDUAL 
LOAD NORM 

8.951E-01 

**** PLOT TAPE WRZTTEN AT TIME • 3.200E+00 STEP NUMBER 

.f""\ 
I 

20 **** 

PERCENT 
IMBALANCE 

0.94 

21 •••• 

PERCENT 
IMBALANCE 

33.60 

22 **** 

TOTAL 
STEPS 

17183 

TOTAL 
STEPS 

17736 

::.2 ., 
0 
'* w 
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**** PLOT TAPE WRITTEN AT TIME ~ 9.900E+00 STEP NUMBER 

STEP 

528 

TIME 

1:000E+01 

TIME 
STEP 

1.000E-01 

DAMPING 
FACTOR 

9.111E-01 

APPLIED RESIDUAL 
LOAD NORM . LOAD NORM 

1.045E+01 6.909E-01 

99 **** 

PERCENT 
IMBALANCE 

6.61 

TOTAL 
STEPS 

70814 

r-'\ 

~ 
~ 
w 
u. 
0\ __, 
u. 
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:r 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 09:58:59 
SANTOS QA PROBLEM - DOUBLB BEAM FRICTION - MU a 0.5 - 82/81 a 10 

********************************************************************* 
SUMMARY OP DATA AT ST8P NUMB8R 100, TIMB a 1.0008+01 

NUMB8R OP IT8RATIONS a .634, TOTAL NUMB8R OP IT8RATIONS a 

PINAL CONVBRGBNC8 TOLBRANC8 a 4.9378-01 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION a 1.9968+01 

SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION a-2.5208+01 

SUM OP RBACTION PORC8S IN X-DIRBCTION a 1.9618+01 

SUM OP RBACTION PORC8S IN Y-DIRBCTION a-2.5208+01 

70920 

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

**** PLOT TAP8 WRITTBN AT TIMB • 1.0008+01 ST8P NUMB8R 100 **** 

101 .TIMB ST8PS WBRB WRITTBN TO THB PLOTTING DATA BAS8 

8ND OP SOLUTION PHAS8 

9.0118+02 CPO S8CONDS OS8D 

264 WORDS ALLOCATBD 

.r'\ ·'\ 
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WPO# 35675 March 27, 1996 

APPENDIX K 

Input/Output Data For Problem 11 - Elastic/Plastic 
Analysis of a Thick-Walled Hollow Sphere 

The following two sections present the input data and the formatted output for the elastic/ 
plastic analysis of a thick-walled hollow sphere. 

FASTQ and SANTOS Input Data For The Elastic/Plastic Analysis 
of a Thick-Walled Hollow Sphere 

This section presents a listing of the FASTQ and SANTOS input data fll.es that were used 
for the mesh generation and analysis of each case of the elastic/plastic thick-walled hollow 
sphere problem. 
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WPO# 35675 March 27, 1996 
• 

TITLE 
HOLLOW CYLINDER - SANTOS QA TEST PROBLEM 

(--

\_ 
POINT 1 o. o. 
POINT a 1. o. 
POINT 3 o. 1. 

POINT 4 o. a. 
POINT 5 a. o. 
LINB .1 CIRC a 3 1 ·ao 1.0 

LINE a STR 3 4 0 30 1.0 

LINE 3 CIRC 5 4 1 :10 1.0 

LINB 4 STR :1 5 0 30 1.0 

NODBBC 1 :1 
NODBBC :1 4 
BLEMBC 3 1 
SCBBMB 0 liP 

REGION 1 1 -1 -a -3 -4 

' EXIT 

c 

c 
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Elastic/Perfectly-Plastic 

TITLB 

SANTOS QA PROBLEM - HOLLOW SPHERE - 9/18/95 
AXISYMMETRIC 

MAXIMUM ITERATIONS 20000 

RESIDUAL TOLERANCE .01 

MATBRIAL,1,E~TIC P~TIC,1.0 

YOUNGS MODOLOS 2.07E+11 

POISSONS RATIO 0.3. 

YIELD STRESS 10000 • 

. HARDENING! MODULUS 0, 

BETA 0. 

END 

PUNCTION,1 

0. 0. 

1. 5833 •. 

1.25 9501.9 

1.5 11963.5 
1.75 13392.8 

2. 13900.0 

END 

STEP CONTROL 

1,1. 

1,1.25 

1/1.50 

1,1.75 

1,2.0 

END 

PLOT TIMB 

1,1. 

1, 1.25 

1,1.50 

1, 1. 75 
1, 2. 0 . 

END 

OUTPUT TIMB 

1,1. 

1,1.25 

1, 1. so 
1,L75 

1,2.0 

BND 

. 

NO DISP~CEMENT,X,1 

·No DISP~CEMENT,Y,2 

PRESStJRB,3,1,1. 

EXIT 
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Elastic/Plastic with Hardening 

'l'ITLB 
SAN'l'OS QA PROBLEM - HOLLOW SPHBRB - 10/26/94 - llARDBNING M • 0.1 

AXISYMMB'l'RJ:C 
MAXIMDM I'l'BRA'l'IONS 20000 
RBSIDtJAL 'l'OLBRANCB • 01 
MA'l'BRIAL,1,BLAS'l'IC PLAS'l'IC,1.0 
YOUNGS MODULUS 2.07B+11 
POISSONS RA'l'IO 0.3 
YIELD S'l'RBSS 10000. 
llARDBNING MODULUS 2.07B+10 
BB'l'A 0. 
END 

l!'llNC'l'ION,1 
0. o. 
1. 5833. 
1.25 9756.5 
1.5 13003.2 
1.75 15798.4 
2. 18278.8 

END 

S'l'BP CONTROL 
1,1. 
1,1.25 
1,1.50 
1,1.75 
1,2.0 

END 

PLO'l' 'l'IMB 
1,1. 
1,1.25 
1,1.50 
1,1.75 
1,2.0 

END 

OO'l'PO'l' 'l'IMB 
1,1. 
1,1.25 
1,1,50 
1,1. 75 
1,2.0 

END 

NO DISPLACBMI!N'l',X,1 
NO DISPLACBMI!N'l',Y,2 
PRBSSORB,3,1,1. 
BXI'l' 

K-4 
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Elastic/Perfectly-Plastic with Temperature 

TITLE 

SANTOS QA PROBLBK • HOLLOW SPHERE ~ 12/14/94 - TEMPERATORB PROBLBK 
AXISYMMETRIC 

MAXIMUM ITERATIONS 20000 
RESIDUAL TOLERANCE • 5 

MATBRIAL,1,ELABTIC PLASTIC,1.0,1,1. 
YOONQS MODULUS 1.E+7 

POISSONS RATIO 0.3 

YIELD STRESS 10000. 
HARDBNINQ MODULUS 0. 

BETA 0. 

END 

THERMAL STRESS EXTERNAL 

PLOT ELBMBNT STRESS TEMPERATORB 

PUNCTION 1 $ THERMAL STRAIN POR ALPHA c 1.E-5 
0. 0. 

1000. l.E-2 
END 

STEP CONTROL 
4,1. 
4,2, 

4,3. 

4,4. 
4,5. 

END 

PLOT TIME 
1,1. 
4,2. 

4,3. 
4,4. 
4,5. 

END • 

OUTPUT TIME 
4,1. 
4,2. 
4,3. 
4,4. 
4,5. 

END 

NO DISPLACBMBNT,X,1 

NO DISPLACBMBNT,Y,2 
EXIT 
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' ' -
SANTOS Output For The Elastic/Plastic Analysis of a Thick-
Walled Hollow Sphere 

The following section presents a portion of the SANTOS printed output for each case of 
the elastic/plastic analysis of a thick-walled hollow sphere: Because all pertinent 
infonnation and results from the analysis aie written to the plot file for po~t-processing, the 
printed output file simply echoes input data and problem-descriptive infonnation at the 
beginning, followed by infonnation that tracks the convergence behavior of the solution, 
and a summary of CPU usage at the end. For this reason, only a partial listing, consisting 
of approximately the first 500 lines of output and the last 100 lines of output, is provided. 

'~); . 
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Elastic/Perfectly-Plastic 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

' 

~ 

0 

AAAAA N NN T'rTTTT 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT . 00 00 
A.~a. ... a. ... a. ... u NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA NN NN TT 00 00 
AA AA NN N .. TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BY: 

CHARLES M. STONE 
BNQINBERINQ SCIBNCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONTOlD BY 
LEE M. TAYLOR AND DBNNIS P. FLANAGAN 

RUN ON 03/06/96 AT 09:57:53 
RUN ON A CrayOJ90 UNDER UniCo8.0 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

/) 

~ 
w 
Ut 
0\ 
-J 
Ut 

s:: 
~ 
:::>" 
N 
-J 

-"" "" 0\ 
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L:INB 
11 
21 
31 
41 
51 
61 
71 
81 
91 

101 
111 
12: 
131 
141 
151 

~ 
161 

00 171 
181 
191 
201 
211 
221 
231 
241 
251 
261 
271 
281 
291 
301 
311 
321 
331 
341 

('· 

:INPOT STREAM :IMAGBS 

------------------------------------------------------------------------
T:ITLB 

SANTOS QA PROBLEM - HOLLOW SPHBRB - 9/18/95 · 
AX:ISYMMBTR:IC 
MAX:IMUM :ITBRAT:IONS 20000 
RBS:IDUAL TOLBRANCB • 01 
MATBR:IAL,1,BLAST:IC PLAST:IC,1.0 
YOUNGS MODULUS 2.07B+11 
PO:ISSONS RAT:IO 0.3 
Y:IBLD STRBSS 10000. 
RARDBN:ING MODULUS 0. 
BBTA 0. 
BND 
FUNCT:ION, 1 

o. 0 •. 
1. 
1.25 
1.5 

5833. 
9501.9 

11963.5 
1. 75 13392.8 
2. 13900.0 

BND 
STBP CONTROL 

1, 1. 
1,1.25 
1,1 .. 50 
1,1.75 
1,2.0 

BND 
PLOT T:IMB 
1,1. 
1,1.25 
1,1.50 
1,1.75 
1,2.0 

BND 

() 0 

~ 
'"' "' VI 

~ 
VI 

s::: 
~ 
::r 
_!::3 -"' \0 
0\ 
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~ 
0 

35: OUTPUT TIME ~ 

~ 
Ul 

36: 1,1. 

• "' -..1 
37: 1,1.25 
38: 1, 1. 50 Ul 

39: 1,1.75 

~ 
() 

::r 
N 

40: 1,2.0 
41: END 
42: NO DISPLACEMENT,X,1 
43: NO DISPLACEMENT,Y,2 
44: PRBSSURB,3,1,1. ;--J 

..... 
\0 45: EXIT 

------------------------------------------------------------------------ \0 

"' 

~ 
' \0 
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PROBLEM TITLE 

SANTOS QA PllOBLBM - HOLLOW SPBBilB - 9/18/95 

P ll 0 B,L EM D E P I N I T I 0 N 

NUMBER OP ELBMBNTS •••••••••••••••••••••• 
NUMBER OP NODES .•••••••••••••••••••••••• 
NUMBER OP MATBR1ALS ••••••••••••••••••••• 
NUMBER OP PONCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SUilPACES •••••••••••••• 
NUMBER OP RIGID SUilPACES •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITOilBD ••••• 

600 
651 

1 
1 
0 
0 
0 

ANALYSIS TYPE ••••••••••••••••••••••••••• AXISYMMBTRIC 
GLOBAL CONVBRGBNCE MBASOilB •••••••••••••• 
RBSIDUAL TOLB!lANCE •••••••••••••••••••••• 
MAXIMDM NUMBER OP ITERATIONS •••••••••••• 
ITERATIONS POll INTEIUIBDIATE PRINT ••••••• 
MAXIMDM RBSIDUAL TOLBilANCE •••••••••••••• 
PRBDICTOil SCALB PACTOR PUNCTION ••••••••• 
MINIMDM DAMPING PACTOil •••••••••••••••••• 
EPPECTIVB MODULUS STATUS •••••••••••••••• 
SCALB PACTOil APPLIED TO TIMB STEP ••••••• 
STRAIN SOPTBNING SCALB PACTOil ••••••••••• 
BOUilGLASS STIPPNBSS PACTOR. •••••••••••••• 
BOUilGLASS VISCOSITY PACTOil 

1.000E-02 
20000 

1302 
6.000E-01 

0 
2.000E-01 

CONSTANT 
1.000E+00 
1.000E+00 
1.000E-02 
3.000E-02 

L 0 A D S T E P D E P I N I T I 0 N S 

(S) . . 
\ 

~ 
~ 
"' \J\ 

~ 
\J\ 

::: 
~ 
::r 
_t:l ->.0 
>.0 a-. 
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~ 
~ TIME NO. OP ST8PS TIME w 

0,0008+00 1 1. 0008+00 VI 
0\ 1.0008+00 1 1.2508+00 . -1 
VI 

1.2508+00 1 1.5008+00 
1.5008+00 1 1.7508+00 
1.7508+00 1 2.0008+00 ~ 

~ 
::r 
N 
.-~ -PRINT8D 0'11TP'I1T PR8Q'I18NCY 'D 
'D 
0\ 

TIME ST8PS BBTWBBN PRINTS TIME 
0.0008+00 1 1. 0008+00 
1.0008+00 1 1.2508+00 
1.2508+00 1 1.5008+00 

~ 1.5008+00 1 1.7508+00 - 1. 7508+00 1 2.0008+00 -
PLOTT8D 0'11TP'I1T PR8Q'118NCY 

'· 

TIME ST8PS BBTWBBN PLOTS TIME 
0.0008+00 1 1. 0008+00 
1.0008+00 1 1.2508+00 
1.2508+00 1 1. 5008+00 
1.5008+00 1 1.7508+00 
1. 7508+00 1 2.0008+00 
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MATBRIAL DBPINITIONS 

MATBRIAL TYPB •••••••••••••••••• : ••••• BLASTIC PLASTIC 
MATBRIAL 'ID • • .. • • • • • • • • • • • • • • • • • • • • • • • 1 
DBNSITY ••••••••••••••••••••••••• , • • • • 1. 0008+00 
MATBRIAL PROPBRTIBSo 

YOUNGS MODULUS 
POISSONS RATIO 
YIBLD STRBSS 
HAJUIBNING MODULUS 
BBTA 

• 
= -
= 
• 

2.0708+11 
3.0008-01 
1.0008+04 
0.0008+00 
0.0008+00 

FUNCTION DBPINITIONS 

PUNCTION ID ••••••••• 1 NtJMBBR OP POINTS •••• 

N s P(S) 
1 0.0008+00 0.0008+00 
2 1.0008+00 5.8338+03 
3 1.2508+00 9.5028+03 
4 1.5008+00 1.1968+04 
5 1.7508+00 1.3398+04 
6 2.0008+00 1.3908+04 

6 

NO DISPLAC8MBNT BOUNDARY CONDITIONS 

NODB SBT PLAG DIRBCTION 

(\ 
, ... --\ 

~ 
w 
Ul 
0\ 
-.) 
Ul 

:;:: 

~ 
!::l -\0 
\0 
0\ 
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r 1\ 

1 X 
a y 

P R E S S U R E BOUNDARY CONDTIONS 

SURPACE PIJNCTION SCALE 
FLAG 

3 
NUMBER FACTOR 

1 1.000E+00 

END OF DATA INPUT PHASE 
1.899E-01 CPU SECONDS USED 

62 WORDS ALLOCATED 

END OF DATA INITIALIZATION PHASE 
1.408E-02 CPU SECONDS USED 

651 WORDS ALLOCATED 

VARIABLES ON PLOTTING DATA BASE 

NODAL ELBMBNT GLOBAL 

• 
''""\ 

~ ., 
0 
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w 
Vl 
0\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 09:57:53 
SANTOS QA PROBLEM - HOLLOW SPHBRB - 9/18/95 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 1, TIMB = 1.000E+00 
NUMBER OF ITERATIONS_= 1040, TOTAL NUMBER OF ITERATIONS • 
PINAL CONVERGENCE TOLERANCE = 9.594E-03 
SOM OP EXTERNAL FORCES IN X-DIRECTION a 4.577E+03 
SOM OP EXTERNAL FORCES IN Y-DIRBCTION = 2.917E+03 
SOM OP REACTION FORCES IN X-DIRECTION= O.OOOE+OO 
SOM OP REACTION FORCES IN Y-DIRBCTION a 2.917E+03 

1040 

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

**** PLOT TAPE WRITTEN AT TIMB = 1.000E+00 STEP NUMBER 1 **** 

~, 

~ 
~ 
"' Ul 
0\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 09•57•53 

SANTOS QA PROBLEM - HOLLOW SPHBRE - 9/18/95 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 5, TIMB a 2.000E+00 

NUMBER OP ITERATIONS a 10558, TOTAL NUMBER OP ITERATIONS a 

PINAL CONVERGENCE TOLERANCE • 9.723E-03 

SUM OP BXTBRHAL FORCES IN X-DIRECTION • 1.091B+04 

SUM OP BXTBRHAL FORCES IN Y-DIRECTION • 6.950B+03 

SUM OP REACTION PORCBS IN X-DIRECTION • 0,000B+00 

SUM OP REACTION PORCBS IN Y-DIRECTION • 6.947E+03 

13290 

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

**** PLOT TAPE WRITTEN AT TIMB a 2.000E+00 STBP NUMBBR 5 •••• 

5 TIMB STBPS WBRE WRITTEN TO THB PLOTTING DATA BASE 

END OP SOLUTION PHASB 

9.974E+01 CPU SBCONDS USED 

651 WORDS ALLOCATED 
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EIMlicJPiasis: m!b Ua[ds:oin~: . 
ssssss 

ss 
ss 
sssss 

ss 
ss 

ssssss 

,r--.., 

AAAAA N NN = 00000 
AA AA NN NN T'l' 00 00 
AA AA NNN NN T'l' ·oo 00 
AAAAAAA NNNNN TT 00 00 
AA AA NN NNN T'l' 00 00 
AA AA NN NN T'l' 00 00 
AA AA NN N T'l' 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMBD BY& 

CHARLES M. STONE 
BNGINBBRING SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NBW MEXICO 87185 

DERIVED PROM PRONT02D BY 
LBE M. TAYLOR AND DENNIS P. FLANAGAN 

RUN ON 03/06/96 AT 09&57&15 
RUN ON A CrayOJ90 UNDBR UU1Co8.0 
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j> 

J:NPO'r STRBAM J:MAG8S 

LJ:NB ------------------------------------------------------------------------
1• TJ:TLB 
2z SANTOS QA li'ROBLBM- 80LLOW Sli'HBRB - 10/26/94 - BARDBNJ:NQ M a 0.1 
3 z AXJ:SYMMBTRJ:C 
4z MAXJ:MDM J:T8RATJ:ONS 20000 
5 z RBSJ:DUAL TOLBRANC8 • 01 
6z MAT8RJ:AL,1,8LASTJ:C I?LASTJ:C,1.0 
7z YOUNGS MODULUS 2.078+11 
8z li'OJ:SSONS RATJ:O 0.3 
9z YJ:8LD STRBSS 10000. 

10z BARDBNJ:NQ MODULUS 2.078+10 
llz B8TA 0. 
12z BND 
13 z PUNCTJ:ON,1 
14• 0. o. 
15. 1. 
16z 
17z 

1.25 
1.5 

5833. 
9756.5 

13003.2 
18z 1.75 15798.4 
19z 2. 18278.8 
20z BND 
21z ST81i' CONTROL 
22z 1,1. 
23z 1,1.25 
24• 1,1.50 
25• 1,1.75 
261 1,2.0 
27• BND 
28 1 PLOT TJ:MB 
29• 1,1. 
30• 1,1.25 
31• 1,1.50 
32• 1,1.75 
33• 1,2.0 
34z BND 

,", 
_....---........ 
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w 
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V\ 
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PROBLEM TITLE 

SANTOS QA PROBLEM - HOLLOW SPHBRB - 10/26/94 - HARDENING M a 0.1 

• 
PROBLEM D8PINITION 

NtlMBER OP ELBMBN'rS • • • • • • • • • • • • • • • • • • • • • • 600 
NUMBER OP HODBS ••••••••••••••••••••••••• 651 
NtlMBER OP MAT8RJ:ALS • • • • • • • • • • • • • • • • • • • • • 1 
NtlMBER OP FUNCTIONS ••••••••••••••••••••• 1 
NtlMBER OP CONTACT SURPAC8S ••••••••• ·• • • • • 0 
NtlMB8R OP RIGID SURFACES •••••••••••••••• 0 
NtlMBER OP MAT81UAL POINTS MONITORBD • • • • • 0 
ANALYSIS TYP8 ••••••••••••••••••••••••••• AXISYMMBTIUC 
GLOBAL CONVBRGBNCE MBABURB •••••••••••••• 
RBSIDUAL TOLBRANC8 ••••••••••••••·••••••• 1.000E-02 
MAXIMDM NtlMBER OP IT8RATIONS •••••••••••• 20000 
IT8RATIONS POR INTERMBDIAT8 PRJ:NT ••••••• 1302 
MAXIMDM RBSIDUAL TOLBRANC8 •••••••••••••• 6.0008-01 
PREDICTOR SCALB PACTOR FUNCTION ••••••••• 0 
MINIMUM DAMPING PACTOR •••••••••••••••••• 2.0008-01 
8PP8CTIVB MODULUS STATUS •••••••••••••••• CONSTANT 
SCALB PACTOR APPLIED TO TIMB STEP ••••••• 
STRAIN SOFTENING SCAL8 PACTOR ••••••••••• 
HOURGLASS STIPPNBSS PACTOR 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

1.000E+00 
1.0008+00 
1.0008-02 
3.0008-02 

L 0 AD S,T E P D 8 PIN IT I 0 N S 
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:J 
0 

TJ:MB NO. OP STEPS "*' TJ:MB w 
O.OOOE+OO 1 l.OOOE+OO V\ 

0\ 
1.000E+00 1 1.250E+00 -.1 . 

V\ 
1.250E+00 1 1.500E+00 
1.500E+00 1 1.750E+00 
1.750E+00 1 2.000E+00 s:: 

8 
::r 
N 
.:-' -PRJ: NT ED OUTPUT PREQUENCY \0 
\0 
0\ 

TJ:MB STEPS BETWEEN PRJ:NTS TJ:MB 
O.OOOE+OO 1 1.000E+00 
1.000E+00 1 1.250E+00 
1.250E+00 1 1.500E+00 

~ 1. SOOE+OO 1 1. 750E+00 
N 1.750B+00 1 2.000B+00 ...... 

PLOTTED OUTPUT PRBQUBNCY 

TJ:MB STEPS BETWEEN PLOTS TJ:MB 
O:OOOE+OO 1 1. OOOB+OO 
1. 000B+00 1 1.250B+00 
1.250B+00 1 1.500E+00 
1.500B+00 1 1.750B+00 
1.750E+00 1 2.000E+00 
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M A T 8 R I A L .D 8 I!' I N I T I 0 N S 

MAT8RIAL TYP8 ••••••••••••••••••••••••BLASTIC PLASTIC 
MA.TBRIAL J:D • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DBN'SITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1. OOOB+OO 
MAT8RIAL PROPBRTI8S 1 

YOUNGS MODULUS " 2.0708+11 

POISSONS RATIO s 3.0008-01 
YI8LD STRBSS " 1.0008+04 
HARDBNING MODULUS a 2.0708+10 

BBTA " 0.0008+.00 

FUNCTION D81!'INITIONS 

~ 
N 

I!"'NCTION ID •••••.••• 1 NllMB8R OJ!' POINTS •••• 6 

N s I!'(S) 
1 0.0008+00 0.0008+00 
2 1.0008+00 5.8338+03 
3 1.2508+00 9.7578+03 
4 1.5008+00 1.3008+04 
5 1.7508+00 1.5808+04 
6 2.0008+00 1.8288+04 

NO DISPLAC8M8NT BOUNDARY CONDITIONS 

NOD8 SBT FLAG DIRBCTION 

• 
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~ 
N 
w 

I ll .'\ 

1 X 
2 y 

PRESSURE BOUNDARY CONDTIONS 

SURPACE PUNC'l'ION SCALB 
PLAG 

3 
NOMBER PAC'l'OR 

1 1.000E+00 

END OP DATA INPUT PHASE 
2.070E-01 CPU SECONDS USED 

62 WORDS ALLOCATED 

END OP DATA INITIALIZATION PHASE 
1.416E-02 CPU SECONDS USED 

651 WORDS ALLOCATED 

VARIABLES ON PLOTTING DATA BASE 

NODAL Et.B)IBNT GLOBAL 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 09:57•15 
SANTOS QA PROBLEM - HOLLOW SPHBRB - 10/26/94 - HARDENING M a 0.1 

********************************************************************* 
SUMMARY OF DATA AT STEP NUMBER 1, TIME a 1.000E+00 
NUMBER OF ITERATIONS a 536, TOTAL NUMBER OF ITERATIONS • 
FINAL CONVERGENCE TOLERANCE a 9.644E-03 
SUM OF EXTERNAL FORCES IN X-DIRECTION a 4.577E+03 
SOH OF EXTERNAL FORCES IN Y-DIRBCTION • 2.917E+03 
SUM OF REACTION FORCES IN X-DIRECTION • 0.0008+00 
SUM OF REACTION FORCES IN Y-DIRBCTION a 2.915E+03 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIME • 1.000E+00 STEP NUMBER 1 **** 
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SANTOS, VERSION :1.0. 0 

SANTOS QA PROBLBM -

,RUN ON 03/06/96 ,AT 09•57115 

HOLLOW SPHERE- 10/:16/94- BARDBNING M a 0.1· 

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

SUMMARY OF DATA AT STEP NUMBER 5, TIMB • :I.OOOE+OO 

NUMBER OF ITBRATIONS • 348, TOTAL NUMBER OF ITERATIONS a 

FINAL CONVERGENCE TOLBRANCE a 9.886E-03 

SUM OF BXTERNAL FORCES IN X-DIRECTION • 1.434E+04 

SUM OF BXTERNAL FORCES IN Y-DIRBCTION • 9.139E+03 

SUM OF REACTION FORCES IN X-DIRECTION • O.OOOE+00 

SUM OF REACTION FORCES IN Y-DIRBCTION • 9.1378+03 

:1007 

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

**** PLOT TAPE WRITTEN AT TIMB a :1.000E+00 STEP NUMBER 
5 •••• 

5 TIMB STEPS WBRB WRITTEN TO TBB PLOTTING DATA BASE 

END OF SOLUTION PHASE 

1.505E+01 CPU SECONDS USED 

651 WORDS ALLOCATED 
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Elastic!Perfectly-Piastic with Temperature 

ssssss 
ss 

• ss 
sssss 

ss 
ss 

ssssss 

' 

AAAAA N NN 'l'T'r'1"l'T 00000 
AA AA NN NN T'1' 00 00 
AA AA NNN NN T'1' 00 00 
A.~--.... ~·.AA NN N NN T'1' 00 00 
AA AA NN NNN T'1' 00 00 
AA AA NN NN T'1' 00 00 
AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAHHI!:D BY 1 

CRARLBS H. STONE 
BNGINBERING SCIBNCES CI!NTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MBXl:CO 87185 

DERIVED PROM PRONT02D BY 
LEE H. TAYLOR AND DBNNIS P. PLANAGAN 

RUN ON 03/06/96 AT 10•13106 
RUN ON A CrayOJ90 UNDER t1DiCo8.0 
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LINB 
1• 
2• 
3• 
4• 
5• 
6• 
7• 
e. 
9• 

10• 
"11• 
12• 
13• 
14• 
15• 

;G 16• 
17• 00 
18• 

. 19. 
20• 
211 
22• 
23• 
24• 
25• 
26• 
27• 
28• 
29• 
30• 
31• 
32• 
33• 

"34• 

( 

INP1J'l' STREAM IMAGBS 

------------------------------------------------------------------------
TITLB 

SANTOS QA PROBLBM - HOLLOW SPHBRB - 12/14/94 - TBMPBRATORB· PROBLBM 
AXISYMMBTRIC 
MAXIMDM ITERATIONS 20000 
RESIDUAL TOLBRANCB • 5 
MATBRIAL,1,BLASTIC PLASTIC,1.0,1,1. 
YOUNGS MODULUS 1.B+7 
POISSONS RATIO 0.3 
YIBLD STRBSS 10000. 
BARDBNING MODULUS 0. 
BBTA 0. 
BND 
THBRMAL STRBSS BXTBRNAL 1000. 
PLOT BLBMBNT STRBSS TBMPBRATORB 
PUNCTION 1 $ THBRMAL STRAIN POR ALPHA Q 1.B-5 

o. 
1000. 

BND 

o. 
1.B-2 

STBP CONTROL 
4,1. 
4,2, 
4, 3·. 
4,4. 
4,5. 

BND 
PLOT TIMB 

1,1. 
4,2. 
4,3. 
4,4. 
4,5. 

BND 
01J'l'P1J'l' TIMB 

4,1. 
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PROBLEM TITLE 

SANTOS QA PROBLEM - HOLLOW SPHERE - 13/14/94 - TEMPERATURE PROBLEM 

PROBLEM DEFINITION 

NUMBBR OP BLBM:BN'!S •••••••••••••••••••••• 
NUMBER OF NODES ••••••••••••••••••••••••• 
NUMBER OF MATERIALS ••••••••••••••••••••• 
NUMBER OF Pt!NCTIONS •••••••••••••.•••••••• 
NUMBER OF CONTACT SURFACES ••••••• · ••••••• 
NUMBER OF RIGID SURFACES •••••••••••••••• 
NUMBER OF MATERIAL POINTS MONITORED ••••• 
ANALYSIS TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVERGENCE MBASURB •••••• : ••••••• 
RBSIDOAL TOLERANCE •••••••••••••••••••••• 
MAXIMDM NUMBER OF ITERATIONS •••••••••••• 
ITERATIONS FOR INTERMEDIATE PRINT ••••••• 
MAXIMDM RESIDUAL TOLERANCE •••••••••••••• 
PREDICTOR SCALB FACTOR PtJNCTION ••••••••• 
MINIMDM DAMPING FACTOR •••••••••••••••••· 
EFFECTIVE MODULUS STATUS •••••••••••••••• 
THERMAL STRESS ANALYSIS PERFORMED ••••••• 

THERMAL FORCE MAaNITUDE •••••••••••••• 
SCALB FACTOR APPLIED TO TIMB STEP ••••••• 
STRAIN SOFTENING SCALB FACTOR ••••••••••• 
HOURGLASS STIPPNBSS FACTOR •••••••••••••• 
HOURGLASS VISCOSITY FACTOR •••• · •••••••••• 

600 
651 

1 
1 
0 
0 
0 

AXISYMMETRIC 

S.OOOE-01 
20000 

1302 
6.000E-01 

0 
2. OOOE-01' 

CONSTANT 
EXTERNAL 

1.000E+03 
1.000E+00 
1.000E+00 
1.000E-02 
3.000E-02 

L 0 A D S T E P D E F I N I T I 0 N S 
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.r-- n 

TIMB NO. OP ST8PS TIMB 
0.0008+00 4 1.0008+00 
1.0008+00 4 2.0008+00 
2.0008+00 4 3.0008+00 
3.0008+00 4 4.0008+00 
4.0008+00 4 5.0008+00 

PRINT8D OUTPUT PR8QU8NCY 

TIMB ST8PS BBTWB8N PRINTS TIMB 

~ w -
0.0008+00 4 1.0008+00 
1.0008+00 4 2.0008+00 
2.0008+00 4· 3.0008+00 
3.0008+00 4 4.0008+00 

• 4.0008+00 4 5.0008+00 

PLOTT8D OUTPUT PR8QU8NCY 

TIMB STEPS BBTWBBN PLOTS TIMB 
0.0008+00 1 1.0008+00 
1.0008+00 4 2.0008+00 
2.0008+00 4 3.0008+00 
3.0008+00 4 4.0008+00 
4.0008+00 4 5.0008+00 
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w 
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MAT8RIAL D8PINITIONS 

MATERIAL TYPB •••••••••••••••.••• ; •••• BLASTIC PLASTIC 
MATERIAL ID • • .. • • • • • • • • • • • • • • • • • • • • • • • 1 
DBNSITY .............................. 1.0008+00 

1 
1.0008+00 

THBRMAL STRAIN ID •••••••••••••••••••• 
TBBRMAL STRAIN SCALB PACTOR •••••••••• 
MATBRIAL PROP8RTIBS1 

YOUNGS MODULUS ~ 1.0008+07 

POISSONS RATIO ~ 3.0008-01 
YI8LD STRBSS .. 1.0008+04 
HARDBNING MODULUS D 0.0008+00 

BETA .. 0.0008+00 

P U N C T I 0 N D B P I N I T I 0 N S 

FUNCTION ID ......... 1 

N 
1 
2 

s 
0.0008+00 
1.0008+03 

NUMBBR OP POINTS 

P(S) 
0.0008+00 
1.0008-02 

2 

NO DISPLAC8M8NT BOUNDARY CONDITIONS 

NOD8 SBT PLAG ··DIRECTION 
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1 
2 

X 
y 

Q 
~ ..... -, 

END OP DATA J:NPUT PHASE 
1.880E-01 CPU SECONDS USED 

62 WORDS ALLOCATED 
' 

END OP DATA J:NJ:TJ:ALJ:ZATJ:ON PHASE 
2.355E-02 CPU SECONDS USED 

651 WORDS ALLOCATED 

VARJ:ABLBS 0 N PLOTTJ:NO DATA BASE 

NODAL ELBMBNT GLOBAL, 

------- ------
DJ:SPLX SJ:OXX PX 
DJ:SPLY SJ:OYY py 

SJ:OZZ RX 
TAUXY RY 
TBMP J:TER 

RMAO 

**** PLOT TAPE WRITTEN POR THB J:NJ:TJ:AL STATE AT TJ:MB ~ O.OOOE+OO **** 
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**** PLOT TAPE ~TTBN AT TIME a 3.500E-01 STEP NOMBER 1 **** 

**** PLOT TAPE ~TTBN AT TIME ~ S•OOOE-01 STEP NOMBER 2 **** 

**** PLOT TAPE ~TTBN AT TIME • 7.500E-01 STEP NOMBER 3 **** 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 10:13:06 
SANTOS QA PROBLEM - HOLLOW SPHERE - 12/14/94 - TEMPERATURE PROBLEM 

********************************************************************* 
SUMMARY OP nATA AT STEP NUMBER 4, TIRE a 1.000E+00 
NUMBER OP ITERATIONS a 136, TOTAL NUMBER OP ITERATIONS a 

PINAL CONVERGBNCE.TOLBRANCE a 4.266E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION a 0.000E+00 
SUM OP EXTERNAL PORCES IN Y-DIRECTION a O.OOOE+OO 
SUN OP REACTION PORCES IN X-DIRECTION a O.OOOE+OO 
SUM OP REACTION PORCES IN Y-DIRECTION •-2.171E+01 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIHB a 1.000E+00 STEP NUMBER 4 **** 
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SANTOS, VERS:ION 2.0 .• 0 ,RON ON 03/06/96 ,AT 10113106 
SANTOS QA PROBLBM - HOLLOW SPHBRB - 12/14/94 - TBMPERATURB PROBLBM 

********************************************************************* 
SUMMARY OP DATA AT STEP NOMBER 20, T:IMB a 5.000E+00 
NOMBER OP :ITERAT:IONS • 484, TOTAL NOMBER OP :ITERAT:IONS a 

. P:INAL CONVERGBNCE TOLBRANCE a 4.494E-01 
SCM OP EXTERNAL FORCES :IN X-D:IRBCT:ION a O.OOOE+OO 

.SCM OP EXTERNAL PORCES :IN Y-D:IRBCT:ION a O.OOOE+OO 
SCM OP RBACT:ION FORCES :IN X-D:IRBCT:ION a O.OOOE+OO 
SCM OP RBACT:ION FORCES :IN Y-D:IRBCT:ION a 5.939E+00 

3824 

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

**** PLOT TAPE WR:ITTBN AT T:IMB • S.OOOE+OO STEP NOMBER 20 •••• 

8 T:IMB STEPS WBRB WR:ITTBN TO THB PLOTT:ING DATA BASE 

• 

END OP SOLUT:ION PRASE 
2.982E+01 CPU SECONDS USED 

• 

651 WORDS ALLOCATED 
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APPENDIX L 

Input/Output Data For Problem 12 - Restart Option 
Problem 

The following two sections present the input data and the formatted output for the restart 
option verification problem. 

FASTQ and SANTOS Input Data For The Restart Option Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for mesh generation and for each part of the analysis of the restart option problem. 
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'l'ITLB 
HOLLOW CYLINDBR - SANTOS QA 'l'BS'l' PROBLEM ( 

PODI'l' 1 o. o. 
PODI'l' 2 1; o. 
POill'l' 3 o. 1. 
PODI'l' 4 o. 2. 
POill'l' 5 2. o. 
LINE ~ CIRC 2 3 1 20 1.0 

·LINE 2 S'l'R 3 4 0 30 1.0 
LINE 3 CIRC 5 4 1 20 1.0 
LINE 4 S'l'R 2 5 0 30 1.0 
NODBBC 1 2 
NODBBC 2 4 
BLBMBC 3 1 
SCHBMB 0 HP 
RBQION 1 1 -1 -2 -3 -4 
BXI'l' 

c 

(_ 
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Restart Write 

TI'l'LB 
SA!I'l'OS QA PROBLBM - HOLLOW SPBBRE - TBMPBRATIJRB PROBLBM - RESTART WRITE 

AXISYMMETRIC 
MAXIMDH ITERATIONS 20000 
RESIDUAL TOLBRAHCB • 5 
HATBRIAL,1,BLASTIC PLASTIC,1.0,1,1. 
YOOHGS MODOLOS 1.B+7 
POISSONS RATIO 0.3 
YIBLD STRESS 10000. 
HARDENING MODOLOS 0. 
BETA 0, 
BND 
THERMAL STRESS BXTBRHAL 1000. 
PLOT BLBMBHT STRESS TBMPBRATIJRB 
POHCTION 1 $ TBBRMAL STRAIN POR ALPHA " 1.B-5 

0 •. 

1000. 
BND 

o. 
1.B-.2 

STEP CONTROL 
4,1. 
4,2, 
4,3. 

BND 
PLOT TIMB 

1,1. 
4,2. 
4,3. 

BND 
OOTPOT TIMB 

4,1. 
4,2. 
4,3. 

BND 
WRITE RESTART 1 
NO DISPLACBMBHT,X,1 
NO DISPLACBMBHT,Y,2 
BXIT 

L-3 
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Restart Kead 

TITLB 
SANTOS QA PROBLBH - HOLLOW SPHERE - TBIIPBRATtJRB PROBLBH - RESTART READ 

AXISYMMETRIC 
MAXIMUM ITERATIONS 20000 
RESIDUAL TOLBRANCB • 5 
MATBRIAL,1,BLABTIC PLASTIC,1.0,1,1. 
YOUNGS MODULUS 1.B+7 
POISSONS RATIO 0.3 
YIBLD STRESS 10000. 
BARDENDtGI MODULUS 0 • 

BBTA 0. 
BND 
TBBRMAL STRESS BXTBRNAL 1000. 
PLOT BLBHBNT STRESS TBIIPBRATtJRB 
PONCTION 1 $ TIIBRMAL STRAIN. POR ALPHA • 1.B-5 

0. o. 
1000. - 1.B-2 

BND 
STBP CONTROL 

4,3. 
4,4. 
4,5. 

BND 
PLOT TIMB 

4,3. 
4,4. 
4,5. 

BND 
OUTPUT TIMB 

4,3. 
4,4. 
4,5. 

BND 
READ RESTART, 12 
NO DISPLACBIIBNT, X,1-
NO DISPLACEMBNT,Y,2 

EXIT 

• 

• 

L-4 
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SANTOS Output For The Restart Option Problem 

The following section presents the SANTOS printed output for each part of the restart 
option analysis. Because all pertinent infonnation and results from the analysis are written 
to the plot ftle for post-processing, the printed output file simply echoes input data and 
problem-descriptive infonnation at the beginning, followed by infonnation that tracks the 
convergence behavior of the solution, and a summary of CPU usage at the end. 
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Restart Write 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

t;"' 
0'1 

< 

( 

AAAAA N NN TT'l"l"r'r 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 
_La.,_~~a ..... a..A NN N NN TT 00 00 
AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 

AA AA NN N TT 00000 

· VBRSJ:ON 2. 0. 0 
COPYRJ:GBT 1994, SANDJ:A CORPORATJ:ON 

PROGRAJIMBD BY: 

CBARLBS M. STONB 
BNGJJ:NBERJ:NG SCJ:BNCES CENTER 

SANDJ:A NATJ:ONAL LABORATORJ:ES 
ALBOQVBRQUB, NEW MBXJ:CO 87185 

DERJ:VBD PROM PRONT02D BY 
LBB M. TAYLOR AND DBNNJ:S P. FLANAGAN ,. 

RUN ON 03/05/96 AT 16:12:49 
RUN ON A CrayOJ90 ONDER OD1Co8.0 

(\, 
i 

::E: ., 
0 

'"' ..., 
u. 

ssssss 0'1 
-.1 

ss u. 

ss 
sssss 

ss :s: 
ss ~ 

ssssss 0" 
N 
.-.~ -V:> 
V:> 
0'1 

~ 
i 
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LINB 
1• 
2• 
3• 
4• 
5• 
6o 
7• 
a. 
9o 

10• 
11• 
12• 
13• 
14• 
15• 

t;"' 16• 
-.1 17• 

18• 
19• 
20• 
21• 
22• 
23• 
24•· 
25• 
26• 
27• 
28• 
29• 
30o 
31o 
32• 
33o 
34• 

(\ 

INPUT STREAM IMAGES 

------------------------------------------------------------------------TITLE 

SANTOS QA PROBLEM - HOLLOW SPNBRE - TEMPERATURE PROBLEM - RESTART WRJ:TE 
AXISYMMETRJ:C 
MAXIMUM ITERATIONS 20000 
RESIDUAL TOLERANCE • 5 
MATERJ:AL,1,ELABTIC PLABTIC,1.0,1,1. 
YOUNGS MODULUS 1. E+ 7 
POISSONS RATIO 0.3 
YIELD STRESS 10000. 
HARDENING MODULUS 0. 
BETA 0. 
END 

THERMAL STRESS EXTERNAL 1000. 
PLOT ELEMENT STRESS TEMPERATURE 
FUNCTION 1 $ THERMAL STRAIN POR ALPHA = 1.E-5 

0. 0. 
1000. l.E-2 

END 

STEP CONTROL 
4,1. 
4,2, 
4,3. 

END 
PLOT TIME 

1,1. 
4,2. 
4,3. 

END 

OUTPUT TIME 
4,1. 
4,2. 
4,3. 

END 
WRl:TE RESTART 1 

'\' 

~ 
~ 
"' Ul 

~ 
Ul 

~ 
~ 
::r 
N 
.-.J -\0 
\0 
0\ 
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r 

t;"' 
\0 

.~ 

PROBLEM TITLE 

SANTOS QA PROBLEM - HOLLOW SPHERE - TBHPBRA'l'URB PROBLEM - RESTART WRITE 

P R 0 B L B M D B P I N I T I 0 N 

!ltlHBBR OP BLBHBN'l'S •••••••••••••••••••••• 
HUMBBR 0!' NODBS ......................... . 
!ltlHBBR OP MATERIALS •••••• • •••••••••••••• 
!ltlHBBR OP PllNC'l'IONS ••••••••••••••••••••• 
NllHBBR OP COH'l'AC'l' SURPACBS •••••••••••••• 
!ltlHBBR OP RIGID SURPACBS •••••••••••••••• 
!ltlHBBR OP MATERIAL POIH'l'S MOHITORBD ••••• 

600 
651 

1 
1 
0 
0 
0 

ANALYSIS 'l'YPB ••••••••••••••••••••••••••• AXISYHMB'l'RIC 
GLOBAL COHVBRGBHCB HBASt1RB •••••••••••••• 

RESIDUAL TOLBRAHCB •••••••••••••••••••••• S.OOOB-01 
HAXIHDH !ltlHBBR OP ITERATIONS •••••••••••• 20000 
ITERATIONS POR IH'l'BRMBDIATB PRIH'l' ••••••• 1302 
HAXIHDH RBSIDUAL 'l'OLBRAHCB •••••••••••••• 6.000B-01 
PREDICTOR SCALE FACTOR PllNC'l'ION ••••••••• 0 
MINIMUM DAMPING PAC'l'OR ••••••••••••••• ; •• 2.000B-01 
BPPBC'l'IVB MODULUS STATUS •·•••••••••••••• CONSTANT 
THERMAL STRESS ANALYSIS PBRPORMBD • ; • • • • • BXTBRHAL 

THERMAL PORCB MAGHI'l'UDB •••••••••••••• 1.0008+03 
INCRBHBH'l'S BB'l'WBBH RESTART TIMBS • • • • • • • • 1 
SCALB FACTOR APPLIED TO TIHB STBP ••••••• 1.000B+00 
STRAIN SOP'l'BHING SCALE FACTOR ••••••••••• 1.0008+00· 
HOURGLASS STIPPHBSS PAC'l'OR 1.000B-02 
HOURGLASS VISCOSITY PAC'l'OR •••••••••••••• 3.000B-02 

~ 

~ 
w 
u. 
~ 
u. 

~ 
8 
::>" 
N 
_--.~ -\0 
\0 
0\ 
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L 0 A D S T 8 P D 8 P I N I T I 0 N S 

TIMB 
0.0008+00 
1.0008+00 
2.0008+00 

NO. OP ST8PS 
4 
4 
4 

TIMB 
1.0008+00 

·2.0008+00 
3.0008+00 

PRINT 8 D 0 U T PUT P R 8 Q U.8 N C Y 

TIMB 
0.0008+00 
1.0008+00 
2.0008+00 

ST8PS BBTWBBN PRINTS 
4 
4 
4 

TIMB 
1.0008+00 
2.0008+00 
3.0008+00 

P L·O T T 8 D 0 U T PUT P R 8 Q U 8 N C Y 

TIMB ST8PS BBTNBBN PLOTS 
0.0008+00 1 
1. 0008+00 4 
2. 0008+00 4 

TIMB 
1.0008+00 
2.0008+00 
3.0008+00 

MAT8RIAL D8PINITIONS 

~\ 
. ' 

__:~J 

,·~ 
·-. .~ 

~ 
~ 
w 
Ul 

9:) 
Ul 

a;: 

~ 
~ -\0 
\0 
0\ 
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MATERIAL TYPB ••••••••••••••••••••••••BLASTIC PLASTIC 
HA.TBRIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • 1.0008+00 
THBRMAL STRAIN ID • • • • • • • • • • • • • • • • • • • • • 1 
THBRMAL STRAIN SCALB PACTOR 
MATERIAL PROPBRTIBS1 

YOUNGS MODULUS 
POISSONS RATIO 
YIBLD STRBSS 
HARDENING MODULUS 
BBTA 

.......... 1.0008+00 

m 

= 
a 

= 
• 

1.0008+07 
3.0008-01 
1.0008+04 
O.OOOB+OO 
O.OOOB+OO 

P U N C T I 0 N D B P I N I T I 0 N S 

PONCTION ID 

N 

1 
2 

1 

S 
O.OOOB+OO 
1. 000B+03 

NOMBBR OP POINTS •••• 

P(S) 
0.000B+00 
1.0008-02 

2 

NO DISPLACBMBNT BOUNDARY CONDITIONS 

NODB SBT PLAG 
1 
2 

DIRECTION 
X 
y 

'\ 

~ 
w 
V> 

9} 
V> 

3: 
~ 
::T 

;t::l -"' "' 0\ 
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' 

BND OP DA'l'A INPU'l' PBASB 
· 1.733B-01 CPU SBCONDS USBD 

62 WORDS ALLOCA'l'BD 

BND OP DA'l'A INI'l'IALIZA'l'ION PBASB 
2.266B-02 CPU SBCONDS USBD 

651 WORDS ALLOCA'l'BD 

VARIABLBS ON PLO'l''l'INQ DA'l'A BASB 

NODAL BLBMBNT GLOBAL 

------- ------
DISPLX SIGXX PX 
DIS PLY SIGYY py 

SIQZZ RX 
'l'AUXY RY 
'l'BMP I'l'BR 

RMAQ 

**** PLO'l' 'l'APB WRI'l''l'BH POR 'l'BB INI'l'IAL S'l'A'l'B A'l' 'l'IMB a O.OOOB+OO ***~ 

**** PLO'l' 'l'APB WRI'l"l'BH A'l' 'l'IMB a 2.500B-01 S'l'BP NUMBBR 1 **** 

0) \ 

:€ 

~ 
"' U\ 

9:l 
U\ 

~ 

~ 
~ -"' "' 0\ 
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r (\ 

**** RESTART TAPB WRITTBN AT TIMB ~ 2.SOOB-01 STBP IIUMBBR 

***~ PLOT TAPB WRITTBN AT TIMB • S.OOOB-01 STBP IIUMBBR 2 **** 

**** RBSTART TAPB WRITTBN AT TIMB • S.OOOB-01 STBP IIUMBBR 

**** PLOT TAPB WRITTBN AT TIMB • 7.500B-01 STBP IIUMBBR 3 **** 

**** RESTART TAPB WRITTBN AT TIMB m 7.SOOB-01 STBP IIUMBBR 

~, 

1 **** 

2 **** 

3 **** 

~ 
~ ..., 
VI 
0\ 
-J 
VI 

~ 

~ 
.!::l -\0 
\0 
0\ 
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SANTOS, VERSION 2.0.0 ,RON ON.Ol/05/96 ,AT 16o12o49 

SANTOS QA PROBLEM - HOLLOW SPHERE - TEMP8RATURB PROBLEM - RESTART WRJ:T8 

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

SUMMARY OP DATA AT ST8P NUMB8R. 4, TIMB • 1.0008+00 

NUMB8R OP IT8RATIONS a 136, TOTAL NUMB8R OP IT8RATIONS • 

PINAL CONVBRGBNC8 TOL8RAHC8 • 4.2668-01 

SUM OP BXT8RNAL PORC8S IN X-DIRECTION • 0.0008+00 

SUM OP BXT8RNAL PORC8S IN Y-DIRECTION • 0.0008+00 

SUM OP RBACTION PORC8S IN X-DIRBCTION o 0.0008+00 

SUM OP RBACTION PORC8S IN Y-DIRECTION •-2.1718+01 

749 

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

**** PLOT TAP8 WRITTBN AT TIMB • 1.0008+00 ST8P NUMB8R ' **** 

***·* RESTART TAP8 WRITTBN AT TIMB • 1.0008+00 ST8P NUMBBR 4 **** 

**** RESTART TAP8 WRITTBN AT TIMB a 1.2508+00 ST8P NUMB8R s- •••• 

**** RBSTART TAP8 WRITT8N AT TIMB a 1.5008+00 ST8P NUMB8R 6 **** 

**** RESTART TAP8 WRITTBN AT TIMB a 1.7508+00 ST8P NUMB8R ' **** 

"""' ' ·1 ., 
.........__, 

! ..., 
U1 

~ 
U1 

a::: 
~ 
::r 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/05/96 ,AT 16o12o49 

SANTOS QA PROBLEM - HOLLOW SPHERE - TBMPERATURB PROBLEM - RESTART WRITE 

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

SUMMARY OP DATA AT STEP NUMBER 8, TIME m 2·.000E+00 

NUMBER OP ITERATIONS a 93, TOTAL NUMBER OP ITERATIONS a 

PINAL CONVERGENCE TOLERANCE a 4.914E-01 

SUM OP EXTERNAL PORCES IN X-DIRECTION a O.OOOE+OO 

SUM OP EXTERNAL PORCES IN Y-DIRECTION a O.OOOE+OO 

SUM OP REACTION PORCES IN X-DIRECTION m O.OOOE+OO 

SUM OP REACTION PORCES IN Y-DIRECTION • 5.276E+01 

1196 

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

**** PLOT TAPE WRITTEN AT TIME a 2.000E+00 STEP NUMBER 8 **** 

**** RESTART TAPE WRITTEN AT TIME a 2.0008+00 STEP NUMBER 8 **** 

**** RESTART TAPE WRITTEN AT TIME a 2.250E+00 STEP NUMBER 
9 ··~· 

**** RESTART TAPE WRITTEN AT TIME a 2.500E+00 STEP NUMBER 10 **** 

**** RESTART TAPE WRITTEN AT TIME a 2.750E+00 STEP NUMBER 11·**** 

.0 

~ 
~ 
w 
Ul 

93 
Ul 
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.... 
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\0 

"' 



  
Inform

ation O
nly 

• 

t;"' ..... 
0\ 

0 

SANTOS, VERSION 2.0.0 ,RON ON 03/05/96 ,AT 16:12:49 
SANTOS QA PROBLEM - HOLLOW SPRBRE - TBMPERATURB PROBLEM - RESTART WRITE 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMB8R 12, TIMB Q 3.000E+00 

NUMBER OP ITERATIONS • 227, TOTAL NUMBBR OP ITERATIONS • 
PINAL CONVERGENCE TOLERANCE ~ 4.739E-01 
SUM OP EXTERNAL PORC8S IN X-DIRECTION • O.OOOE+OO 
SUM OP EXTERNAL PORC8S IN Y-DIRECTION a O.OOOE+OO 
SUM OP REACTION PORCBS IN X-DIRECTION a O.OOOE+OO 

SUM OP REACTION PORC8S IN Y-DIRBCTION •-2.677E+01 

2184 

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

**** PLOT TAPB WRITTEN AT TIMB • 3.0008+00 STEP NUMBER 12 **** 

**** RESTART TAP8 WRITTEN AT TIMB • 3.0008+00 ST8P NUMB8R 

6 TIMB ST8PS WBRE WRITTEN TO TRB PLOTTING DATA BASB 

8ND OP SOLUTION PRAS8 
1.7108+01 CPU S8CONDS US8D 

651 WORDS ALLOCATED 

(', 

12 **** 

/' 

~ 
~ 

w 
V\ 
0\ 
-..1 
V\ 

~ 

~ 
N 
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Restart Read 

ssssss 
ss 

. ss 
sssss 

ss 
ss 

ssssss 

t;"' --.J 

f\. 

AAAAA N NN TT'rTTT 00000 
AA AA NN NN T'r . 00 00 
AA AA NNN NN T'r oo· 00 
A.Z.. ... a. ... a. ... lLa..A NN N NN T'r 00 00 
AA AA NN NNN T'r 00 00 
AA AA NN NN TT 00 00 
AA AA NN N T'r 00000 

VERSION 2.0.0 

COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BY1 

CHARLBS M. STONE 

ENGINEERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 

ALBUQUERQUE, NEW MEXICO _ 87185 

DERIVED l'ROM PRONT02D BY 

LEE M. TAYLOR AND DENNIS P. FLANAGAN 

RUN ON 03/05/96 AT 16a48a17 

RUN ON A CrayOJ90 UNDER UD1Co8.0 

./\, 

~ 
~ 
w 
u. 

"' -.J 
u. 

ssssss 
ss 

~ ss' . 8 sssss ::r ss . N 
ss -.J . --ssssss "' "' ,0\ 
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LINB 
11 
21 
31 
41 
51 
61 
71 
81 
91 

101 
111 
121 
131 
141 
151 

t;"' 161 
...... 17• 
"" 181 

191 
20• 
21• 
221 
23• 
24• 
251 
261 
27• 
281 
29• 
301 
311 
321 
331 
341 

r 

INl'llT STREAM IMAGBS 

------------------------------------------------------------------------
TITLB 

SANTOS QA PROBLBM - HOLLOW SPRBRB - TBMPBRATtiRB PROBLBM - RBSTART RBAD 
AXISYMMETRIC 
MAXIMUM ITERATIONS 20000 
RESIDUAL TOLBRANCB • 5 
MATBRIAL,1,BLASTIC PLASTIC,1.0,1,1. 
YOUNGS MODULUS 1.B+7 
POISSONS RATIO 0.3 
YIBLD STRESS 10000. 
IIARDBNING MODULUS 0. 
BBTA 0. 
BNil 
TRBRMAL STRESS BXTBRNAL 1000. 
PLOT BLBMBNT STRBSS TBMPBRATtiRB 
PUNCTION 1 $ TRBRMAL STRAIN I!'OR ALPHA • 1.B-5 

o. 0. 
1000. 1.B-2 

BNil 
STBP CONTROL 

4,3. 
4,4. 
4,5. 

BNil 
PLOT TIMB 

4,3. 
4,4. 
4,5. 

BNil 
OllTPllT TIMB 

4,3. 
4,4. 
4,5. 

BNil 
RBAD RBSTART, 12 

r- --~ 

~ 
w 
V> 

~ 
V> 
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(' 

PROBL8M TITL8 

SANTOS QA PROBLBM ~ HOLLOW SPHBRB ~ TBMP8RATURB PROBLBM - RBSTART RBAD 

PROBL8M D8FINITION 

NUMBER OP ELEMENTS •••••••••••••••••••••• 
NOMBBR OP NODES ••••••••••••••••••••••••• 
NOMB8R OF MAT8RIALS ••••••••••••••••••••• 
NOMBBR OF l"UNCTIONS ••••••••••••••••••••• 
NOMB8R OF CONTACT SURPACBS •••••••••••••• 
NOMB8R OF RIGID SURPAC8S ••••••••••.•••••• 
NOMBBR OF MAT8RIAL POINTS MONITORBD ••••• 

600 
651 

1 
1 
0 
0 
0 

ANALYSIS TYPB ••••••••••••••••••••••••••• AXISYMMBTRIC 
GLOBAL CONVBRGBNCB MBASURB •••••••••••••• 
RBSIDUAL TOLBRANCB •••••••••••••••••••••• 
MAXIMDM NOMBBR OF IT8RATIONS •••••••••••• 
ITERATIONS FOR INTBRMBDIATB PRINT ••••••• 
MAXIMDM RBSIDUAL TOLBRANCB •••••••••••••• 
PRBDICTOR SCALB FACTOR l"UNCTION ••••••••• 
MINIMDM DAMPING FACTOR ••••·••·••••······ 
8FFBCTIVB MODULUS STATUS •••••••••••••••• 
TRBRMAL STRBSS ANALYSIS PBRl"ORMBD ••••••• 

THBRMAL FORC8 MAGNITUD8 •••••••••••••• 
RBSTART DATA RBAD AT ST8P NOMB8R •••••••• 
SCALB FACTOR APPLI8D TO TIMB STBP ••••••• 
STRAIN SOPTBNING SCALB·FACTOR ••••••••••• 
HOURGLASS STIFl"NBSS FACTOR •••••••••••••• 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

,f\ 

5.0008-01 
20000 

1302 
6.0008-01 

0 
2.0008-01 

CONSTANT 
BXTBRNAL 

1.0008+03 
12 

1.0008+00 
1.0008+00 
1.0008-02 
3.0008-02 

• 

~ 

~ 
w 
U\ 

~ 
U\ 

:::: 
8 
::r' 
N 
:-' -\0 
\0 
0\ 
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L 0 A D s T 8 P D 8 P I N I T I 0 N S 

TIMB 
0.0008+00 
3.0008+00 
4.0008+00 

NO. OP ST8PS 
4 
4 
4 

TIMB 
3.0008+00 
4.0008+00 
5.0008+00 

PRINT8D OUTPUT PR8Qt18NCY 

TIMB 
0.0008+00 
3.0008+00 
4.0008+00 

ST8PS BBTWBBN PRINTS 
4 
4 
4 

TIMB 
3.0008+00 
4.0008+00 
5.0008+00 

PLOTT8D OUTPUT PR8Qt18NCY 

TIMB ST8PS BBTWBBN PLOTS 
0.0008+00 4 
3. 0008+00 4 
4. 0008+00 4 

TIMB 
3.0008+00 
4.0008+00 
5.0008+00 

MAT8RIAL D8PINITIONS 

,/\ 

~ 
~ 
Vl 
lJl 

~ 
lJl 

a:: 
~ :r 

~ -"' "' 0\ 
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t;"' 
N 
N 

r 

MATBRIAL TYP8 ••••••••••••••••••••••••BLASTIC PLASTIC 
HA.TBRXAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY •••••••••••••••••••••••••••••• 
THERMAL STRAl:N ID •••••••••••••••••••• 

1.0008+00 
1 

1.0008+00 THERMAL STRAl:N SCALB PACTOR 
MAT8RIAL PROP8RTIBS& 

YO'ONGS MODULUS 
POISSONS RATIO 
YI8LD STRBSS 
HARDBNING MODl1Ll1S 
BBTA 

.......... 
a 

---
a 

1.0008+07 
3.0008-01 
1.0008+04 
0.0008+00 
0.0008+00 

P l1 N"C T I 0 N D 8 PIN IT I 0 N S 

P'ONCTION ID ......... 1 

N 
1 
2 

s 
0.0008+00 
1.0008+03 

Nl1MBBR OP POINTS •••• 

P(S) 
0.0008+00 

' 1. 0008•02 

2 

N 0 D I S P L A C B M B N T B 0 l1 N D A R Y C 0 N D I T I 0 N S 

NODB SBT PLAG 
1 
2 

DIRBCTION 
X 
y 

,'\ /~ 

~ 
~ 
w 
Ul 

~ 
Ul 

~ 
~ 
::T 
N 
;-J -'C) 
'C) 
Cl\ 
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END OP DATA INPUT PHASE 
1.727E-01 CPU SECONDS USED 

62 WORDS ALLOCATED 

E N D 0 P D A T A I N I T I A L I Z A T I 0 N P H A S E 

3.317E-03 CPU SECONDS USED 
651 WORDS ALLOCATED 

VA R I A B L E S 0 N P L 0 T T I N G D A T A B,A S E 

NODAL ELBMBNT GLOBAL 

------- ------
DISPLX SIGXX PX 
DIS PLY SIGYY py 

SIGZZ RX 

TAUXY RY 
TEMP ITER 

RMAG 

**** THIS JOB~ RESTARTED AT TIME ~· 3.000E+00 STEP NUMBER 

\ 

' 

12 **** 

~ 
~ 
w 
U\ 
a. 
-.J 
U\ 

[ 
·;T 

N 
.-.J -'0 
'0 
a. 
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SANTOS, VBRSXON 2.0.0 ,RUN ON 03/05/96 ,AT 16o48o17 
SANTOS QA PROBLEM - HOLLOW SPHBRB - TBMPBRA'l'ORB PROBLEM - RESTART READ 

********************************************************************* 
SUMMARY OP DATA AT ST8P NDMB8R 16, TXMB • 4.0008+00 
NDMB8R OP XT8RATXONS a 213, TOTAL NUMB8R OP XT8RATXONS a 
PINAL CONVBRQBNC8 TOLBRANC8 a 4.7648-01 
SUM OP BXT8RNAL PORC8S XN X-DXRBCTXON a 0.0008+00 
SOH OP BXT8RNAL PORC8S XN Y-DXRBCTXON a 0.0008+00 
SUM OP RBACTXON PORC8S XN X-DXRBCTXON • 0.0008+00 
SUM OP RBACTXON PORC8S XN Y-DXRBCTXON •-3.1478+01 

2917 

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

•••• PLOT TAP8 WRXTTBN AT TXMB • 4.0008+00 ST8P NUMB8R 16 **** 

,f\, '\ 

~ 
w 
U\ 

~ 
U\ 

a:: 
~ 
~ -\0 
\0 
0\ 
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SANTOS, VERSION 2. 0. 0 ,RUN ON 03/05/96 ,AT 16o48o17 

SANTOS QA PROBLEM - HOLLOW SPBBRE - TEMPERATURE PROBLEM - RESTART READ 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 20, TIME~ 5.000E+00· 

NUMBER OP ITERATIONS a 484, TOTAL NUMBER OP ITERATIONS a 

PINAL CONVERGENCE TOLERANCE a 4.494E-01 

SUM OP EXTERNAL FORCES IN X-DIRECTION • O.OOOE+OO 

SUM OP EXTERNAL FORCES IN Y-DIRBCTION • O.OOOE+OO 

SUM OP REACTION FORCES IN X-DIRECTION • O.OOOE+OO 

SUM OP REACTION FORCES IN Y-DIRBCTION • 5.939E+00 

3824 

-~········~·························································· 

**** PLOT TAPE WRITTEN AT TIME ~ 5.000E+00 STEP NUMBER 20 **** 

2 TIME STEPS WBRB WRITTEN TO TBB PLOTTING DATA BASE 

END OP SOLUTION PHASE 

1.240E+01 CPO SECONDS USED 

651 WORDS ALLOCATED 

/"\ 

• 
~ 
w 
VI 

~ 
VI 

[ 
:::>" 
N _ _, 

-'0 
'0 
0\ 
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APPENDIX M · 

Input/Output Data For Problem 13 - Sloping Roller 
Option Problem 

The following two sections present the input data and the formatted output for the sloping 
roller option verification problem. 

FASTQ and SANTOS Input Data For The Sloping Roller Option 
Problem 

This section presents a listing of the FASTQ and SANTOS input data flies that were used 
for the mesh generation and analysis of the sloping roller option problem. 

•. 
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'l'ITLB 
HOLLOW SPHBRB - SliH'l'OS QA 'l'BS'l' PROBLBM - QtJAR'l'BR SPHBRB r, 

POIH'l' 1 o. o. 
. POIH'l' 2 1. • o . 

POIH'l' 3 0.809016994 0.587785252 

POINT 4 1.618033989 1.175570505 

POIH'l' 5 2. o. 
LIHB 1 CIRC 2 3 1 ·8 1.0 

LINE 2 S'l'R 3 4 0 30 1.0 

LINE 3 CIRC 5 4 1 8 1.0 

LINB 4 S'l'R 2 5 0 30 1.0 

NODBBC 1 2 
NODBBC 2 4 
BLBMBC 3 1 
SCIIBMB 0 MP 

RBGION 1 1 -1 -2 -3 -4 

BXI'l' 
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TITLE 
SANTOS QA PROBLEM - HOLLOW SPHBRB - 11/1/94 - QUADRANT TBI!IPBRATORB PROBLEM 

AXIsn!MBTRIC 
KAXIKOM ITBRATIOHS 20000 
RBSIDOAL TOLBRAHCB • 5 
MATBRIAL,1,BLABTIC PLASTIC,1.0,1,1. 
YOUNGS MODULUS 1.B+7 
POISSOHS RATIO 0.3 
YIBLD STRBSS 1.B+4 
HARDBHIHQ MODULUS 0. 
BBTA 0. 
BHD 
THBIIMAL STRBSS BXTBRHAL 1000. 
PLOT BLBMBHT STRBSS TBI!IPBRATORB 
POHCTIOH 1 $ THBIIMAL STRAIN POR ALPHA a 1.B-5 

0. 0. 
1000. l.B-2 

BHD 
STBP CONTROL 

4,1. 
4,2, 
4,3. 
4,4. 
4,5. 

BHD 
PLOT TIMB 

1,1. 
4,2. 
4,3. 
4,4. 
4,5. 

BHD 
OUTPUT TIMB 

1,1. 
4,2. 
4,3. 
4,4. 
4,5. 

BHD 

• 

SLOPIHQ ROLLBR,1,-0.5877853,0.809017 
HO DISPLACBMBHT,Y,2 
BXIT 
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SANTOS Output For The Sloping Roller Option Problem 

The following section presents the SANTOS printed output for the sloping roller option 
analysis. Because all pertinent information and results from the analysis are written to the 
plot me for post-processing, the printed output me simply echoes input data and problem
descriptive information at the beginning, followed by information that tracks the 
convergence behavior of the solution, and a summary of CPU usage at the end . 
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ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

~ 
Ul 

• 

('. 

AAAAA N NN TTT'l'T'l' 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 
A..~~a. .... ~u NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA NN NN TT 00 00 
AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BY 1 

CIIARLES M. STONE 
ENGINEERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, N8W MEXICO 87185 

DERIVED PROM PRONT02D BY 
LEE M. TAYLOR AND DBNNIS P. PLANAQAN 

RUN ON 03/06/96 AT 11•07108. 
RUN ON A Cray0J90 UNDER uniCo8.0 

'\ 

~ 

"' 0 

"" w 
Ul 
0. 
-..! ssssss Ul 

ss 
ss 

:s:: sssss 
ss ~ 

0" ss N 

ssssss ;-.1 -\0 
\0 
0. 
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LINB 
1• 
2• 
3t 
4• 
5o 
6t 
7• 
Ba 
9t 

lOt 
11• 
12• 
13• 
14• 
15• 

~ 16• 
' 17• 
"' 18• 

19• 
20• 
21• 
22• 
23• 
24• 
251 
26• 
27• 
28• 
29• 
30• 
31• 
32• 
33• 
34t 

r· 

j 

INPUT STREAM IMAGES 

------------------------------------------------------------------------
TITLB 

SANTOS QA PROBLEM - HOLLOW SPRBRB - 11/1/94 - QUADRANT TBMPBRATURB PROBLEM 
AXISYMMBTRIC 
MAXIMUM ITERATIONS 20000 
RESIDUAL TOLBRANCB • 5 
MATBRIAL,l,BLASTIC PLASTIC,l.O,l,l. 
YOUNGS MODULUS 1.8+7 
POISSONS RATIO 0.3 
YIBLD STRBSS 1. B+4 
HARDENING MODULUS 0. 
BBTA 0. 
BND 
TBBRMAL STRBSS BXTBRNAL 1000. 
PLOT BLBMBNT STRBSS TBMPBRATURB 

• 

FUNCTION 1 $ TRBRMAL STRAIN FOR ALPHA " l.B-5 
0. 0. 

1000. l.B-2 
BND 
STBP CONTROL 

4,1. 
4,2, 
4,3. 
4,4. 
4,5. 

BND 
PLOT TIMB 

1,1. 
4,2. 
4,3. 
4,4. 
4,5. 

BND 
OUTPUT TIMB 

1,1. 

~ 
r~;;-?.:: 
t:~~;r. 

-~ ) 

~ 
w 
VI 

"' _, 
VI 

~ 
8 
::r 
N _, 
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0. 

"' 0 
CD . 
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CD 
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PROBLEM TITLE. 

SANTOS QA .PROBLEM - HOLLOW SPHERE ~ 11/1/94 - QUADRANT TEIIPERATORB PROBLEM 

PROBLEM DEPINITION 

NUMBER OP ELEMENTS •••••••••••••••••••••• 
NUMBER OP NODES ••••••••••••••••••••••••• 
NUMBER OP MATERIALS ••••••••••••••••••••• 
NUMBER OP PONCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SORPACES •••••••••••••• 
NUMBER OP. RIGID SORPACES •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITORED •.••• 

240 
279 

1 
1 
0 
0 
0 

ANALYSIS TYPE •••••. • • • • • • • • • • • • • • • • • • • • • • AXISYMMETRIC 
GLOBAL CONVERGENCE MBABt1RB •••••••••••••• 
RESIDUAL TOLERANCE •••••••••••••••••••••• 5.000E-01 
MAXIMUM NUMBER OP ITERATIONS •••••••••••• 20000 
ITERATIONS POR INTERMEDIATE PRINT ••••••• 558 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 6.000E-01 
PREDICTOR SCALE PACTOR PONCTION • • • • • • • • • 0 · 
MINIMUM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
EPPECTIVB MODULUS STATUS •••••.••••••• ~ •• CONSTANT 
THERMAL STRESS ANALYSIS PERPORMBD • • • • • • • EXTERNAL 

THERMAL PORCE MAGNITUDE ••• · ••••••••••• 
SCALE PACTOR APPLIED TO TIME STEP •••• ; •• 
STRAIN SOFTENING SCALE PACTOR •...••••••• 
HOURGLASS STIPPNBSS PACTOR 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

1.000E+03 
1.000E+00 
1. OOOE+OO 
1.000E-02 
l.OOOE-02 

L 0 A D S T E P D E P I H I T I 0 N S 

1', '\ 

~ 
~ ..., 
U\ 

~ 
U\ 

~ 

~ 
~ -\0 
\0 

"' 



  
Inform

ation O
nly 

(' n 

TIME NO. OF STEPS TIME 
O.OOOE+OO' 4 l.OOOE+OO 
1. 000E+00 4 2.000E+00 
2.000E+00 4 3.000E+00 
3.oooE+oo 4 4.000E+00 
4.000E+00 4 S.OOOE+OO 

PRINTED OUTPUT FREQUENCY 

TIME STEPS BETWEEN PRINTS TJ:ME 
O.OOOE+OO 1 1.000B+00 

~ 
\0 

l.OOOE+OO 4 2.000E+00 
2.000E+00 4 3.000E+00 
3.000E+00 4 4.000E+00 
4.000E+00 4 S.OOOE+OO 

PLOTTED OUTPUT FREQUENCY 

TJ:ME STEPS BETWEEN PLOTS TIME 
O.OOOE+OO 1 1.000E+00 
1. OOOE+OO 

. 
4 2.000E+00 

2.000E+00 4 3.000E+00 
3.000E+00 4 4.000E+00 
4.000E+00 4 ·S.OOOE+OO 

• 

.~, 

~ 

~ 
"" "' 0\ ._, 
"' 

s::: 
8 
::r 
N 
.:--' -\0 
\0 
0\ 
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MATERIAL DBPINITIONS 

MATERIAL TYPB ••••••••••••••••• · ••••••• BLASTIC PLASTIC 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DBNSITY •••••••••••••••••••••••••••••• 
THERMAL STRAIN ID •••••••••••••••••••• 

l.OOOB+OO 
1 

1.0008+00 TBBRMAL STRAIN SCALB FACTOR 
MATERIAL I?ROI?BRTIBS 1 

YOUNGS MODULUS 
I?OISSONS RATIO 
YIBLD STRBSS 
HARDENING MODULUS 
BBTA 

.......... 
a 

~ .. 
" 
• 

1. OOOB+07 
3.0008-01 
1.0008+04 
O.OOOB+OO 
O.OOOB+OO 

I' U N C T I 0 N D B I' I N I T I 0 N S 

PUNCTION ID ......... 1 

N 
1 
:1 

s 
O.OOOB+OO 
1.000B+03 

NUMBBR 01' I?OINTS ••••• 

P(S) 
0.0008+00 
1.0008-0:1 

:1 

N 0 D I S I? L A C B M B N T .B 0 U N D A R Y C 0 N D I T I 0 N S 

NODB SBT PLAG DIRECTION 

f.\ .----.., 

~ 
~ 
w 
U\ 

~ 
U\ 

a:: 
~ 
N 
;-l .... 
\0 
\0 
0\ 
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2 y 

PR8SCRIB8D DISPLAC8M8NT BOUNDARY-CONDITIONS 

NOD8 SBT 
PLAG 

1 

DIRBCTION 

ROL 

PUNCTION 
ID 

0 

SCALE 
PACTOR 

0.0008+00 

AO 

-5.8788-01 

8ND OP DATA INPUT PHAS8 
1.7738-01 CPU S8CONDS US8D 

62 WORDS ALLOCAT8D 

BO 

8.0908-01 

8 N D 0 P D A T A I N I T I A L I Z A T I 0 N P H A S 8 
2.1958-02 CPU S8CONDS US8D 

279 WORDS ALLOCATBD 

VARIABL8S ON PLOTTING DATA BAS8 

NODAL 8LEMBNT GLOBAL 

DISPLX SIGXX PX 

' 

/\ 

~ ..., 
U\ 

~ 
U\ 

8::: 
8 
::r 
!:::l -\0 
\0 
0\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 11;07;08 
SANTOS QA PROBLEM - HOLLOW SPHBRB - 11/1/94 - QUADRANT TEMPERATURE PROBLEM 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 1, TIME a 2.500E-01 
NUMBER OP ITERATIONS a 505, TOTAL NUMBER OP ITERATIONS a 505 
PINAL CONVERGENCE TOLERANCE = 4.712E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION = O.OOOE+OO 
SUM OP EXTERNAL PORCES IN Y-DIRECTION • O.OOOE+OO 
SUM OP REACTION PORCES IN X-DIRECTION =-2.246E+01 
SUM OP REACTION PORCES IN Y-DIRBCTION =-4.725E+01 
********************************************************************* 

•••• PLOT TAPE WRITTEN AT TIME = 2.500E-01 STEP NUMBER 1 **** 

"" 
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SANTOS, VBRSXON 2.0.0 ,RON ON 03/06/96 ,AT 11s07s08 
SANTOS QA PROBLEM - HOLLON SPHBRB - 11/1/94 - QUADRANT TBMPBRATURB PROBLEM 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 2, TXMB a 5.000B-01 
NUMBBR OP XTBRATXONS a 47, TOTAL NUMBBR OP XTBRATIONS • 552 
PXNAL CONVBRGBNCB TOLBRANCB = 4.671B-01 
SCM OP BXTBRNAL PORCBS XN X-DXRBCTXON • O.OOOB+OO 
SCM OP BXTBRNAL PORCBS XN Y-DXRBCTION a O.OOOB+00 
SCM OP RBACTXON·PORCBS XN X-DXRBCTXON =-4.917B+00 
SCM OP RBACTXON PORCBS XN Y-DXRBCTXON •-1.036B+01 
********************************************************************* 

**** PLOT TAPB WRXTTBN AT TXMB • 5.000B-01 STBP NUMBBR 2 •••• 

rS'::\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 11:07:08 
SANTOS QA PROBLEM - HOLLOW SPHERE - 11/1/94 - QUADRANT TBMPERATVRB PROBLEM 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SOMMARY OP DATA AT STEP NUMBER 3, TIME~ 7.500E-01 
~BR OP ITERATIONS a 10, TOTAL NUMB8R OP IT8RATIONS • 562 
PINAL CONVBRGBNC8 TOLBRANC8 • 3.7658-01 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION • 0.0008+00 
SUM OP BXTBRNAL PORC8S IN Y-DIRBCTION • O.OOOB+OO 
SUM OP RBACTION PORCBS IN X-DIRBCTION a 1.1898+01 
SUM OP RBACTION PORC8S IN Y-DIRBCTION a 2.4978+01 
********************************************************************* 

•••• PLOT TAPB WRXTTBN AT TIME a 7.5008-01 ST8P NUMB8R 3 **** 
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SANTOS, VBRSXON 2,0.0 ,RUN ON 03/06/96 ,AT 11z07z08 
SANTOS QA PROBLEM - HOLLOW SPHBRB - 11/1/94 - QUADRANT TBMPBRATtJRB PROBLEM 

********************************************************************* 
SUMMARY OP DATA AT STBP NtJMBBR 4, TXMB • 1,000B+00 
NtJMBBR OP XTBRATXONS ~ 21, TOTAL NtJMBBR OP XTBRATXONS • 583 
PXNAL CONVBRGBNCB TOLBRANCB • 4.940B-01 
SOH OP BXTBRHAL PORCBS XN X-DXRBCTXON • O.OOOB+OO 
SOH OP BXTBRHAL PORCBS XN Y-DXRBCTXON • O.OOOB+OO 
sDK OP RBACTXON PORCBS XN X-DXRBCTXON • 2.329B+01 
SOH OP RBACTXON PORCBS XN Y-DXRBCTXON ~ 4.893B+01 
********************************************************************* 

**** PLOT TAPB WRXTTBN AT TXMB a 1.000B+00 STBP NtJMBBR ' **** 
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SANTOS, VBRSXON 2.0.0 ,RON ON 03/06/96 ,AT 11z07z08 
SANTOS QA PROBLEM - HOLLOW SPBBRB - 11/1/94 - QUADRANT TBMPERATURB PROBLEM 

********************************************************************* 
SUMMARY OF DATA AT STEP NCMBER 8, TXME m 2.000E+00 
NUMBER OP XTERATXONS m 168, TOTAL NUMBER OF XTERATXONS = 1000 
PXNAL CONVERGENCE TOLERANCE a 4.643E-01 
SUM OF EXTERNAL FORCES XN X-DXRBCTXON = O.OOOE+OO 
SUM OP EXTERNAL PORCES XN Y-DXRBCTXON m O.OOOE+OO 
SUM OP REACTXON PORCBS XN X-DXRBCTXON •-5.0888+01 
SUM OP REACTXON PORCES XN Y-DXRBCTXON •-1.0718+02 
********************************************************************* 

•••• PLOT TAPE WRXTTEN AT TXME a 2.000E+00 STEP NUMBER a· ****· 
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SANTOS, VERSION 2.0.0 ,RON ON 03/06/96 ,AT 11a07a08 
SANTOS QA IIROBLBH - HOLLOW SIIIIBRB - 11/1/94 - QUADRANT TBMIIBRA'l'URB IIROBLBH 

********************************************************************* 
SUMMARY OP DATA AT STEll NUMB8R 12, TIMB ~ 3.000E+00 
NUMBBR OP ITERATIONS ~ 35, TOTAL NUMBBR·OP ITERATIONS • 1341 

PINAL CONVBRGBNCE TOLERANCE ~ 4.474E-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION • O.OOOE+OO 
SUM OP BXTBRNAL PORCES IN Y-DIRECTION a 0.0008+00 
SUM OP RBACTION PORCES IN X-DIRECTION a 1.078E+01 
SUM OP RBACTION PORC8S IN Y-DIRBCTION a 2.2578+01 
********************************************************************* 

•••• IILO'l' TAIIE WRITTBN AT TIMB " 3. OOOE+OO STEll NUMBER 12 **** 

STEll TIMB TIMB DAMIIING AIIIILIED RESIDUAL 118RCBNT 
STEll FACTOR. LOAD NOlUI LOAD NOlUI IMBALANCE 

558 3.750E+00 2.500E-01 l.OOOE+OO 2.1698+03 2.339E+01 1.08 

(\ 

TOTAL 
STEIIS 

2151 

\ 

~ 
~ 
w 
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~ 
V\ 
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~ -\0 
\0 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 11z07z08 
SANTOS QA PROBLEM - HO~ SPHERE - 11/1/94 - QUADRANT TEMPERATURE PROBLEM 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 16, TIME D 4.000E+00 
~ER OP ITERATIONS • 205, TOTAL NUMBER OP ITERATIONS a 2530 
PINAL CONVERGENCE TOLERANCE .a 4.884E-01 
SUM OP EXTERNAL FORCES IN X-DIRECTION a O.OOOE+OO 
SUM OP EXTERNAL FORCES IN Y-DIRBCTION • O.OOOE+OO 
SUM OP REACTION FORCES IN X-DIRECTION =-3.331E+01 
SUM OP REACTION FORCES IN Y-DIRBCTION a-7.016E+01 
********************************************************************* 

•••• PLOT TAPE WRITTEN AT TIME • 4.000E+00 STEP NUMBER 16 **** 
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SANTOS, VERSION 2.0.0 ,RON ON 03/06/96 ,AT 11o07o08 

SANTOS QA PROBLEM - HOLLOW SPRBRB - 11/1/94 - QUADRANT TBMPERATURB PROBLBH 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 20, TIHB a 5.000E+00 
NUMBER OP ITERATIONS • 4, TOTAL NUMBER OP ITERATIONS ~ 

PINAL. CONVBRGBNCE TOLERANCE ~ 4.903E-01 
SUM OP EXTERNAL PORCES IN.X-DIRBCTION a O.OOOE+OO 

SUM OP BXTBRNAL PORCES IN Y-DIRBCTION • 0.000E+00 
SUM OP RBACTION PORCES IN X-DIRBCTION • 2.062E+01 
SUM OP RBACTION PORCES IN Y-DIRBCTION • 4.323E+01 

3047 

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

•••• PLOT TAPE WRITTBN AT TIMB a 5.000E+00 STEP NOMBBR 20 •••• 

8 TIHB STEPS WBRB WRITTBN TO TRB PLOTTING DATA BASE 

END OP SOLUTION PRASE 
9.954E+00 CPU SECONDS USBD 

279 WORDS ALLOCATED 

'"'. . ' '1 
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APPENDIX N 

Input/Output Data For Problem 14- Creep 
Relaxation Problem 

The following two sections present the input data and the formatted output for the creep 
relaxation verification problem. 

FASTQ and SANTOS Input Data For The Cr~ep Relaxation 
Problem 

This section presents a listing of the FASTQ and SANTOS input data ftles that were used 
for the mesh generation and analysis of the single-element creep relaxation problem. 

N-1 
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'l'I'l'LB ,-- -
CREBP RELAXATION PROBLBM - SAN'l'OS - AXISYMMETRIC 1. 

POINT 1 1. o. 
POINT 2 1.5 o. 
POINT 3 1.5 1. 
POINT 4 1. 1. 
LINB 1 STR 1 2 0 1 1. 

LINB - 2 STR 2 .3 . 0 1 1. 
LIRB 3 STR 4 3 0 1 1. 
LINB 4 STR 1 4 0 1 1. 
NODBBC 2 1 
NODBBC 3 3 
SCHBIIB OIIIP 
REGION 1 1 -1 -2 -3 -4 
BXIT 

c 

l 

N-2 
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'l'ITLB 
SANTOS QA PROBLEM - CREBP RE~'l'ION PROBLEM - AXISYMMETRIC - 11/9/94 

AXISYMMB'l'RIC 
ELAS'l'IC SOLU'l'ION 
MAX~ I'l'BRA'l'IONS 40000 
MA'l'BR:tAL, 1, POWER LAW CREEP, 1-
'l'WO MU 24. 7 5B+9 
BULK MODOLOS 8.25B+9 
CREBP CONS'l'AN'l' 5.79B-36 
S'l'RBSS BXPONBN'l' 4.9 
'l'BERMAL CONS'l'AN'l' 20.13 
BND 
PONC'l'ION 1 $ PRESCRIBED DISPLACBMBN'l' PONC'l'ION 

o. -o. oo1 
.2.592B+6 -0.001 

BND 
S'l'BP CON'l'ROL 

1 1-
90 2.592B+6 

BND 
OU'l'PU'l' 'l'IMB 

0 1-
0 2.592B+6 

BND 
PLO'l' 'l'IMB 

1 1-
1 2.592B+6 

BND 
PRESCRIBED DISPLACBMBN'l' Y 3 1 1.0 
NO DISPLACBMBN'l' Y 2 
PLO'l' BLBMBN'1' S'l'RESS VONMISBS 
BXI'l' 

N-3 
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SANTOS Output For The Creep Relaxation Pr?blem 

The following section presents a portion of the SANTOS printed output for the single
element creep relaxation analysis. BecauSe all pertinent information and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-descriptive information at the beginning, followed by information 
that tracks the convergence behavior of the solution, and a summary of CPV usage at the 
end. For this reason, only a partial listing, consisting of approximately the first 500 lines of 
output and the last 100 lines of output, is provided. 

N-4 
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ssssss 
ss 
ss 
sssss 

. ss 
ss 

ssssss 

~ 
Ul 

0'-,. ~ ;J 
'·~$--· 

. AAAAA N NN TT'r'r'l'T 00000 
AA AA NN NN T'l' 00 00 
AA AA NNN NN T'l' 00 00 
AA..~a.... ...... u. NN N NN TT 00 00 
AA AA NN NNN T'l' 00 00 
AA AA NN NN T'l' 00 00 
AA AA NN N T'l' 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROORAMMED BY: 

CHARLES M. STONB 
BNGINBBRING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, liEW MEXICO . 87185 

DERIVED PROM PRONTO:ID BY 
LEE M. TAYLOR AND DBNNIS P. FLANAGAN 

RUN ON 03/07/96 AT 11:19:16 
RUN ON A Cray0J90 UNDER Un1Co8.0 

·"\ 

~ 
~ 
w 

ssssss Ul 
0\ 
-..) ss Ul 

ss 
sssss 

ss s:: 
ss ~ 

ssssss ::r 
N 
;-l -1.0 
1.0 
0\ 
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L:INB 
1• 
2• 
31 
4• 
s. 
61 
7• 
a. 
91 

10• 
111 
121 
131 
141 
151 

~ 16• 
0\ 171 

181 
19• 
201 
21• 
22• 
23• 
241 
:as. 
26• 
271 
:181 
291 
301 
31• 
321 

r 

:INPll'r STREAM :IMAGES 

------------------------------------------------------------------------
'l':ITLB 

SAll'l'OS QA PROBLEM • CREEP RBLAXA'l':ION PROBLEM - AX:ISniMB'l'R:IC - 11/9/94 

AX :I SniMB'l'R:IC 
ELAST:IC SOLO'l':ION 
MAX:IMOH :ITERAT:IONS 40000 
MATBR:IAL,1,POWBR LAW CRBBP,1. 
TWO IIU :14.75E+9 
BULK MODULUS 8.25E+9 
CREEP CONSTAll'l' 5.79E-36 
STRESS BXPONBN'l' 4.9 
'l'BBRMAL CONSTAll'l' :10.13 
END 
P17NC'l':ION 1 

o. 
$ PRBSCR:IBED D:ISPLACBMBN'l' Pl7NCT:ION 
-0.001 

2.592E+6 -0.001 
END 
STEP CONTROL 

1 1. 
90 2.592E+6 

END 
OO'l'PO'l' T:IMB 

0 1. 
0 2.592E+6 

END 
PLOT T:IMB 

1 1. 
1 2.592E+6 

END 
PRBSCR:IBBD D:ISPLACBMBN'l' Y 3 1 1.0 
NO D:ISPLACBMBN'l' Y 2 
PLOT BLBMBN'l' STRESS VONM:ISBS 
BX:IT 
------------------------------------------------------------------------

/\. '\ 
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U\ 
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PROBLEM TITLE 

SANTOS QA PROBLEM - CREEP RELAXATION PROBLEM - AXISYMMETRIC - 11/9/94 

PI\ 0 B L EM DE PIN I T.I 0 N 

NUMBER OP ELEMENTS •••••••••••••••••••••• 
NUMBER OP NODES ••••••••.•••••••••••••••• 
NUMBER OP MATERIALS ••••••••••••••••••••• 
NUMBER OP PUNCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SURFACES •••••••••••••• 
NUMBER OP RIGID SURFACES •••••••••••••••• 
NUMBER OP MATERIAL POINTS MONITORED ••••• 

1 
4 
1 
1 
0 
0 
0 

ANALYSIS TYPE • • • • • • • • • • • • • • • • • • • • • • • • • • • AXISYMMETRIC 
GLOBAL CONVERGENCE MEASURE •••••••••••••• 
RESIDUAL TOLERANCE •••••••••••••••••••••• S.OOOE-01 
MAXIMOM NUMBER OP ITERATIONS •••••••••••• 40000 
ITERATIONS POl\ INTERMEDIATE PRINT • • • • • • • . 8 
MAXIMOM RESIDUAL TOLERANCE • • • • • • • • • • • • • • 6. OOOE-01 
PREDICTOR SCALE PACTOR PUNCTION • • • • • • • • • 0 
MINIMOM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
EPPECTIVB MODULUS STATUS •••••••••••••••• CONSTANT 

· ELASTIC SOLUTION REQUESTED .••.•••••••••• 
SCALE PACTOR APPLIED TO TIME STEP ••••••• 
STRAIN SOPTBNING SCALE PACTOR ••• ; ••••••• 
HOURGLASS STIPPNESS PACTOR ................. 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

l.OOOB+OO 
l.OOOE+OO 
l.OOOE-02 
3.000E-02 

L 0 A D S T E P D E P I N I T I 0 N S 

·'""\ 

~ 
w 
V\ 

~ 
V\ 

s:: 
~ 
::r 
N 
.-1 -..., ..., 
0\ 



  
Inform

ation O
nly 

TIMB NO. OP STEPS TIMB 

O.OOOE+OO 1 1.000E+00 

1.000E+00 90 li.S9liE+06 

PRINTED OUTPUT PRBQUBNCY 

TIMB STEPS BBTWBBN PRINTS TIMB 

O.OOOB+00 0 1. OOOB+OO 

1: OOOE+OO 0 li.S9liB+06 

~ PLOTTED OUTPUT PRBQUENCY 

(' 

TIMB STEPS BBTWBBN PLOTS TIMB 
O.OOOE+OO 
1.000E+00 

1 
1 

1.000E+00 
li.S9liE+06 

MATERIAL DEFINITIONS 

MATERIAL TYPB ••••••••••••••••••••••••PoWER LAW CREEP 
MATERl:AL ID .• .. • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY ••••••••••••••••••••••• •...... 1. OOOE+OO 
MATERIAL PROPBRTIESa 

TWO MtJ D li.475E+10 

,r-:1 

~ 
'"tl 
0 
'*" V> 
VI 

"' -.J 
VI 

s::: 
8 
0" 

"' .-.J -'-0 
'-0 

"' 

• 

\. 
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r 

• 

f!: 
\0 

BOLK MODULUS 
·cREEP CONSTANT 
STRESS EXPONENT 
THERMAL CONSTANT 

a 

a 

a 

a 

r'\ 
' 

8.250E+09 
5.790E-36 
4.900E+00 
2.013E+01 

FUNCTION DEFINITIONS 

FUNCTION ID 

N 
1 
2 

1 

s 
O.OOOE+OO 
2.592E+06 

NUMBER OF POINTS 

F(S) 
-1.000E-03 
-1.0008-03 

2 

N 0 D .I S P L A C E M E N T B 0 U N D A R Y C 0 N D I T I 0 N S 

NODE SET FLAG , 
2 

DIRECTION 
y 

P R E S C R I B E D D I S P L A C E M E N T B 0 U N D A R Y C 0 N D I T I 0 N S 

NODE SET 
FLAG 

3 

DIRECTION FUNCTION 
ID 

y 1 

SCALE 
FACTOR 

1. 0008+00 . 

AO BO 

~ 

~ 
w 
lJl 

93 
lJl 

f 
::r 
N _ _, 
~ 

\0 
\0 
0\ 
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BND OP DA'l'A INPtJ'l' PBASB 
1.3638-01 CPtJ S8CONDS tJS8D 

4 WORDS ALLOCA'l'8D 

• 

8 N D 0 P D A"'l' A I N I '1' I A L I Z A '1' I 0 N P B A S B 
1.0398-02 CPtJ S8CONDS tJS8D 

4 WORDS ALLOCA'l'8D 

VARIABLES ON PLO'l''l'INQ DA'l'A BAS B 

NODAL 8LBMBN'l' GLOBAL 

------- ------
DISPLX SIGIXX PX 

DIS PLY SIGIYY py 

SIGIZZ RX 

'l'AtJXY RY 

VONMISBS I'l'8R 
RMAQ 

0 

~ 
0 

·'* ..., 
lJ\ 
a-_, 
lJ\ 

~ 
~ 
::r 
N _, 
-\0 
\0 
a-

~ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 11119116 
SANTOS QA PROBLEM - CRBEP RELAXATION PROBLEM - AXISYMMETRIC - 11/9/94 

********************************************************************* 
·sUMMARY OP DATA AT STEP NOMBER O, TIMB • O.OOOE+OO 
NUMIIER OP ITERATIONS a 3, TOTAL NOMBER OP ITERATIONS • 
PINAL CONVERGENCE TOLERANCE a 7.107E-13 
SUM OP EXTERNAL FORCES IN X-DIRBCTION = O.OOOE+OO 
SUM OP EXTERNAL FORCES IN Y-DIRBCTION = O.OOOE+OO 
SUM OP REACTION FORCES IN X-DIRBCTION a O.OOOE+OO 
SUM OP REACTION FORCES IN Y-DIRBCTION =-1.548E+07 
*****************************************************************•••• 

**U PLOT TAPE WRITTEN AT TIMB = O.OOOE+OO STEP NOMBER 0 **** 

. 
**** PLOT TAPE WRITTEN AT TIMB = 1.000E+00 STEP NOMBER 1 **** 

STEP TIMB TIMB DAMPING APPLIED RESIDUAL PERCENT 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE 

8 2.880E+04 2.880E+04 8.012E-01 7.667E+06 3.063E+06 39.95 
16 2.880E+04 2.880E+04 8.250E-01 7.799E+06 8.903E+05 11.42 
24 2.880E+04 2.880E+04 8,251E-01 7. 770.E+06 3.353E+05 4.31 
32 2.880E+04 2.880E+04 8.001E-01 7.772E+06 6.192E+04 0.80 
40 2.880E+04 2.880E+04 8.031E-01 7.779E+06 6.320E+04 0.81 
48 2.880E+04 2.880E+04 8.031E-01 7.774E+06 4.557E+04 0.59 

. 
**** PLOT TAPE WRITTEN AT TIMB = 2.880E+04 STEP NOMBER 2 **** 

3 

TOTAL 
STEPS 

14 
22 
30 
38 
46 
54 
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STBP TIMB TIMB DAMPING APPLl:BD RBSIDUAL PBRCBNT TOTAL 

STBP FACTOR LOAD NOIUI LOAD NOIUI tvpJ.LANCB STBPS 

8 5.7608+04 2.8808+04 8.4908-01 6.8048+06 3.3118+06 48.67 67 

16 5.7608+04 2.8808+04 8.5028-.01 6.8058+06 1.6708+06 24.54 75 

24 5.7608+04 2.8808+04 6.0958-01 6.8058+06 5.5318+05 8.13 83 

32 5.7608+04 2.8808+04 9.1338-01 6.8058+06 1.7368+05 2.55 91 

40 5.7608+04 2.8808+04 8.2868-01 6.8058+06 1.4538+05 2.13 99 

•••• PLOT TAPB WRXTTBN AT TIMB • 5.7608+04 STBP NOMBBR 3 •••• 

STBP TIMB TIMB DAMPING APPLIBD RBSIDUAL PBRCBNT TOTAL 

STBP FACTOR LOAD HOIUI LOAD HOIUI IMB'ILANCB STBPS 

8 8.6408+04 2.8808+04 8.5658-01 6.2998+06 8.0778+05 12.82 115 

16 8.6408+04 2.8808+04 8.0028-01 6.3008+06 3.2528+05 5.16 123 

24 8.6408+04 2.8808+04 6.5658-01 6.3008+06 1.0928+05 1.73 131 

•••• PLOT TAPB WRXTTBN AT TIMB • 8. 6408+04 STBP NOMBBR ' .... 

STBP TIMB TIMB DAMPING APPLIBD RBSIDUAL PBRCBNT - TOTAL 
STBP FACTOR LOAD NOIUI LOAD NOIUI IMBALANCE STBPS 

8 1.1528+05 2.8808+04 8.5688-01 5.9538+06 3.0838+05 5.18 141 

•••• PLOT TAPB WRXTTBN AT TIMB a 1.1528+05 STBP NOMBBR 

~ I ~ -~ 
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**** PLOT TAPE WRITTEN AT TXME a 1.440E+05 STEP NUMBER 

STEP TXME 

' 8 1.728E+05 

TXME 
STEP 

2.880E+04 

DAMPXNGI 
FACTOR 

8.568E-01 

APPLXED 
LOAD NORM 

5.481E+06 

RES X DUAL 
LOAD NORM 

1.046E+05 

**** PLOT TAPE WRITTEN AT TXME a 1.728E+05 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TXME • 2.016E+05 STEP NUMBER 

****PLOT TAPE.WRITTEN AT TXME = 2.304E+05 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TXME = 2.592E+05 STEP NUMBER 

**** PLOT TAPE WRITTEN AT TXME a 2.880E+05 STEP NUMBER 

6 ••.•• 

PERCENT 
XMBALANCE 

1.91 

7 **** 

8 **** 

9 **** 

10 **** 

11 **** 

TOTAL 
STEPS 

162 

·~ 
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STBP TIMB TIMB DAMPING APPLIBD RESIDUAL PBRCBNT 

STBP PACTOR LOAD NORM LOAD NORM IMBALANCE 

8 3.1688+05 2.8808+04 8.5708-01 4.8108+06 7.4958+04 1.56· 

**** PLOT TAPB WRZTTBN AT TIMB • 3.1688+05 STBP NOMBBR 12 **** 

~ **** PLOT TAPB WRITTBN AT TIMB ~ 3.4568+05 STBP NOMBBR 13 **** --1>-

**** PLOT TAPB WRITTBN AT TIMB • 3.7448+05 STBP NOMBBR 14 **** 

**** PLOT TAPB 'NRITTBN AT TIMB • 2.5638+06 STBP NOMBBR 90 •••• 

( r\ 

TOTAL 

STBPS 

193 
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SANTOS, VBRSXOH 2.0.0 ,ROM OH 03/07/96 ,AT 11z19z16 

SANTOS QA PROBLBM - CRB8P RBLAXATXOH PROBLBM - AXXSYMMBTRXC - 11/9/94 

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

S~Y OP DATA AT ST8P NOMB8R. 91, TXMB a 2.5928+06 

NOMB8R OP XTBRATXOHS = 3, TOTAL NOMBBR OP XT8RATXOHS = 

PXHAL COHVBRGBHC8 TOLBRAHC8 a 1.1528-01 

SUM OP BXT8RHAL PORC8S XH X-DXRBCTXOH = 0.0008+00 

SOH OP BXT8RHAL PORC8S XH Y-DXRBCTXOH a 0.0008+00 

SUM OP RBACTXOH PORC8S XH X-DXRBCTXOH = 0.0008+00 

SUM OP RBACTXOH PORC8S XH Y-DXRBCTXOH =-4.0508+06 

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

**** PLOT TAP8 WRXTTBH AT TXMB • 2.5928+06 ST8P NOMB8R 91 **** 

92 TXMB ST8PS WBRB WRXTTBH TO THB PLOTTXHG DATA BAS8 

8HD OP SOLUTXOH PHAS8 

3.4598-01 CPU S8COHDS US8D 

4 WORDS ALLOCAT8D 

454 

'~ ' 

~ 
"0 
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w 
Ul 
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APPENDIXO 

Input/Output Data For Problem 15 - Linear 
Viscoelastic Constitutive Model Implementation 

Problem 

The following two sections present the input data and the formatted output for the linear 
viscoelastic constitutive model implementation verification problem. 

FASTQ and SANTOS Input Data For The Linear Viscoelastic 
Constitutive Model Implementation Problem 

This section presents a listing of the FASTQ and SANTOS input data ftles that were used 
for the mesh geneartion and analysis of the linear viscoelastic constitutive model 
implementation problem. 

• 

0-1 
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TITLE 
SANTOS VBRIPICATION - ROCKET MOTOR PROBLEM - LINEAR VISCOSITY ( 

POINT 1 0.500 0. '· 
POINT 2 0.500 0.25 
POINT 3 1.000 0.25 
POINT 4 1.03125 0.25 
POINT 5 1.03125 o. 
POINT 6 LOOO o. 
LINE 1 STR 1 2 0 1 1.0 
'LINE 2 STR 2 3 0 20 1.1 
LINE 3 STR 3 4 0 3 .1.0 
LINE 4 STR 4 5 0 1 1.0 
LINB 5 STR 5 6 0 3 1.0 
LINB 6 STR 1 6 0 20 1.1 
LINE 7 STR 3 6 0 1 1.0 
BLEMBC 4 1 
NODBBC 1 2 3 5 6 
SCBBIIB OMP 
RBQION 1 1 -1 -2 -7 -6 
RBQION 2 2 -3 -4 -5 -7 
BND 

c-: 

0-2 



 

 Information Only 

c 

( 

(_ 

WPO# 35675 March 27, 1996 

TITLE 
SANTOS VERIFICATION - ROCKET MOTOR PROBLEM - LINEAR VISCOSITY 

AXIS'l!MMBTRIC 
BLASTIC SOLUTION 
RESIDUAL TOLBRANCB 0. 5 
MAXIMUM ITBRATIONS 2000 
MAXIMUM TOLBRANCB 50. 
INTBRMBDIATB PRINT 10 
MATBRIAL,1,LINEAR VISCOBLASTIC,15.6 
BULK 1.B+05 
BULK INP 1.B+05 
BULK RELAX 1. 
SBBAR INP 0. 
SBBAR ONB 3.758+04 
SBBAR TWO 0. 
SBBAR TIIRBB 0. 
RELAX ONB 1. 
RBLAX TWO 1. · 
RBLAX TIIRBB 1. 
C1 7.6 
C2 277. 
TBMPO 373. 
BND 

$ ROCKET PROPELLANT 

MATBRIAL,2,BLASTIC PLASTIC,98. 
YOUNGS MODULUS 3 • B+07 
POISSONS RATIO 0.3015 

$ STBBL OUTBR CASING 

YIBLD STRESS 1.B+06 
HARDBNINQ MODULUS 1.B+06 
BBTA 1 
BND 
PtJNCTION 1 

0.,1000. 
10. '1000. 

BND 
STBP CONTROL 

10,1. 
9,10. 

BND 
OUTPUT TIMB 

1,1. 
1,10. 

BND 
PLOT TIMB 

1,1. 
1,10 •. 

$ PRBSSURB HISTORY 

BND 
PLOT,NODAL,DISPLACEMBNT,RBSIDUAL 
PLOT,BI~,STRBSS,STRAIN 

PLOT,STATB,BLXDBCAY,DBCAYXl,DBCAYYl,DBCAyzl,DBCAYX2,DBCAYY2,DBCAyz2 
PRBSSURB,4,1,1. 
NO DISPLACEMBNT,Y,l 
BXIT 

0-3 
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SANTOS Output For The Linear Viscoelastic Constitutive Model 
Implementation Problem 

The following section presents a portion of the SANTOS printed output for the linear 
viscoelastic constitutive model implementation analysis. Because all pertinent information 
and results from the analysis are written to the plot file for post-processing, the printed 
output file simply echoes input data and problem-descriptive information at.the beginning, 
followed by information that tracks the convergence behavior of the solution, and a 
summary of CPU usage at the end. For this reason, only a partial listing, consisting of 
approximately the first 500 lines of output and the last 100 lines of output, is provided. 

0-4 

( 

c 

l. 
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0 
' V1 

(\ 

ssssss AAAAA N NN TT'l'T'l"l' 00000 
ss AA AA NN NN TT 00 00 

ss AA AA NNN NN TT 00 00 

sssss ILa._a_a.~•.A NN N NN TT 00 00 

SS ·AA AA NN NNN TT 00 00 

ss 
ssssss 

AA AA NN NN TT 00 00 

AA AA NN N TT 00000 

VERSION 2.0.0 

COPYRIGHT 1994, SANDIA CORPORATION 

PROORAMMBD BY 1 

CHARLES M. STONB 

ENGINEERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 

ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONT02D BY 

LEE M. TAYLOR AND DENNIS P. FLANAGAN 

RUN ON 03/07/96 AT 14•38129 

RUN ON A CrayOJ90 ONDER UDiCo8.0 

0 

~ 
"C 
0 
# 
w 

ssssss "' 0\ 
ss - ._, 

"' ss 
sssss 

> ss ~ 
ss ~ 

::r ssssss N _...., -'-0 
'-0 
0\ 
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0 
' 0\ 

r' 
\ 

LINB 
11 
21 
31 
41 
51 
61 
71 
81 
91 

101 
111 
121 
131 
141 
151 
161 
171 

.181 
191 
201 
211 
221 
231 
241 
251 
261 
271 
281 
291 
301 
311 
321 
331 
341 

INPUT STREAM IMAGBS 

------------------------------------------------------------------------
TITLB 

SANTOS VBRIPICATION - ROCKET MOTOR PROBLBM - LINEAR VISCOSITY 
AXISYMMBTRIC 
BLASTIC SOLUTION 
RBSIDOAL TOLBRANCB 0. 5 
MAXIMCM ITERATIONS 5000 
MAXIMCM TOLBRANCB 0.5 
INTBRMBDIATB PRINT 10 
MATBRIAL,1,LINBAR ~SCOBLASTIC,15.6 
BULK 1.B+05 
BULK INP 1.B+05 
BULK RELAX 1. 
SBBAR INP 0. 
SBBAR ONB 3.758+04 
SBBAR TWO 0. 
SBBAR TBRBB 0. 
RELAX ONB 1. 
RBLAX TWO 1. 
RELAX THRBB 1. 
C1 7.6 
C2 277. 
TBMPO 373. 
BND 

$ ROCKET PROPELLANT 

• 

MATBRIAL,2,BLASTIC PLASTIC,98. 
YOUNGS MODULUS 3.B+07 

$ STBBL OUTBR CASING 

POISSONS RATIO 0.3015 
YIBLD STRESS 1.B+06 
BARDBNINQ MODULUS 1.B+06 
BBTA 1 
BND 
PllNCTION 1 

0.,1000. 
10.,1000. 

BND 

$ PRBSSURB HISTORY 

. 0) '~ . 

~ 
~ 
"" V\ 
0\ 
-1 
V\ 

3:: 
~ 
::r 

~ 
~ 

\0 
\0 
0\ 
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35: 
36: 
37: 
38: 
39: 
40: 
41: 
42: 
43: 
44: 
45: 
46: 
47: 
48: 
49: 
50: 
511 

0 52: 
0 

-.1 

STEP CONTROL 
10, 1. 
9,10. 

END 
OtlTPtlT TIME 

. 1, 1. 
1,10. 

END 
PLOT TIME 

1,1. 
1,10. 

END 
PLOT,NODAL,DISPLACBMBNT,RBSIDOAL 

r'?; 
·.~ 

PLOT,BLBMBNT,STRBSS,STRAIN 
PLOT,STATB,BLKDBCAY,DBCAYX1,DBCAYY1,DBCATZ1,DBCAYX2,DBCAYY2,DBCATZ2 
PRBSSURB,4,1,1. 
NO DISPLACBMBNT,Y,l 
EXIT 

------------------------------------------------------------------------

f) 

' 

~ 
w 
Ut 

~ 
Ut 

~ 
~ 
::r 
N 
_-..~ 

,_. 
\0 
\0 
0\ 
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\ 

PROBLBM TITLB 

SANTOS VERIFICATION - ROCKBT MOTOR PROBLBK - LINEAR VISCOSITY 

PROBLEM DBF,INITION 

NUMBBR OF BLBKBNTS •••••••••••••••••••••• 
NUMBBR OF NODBS ••••••••••••••••••••••••• 
NUMBBR OF MATERIALS ••••••••••••••••••••• 
NUHBBR. OP PUNCTIONS ••••••••••••••••••••• 

NUMBER OF CONTACT SORPACBS •••••••••••••• 
NUMBBR OF RIGID SORPACBS •••••••••••••.••• 
NUMBBR , OF MATERIAL POINTS MONITORBD ••••• 

23 
48 

2 
1 
0 
0 
0 

ANALYSIS TYPB ••••••••••••••••••••••••••• AXISYMMBTRIC 
GLOBAL CONVBRGBNCB MBASURB •••••••••••••• 
RBSIDUAL TOLBRANCB • • • • • • • • • • • • • • • • • • • • • • S. OOOB-01 
MAXIMUM NUMBER OF ITBRATIONS •••••••••••• 
ITERATIONS FOR INTBRMBDIATB PRINT ••••••• 
MAXIMUM RBSIDUAL TOLBRANCB •••••••••••••• 
PRBDICTOR SCALB FACTOR P'UNC'l'ION ••••••••• 
MINIMUM DAMPING FACTOR •••••••••••••••••• 

5000 
10 

S.OOOB-01 
0 

2.000B-01 
BFFBCTIVB MODULUS STATUS •••••••••••••••• CONSTANT 
BLASTIC SOLUTION RBQUBSTBD •••••••••••••• 
SCALB FACTOR APPLIED TO TIMB STBP ••••••• 
STRAIN SOFTENING SCALB FACTOR ••••••••••• 
HOURGLASS STIFPNBSS FACTOR .............. 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

1.0008+00 
1.0008+00 
1.000B-0::1 
l.OOOB-0::1 

L 0 A D S T B P D B F I N I T I 0 N S 

(', 
• \. .I 

"\ 

~ 
~ 
w 
U> 

~ 
U> 

~ 
~ 
::r 
N _, 
-\C) 
\C) 

"' 
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9 
\0 

(\ 

TIME NO. OF STEPS TIME 
O.OOOE+OO 10 1.000E+00 
1.000E+00 9 1.000E+01 

PRINTED OUTPUT FREQUENCY 

TIME STEPS BETWEEN PRINTS TIME 
O.OOOE+OO ' 1 1.000E+00 
1.000E+00 1 1.000E+01 

PLOTTED OUTPUT FREQUENCY 

TIME STEPS BETWEEN PLOTS 
0. 000E+00 1 
1. OOOE+OO 1 

TIME 
1.000E+00 
1.000E+01 

M A T E R I A L D E F I N I T I 0 N S 

MATERIAL TYPE ··••••••••••••••••••••••LINEAR VISCOELASTIC 
MATERIAL ID • • • • • • • • . • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • 1. 560E+01 
MATERIAL PROPERTIES! 

BULK = 1.000E+05 

~ 

:E! 
'"0 

~ 
w 
Ul 
0\ 
-.) 
Ul 

s:: 
·8 ::r 
N _ _, 
-\0 
\0 
0\ 
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0 

( 

BULK INF " 1.000E+05 
BULK RBLAX a 1.000E+00 
SIIBAR INF a O.OOOE+OO 

SIIBAR ONB a 3.750E+04 
SIIBAR TWO " O.OOOE+OO 
SIIBAR THRBB a O.OOOE+OO 
RBLAX ONB " 1.000E+00 
RBLAX TWO D 1.000E+00 

RBLAX TBRBE " 1.000E+00 

C1 • " 7.600E+00 

c2 a 2.770E+02 

TBMPO D 3.730E+02 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC PLASTIC 
MATERIAL ID •••••••••••••••••••••••••• 2 

DBHSITY ................... • • ••••• • • • • • 9.8008+01 
MATERIAL PROPERTIES• 

YOUNQS MODULUS ..• 3.000E+07 
POISSONS RATIO " 3.015E-01 
YIELD STRBSS " 1.000E+06 
HARDBNINQ MODULUS • 1.0008+06 
BBTA • 1.0008+00 

PUNCTION.DEPINITIONS 

FUNCTION ID ......... 1 

N 
1 
2 

s 
O.OOOE+OO 
1.0008+01 

NUMBER OP POINTS •••• 

P(S) 
1.0008+03 
1.000E+03 

'~ 
\·~~'::} 

2 

. 

~, 

' 

~ 
0 
~ 

"' U\ 
0\ 
-J 
U\ 

~ 
~ 
::r 
N 
-J 

~ 

\0 
\0 
0\ 
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~'' 
~ 

I ' 

N 0 DIS P LAC B M B NT B 0 UN DAR Y C 0 N D IT I 0 N S 

NODB SB'r FLAG 
1 

DIRECTION 
y 

PRESSURE BOUNDARY CONDTIONS 

SURFACE 
FLAG 

4 

FUNCTION 
NtlMBBR 

1 

SCALE 

PACTOR 
1.000E+00 

END OP DATA INPUT PHASE 
2.074E-01 CPO SECONDS USED 

48 WORDS ALLOCATED 

END 0 F DATA IN IT I' ALI Z AT I 0 N PHASE 
1.170E-02 CPU, SECONDS USED 

48 WORDS ALLOCATED 

'\ 

~ 
0 
'"' w 
fJ\ 

"' _, 
fJ\ 

~ 
8 
::r 

• N _, 
..... 
'Cl 
'Cl 

"' 
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0 

VARIABL8S 0 N PLOTTING DATA B A B 8 '*" w 
Vt 
a-

NODAL 8LBMBNT GLOBAL _, 
Vt ----- ------- ------

DISPLX SIGXX PX 
DIS PLY SIGYY · py 

~ 
RBSIDX SIGZZ RX 8 RBSIDY TAOXY RY ::r 
RBSID 8PSXX IT8R N _, 

8PSYY IIJIAG -8PSZZ "' "' 8PSXY a-
BLKD8CAY 
DBCAYX1 
D8CAYY1 

0 D8CAyz1 
0 - DBCAYX2 

N 
DBCAYY2 
D8CAyz2 

ST8P TIMB TIMB DAMPING APPLI8D RBSIDDAL P8RCBNT TOTAL 
ST8P PACTOR LOAD NORM LOAD NORM IM1!u.ANC8 ST8PS · 

10 0.0008+00 9.9568-02 9.9968-01 8.8508+01 1.5378+02 173.72 10 
20 0.0008+00 9.9538-02 1.0008+00 8.8678+01 1.1798+02 132.93 20 

30 0.0008+00 9.9548-02 7.6488-01 8.8878+01 9.9298+01 111.73 30 
40 0.0008+00 9.9528-02 8.2508-01 8.8928+01 5.9628+01 67.05 40 
50 0.0008+00 9.9518-02 8.5208-01 8.8938+01 5.4148+01 60.88 50 
.60 0.0008+00 9.9528-02 ·8.6268-01 8.8928+01 5.4868+01 61.69 60 
70 0.0008+00 9.9528-02 9.6248-01 8.8928+01 5.4328+01 61.08 70 
80 0.0008+00 9.9508-02 9.9768-01 8.8928+01 5.7158+01 64.28 80 

90 0.0008+00 9.9528-02 .8.2468-01 8.8918+01 5.3528+01 60.20 90 
100 0.0008+00 9.9528-02 8.0658-01 8.8918+01 5.0988+01 57.33 100 
110 0.0008+00 9.9528-02 8.,0008-01 8.8918+01 5.0618+01 56.92 110 

(' ;~ /\ 
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~ 
"tj 
0 
'**' 120 O.OOOB+OO 9.952B-02 9.779B-01 8.8918+01 5.040B+01 56.69 120 w 

130 O.OOOB+OO 9.952B-02 9.99BB-01 8.891B+01 4.994B+01 56.16 130 l.ll 
0'> 

140 O.OOOB+OO 9.951B-02 1.000B+00 8.892B+01 4.917B+01 55.30 140 -.1 
l.ll 

150 O.OOOB+OO 9.952B-02 1.000B+00 8.892B+01 4.776B+01 53.71 150 
160 O.OOOB+OO 9.951B-02 1.000B+00 8.892B+01 4.578B+01 51.48 160 
170 O.OOOB+OO 9.951B-02 1.000B+00 8.893B+01 4 .• 371B+01 49.15 170 s: 
180 O.OOOB+OO · 9.951B-02 1.000B+00 8.893B+01 4.123B+01 46.36 180 8 • 
190 O.OOOB+OO 9.951B-02 1.000B+00 · 8.894B+01 3.801B+01 42.74 . 190 ::r 
200 O.OOOB+OO 9.951B-02 1.000B+00 8.895B+01 3.474B+01 39.06 200 N 

-.1 
210 O.OOOB+OO 9.950B-02 1.000B+00 8.895B+01 3.135B+01 35.24 210 . -220 O.OOOB+OO. 9.951B~02 1.000B+00 8.896B+01 2.727B+01 30,65 220 '0 

'0 
230 O.OOOB+OO 9.950B-02 1.000B+00 8.897B+01 2.304B+01 25.90 230 0'> 

240 0.000B+00 9.950B-02 1.000B+OO· 8.898B+01 1.903B+01 21.39 240 
250 0.0008+00. 9.949B-02 1.000B+00 8.899B+01 1.461B+01 16.42 250 
260 O.OOOB+OO 9.950B-02 1.000B+00 8.900B+01 9.8548+00 11.07 . 260 
270 -0. OOOB+OO 9.949B-02 9.994B-01 8.9018+01 5.486B+00 6.16 270 
280 O.OOOB+OO 9.949B-02 9.9908-01 8.902B+01 2.385B+00 2.68 280 

0 290 O.OOOB+OO 9.948B-02 9.980B-01 8.903B+01 4.8488+00 5.45 290 
' - 300 O.OOOB+OO 9.9488-02 9.9788-01 8.904B+01 9.2088+00 10.34 300 w 

310 O.OOOB+OO 9.948B-02 9.958B-01 8.905B+01 1.310B+01 14.71 310 
320 O.OOOB+OO 9.948B-02 9.934B-01 8.906B+01 1.730B+01 19.43 320 
330 0.0008+00 9.948B-02 9.9748-01 8.9068+01 2.1508+01 24.14 330 
340 0.0008+00 9.947B-02 1.000B+00 8.907B+01 2.499B+01 28.05 340 
350 O.OOOB+OO 9.9478-02' 1.0008+00 8.9088+01 2.8318+01 31.79 350 
360 0.0008+00 9.947B-02 1.000B+00 8.909B+01 3.1758+01 35.64 360 
370• O.OOOB+OO 9.947B-02 1.000B+00 8.9098+01 3.4578+01 38.81 370 
380 O.OOOB+OO 9.9468-02 1.000B+00 8.910B+01 3.6858+01 41.36 380 
390 O.OOOB+OO 9.947B-02 9.999B-0·1 8.910B+01 3.908B+01 43.86 390 
400 0.000B+00 9.946B-02 1.000B+00 8.9108+01 4.105B+01 46.07 400 
410 O.OOOB+OO 9.946B-02 1.0008+00 8.9118+01 4.2238+01 47.39 410 
420 0.0008+00 9.9468-02 1.0008+00 8.911B+01 4.3148+01 48.41 420 
430 O.OOOB+OO 9.946B-02· 1.000B+00 8.911B+01 4.399B+01 49.36 430 
440 O.OOOB+OO 9.9468-02 9.000B-01 8.911B+01 4.412B+01 49.52 440 
450 O.OOOB+OO 9.946B-02 9.8688-01 8.911B+01 4.380B+01 49.15 450 
460 O.OOOB+OO 9.946B-02 1.000B+00 8.911B+01 4.336B+01 48.66 460 
470 0.0008+00 9.946B-02 1.000B+00 8.9118+01 4.2638+01 47.84 470 
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480 O.OOOB+OO 9.946B-02 1.000B+00 8.911B+01 4.129B+01 46.34 480 
::;:: 
"' 490 O.OOOB+OO 9.947B-02 1.000B+00 ·8.910B+01 3.959B+01 44.43 490 0 

500 O.OOOB+OO 9.946B-02 9.999B-01 8.910B+01 3.775B+01 42.36 500 * U> 

1.000B+00 8.909B+01 3.542B+01 39.76 510 O.OOOB+OO 9.947B-02 510 U\ 
0\ 

520 O.OOOB+OO 9.947B-02 1.000B+00 8.909B+01 3.270B+01 36.71 520 -.) 
U\ 

530 O.OOOB+OO 9.947B-02 .9.994B-01 8.908B+01 2.981B+01 33.46 530 

540 O.OOOB+OO 9.947B·02 9.990B-01 8.907B+01 2.670B+01 29.98 540 

550 O.OOOB+OO 9.948B-02 9.989B-01 8.907B+01 2.329B+01 26.15 550 3:: 
560 O.OOOB+OO 9.947B-02 9.978B-01 8.906B+01 1.972B+01 22.14 560 8 
570 O.OOOB+OO 9.948B-02 9.959B-01 8.905B+01 1.616B+01 18.14 570 ::r 
580 O.OOOB+OO 9.948B-02 9.977B-01 8.904B+01 1.242B+01 13.95 580 N 

-.) 

590 O.OOOB+OO 9.948B-02 9.927B-01 8.904B+01 8.534B+00 9.58 590 -600 O.OOOB+OO 9.949B-02 1.000B+00 8.903B+01 4.761B+00 5.35 600 \0 
\0 

610 O.OOOB+OO 9.949B-02 1.000B+00 8.902B+01 1.136B+00 1.28 610 0\ 

9 I • 
,_. 
.j>. 

r\ '"' ·~ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 14:38:29 
SANTOS VERIFICATION - ROCKET MOTOR PROBLEM - LINEAR VISCOSITY 

********************************************************************* 
SUMMARY OP DATA AT ST8P NOMBBR 0, TIMB a 0.0008+00 
NOM88R OP IT8RATIONS a 612, TOTAL NOMB8R OP IT8RATIONS a 

PINAL CONVBRGBNC8 TOLBRANC8 = 4.6998-01 
SOM OP BXT8RHAL PORC8S IN X-DIRBCTION • 1.2598+02 
SUM OP BXT8RHAL PORC8S IN Y-DIRBCTION a 0.0008+00 
SOM OP RBACTION PORC8S IN X-DIRBCTION • 0.0008+00 
SUM OP RBACTION PORC8S IN Y-DIRBCTION = 7.9588-13 
********************************************************************* 

**** PLOT TAP8 WRITTBN AT TIMB • 0.0008+00 ST8P NUMB8R 0 **** 

• 

**** PLOT TAP8 WRITTBN AT TIMB a 9.0008+00 ST8P NUMB8R 18 **** 

ST8P TIMB TIMB DAMPING APPLI8D RBSIDUAL P8RCBNT 
ST8P FACTOR LOAD NORM LOAD NORM IMBALANC8 

10 1.0008+01 1.0008+00 9.9998-01 9.0038+01 9.7948+00 10.88 
20 1.0008+01 1.0008+00- 1.0008+00 9.0038+01 1.2928+01 14.35 
30 1.0008+01 1.0008+00 1. 0008+00 9.0028+01 7.2038+00 8.00 
40 1.0008+01 1. 0008+00 1. 0008+00 9.0028+01 3.9228+00 4.36 
50 1.0008+01 1. 0008+00 8.5318-01 9.0018+01 5.8398+00 6.49 
60 1. 0008+01 1.0008+00 9.9488~01 ·9.0018+01 3.4818+00 3.87 
70. 1. 0008+01 1.0008+00 9.8998-01 9.00lB+01 2.0738+00 2.30 
80 1.0008+01 1.0008+00 1.0008+00 9.0028+01 3.3558+00 3.73 
90 1. 0008+01 1.0008+00 1.0008+00 9.0028+01 2.4018+00 2.67 

~ 

~ 
"0 
0 
~ 

w 
LA 

"' -l 
LA 

612 3:: 
R 
::r 
N 
-l -"' "' "' 

TOTAL 
ST8PS 

13069 
12079 
12089 
13099 
13109 
12119 
12129 
12139 
12149 
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SANTOS, VBRSXON 2.0.0 ,RON ON 03/07/96 ,AT 14o38o29 
SANTOS VBRXPXCATXON - ROCKET MOTOR PROBLEM - LXNBAR VISCOSXTY 

' ********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 19, TXMB • 1.000E+01 
NUMBER OP XTERATXONS • 98, TOTAL NUMBER OP XTBRATXONS a 

PXNAL CONVBRQBNCE TOLERANCE • 3.600E-01 
SUM OP EXTERNAL PORCES XN X-DXRECTXON a 1.273E+02 
SUM OP EXTERNAL PORCES XN Y-DIRECTXON • O.OOOE+OO 
SUM OP RBACTXON PORCES XN X-DXRECTIOH a 0.000E+00 
SUM OP RBACTXON PORCES XN Y-DXRECTXON a 1.364E-12 

12157 

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

•••• PLOT TAPE WIUTTBN AT TXMB a 1. 000E+01 STEP NUMBER 19 **** 

20 TXMB STEPS WERE WIUTTBN TO THB PLOTUNQ DATA BASE 

END OP SOLUTXON PHASE 
1.062E+01 CPO SECONDS USED 

48 WORDS ALLOCATED 

0 

.. 

~ .., 
0 
'* w 
VI 
a--
-..I 
VI 

s:: 
~ 
::r 

• N 
.:-' -\0 
\0 a--
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WPO# 35675 March 27, 1996 

APPENDIX P 

Input/Output Data For Problem 16 - M-D 
Constitutive Model Implementation Test Problem 

The following two sections present the input data and the fonnatted output for the M-D · 
. constitutive model implementation test problem. 

FASTQ and SANiOS Input Data For The M-D Constitutive Model 
Implementation Test Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the M-D constitutive model implementation test 
problem. 

' 
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'l'I'l'LB 
SHAP'l' MBSB 128 BI·BMBN'l'S - SAH'l'OS/SANCBO CHECK 

POIN'l' 1 3.2500000000B+00 O.OOOOOOOOOOB+OO 
POIN'l' 2 
POIN'l' 3 
POIN'l' 4 
LINK 1 
LINK· .2 
LINK 3 
LINK 4 
RBOION 1 
SCBBMB OK 
BODY 1 
LINKBC 1 
LINKBC 2 
LINBBC 3 
SIDBBC 1 
SIDBBC 2 
SIDBBC 3 
BXI'l' 

1625. O.OOOOOOOOOOB+OO 
1625. 3.2500000000B+00 
3.2500000000B+00 

S'l'R 1 2 
S'l'R ' 2 . 3 
S'l'R 4 3 
S'l'R 4 1 

1 -1 -2 

4 
1 3 
2 
4 
1 3 
2 

P-2 

3.2500000000B+00 
0 128 1.0250 
0 1 1.0000 
0 128 1.0250 
0 1 1.0000 
-3 -4 

( 

c 

c 
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'l'ITLB 
SRAP'l' M-D CRBBP SAN'l'OS VERIFICATION CALCOLATION (2/13/95) 

AXISYM 
S'l'BP CONTROL 

3650 3.1536!8 
BND 
OU'l'PU'l' TIME 

. 1 3.1536!8 
BND 
PLO'l' 'l'IMB 

1 3.1536!8 
BND 
BLASTIC SOLUTION 
RESIDUAL TOLERANCE • .01 
MAXIMDM I'l'BRA'l'IONS • 5000 
IN'l'BIIMBDIA'l'B PRINT " 100 
MAXIMDM TOLERANCE " 100. 
MmiMDM DAMPING FACTOR " • 2 
INITIAL S'l'RBSS " CONS'l'AN'l' " -15.!6 " -15.!6 " -15.0!6 " 0. 
HOURGLASS S'l'IFFBNINGI " .005 
AU'l'O S'l'BP 0.02 2.592e6 NORBDOCB 1.B-3 
PLOT NODAL DISPLACBMBN'l' 
PLO'l' BLBMBN'l' S'l'RBSS 
PLOT STATE BQCS 
PIJNC'l'ION 1 

0. 1. 
7.22!8 1. 
BND 
PRESSOR!, 3, 1, 15.0!6 
NO DISPLACBMBN'l', Y, 2 
MA'l'BRIAL, 1, M-D CRBBP MOJ?BL, 2300. 
TWO MtJ " 24. 8B9 
BULK MODULUS " 20.66!9 
A1 " 8.386!22 
Q1/R a 41.94 
N1 • 5.5 
Bl a 6.086!6 
A2 " 9. 672!12 
Q2/R " 16.776 
N2 a 5.0 
B2 " 3.034!-2 
SIGIO " 20.57!6 
QLC " 5335. 
M a 3.0 
ItO • 6.275!5 
c " 2.759 
ALPHA • -17.37 
BB'l'A " -7.738 
DBL'l'LC a 0 • 58 
RN3 • 2.0 
AMULT a 0.95 
BND 
BXIT 

P-3 
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SANTOS Output For The M-D Constitutive Model Implementation 
Test Problem 

The following section presents a portion of the SANTOS printed output for the M-D 
constitutive model implementation test problem. Because all pertinent information and 
results from the analysis are written to the plot ftle for post-processing, the printed output 
ftle simply echoes input data and problem-descriptive information at the beginning, 
followed by information that tracks the convergence behavior of the solution, and a 
summary of CPU usage at the end. For this reason, only a partial listing, consisting of 
approximately the fJrSt 500 lines of output and the last 100 lines of output, is provided. 

,. 
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ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

1l 
IJ\ 

!~ 

AAAAA N NN TTTTTT 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT o<i 00 

A..-···~.A NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA NN NN TT 00 00 
AA AA NN N TT 00000 

VBRSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROOIUIMMBD BY1 

CHARLES M. STONE 
BNGINEBRINQ SCIBNCBS. CBNTBR 

SANDIA NATIONAL LABORATORIBS 
ALBUQUBRQUB, NBW MBXICO 87185 

DBRIVBD PROM PRONT02D BY 
t.BB M. TAYLOR AND DBNNJ:S P. PI.ANAQAN 

RUN ON'03/07/96 AT 15128127 
RUN ON A Cray0J90 UNDBR UDiCo8.0 

rj 

~ 
~ 
w 

ssssss IJ\ 
0\ 

ss -..l 
IJ\ 

ss 
sssss 

ss 8::: 
ss 8 =-ssssss N 

,;-J -\0 
\0 
0\ 
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0 

0\ 

(\ 

INPUT STRBAH IMAQBSTITLB 
SHAFT M-D CRBBP SANTOS VBRIPICATION ~TION (2/13/95) 

LINE 
1• 
2• 
3• 
4• 
s. 
6o 
7• 
8• 
9• 

10• 
11• 
12• 
u. 
14• 
15• 
16• 
17• 
18• 
19• 
20• 
21• 
22• 
23• 
24• 
:as. 
26• 
27• 
28• 
29• 
30• 
31• 
32• 
33• 

TITLB 
SHAFT M-D CRBBP SANTOS VBRIPICATION ~TION (2/13/95) 

AXISYM 
STEP CONTROL 

3650 3.153688 
BND 
OUTPUT TIME 

1 3.1536B8 
BND 
PLOT TIME 

1 3.153688 
BND 
BLASTIC SOLUTION 
RBSIDUAL TOLBRANCB • • 01 
MAXIMUM ITERATIONS • 5000 
INTBRMBDIATB PRINT • 100 
MAXIIIOM TOLBRANCB ,. 100. 
MINIIIOM DAMPING PACTOR • • 2 

• 

INITIAL STRBSS • CONSTANT • -15.B6 •· -15.86 a -15.0B6 • 0. 
HOURGLASS STIPPBNINQ • .005 
AUTO STBP 0.02 2.592a6 NORBDUCB 1.B-3 
PLOT NODAL DISPLACBMBNT 
PLOT BLBMBNT STRBSS 
PLOT STATB BQCS 
P'DNCTION 1 

0. 1. 
7.22B8 1. 
BND 
PRBSSORB, 3, 1, 15.0B6 
NO DISPLACBMBNT, Y, 2 
MATERIAL, 1, M-D CRBBP MODBL, 2300. 
TWO MU a 24.889 
BULK MODOLUS • 20.6689 

0, "\ 

~ 

~ 
"' Ut 

~ 
Ut 

I 
N 
-.j 

~ 

\0 
\0 
0\ 
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• 
~ 
0 

34: Al a 8.386822 ~ 

• ..., 
35: Ql/R a 41.94 Ul 

"' 36: Nl " 5.5 -..) 

37: Bl a 6.08686 Ul 

38: A2 • 9.672812 
39: Q~/R • 16.776 

~ 40: N2 = 5.0 ' 
~ 41: 82 a 3.0348-2 
1:1' 42: SIGO • 20.5786 N 

43: QLC = 5335. -..) -44: M a 3.0 \0 
45: KO a 6.27585 \0 

"' 46: c • 2.759 
47: ALPHA a -17.37· 
48: BETA a -7.738 
49: D8LTLC = 0,58 
50: RN3 = 2.0 

"0 51: ~ = 0.95 
' 52: END -..) 

53: EXIT 

----------------------------------------~-------------------------------
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PROBLEM TITLB'riTLB 
SHAFT M-D CREEP SANTOS VERIFICATION ~TION (2/13/95) 

SHAFT M-D CREEP SANTOS VERIFICATION ~TION (2/13/95) 

PROBLEM DEFINITION 

HOMBBR OF BLBMBHTS •••••••••••••••••••••• 
HOMBBR OF NODES ••••••••••••••••• · •••••••• 
HOMBBR OF MATERIALS ••••••••••••••••••••• 
HOMBBR OF rtlNCTIONS ••••••••••••••••••••• 
HOMBBR OF CONTACT SURFACES •••••••••••••• 
HOMBBR OF RIGID SURFACES •••••••••••••••• 
HOMBBR OF MATERIAL POINTS MONITORED ••••• 
ANALYSIS TYPE ••••••••••••••••••••••••••• 
GLOBAL CONVBRGBHCB MBAStJRB •••••••••••••• 
RBSXDUAL TOx.BRANCB •••••••••••••••••••••• 

MAXIMUM HOMBBR OF ITERATIONS •••••••••••• 
ITERATIONS FOR INTBRMBDIATB PRINT ••••••• 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 
PREDICTOR SCALE FACTOR rtlNCTION ••••••••• 
MINIMUM DAMPING FACTOR •••••••••••••••••• 
BFFBCTIVB MODULUS STATUS •••••••••••••••• 
INITIAL STRESS DISTRIBUTION APPLIED ••••• 
BLASTIC SOLUTION RBQUBSTBD •••••••••••••• 
SCALE FACTOR APPLIED TO TIME STEP ••••••• 
STRAIN SOFTBHING SCALE FACTOR ••••••••••• 
HOURGLASS STIFFNESS FACTOR •••••••••••••• 
HOURGLASS VISCOSITY FACTOR •••••••••••••• 

l~ 

128 
258 

1 
1 
0 
0 
0 

AltiSYMMB'rRIC 

1.000B-02 
5000 

100 
1.000B+02 

0 
2.000B-01 

CONSTANT 

1.000B+00 
1.000B+00 
5.000B-03 
O.OOOB+OO 

• 

.'\· 

~ 
~ 
w 
U\ 

~ 
U\ 

~ 
8 
::r 
N ._, 
-\0 
\0 
0\ 
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"P 
10 

G 

L 0 A D S T 8 P D 8 P X N X T X 0 N S 

TXMB 
0.0008+00 

NO. OP ST8PS 
3650 

TXMB 
3.1548+08 

P R X N T 8 D 0 U T P U T P R 8 Q U 8 N C Y 

TXMB ST8PS BB'l'WBBN PRXNTS 
0.0008+00 1 

TXMB 
3.1548+08 

PLOTT8D OUTPUT PR8QU8NCY 

TXMB ST8PS BB'l'WBBN PLOTS 
0.0008+00 1 

TXMB 
3.1548+08 

MAT8RXAL D8PXNXTXONS 

MAT8RXAL TYP8 ••• · ••••• · •••••••••••••••• M-D CRB8P MOD8L 
MATERIAL I D • • • • • • • • .. • • • • • • • • • • • • • • • • • 1 
DBNSXTY • • • • • • • • • • • • • . • • • • . • • • • • • • • • • • 2. 3008+03 
MAT8RXAL PROP8RTX8S1 

TWO MU 
BULlt MODULUS 

~ 

~ 

2.4808+10 
2.0668+10 

·\ 

! 
w 
V\ 

~ 
V\ 

~ 

~ 
tv 
,;-.J -10 
10 

"' 
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"' ' -0 

r 

A1 • 8.3868+22 
Q1/R a 4.1948+01 
N1 = 5.5008+00 

B1 " 6.0868+06 
A2 a 9.6728+12 
Q2/R • 1.6788+01 
N2 • 5.0008+00 
B2 " 3.0348-02 
SIQO • 2.0578+07 
QLC " 5.3358+03 
M • 3.0008+00 
KO • 6.2758+05 
c " 2.7598+00 
ALPHA • -1.737B+01 
BB'l'A • -7.7388+00 
D8LTLC • 5,8008-01 
RN3 • 2.0008+00 

AMULT a 9.5008-01 

FUNCTION D8PINITIONS 

PUNCTION ID ......... 1 

N 

1 
2 

s 
0.0008+00 
7.2208+08 

NUMBBR OP POINTS •••• 

P(S) 
1.0008+00 
1.0008+00 

.2 

NO DISPLAC8M8NT BOUNDARY CONDITIONS 

(""', 

~ 
• ~ ..., 

VI 
0\ 
-:t 
VI 

~ 
~ 
::r 
tv 
:-I -\0 
\0 
0\ 

' \ 
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"P -.... 

(' 

• 

PRESSURE 

NODE SBT FLAG 
2 

BOUNDARY 

f) 

DIRECTION 
y 

CONDTIONS 

SURFACE 
FLAG 

FUNCTION 
NUMBER 

1 

SCALB 
.FACTOR 

1.500E+07 3 

END OF DATA INPUT PHASE 
2.183E-01 CPU SECONDS USED 

262 WORDS ALLOCATED 

END OF DATA INITIALIZATION PHASE 
1.149E-02 CPU SECONDS USED • 

258 WORDS ALLOCATED 

VARIABLES ON PLOTTING DATA BASE 

NODAL ELBMBNT GLOBAL 

·'\ 

~ 
~ 
w 
IJl 

~ 
IJl 

~ 
~ 
:;r 

_!::l -.\0 
\0 
0\ 
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r 0 

SANTOS, VBRSXON 2.0.0 ,RUN ON 03/07/96 ,AT 15•28•27 
SHAFT M-D CREEP SANTOS VBRXFXCATXON CALCULATXON (2/13/95) 

********************************************************************* 
SUMMARY OF DATA AT STEP NUMBER 0, TXMB ~ O.OOOE+OO 
NUMBER OF XTERATXONS a 52, TOTAL NUMBER OF XTERATXONS • 
FXNAL CONVERGENCE TOLERANCE a 9.445E-03 
SUM OF EXTERNAL FORCES XN X-DXRBCTXON •-7.922E+10 
SUM OF EXTERNAL FORCES XN Y-DIRBCTXON a 0.000E+00 
SUM OF REACTION FORCES XN X-DXRBCTION • O.OOOE+OO 
SUM OF RBACTXON FORCES IN Y-DIRBCTXON •-3.906E-02 
********************************************************************* 

**** PLOT TAPB WRXTTBN AT TIMB a 0.0008+00 STBP NOMBBR 0 **** 

/~ 

52 

~ 
~ ..., 
Ul 

~ 
Ul 

~ 
~ 
::T 
N .._, 
..... 
"' "' 0\ 
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SANTOS, VERSION 2.0.0 ,RON ON 03/07/96 ,AT 15128127 

SRAPT M-D CREEP SANTOS VERIFICATION CALCULATION (2/13/95) 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 1, TIMB • 1.000E-03 

NUMBER OP ITERATIONS = 55, TOTAL NUMBER OP ITERATIONS = 

PINAL CONVERGENCE TOLBRANCE = 8.537E-03 
SCM OP BXTERNAL FORCES IN X-DIRBCTION =-7.922E+10 

SCM OP BXTERNAL FORCES IN Y-DIRBCTION = 0.000E+00 

SCM OP RBACTION PORCES IN X-DIRECTION a 0.000E+00 

SCM OP RBACTION FORCES IN Y-DIRBCTION a-3.906E-02 

107 

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

**** PLOT TAPE WRITTBN AT TIMB • 1.000E-03 STEP NUMBER 

**** PLOT TAPE WRITTBN AT TIMB a 3.147E+08 STEP NUMBER 

STEP TIMB 

100 3.154E+08 

TIMB 

STEP 

6.111E+05 

DAMPING APPLIED RBSIDUAL 

FACTOR LOAD NORM LOAD NORM 

9.436E-01 5.602E+10 5.628E+06 

~~ 

1 •••• 

220 **** 

PERCBNT 
IMBa.LANCE 

0.01 

TOTAL' 

STEPS 

30664 

'~ 
J 

~ 
0 
'**' 
w 
Lll 
0\ _, 
Lll 

:;.:: 
~ :r 
N _, 
--a 
-a 
0\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/07/96 ,AT 15o28o27TITLB 

SHAFT M-D CREEP SANTOS VERIFICATION CALCULATION (2/13/95) 

SBAPT M-D CREEP SANTOS VERIFICATION CALCULATION (2/13/95) 

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

SUMMARY OP DATA AT STEP NUMBER 221, TIME a 3.154E+08 

NUMBER OP ITERATIONS a 150, TOTAL NUMBER OP ITERATIONS • 

PINAL CONVERGENCE TOLBRANCE a 1.000E-02 

SUM OP EXTERNAL FORCES IN X-DIRECTION •-7.922E+10 

SUM OP EXTERNAL FORCES IN Y-DIRECTION a O.OOOE+OO 

SUM OP REACTION FORCES IN X-DIRECTION • O.OOOE+OO 

SUM OP REACTION FORCES IN Y-DIRECTION • 1.563E-02 

30714 

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

**** PLOT TAPE WRITTEN AT TIME • 3.154E+08 STEP NUMBER 221 **** 

222 TIME STEPS WERE WRITTEN TO THB PLOTTING DATA !lASE 

END OP SOLUTION PHASE 

2.606E+02 CPO SECONDS USED 

258 WORDS ALLOCATED 

r'\ 

~ 
~ 
"' u. 

"' ._, 
u. 

f 
N ._, 
-\0 
\0 

"' 
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Intentionally Left Blank ( 
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APPENDIX Q 

Input/Output For Problem 17- Upsetting of a 
Cylindrical Billet · 

The following sections present the input data and the fonnatted output for the upsetting of 
a cylindrical billet problem. 

FASTQ and SANTOS Input Data For The Problem of Upsetting of 
a Cylindrical Billet 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh genemtion and analysis of the upset of a cylindrical billet. 

Q-1 
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TI'l'LB 
STBBL BILLET c 

POINT 1 O.OOOB+OO O.OOOB+OO 
POINT 2 1.000B+01 0;000B+00 

POINT 3 1.000B+01 1.500B+01 

POINT ' O.O.OOB+OO 1.500B+01 
LINB 1 STR 1 2 0 12 1.0000 

LINB 2 STR 2 3 0 18 1.0000 

LINB 3 STR 3 ' 0 12 1.0000 

LINB ' STR ' 1 0 18 1.0000 

RBGIOH 1 1 -1 -2 -3 
_, 

SCRBMB 0 M 
LINBBC 1 1 
LINBBC 2 2 
LINBBC 3 3 
LINBBC ' ' • SIDBBC 100 1 
SIDBBC 300 3 
SIDBBC 200 2 
SIDBBC 400 ' SIDBBC 500 2 3 
BXIT 

Q·2 
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TITLB 
UPSETTING OP A CYI.INDRICAL BILLET 

AXISYHMBTRIC 
STBP CONTROL 
100,1 
BND 

INTBIIMBDIATB PRINT= 100 
MAXIMUM ITERATIONS • 3000 
RBSII!UAL TOLERANCE " 0. 5 
MAXIMUM TOLERANCE " 100. 0 
OUTPUT TIMB 
5,1 
BND 
PLOT TIMB 
1,1 
BNJ) 

PLOT NODAL • DISPLACBMBNT,RBACTION,RBSII!UAL 
PLOT ELBMBNT " VONHISES,PRBSSURB 
PLOT STATE " BQPS 
NO DISPLACBMBNT,X " 4 
PRESCRIBED DISPLACMBNT,Y a 1,1,9-
PUNCTION • 1 
0,0 
1,1 
BNJ) 

RIGID SURFACE = 500 , 0., 15., 0., -1., PIXBD 
MATBRIAL,1,BLASTIC PLASTIC,7.833E-6 
YOUNGS MODOLOS " 200 , POISSON'S RATIO a .3 
YIBLD STRESS a .7 , BARDBNING MODOLOS " .3 , BETA " 1 
BNJ) 

EXIT 

Q-3 
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SANTOS Output For The Problem of Upsetting of a Cylindrical 
Billet 

The following section presents a portion of the SANTOS printed output for the problem of 
upsetting of a cylindrical billet Because all pertinent information and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-descriptive information at the beginning, followed by information 
that tracks the convergence behavior of the solution, and a sinnmary of CPU usage 'at the 
end. For this reason, only a partial listing, consisting of approximately the first 500 lines of 
output and the last 100 lines of output, is proVided. 

Q-4 
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ssssss 
ss 
ss 
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ss 
ss 

ssssss 

9 
Ul 

~~ 

AAAAA N ' NN TT'r'l'T'l' 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 
~taaaaaA NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA NN NN TT '00 00 
AA AA NN N TT 00000 

VBRSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROORAMMBD BY1 

CHARLES M. STONE· 
ENGINEERING SCIENCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MEXICO 87185 

·DERIVBD PROM PRONT02D BY 
LEE M. TAYLOR AND DENNIS P. PLANAQAN 

RON ON 03/29/96 AT 08•53101 
RON ON A Cray0J90 ONDER OU1Co8.0 

''\ 

~ 
0 
'"' ..., 
Ul 

"' ssssss . -.l 
Ul 

ss 
ss 
sssss ~ 

ss ~ 
ss ::r 

N 
ssssss ;--l -\0 

\0 

"' 
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LJ:NB 

11 
a: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
11: 
1a: 
13: 
14: 

t;> 15: 

0\ 16: 
17: 
18: 
19: 
20: 
a1: 
2a: 
a3: 
24: 
as. 
26: 
a7: 
a8: 
a9: 
30: 
31: 

I 

INPUT STRBAM IMAGES 

------------------------------------------------------------------------
TITLE 

UPSBT'l'ING OP A CYLINDRICAL BILLB'l' 
AXI SYMMB'l'RIC 
STBP CONTROL 
100,1 
BND 
INTBRMBIIIATB PRINT= lOO 
MAXIMIJM ITERATIONS ,. 3000 
RESIDUAL TOLBRANCB • 0.5 
MAXIMIJM TOLBRANCB a 100.0 
Oll'l'Pll'l' TIHB 
5,1 
BND 
PLOT TIMB 
1,1 
BND 
PLOT NODAL • DISPLACBMBNT,RBACTION,RESIDUAL 
PLOT BLBMBNT a VONMXSBS, PRESSURE 
PLOT STATB • BQPS 
NO DISPLACBMBNT,X ,. 4 
PRESCRIBED DISPLACMBNT,Y a 1,1,9. 
FUNCTION a 1 
0,0 
1,1 
BND 
RIGID SURPACB • 500 , 0., 15., 0., -1., PIXBD 
MATBRIAL,1,BLASTIC PLASTIC,7.833B-6 
YOUNGS MODULUS • aOO , POISSONS RATIO. a .3 
YIBLD STRESS a • 7 , BARDBNING MODULUS a • 3 , BBTA a 1 

BND 
BXIT 
------------------------------------------------------------------------

0 '\ 

~ 
~ 
w 
Vl 

93 
Vl 

s:: 
~ 
~ -'0 
'0 
0\ 
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r\ 

PROBL8M 'l'ITL8 

UPS8TTING OP A CYLINDRICAL BILLB'l' 

P R 0 B L 8 M ,D 8 P I N I 'l' I 0 N 

NUMB8R OP 8LBMBN'l'S •••••••••••••••••••••• 
NUMB8R OP NOD8S ••••••••••••••••••••••••• 
NUMB8R OP MAT8RIALS ••••••••••••••••••••• 
NUMB8R OP PUNCTIONS ••••••••••••••••••••• 
NUMB8R OP CONTACT SURPAC8S •••••·•••••••• 
NUMB8R OP RIGID SURPAC8S •••••••••••••••• 
NUMB8R OP MAT8RIAL POINTS MONI'l'ORBD ••••• 

216 
247 

1 
1 
0 
1 
0 

ANALYSIS TYP8 •• '. • • • • • • • • • • • • • • • • • • • • • • • • AXISYMMB'l'RIC 
GLOBAL CONVBRGIBNC8 MBASllliB •••••••••••••• 
RBSIDUAL TOLBRANC8 •••••••••••••••••••••• 5.0008-01 
MAXIMDM NUMBBR OP IT8RA'l'IONS •••••••••••• 3000 
IT8RA'l'IONS POR INT8RMBDIAT8 PRINT ••••••• 
MAXIMDM RBSIDUAL 'l'OLBRANC8 •••••••••••••• 
PRBDICTOR SCALB PACTOR FUNCTION ••••••••• 

MINIMDM DAMPING PACTOR •••••••••••••••••• 
8PPBCTIVB MODULUS STATUS •• · •••••••••••••• 
SCALB PACTOR APPLIBD TO TIMB STBP ••••••• 
STRAIN SOFTENING SCALB PACTOR ••••••••••• 
HOURGLASS STIPPNBSS PACTOR .............. 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

100 
1.0008+02 

0 
2.0008-01 

CONSTANT 
1.0008+00 
1.0008+00 

"1.0008-02 
3.0008-02 

L 0 A D S T B P D 8 P I N I T I 0 N S 

0 

~ 
~ 
w 
VI 

~ 
VI 

f 
N 
;-J -\0 
\0 
0\ 
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t;> 
00 

(' 

TIME 
O.OOOB+OO 

NO. OF STEPS 
100 

TIME 
1.0008+00 

P R I N T B D 0 U T P U T F R B Q U B N C Y 

·TIME 
0.0008+00 

STEPS BBTWBBN PRINTS 
5 

TIME 
1.0008+00 

P L.O T T B D 0 U T PUT, F R B Q U B N C Y 

TIME STBPS BBTWBBN PLOTS 
O.OOOB+OO 1 

TIME 
1.0008+00 

M A T B R I A L D B F I N I T I 0 N S 

MATERIAL TYPE ••••••••••••••••••••••••BLASTIC PLASTIC 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY • • • • • • • • • • • • • • • • •.• • • • • • • • • • • • • 7. 833B-06 
MATERIAL PROPERTIES• 

YOUNGS MODULUS 
POISSONS RATIO 
YIBLD STRESS 
HARDENING MODULUS 
BETA 

.. .. .. .. 
• 

3.000B+03 
l.OOOB-01 
?.OOOB-01 
l.OOOB-01 
1.0008+00 

/~. 

• 

~ 
0 
~ 

w 
• u. 

0\ 
-.) 
u. 

a::: 
~ 
::T 
N 
.-l -\0 
\0 
0\ 

·~ 
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!""' 

t? 
\0 

n 

FUNCTION DEFINITIONS 

FUNCTION ID 

N 
1 
2 

1 

s 
0.0008+00 
1. 0008+00 

NtlMBBR OF POINTS •••• 

F(S) 
0.0008+00 
1.0008+00 

2 

NO DISPLACBHBNT BOUNDARY CONDITIONS 

NODB SBT FLAG 
4 

DIRBCTION 
X 

PRBSCRIBBD DISPLACBHBNT BOUNDARY CONDITIONS 

NODE SBT 
FLAG 

1 

DIRBCTION FUNCTION SCALE 
ID FACTOR 

y 1 9.0008+00 

AO BO 

~. 

:J 
~ 
w 
VI 

~ 
VI 

~ 
~ 
::r' 

!::l -\0 
\0 

"' 

• 



  
Inform

ation O
nly 

li' -0 

(' 

RIGID SURFACES 

xo YO NX NY SURFACE 
NUMBER 

1 

SIDE SBT 
!!'LAG 
500 

COEI!'I!'ICIBN'l' 
01!' I!'RICTION 
I!'IXBD O.OOOE+OO 1.500E+01 O.OOOE+00-1.000E+00 

END 01!' DATA INPUT PHASE 
1.421E-01 'CP'U SECONDS USED 

64 WORDS ALLOCATED 

END 01!' DATA INITIALIZATION PHASB 
1.148E-02 CP'U SECONDS USED 

247 WORDS ALLOCATED 

VARIABLES ON PLOTTING DATA BASE 

• 
NODAL BLBMBNT GLOBAL 

------- ------
DISPLX PRBSSURB I!'X 
DIS PLY VONMISES I!'Y 

RBSIDX EQPS RX 

RBSIDY RY 
RBSID ITER 
RBACTX RMAG 
.RBACTY 

('., -~ 
' 

~ 
0 

"" ..., 
V\ 

~ 
V\ 

a:: 
~ 
!:::l --a 
-a 
0\ 
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~ n 
....... --~· 

**** PLOT TAPB WRXTTBN POR THE INITIAL STATB AT TIMB ~ O.OOOB+OO **** 

STBP TIMB 

100 1.000B-02 

TIMB 
STBP 

9.999B-03 

DAMPING 
PACTOR 

8.570B-01 

APPLIBD 
LOAD NORM 

l.l29B+01 

RBSIDUAL 
LOAD NORM 
4.750B-01 

**** PLOT TAPB WRXTTBN AT TIMB • 1.000B-02 STBP NOMBBR 

STBP TXMB 

100 2.000B-02 

TXMB 
STBP 

1.000B-02 

DAMPING APPLIBD RBSIDUAL 
PACTOR LOAD NORM LOAD NORM 

9.883B-01 1.155B+01 1.7968-01 

**** PLOT TAPB WRXTTBN AT TIMB • 2.000B-02 STBP NOMB8R 

STBP TIMB 

100 3.0008-02 

TIMB DAMPING 
STBP PACTOR 

1.000B-02. 9.813B-01 

APPLIBD 
LOAD NORM 

1.169B+01 

RBSIDUAL 
LOAD NORM 

9.3538-02 

**** PLOT TAPB WRXTTBN AT TIMB • l.OOOB-02 ST8P NOMBBR 

PBRCBNT 
II!IBALANCB 

4.21 

1 **** 

P8RCBNT 
II!IBALANCB 

1.55 

2 **** 

PBRCBNT 
II!IBALANCB 

0.80 

3 **** 

TOTAL 
STBPS 

100 

TOTAL 
STBPS 

293 

TOTAL 
STBPS 

469 

""\ 

• 

~ 
~ 
w 
U\ 
0\ .._, 
U\ 

~ 

~ 
N _...., 
..... 
\0 
\0 
0\ 
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STBP TIMB TIMB DAMPING APPLIBD RESIDUAL 
STBP FACTOR LOAD, NORM · LOAD NORM 

100 4.000B-02 l.OOOB-02 9.038B-01 1.184B+01 1.275B-01 

**** PLOT TAPB WRITTBN AT TIMB ~ 4.000B-02 STBP NtlMBBR 

STBP TIMB TIMB DAMPING 
STBP FACTOR 

100 S.OOOB-02 1.000B-02 9.686B-01 

APPLIBD 
LOAD NORM 

1.192B+01 

(\ 
/ 

RESIDUAL 
LOAD NORM 

1.022B:.01 

• 

~ 
PBRCBNT TOTAL 0 

'"' IMBALANCB STBPS (jJ 

1.08 581 Vl 
0\ 
-.1 
Vl 

4 **** 
~ 
~ 
::r 

PBRCBNT TOTAL ~ -Il!IBALANCB STBPS -a 
\0 

0.86 708 0\ 

• 

~ 
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SAll'l'OS, ,VERSION 2. 0. 0 ,RON ON 03/29/96 ,AT 08s53s01 
UPSETTING OP A CYloiNDRICAL BILLET 

********************************************************************* 
SOMMARY OP DATA AT STBP NUMBBR 5, TIMB a S.OOOB-02 
NUMBBR OP ITBRATIONS a 133, TOTAL NUMBBR OP ITBRATIONS a 
PINAL CONVBRGBNCB TOLBRANCB • 4.965B-01 
SUM OP BXTBRNAL PORCBS IN X-DIRBCTION a O.OOOB+OO 
SUM OP BXTBRNAL PORCBS IN Y~DIRBCTION a O.OOOB+OO 
SUM OP RBACTION PORCBS IN X-DIRBCTION • O.OOOB+OO 
SUM OP RBACTION PORCBS IN Y-DIRBCTION a-3.733B+01 
********************************************************************* 

**** PLOT TAPB WRITTBN AT TIMB a S.OOOB-02 STBP NUMBBR 

STBP TIMB 

100 6.000B-02 

TIMB 
STBP 

1.000B-02 

DAMPING APPLIBD 
FACTOR LOAD NORM 

9.533B-01 1.206B+01 

RBSIDUAL 
LOAD NORM 

1.274B-01 

**** PLOT TAPB WRITTBN AT TIMB a 6.000B-02 STBP NUMBBR 

STBP TIMB 

100 7.000B-02 

TIMB 
STBP 

1.000B-02 

DAMPING APPLIBD 
FACTOR LOAD NORM 

8.660B-01 1.214B+01 

RBSIDUAL 
LOAD NORM 

1.097B-01 

**** PLOT TAPB WRITTBN AT TIMB a 7.000B-02 STBP NUMBBR 

5 **** 

PBRCBNT 
IMBALANCB 

1.06 

6 **** 

PBRCBNT 
IMBALANCB 

0.90 

7 **** 

741 

TOTAL 
STBPS 

841 

TOTAL 
STBPS 

991 

~\ 

, 

~ 
"tl 
0 
'*" 
w 
V\ 
0\ 
-...) 
V\ 

3:: 
8 
::r 
N 
.-.l 
...... 
\0 
\0 
0\ 
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STEP TIMB TIMB 

STEP 

DAMPING APPLIED RBSIDOAL 

FACTOR LOAD NOllll LOAD NOllll 

100 8.000E-02 1.000E-02 8.053E-01 1.230E+01 1.220E-01 

**** PLOT TAPE WIUTTBN AT TIMB • 8. OOOE-02 · STEP NUMBER 

STEP TIMB TIMB 

STEP 

DAMPING APPLIED RBSIDOAL 

FACTOR LOAD NOllll LOAD NOllll 

100 9.000E-02 . 1.000E-02 9.235E-01 1.243E+01 1.330E-01 

**** PLOT TAPE WIUTTBN AT TIMB a 9.000E-02 STEP NUMBER 

STEP TIMB TIMB 

STEP' 

DAMPING APPLIED RBSIDOAL 

FACTOR LOAD NOllll LOAD NOllll 

100 1.000E-01 1.000E-02 9.387E-01 1.250E+01 9.311E-02 

('., 

PERCENT 

IMBALANCE 

0.99 

8 **** 

PERCENT 

IMBALANCE 

1.07 

9 **** 

PERCENT 

IMBALANCE 

0.74 

TOTAL 

STEPS 

1155 

TOTAL 

STEPS 

1306 

TOTAL 

STEPS 

1458 

• 

~ 

~ 
~ 
w 
U1 

~ 
U1 

:::: 
~ 
N 
;-J -"' "' 0\ 
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VI 

1\ 

SAJITOS, VERSION :1.0.0 ,RUN ON 03/:19/96 ,AT 08o53•01 
UPSB'l"l'ING OP A CYLINDRICAL BILLET 

********************************************************************* 
SUMMARY OP DATA AT 8T8P NUM88R 10, TIMB • 1.0008-01 
NUM88R OP IT8RATION8 • 1:14, TOTAL NUM88R OP IT8RATION8 • 148:1 
PINAL CONVERGBNC8 TOLBRANC8 • 4.9638-01 
SUM OP BXT8RNAL PORC8S IN X-DIRBCTION a 0.0008+00 
SUM OP BXT8RNAL PORC8S IN Y-DIRBCTION • 0.0008+00 
SUM OP RBACTION PORC88 IN X-DIRBCTION a 0.0008+00 
BUM OP RBACTION PORC88 IN Y-DIRBCTION •-3;9:148+01 
********************************************************************* 

**** PLOT TAP8 WRITTBN AT TIMB a 1.0008-01 8T8P NUM88R 

• 

8T8P TIMB 'l'IMB DAMPING APPLI8D RBSIDUAL 
ST8P PACTOR LOAD NORM . LOAD NORM 

100 1.1008-01 1. 0008-0:1 9.:1968-01 1.:16:18+01 1.0058-01 

**** PLOT TAP8 WRITTBN AT TIMB = 1.1008-01 8T8P NUM88R 

8T8P TIMB 

100 1.:1008-01 

TIMB 
ST8P 

1.0008-0:1 

DAMPING 
PACTOR 

9.9098-01 

APPLI8D 
LOAD NORM 

1.:1778+01 

RBSIDUAL 
LOAD NORM 

1.1138-01 

**** PLOT TAP8 WRI'l'TBN AT TIMB • 1.:1008-01 ST8P NUM88R 

10 **** 

P8RCBNT 
IMBALANCB 

0.80 

11 **** 

P8RCBN'l' 
IMBALANC8 

0.87 

12 **** 

TOTAL 
ST8PS 

158:1 

TOTAL 
8T8PS 

1711 

~ 

~ 
~ 
<..> 

"' ~ 
"' 

~ 
~ 
;:r 
N _...., 

-\0 
\0 
0\ 
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STBP TIMB DAKPING APPLIBD RBSIDUAL P8RCBNT TIMB 

S'l'BP FACTOR LOAD NORM LOAD NORM IIIIBALANC8 

100 1. 300B-01 1. OOOB-02 6. 597B-01· 1. 2868+01 1. 006B-01 0. 78 

**** PLOT TAPB WRITTBN AT TIMB = 1.3008-01 ST8P NOHBBR 13 **** 

ST8P TIMB DAKPING APPLIBD RBSIDUAL PBRCBNT TIMB 

STBP FACTOR· LOAD NORM LOAD NORM IHBALANC8 

100 1.400B-01 1.000B-02 9.836B-01 1.301B+01 1.1448-01 

**** PLOT TAPB WRITTBN AT TIMB = 1.4008-01 ST8P NOHB8R 

ST8P TIMB TIMB 

ST8P 

DAKPING 

FACTOR 

APPLI8D RBSIDUAL 

LOAD NORM LOAD NORM 

100 1.5008-01 9.999B-03 9.3388-01 1.3178+01 1.445B-01 

1\ 
' 

0.88 

14 **** 

PBRCBNT 

IHBALANCB 

1.10 

TOTAL 

STBPS 

1845 

TOTAL 

STBPS 

1972 

TOTAL 

ST8PS 

2111 

.. 

/~ 

~ .., 
Vt 

~ 
Vt 

f 
~ -'"" "" 0.. 
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SAII'l'OS, VERSION 2•0.0 ,RUN ON 03/29/96 ,AT 08s53s01 
UPSETTING OP A CYLINDRICAL BILLET 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 15, TIME • 1.SOOE-01 
NUMBER OP ITERATIONS • 138, TOTAL NUMBER OP ITERATIONS • 2149 
PINAL CONVERGENCE TOLERANCE a 4.987E-01 
SUM OP EXTERNAL FORCES IN X-DIRECTION a O.OOOE+OO 
SUM OP EXTERNAL FORCES IN Y-DIRECTION • O.OOOE+OO 
SUM OP REACTION FORCES IN X-DIRECTION • 0.000E+00 
SUM OP REACTION FORCES IN Y-DIRBCTION •-4.126E+01 
********************************************************************* 

**** PLOT TAPE WRITTEN AT TIME • 1.SOOE-01 STEP NUMBER 

STEP TIME TIME DAMPING APPLIED RESIDUAL 
STEP FACTOR LOAD NORM LOAD NORM 

100 1. 600E-01 1.000E-02 6.871E-01 1.323E+01 1.006E-01 

**** PLOT TAPE WRITTEN AT TIME a 1.600E-01 STEP NUMBER 

STEP TIME 

100 1.700E-01 

TIME 
STEP 

l.OOOE-02 

DAMPING APPLIED 
FACTOR LOAD NORM 

9.673E-01 1.332E+01 

RESIDUAL 
LOAD NORM 

8.014E-02 

**** PLOT TAPE WRITTEN AT TIME a 1.700E-01 STEP NUMBER 

15 **** 

PERCENT 
IMBALANCE 

0.76 

16 **** 

PERCENT 
IMBALANCE 

0.60 

17 **** 

TOTAL 
STEPS 

2249 

TOTAL 
STEPS 

2384 

~ 

~ 
~ 
w 
Vl 

~ 
Vl 

s:: 
~ 
::r 
~ --o -o 
0\ 
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ST8P TIHB TIMB 

ST8P 

DAMPING APPLI8D RBSIDOAL 

PACTOR LOAD NORM LOAD NORM 

P8RCBHT 

IMBALAHC8 

100 1.8008-01 1.0008-02 8.7938-01 1.3488+01 1.0928-01 0.81 

**** PLOT TAP8 WRITTBH AT TIMB • 1. 8008-01 ST8P HOMBBR 18 •••• 

ST8P TIHB TIHB 

ST8P 

DAMPING APPLI8D RBSIDOAL 

PACTOR LOAD NORM LOAD NORM 

100 1.9008-01 1.0008-02 8.3588-01 1.3638+01 1.2128-01 

•••• PLOT TAP8 WRITTBH AT TIHB • 1.9008-01 ST8P HOMB8R 

ST8P . TIHB TIHB 

ST8P 

DAMPING 

PACTOR 

APPLI8D RBSIDOAL 

LOAD NORM LOAD NORM 

100 2.0008-01 9.9998-03 6.7298-01 1.3788+01 1.5508-01 

(', . ' 

P8RCBHT 

IMBALAHC8 

0.89 

19 •••• 

P8RCBHT 

IMBALAHC8 

1.12 

TOTAL 

ST8PS 

2496 

TOTAL 

ST8PS 

2621 

TOTAL 

ST8PS 

2754 

/ 

._...--.._,, 

~ 

~ 
w 
VI 

::'3 
VI 

~ 

~ 
!::l -\0 
\0 
0\ 
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SANTOS, VERSXON 2.0.0 ,RON ON 03/29/96 ,AT 08153101 
tJPSBTTXNQ OP A CYI.XNDRXCAL BXLLET 

********************************************************************* 
SUMMARY OP DATA AT STBP NUMBBR 20, TXMB ~ 2.0008-01 
NUMB8R OP XT8RATXONS a 152, TOTAL NOMB8R OP ZT8RATZONS a 2806 
PXNAL CONVBRQBNCB TOLBRANC8 a 4.9538-01 
SUM OP BXT8RNAL.PORC8S ZN X-DZRBCTXON ~ 0.0008+00 
SUM OP BXTBRNAL PORCBS ZN Y-DZRBCTXON • 0.0008+00 
SUM OP RBACTXON PORCBS XN X-DXRBCTXON a 0.0008+00 
SUM OP RBACTXON PORC8S XN Y-DXRBCTZON •-4.3378+01 
********************************************************************* 

**** PLOT TAPB WRZTTBN AT TXMB a 2.0008-01 ST8P NOMB8R 

ST8P 

100 

.TXMB 

9.8008-01 

TXMB 
ST8P 

9.9918-03 

DAMPXNQ 
PACTOR 

9.9528-01 

APPLX8D RBSZDOAL 
LOAD NORM LOAD NORM 

4.7088+01. 4.9968-01 

**** PLOT TAP8 WRZTTBN AT TXMB • 9.8008-01 ST8P NUMB8R 

ST8P TXMB TXMB DAMPXNQ APPLX8D RBSXDOAL 
STBP PACTOR LOAD NORM LOAD NORM 

100 9.9008-01 9.9878-03 9.5008-01 4.8168+01 2.6758+01' 
200 9.9008-01 9.9878-03 9.9968-01 4.7568+01 4.6478-01 

**** PLOT TAP8 WRZTTBN AT TZMB • 9.9008-01 ST8P NOMB8R 

20 **** 

PBRCBNT 
IMBa.LUfCB 

1.06 

98 **** 

P8RCBNT 
ZMBIILANCB 

55.55 
0.98 

99 **** 

TOTAL 
STBPS 

13373 

TOTAL 
ST8PS 

13505 
13605 

~ 

~ 
~ 
lH 
V\ 

93 
V\ 

f 
N 
.-.~ -\0 
\0 
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SA!I'l'OS ,' VERSION 2, 0. 0 ,RON ON 03/29/96 ,AT 08•53•01 

UPSBTTING OP A CYLINDRJ:CAL BILLBT 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 100, TIMB • 1.000E+00 
NUMBER OP ITERATIONS = 96, TOTAL NUMBER OP ITERATIONS = 
PINAL CONVERGENCE TOLERANCE • 4.578E-01 
SCM OP EXTERNAL PORCES IN X-DIRECTION a O.OOOE+OO 
SCM OP EXTERNAL PORCES IN Y-DIRBCTION • O.OOOE+OO 
SCM OP REACTION PORCES IN X-DIRECTION • 0.000E+00 
SCM OP REACTION PORCES IN Y-DIRECTION •-1.356E+02 

13779 

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

**** PLOT TAPE WRITTEN AT TIMB a 1.000E+00 STEP NUMBER 100 **** 

100 TIMB STEPS WBRE WRITTEN TO TBB PLOTTING DATA BASE 

END OP SOLUTION PHASE 
4.126E+01 CP'O SECONDS USED 

24 7 WORDS ALLOCATED 

(', /'\ 

~ 
w 
V1 

~ 
V1 

~ 
l!l g. 
~ -\0 
\0 
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WPO# 35675 March 27, 1996 

APPENDIX R 

Input/Output Data For Problem 18 - Isothermal 
WIPP Benchmark II Problem 

The following three sections present the input data, the initial stress subroutine, and the 
fonnatted output, respectively, for the lsothennal WIPP Benchmark IT verification 
problem. 

FASTQ and SANTOS Input Data For The Isothermal WIPP 
Benchmark II Problem 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh genemtion and analysis of the Benchmark IT isothennal drift problem. 
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'l'ITLB 
ISO'l'HBRMAL BBNCIIMARK II MBSB c 

POINT 1 0.00000000002+00 -5.98020019532+02 

POINT 2 5.03000020982+00 -5.98020019532+02 

POINT 3 2.02700004582+01 -5.98020019532+02 

POINT 4 0.00000000002+00 -6.02590026862+02 

POINT 5 5.03000020982+00 -6.02590026862+02 

POINT 6 2.02700004582+01 -6.02590026862+02 

POINT 7 0.00000000002+00 -6.38859985352+02 

POINT 8 5.03000020982+00 -6.38859985352+02 

POINT 9 2.02700004582+01 -6.38859985352+02 

POINT 10 0.00000000002+00 -6.42760009772+02 

POINT 11 5.03000020982+00 -6,42760009772+02 

POINT 12 2.02700004582+01 -6.4276000977B+02 

POINT 13 0.00000000002+00 -6.4297998047B+02 

POINT 14 _5.03000020982+00 -6.42979980472+02 

POINT 15 2.02700004582+01 -6.4297998047E+02 

POINT 16 5.03000020982+00 -6.4297998047E+02 

POINT 17 0.00000000002+00 -6.4992999268E+02 

POINT 18 5.03000020982+00 -6.4992999268E+02 

POIH'l' 19 2.02700004582+01 -6.49929992682+02 

POINT 20 O.OOOOOOOOOOB+OO -6.5020001221B+02 

POINT 21 5.03000020982+00 -6.5020001221B+02 

POINT 22 2.0270000458B+01 -6.5020001221B+02 

POINT 23 5.03000020982+00 -6.50200012212+02 

POINT 24 0.00000000002+00 -6.55039978032+02 

POIH'l' 25 5.03000020982+00 -6.5503997803E+02 ( 
POINT 26 2.0270000458E+01 -6.55039978032+02 

POINT 27 0.00000000002+00 -6.5900000000E+02 

POINT 28 5.03000020982+00 -6.5900000000B+02 

POINT 29 2.02700004582+01 -6.59000000002+02 

POINT 30 0.00000000002+00 -6.6010998535B+02 

POINT 31 5.03000020982+00 -6.6010998535B+02 

POINT 32 2.02700004582+01 -6.6010998535B+02 

POINT 33 0.00000000002+00 -6.61020019532+02 

POINT 34 5.03000020982+00 -6.6102001953E+02 

POINT 35 2.0270000458E+01 -6.6102001953E+02 

POINT 36 5.03000020982+00 -6.6102001953E+02 

POINT 37 0.00000000002+00 -6.6909997559E+02 

POINT 38 5.03000020982+00 -6.6909997559E+02 

POINT 39 2.02700004582+01 -6.69099975592+02 

POINT 40 5.03000020982+00 -6.69099975592+02 

POINT 41 0.00000000002+00 -7.03659973142+02 

POINT 42 5.03000020982+00 -7.03659973142+02 

POINT 43 2.0270000458B+01 -7.03659973142+02 

POINT 44 0.00000000002+00 -7.0677001953E+02 

POINT 45 5.03000020982+00 -7.06770019532+02 

POINT 46 2.02700004582+01 -7.0677001953E+02 

LINE 1 S'l'R 1 2 0 7 1.0000 

LINE 2 S'l'R 2 3 0 13 1.0500 

LINE 3 S'l'R 4 1 0 3 1.0000 

LINE 4 S'l'R 5 2 0 3 1.0000 

LINE 5 S'l'R 6 3 0 3 1.0000 ( 
LINE 6 S'l'R 4 5 0 7 1.0000 
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LINB 
LINB 
LINB 
LINB 
LINB 
LINB 
LIRB 
LINB .~ 
LINB 
LINB 
LINB 
LINB 
LINB 
LINB 
LIRB 
LINB 
LIRB 
LINB 
LIRB 
LINB 
LINB 
LINB 
LINB 
LINB 
LIRB 
LINB 
LIRE 
LIRE 
LINB 
LINB 
LINB 
LINB 
LINB 
LINB 
LIRB' 
LIRB 
LINB 
LINB 
LINB 
LINB 
LIRE 
LIRE 
LINB 
LINB 
LINB 
LINB 
LINB 
LIRB 
LINB 
LINB 
LINB 
LINB 
LIRB 
LINB 

7 STR 
8 STR 

9 STR 

10 STR 
11 STR 

12 STR 

13 STR 
14 STR 
15 STR 

16 STR 
17 STR 

18 STR 
19 STR 

20 STR 
21 STR 
22 STR 
23 STR 
24 STR 

25 STR 
' 26 STR 

27 STR 
28 STR 
29 STR 
30 STR 

31 STR 
32 STR 
33 STR 
34 STR 

35 STR 

5 
7 
8 
9 
7 
8 

10 
11 
12 
10 
11 
13 
14 
15 
13 
14 
13 
16 
17 
18 
19 
17 
18 
20 

.21 
22 
20 
21 
20 

36 STR 23 
37 STR 24 
38 STR 25 
39 STR '26 
40 STR 24 
41 STR 25 
42 STR 28 
43 STR 29 
44 STR 28 
45 STR 27 
46 STR 30 
47 STR 31 
48 STR 32 
49 STR 30 
SO STR 31 
51 STR' 33 
52 STR 

.53 STR 
54 STR 
55 STR 

56 STR 
57 STR 
sa. sTR 

59 STR 
60 STR 

34 
35_ 
33 
34 
33 
36 
37 
38 
39 

6 
4 
5 
6 
8 
9 
7 
8 
9 

11 
12 
10 
11 
12 
14 
15 
16 
15 
13 
16 
15 
18 
19 
17 
18 
19 
21 
22 
23 
22 
20 
23 
22 
25 
26 
25 
26 
29 
28 
27 
28 
29 
31 
32 
30 
31 
32 
34 
35 
36 
35 
33 
36 
35 

R-3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

13 1.0500 
12 1.0500 
12 . 1.0500 
12 1.0500 

7 1.0000 
13 1.0500 

4 1.0000 
4 1.0000 
4 1.0000 
7 1.0000 

13 1.0500 
1 1.0000 
1 1.0000 
1 1.0000 
7 1.0000 

13 1.0500 
7 1.0000 

13 '1.0500 
6 1.0000 
6 1.0000 
6 1.0000 
7 1.0000 

13 1.0500 
1 1.0000 
1 1.0000 
1 .1.0000 
7 1.0000 

13 1.0500 
7 1.0000 

13 1.0500 
4 1.0000 

. 4 1.0000 
4 1.0000 
7 1.0000 

13 1.0500 
8 1.0000 
8 1.0000 

13 1.0500 
7 1.0000 
3 1.0000 
3 1.0000 
3 1.0000 
7 1.0000 

13 1.0500 
3 1.0000 
3 1.0000 
3 1.0000 
7 1.0000 

13 1.0500 
7 1.0000 

13 1.0500 
5 0.9000 
5 0.9000 
5 0.9000 

• 
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LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
RBGIOIT 
RBGIOIT 
RBGIOIT 
RBaiOIT 
RBCIOIT 
RBGION 
RBGION 
REGION 
RBGION 
RBaiOIT 
RBGIOIT 
RBGIOIT 
RBGIOIT 
RBaiOIT 
RBaiON 
RBaiOIT 
RBGIOIT 
RBGIOIT 
RBGIOIT 
RBGION 
RBaiON 
RBaiON 
RBGION 
RBGIOIT 
RBaiOIT 

March 27, 1996 

61 STR 
62 STR 
63 STR 
64 STR 
65 STR 
66 
67 
68 
69 
70 
71 
72 
73 
74 

STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 

37 
38 
37 
40 
41 
42 
43 
41 
42 
44 
45 
46 
44 
45 

38 • 0 
39 0 
40 0 
39 0 
37 0 
40 
39 
42 
43 
41 
42 
43 
45 
46 

0 

7 .1.0000 
ll 1.0500 

7 1.0000 
13 1.0500 
10 0.9000 
10 0.9000 
10 0.9000 

7 1.0000 
13 1.0500 

3 1.0000 
3 1.0000 
3 1.0000 
7 1.0000 

13 1.0500 

1 
2 
3 

' ' 2 

. -6 

-7 
-11 

_, 
-s 
-9 

0 
0 
0 
0 
0 
0 
0 
0 
-1 
-2 
-6 

•3 _, 
-8 

' 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

2 
1 
1 

' ' 1 
1 

-12 
-16 
-17 
-21 
-22 
-28 
-29 

-10 
-14 
-15 
-19 
-20 
-26 
-27 

-7 -9 
-11 -13 
-12 -14 
-16 ·-18 

-17 -19 
-23 -25 
-24 -26 

' -33 -31 -28 -30 
' -34 -32 -29 .-31 
1 -40 -38 -35 -37 
1 -41 -39 -36 -38 
1 ·-44 -43 -41 -42 
1 -49 -47 -45 -46 
1 -so -48 -44 -47 
' -54 -52 -49 -51 
' -ss -53 -so -s2 
3 -61 -59 -56 -58 
3 -62 -60 -57 -59 
1 -68 ~66 -63 -65 
1 -69 -67 -64 -66 
' -73 -71 -68 -70 
' -74 -72 -69 -71 

SCBBMB 0 M 
BODY 1 2 3 ' 5 6 7 

11 12 * 
8 

13 14 15 16 17 18 19 20 21 

24 25 
LINEBC 2 5 

9 10 

22 23 

LINEBC 3 3 8 13 18 25 30 37 46 51 

58 65 * 
10 15 

LINEBC 3 
SIDBBC 1 
SIDBBC 
SIDBBC 
SIDBBC 
SIDBBC 

' 5 
6 
7 

20 27 32 
70 

1 2 
21 
23 
33 
35 

22 
24 
34 
36 

39 43 48 53 60 67 72 
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SIDEBC 8 
SIDEBC 9 
SIDEBC • 10 
SIDEBC 11 
SIDEBC 22 
EXIT 

54 55 
56 57 
61 62 
63 64 
73 74 
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TITLB 
BENCHMARK II ISOTHERMAL PROBLEM - SANTOS VERIFICATION (1/9/95) 

RESIDUAL TOLERANCE a • 5 
MAXIHDH ITERATIONS a 20000 
INTBIUIBDIATB PRINT a 100 
MAXIHDH TOLERANCE .. 5 • 
PLAHB S'l'RAIN 
TIME STEP SCALE '" 0.4 
PREDICTOR SCALE FACTOR • 2 
$BOORGLASS STIPPBNING • 0.0005 
BPPBCTIVB HODt!L'I1S • VARIABLB 
INITIAL STRESS • '11SBR 
GRAVITY • 1 • 0. • -9.8066 • 0. 
STBP CONTROL 

400 3.157B8 
BND 
PLOT TIME 

1 3.157B8 
BND 
0'11TP'I1T TIME 

100 3.157B8 
BND 
PLOT NODAL DISPLACBHBN'l', RESIDUAL 
PLOT BLEMBN'l' STRESS, VONKISBS, BPPHOD 
PLOT STATE BQCS 
NO DISPLACBHBN'l' X, 3 
NO DISPLACBHBN'l' X, 2 
NO DISPLACBHBN'l' Y, 2 
P'I1NCTION • 1 . 
0. 1. 
4.B8 1. 
BND 
P'11NCTION • 2 
o. 0. 
4.B8 0. 
BND 
PRESS'I1RB, 1, 1, 12.71B6 
PRESS'I1RB, 22, 1, 15.00B6 
CONTACT S'I1RPACE, 4, 5, ~., .02, 1.B40 
CONTACT S'11RPACB, 7, 6, 0., .02, 1.B40 
CONTACT S'I1RPACB, 9, 8, 0., .02, 1.B40 
CONTACT S'I1RPACB, 10, 11, 0., .02, 1.B40 
HATBRIAL,1,POWBR LAW CRBBP,2167. 
'1'WO 1!10 • 19. 84B9 
BULK NODtJL'I1S • 16.53B9 
CRBBP CONSTANT • 5.79B-36 
STRESS BXPONBN'l' a 4.9 
THERMAL CONSTANT • 20.13 
BND 
HATBRIAL,2,POWBR LAW CREBP,2167. 
'1'WO 1!10 ,. 19 • 84B9 
BULK NODt!L'I1S • 16.53B9 
CRBBP CONSTANT a 1.74B-35 
STRESS BXPONBN'l' a 4.9 
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THERMAL CONSTANT a 20.13 
END 

MATERIAL,3,POWBR LAW CRB8P,2167 • 
. TWO lllt1 a 21.289 

.BULK MODULUS a 17.6689 
CREEP CONSTANT a 5.218-36 
STRESS EXPONENT a 4 • 9 
THERMAL CONSTANT a 20.13 
END 

MAT8RIAL,4,8LASTIC,2167. 
YOUNGS MODULUS a 72.489 
POISSONS RATIO a .33 
END 
EXIT 
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Initial Stress Subroutine For The Isothermal WIPP Benchmark II 
Problem 

This section presents a listing of the INITST subroutine that was used in SANTOS to 
specify the initial stresses for the Benchmark II isothennal drift analysis. 
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' • SUBROtl'l'INB INITST ( SIG, COORD, LINK, DATMAT ,ltONMAT, SCREL 
c 
c 

' ********************************************************************** 
c 
C DBSCRIPTIONo 
C THIS ROtl'l'INB PROVIDBS AN INITIAL STRBSS STATB TO SANTOS 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PORMAL PAJIAMBTBRS • 

SIQ RBAL 

COORD 
LINK INTBGBR. 
DATMAT RBAL 

KONMAT INTBGBR 

BLBMBNT STRBSS ARRAY WHICH MOST BB RBTllliNBD 
WITH TBB RBQUIRBD STRBSS VALUBS 
GLOBAL NODAL COORDINATE ARRAY 
CONNBCTIVITY ARRAY 

MATBRIAL PROPBRTIBS ARRAY 

MATBRIAL PROPBRTIBS INTBGBR ARRAY 

C CALLBD BY 1 INIT 
c 
c 
********************************************************************** 
c 

c 

c 
* 

* 

INCLUDB 'parama.blk' 
INCLUDB •psiza.blk' 
INCLUDB •contrl.blk' 
INCLUDB 'baiza.blk' 
INCLUDB • t :lJDer • blk • 

DIMBNSION LINK(NBLNS,NUMBL) ,ltONMAT(10,NBMBLK) ,COORD(NNOD,NSPC), 
SIQ(NSYMM,NUMBL),DATMAT(MCONS,*),SCRBL(NBBLK,*) 

DO 1000 I a 1,NBMBLK 
.MATID a ltONMAT(1,I) 
IIIKIND • ltONMAT ( 2 , I) 
ISTRT a KONMAT(3,I) 
IEND • KONMAT(4,I) 

DO 500 J a ISTRT,IEND 
II a LINK( 1,J ) . 
JJ a LINK( 2,J ) 
KK a LINK( 3,J ) 
LL a LINK( 4,J ) 
ZAVQ a 0.25 * ( COORD(II,2) + COORD(JJ,2) + COORD(KK,2) + 

COORD(LL, 2) ) 
STRBSS a 21252. * ( ZAVG ) 
SIG(1,J) a STRBSS 
SIG(2,J) = STRBSS 
SIG(3,J) a STRBSS 
SIG(4,J) a 0.0 

500 CONTINUB 
1000 CONTINUB 

RBTOlUI 
END 
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SANTOS Output For The Isothermal WIPP Benchmark II Problem 

The following section presents a portion of the SANTOS printed output for the 
Benchmark II isothermal drift analysis. Because all pertinent information and results from 
the analysis are written to the plot file for post-processing, the printed output file simply 
echoes input data and problem-descriptive information at the beginning, followed by 
information that tracks the convergence behavior of the solution, and a summary of CPU 
usage at the end. For this reason, only a partial listing, consisting of approximately the first 
500 lines of output and the last 100 lines of output, is provided. 
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~ .... .... 

(' 

ssssss 
ss 
ss 
sssss 

ss 
ss 

• ssssss 

0 

AAAAA N NN T'l"l'TTT 00000 
AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 
M_a. __ a.. __ • __ • .A NN N NN TT 00 00 
AA AA NN NNN TT 00 00 
AA AA ,.NN NN TT 00 00 
AA AA NN N TT 00000 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BY 1 

CHARLES M. STONE 
BNGINBBRINQ SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIES 
ALBUQUBRQUB, NBW MBXICO 87185 

DBRIVBD PROM PRONT02D BY 
LBB M. TAYLOR AND DBNNIS P. FLANAGAN 

RDN ON 03/11/96 AT 13o38o17 
RDN ON A CrayOJ90 OHDBR UDiCo8.0 

') 

:J 
~ 
w 

ssssss Vl 
0\ 

ss -l 
Vl 

ss 
sssss 

ss 3:: 
ss 8 

::r ssssss N 
,;-J .... 
\0 
\0 
0\ 



  
Inform

ation O
nly 

LINB 
1• 
21 
31 
4• 
51 
61 
71 
81 
91 

101 
111 
121 
131 
141 
151 

::0 161 
...... 171 
tv 

181 
191 
201 
211 
221 
231 
241 
251 
261 
271 
281 
291 
301 
311 
32: 
331 
341 

(\ 

INPUT STRBAM IMAQBS 

-------------------------------------;----------------------------------
TITLE 

BBNCIIMARlt II ISOTHBRMAL PROBLBM - SANTOS VBRIFICATION (1/9/95) 
RBSID'O'AL TOLBRANCB ,. • 5 
MAXIMDM ITERATIONS • 20000 
INTBRMBDIATB PRINT • 100 
I!IAXIMDM TOLERANCE a 5. 
PLANB STRAIN 
TIMB STBP SCALB • 0.4 
PRBDICTOR SCALB PACTOR • 2 
$HOURGLASS STIPPBNINQ • 0.0005 
BFFBCTIVB MOD'O'LUS • VARIABLE 
INITIAL STRBSS • USBR 
GRAVITY • 1 • O. • -9.8066 • O. 
STBP CONTROL 

400 3.157B8 
BND 
lli'LOT TIMB 

1 3.157B8 
BND 
OUTPUT TIMB 

100 3.157B8 
BND 
PLOT NODAL DISIIi'LACBMBNT, RBSID'O'AL 
PLOT BLBMBNT STRBSS, VONMISBS, BFFMOD 
PLOT STATE BQCS 
NO DISPLACBMBNT X, 3 
NO DISPLACBMBNT X, 2 
NO DISPLACBMBNT Y, 2 
FUNCTION • 1 
o. 1. 
4.B8 1. 
BND 
FUNCTION • 2 
0. 0. 

f) 

• 

·"\ 

! 
w 
U\ 

~ 
U\ 

~ 

~ 
.t3 
..... 
~ 
C\ 
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:;a 
...... ..., 

0 

3Ss 4.88 0. 
36s BNII 
37s PRBSSURB, 1, 1, 12.7186 
38s PRBSSORB, 22, 1, 15.0086 
39s CONTACT SURPAC8, 4, 5, 0., .02, 1.840 
40s CONTACT SURPAC8, 7, 6, 0., .02, 1.840 
41s CONTACT SORPAC8, 9, 8, 0., .02, 1.840 
42s CONTACT SURPAC8, 10, 11, 0., .02, 1.840 
43s MAT8RIAL,1,POWBR LAW CRB8P,2167 •. 
44s TWO MU ~ 19.8489 
4Ss BULK MODULUS ~ 16.5389 
46s CRB8P CONSTANT ~ 5.798-36 
47s STRBSS BXPONBNT • 4.9 
48s THERMAL CONSTANT a 20.13 
49s BNII 
50s MAT8RIAL,2,POWBR LAW CRB8P,2167. 
51s TWO MU • 19.8489 
52s BULK MODOLOS ~ 16.5389 
53s CRB8P CONSTANT a 1.748-35 
54s STRBSS BXPONBNT a 4.9 
SSs TH8RMAL CONSTANT = 20.13 
56s BNII 
57s MATBRIAL,3,POWBR LAW CRB8P,2167. 
58s TWO MU • 21.289 
59s BULK MODOLOS = 17.6689 
60s CRBBP CONSTANT = 5.211!!-36 
61s STRBSS BXPONBNT = 4.9 
62s THERMAL CONSTANT a 20.13 
63 s BNI1 
64s MATBRIAL,4,BLASTIC,2167. 
6Ss YOUNGS MODOLOS = 72.489 
66s POISSONS RATIO ~ .33 
67s BNII 
68s BXIT 

,f\ 

------------------------------------------------------------------------

~, 

:J 
~ 
w 
VI 

~ 
VI 

:s:: 
~ 
::r 
N _, 
...... 
'D 
'D 

"' 
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( 

PROBLEM TITLE 

BBNCHMARK II ISOTBBRMAL PROBLBM - SANTOS VBRIPICATION (1/9/95) 

PROBLEM DEPINITION 

HUMBER OP ELBMBHTS •••••••••••••••••••••• 
HUMBER OP HODES ••••••••••••••••••••••••• 
HUMBER OP MATERIALS ••••••••••••••••••••• 
HUMBER OP POHCTIONS ••••••••••••••••••••• 
HUMBER OP CONTACT SORPACES •••••••••••••• 
HUMBER OP RIGID SORPACES •••••••••••••••• 
HUMBER OP MATERIAL POINTS MONITORED ••••• 

1204 
1371 

4 
2 
4 
0 
0 

ANALYSIS TYPE • • • • • • • • • • • • • • • • • • • • • • • • • • • PLAHB STRAl:N 
GLOBAL COHVBRGBNCE MBASURB •••••••••••••• 
RESIDUAL TOLERANCE • • • • • • • • • • • • • • • • • • • • • • 5. OOOE-01 
MAXIMOM HUMBER OP ITERATIONS •••••••••••• 20000 
ITERATIONS POR INTERMEDIATE PRINT ••••••• 100 
MAXIMOM RESIDUAL TOLERANCE •••••••••••••• 5.000E+00 
PREDICTOR SCALE PACTOR PUHCTION • • • • • • • • • 2 
MINIMOM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
EPPBCTIVB MODULUS STATUS • • • • • • • • • • • • • • • • VARIABLE . 
IHI~IAL STRESS DISTRIBUTION APPLIED ••••• 
GRAVITY LOADS APPLIED ••••••••••••••••••• 
SCALE PACTOR APPLIED TO TIMB STEP ••••••• 
STRAl:N SOPTBHIHG SCALE PAC'l'OR ••••••••••• 

·HOURGLASS STIPPHBSS PACTOR .............. 
HOURGLASS VISCOSITY PACTOR •••••••••••••• 

4.000E-01 
1.000E+00 
5.000E-Oll 
O.OOOE+OO 

L 0 AD STEP DE PI N·I T I 0 N S 

~~ 
I 

·\ 

~ 
'-> 
V\ 

~ 
V\ 

I 
~ ... 
\0 
\0 
0\ 
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~ -VI 

r 

TIME 
O.OOOB+OO 

• 

NO. OP STBPS 
400 

,') 

TIME 
3.157B+08 

PRINTED OOTPOT PRBQOBNCY 

TIME STBPS BBTWBBN PRINTS 
O.OOOB+OO 100 

TIME· 
3.157B+08 

PLOTTED OOTPOT PRBQOBNCY 

TIME STBPS BBTWBBN PLOTS 
0. 000B+00 1 

TIME 
3.157B+08 

MATERIAL DBPINITIONS 

MATERIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 4 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 .167B+03 
MATERIAL PROPBRTIBSo 

YOUNGS MODOLOS 
POISSONS RATIO " 

" 
7.240B+10 
3.300B-01 

'~ 

~ 
w 
VI 

~ 
VI 

~ 
8 
::r 

.!::l -\0 
\0 
0\ 
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(' 

MATERIAL TYPE •••••••••••••••••••• : ••• POWER LAW CREEP 
HATBUAL XD • • • • • • • • • • • • • • • • • • • • • • • • • • 2 
DBHSI'l'Y • • • • • • • • . . . • . • • • • • • • • • • . • . • • • • 2 .167B+03 

MATERIAL PROPERTIES• 
TWO MU . .. 1. 984E+10 
B0LX MODULUS • 1.653E+10 
CRBEP CONSTANT • 1.740E-35 

STRESS BXPONBNT .. 4.900E+00 
THBJQIAL CONSTANT • 2.013E+01 

MATERIAL TYPE ••••••••••••••••••••••••POWER LAW CREEP 
MA.TBRIAL :ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY •••••••••••••••••• ; • • • • • • • • • • • 2 .167E+03 
MATERIAL PROPERTIES 1 " 

TWO MU • 1.984E+10 
BULit MODULUS • 1.653E+10 
CREEP CONSTANT .. 5.790E-36 
STRESS BXPONBNT • 4.900E+00 
THBlQIAL CONSTANT • 2.013E+01 

MATERIAL TYPE ••••••••••••••••••••••••POWER LAW CREEP 
MA.TBR.IAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 3 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2. I67E+03 
MATERIAL PROPERTIES• 

TWO MU • 2.120E+10 
BULit MODULUS • 1. 766E+10 
CRBEP CONSTANT .. 5.210E-36 
STRESS EXPONENT .. 4.900E+00 
THBRMAL CONSTANT • 2.013E+01 

(\ ''-

~ 
~ 
w 
Vl 

~ 
Vl 

3:: 

~ 
N 
;-.1 -"' "' 0\ 
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~ .... 
-1 

r 0 

P 11 N C T I 0 N ·DB PIN IT I 0 N S 

FUNCTION ID ••••••••• 1 NUMBER OP POINTS •••• 2 

N s P(S) 
1 O.OOOB+OO · 1.000B+00 
2 4.000B+08 1.000B+00 

FUNCTION ID ••••••••• 2 NUMBBR OP POINTS •••• 2 

N s P(S) 
1 O.OOOB+OO O.OOOB+OO 
2 4.000B+08 O.OOOB+OO 

N 0 D I S P L A C B M B N T B 0 11 N D A R Y C 0 N D I T I 0 N S 

SURPACB 
NUMBBR 

1 
2 

NODB SBT PLAQ 
3 
2 
2 

CONTACT 

SURPACB 1 SURPACB 2 
PLAG PLAG 

4 5 
7 6 

DIRBCTION 
X 

X 
y 

SURPACBS 

PBNALTY COBPPICIBNT 
PACTOR OP FRICTION 

O.OOOB+OO O.OOOB+OO 
O.OOOB+OO O.OOOB+OO 

PBNBTRATION TBNSION 
MULTIPLIER RBI.EUB 
2.000B-02 1. 000B+40 
2.000B-02 .1.000B+40 

.·~ 

~ 
0 
'* w 
Ul 

~ 
Ul 

~ 
~ 
::r 
IV 

• ;-J . -\0 
\0 
0\ 
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~ -00 

( 

3 
4 

9 
10 

8 O.OOOB+OO 
11 O.OOOB+OO 

O.Oil0B+00 
O.OOOB+OO 

2.000B-02 
2.000B-02 

1.0008+40 
1.000B+40 

PRESSURE BOUNDARY CONDTIONS 

SURPACB FUNCTION SCALB 

FLAG 
1 

22 

HtJHBBR FACTOR 
1 1.271B+07 
1 1.500B+07 

BND OF DATA INPUT PHASE 
3.115E-01 CPU SECONDS USBD 

122 WORDS ALLOCATED 

END OF DATA INITIALIZATION PHASE 
1;842E-02 CPU SECONDS USBD 

1371 WORDS ALLOCATED 

VARIA B.L E S 0 N P L 0 T TIN G DATA BASE 

NODAL ELBMBNT GLOBAL 

• 

r'·. '"' ' ' 

~ ..., 
lJI 

·~ 
lJI 

B: 
~ 
~ -..., ..., 
0\ 
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r n 

------- ------
DISPLX SIGXX PX 
DIS PLY SIGYY py 
RBSIDX SIGZZ Ri 
RBSIDY TA'DXY RY 
RBSID VONMISES ITER 

EPPMOD RMAG 
EQCS 

**** PLOT TAPE WIUTTBN POR TBB INJ:TIAL STATE AT TIME • 0. OOOE+OO **** 

STEP TID TIME DAMPING APPLIED RESIDUAL PERCENT 
STEP PACTOR LOAD NOliM LOAD NOliM IMBALANCE 

~ 100 7.892E+05 7.891E+05 9.496E-01 9.083E+07 1.708E+07 18.80 ' - 200 7.892E+05 7.890E+05 7.382E-01 9.083E+07 1.316E+08 144.85 "' 300 7.892E+05 7.890E+05 7.872E-01 9.083E+07 3.323E+07 36.59 
400 7.892E+05 7.890E+05 7.611E-01 9.083E+07. 1.137E+08 125.24 

R • f 500 7.892E+05 7.890E+05 8.404E-01 9.083E+07 2.162E+08 238.04 
600 7.892E+05 7.887E+05 7.572E~01 9.083E+07 8.273E+08 910.88 
700 7.892E+05 7.889E+05 6.245E-01 9.083E+07 1.849E+08 203.56 
800 7.892E+05 7.888E+05 8.085E-01 9.083E+07 6.650B+08 732.20 
900 7.892E+05 7.889E+05 8.925E-01 9.083E+07 5.447E+08 599.68 

1000 7.892E+05 7.889E+05 9.381E-01 9.083E+07 1.505E+08 165.71 
1100 7.892E+05 7.889E+05 7.677E-01 9.083E+07 2.680E+08 295.05 
1200 7.892E+05 7.889E+05 7.455E-01 9.083E+07 1.897E+08 208.91 
1300 7.892E+05 7.889E+05 7.410E-01 ·9.083E+07 6.771E+07 74.54 
1400 7.892E+05 7.889E+05 7.446E-01 9.083E+07 4.130E+08 454.75 
1500 7.892E+05 7.889E+05 8.282E-01 9.083E+07 1.724E+08 189.78 
1600 7.892E+05 7.889E+05 8.642E-01 9 •. 083E+07 1.126E+08 123.93 
1700 7.892E+05 7.889E+05 8.877E-01 9.083E+07 8.724E+07 96.06 
1800 7.892E+05 7.889E+OS 8.863E-01 9.083E+07 5.421E+07 59.68 
1900 7.892E+05 7.889E+05 9.563E-01 9.083E+07 4.408E+07 48.53 

TOTAL 
STEPS 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

.1900 

~ 

:J 
~ 
w 
U\ 

~· 
U\ 

~ 
8 
::r 
N 

" 
~ 

"' "' CJ'I 
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2ooo 7.8928+05 7.8898+05 8.2818-01 9.0838+07 3.0908+08 340.'22 .2ooo "' lJl 

2100 7.8928+05 7.8898+05 7.7938-01 9.0838+07 3.1428+08 345.98· 2100 0\ ...., 
2200 7.8928+05 7.8898+05 9.3308-01 9.0838+07 1.5738+08 173.22 2200 

lJl 

2300 7.8928+05 7.8898+05 9.6328-01 9.0838+07 1.2468+08 137.16 2300 

2400 7.8928+05 7.8898+05 8.1028-01 9.0838+07 5.5528+118 611.26 2400 :::: 
2500 7.8928+05 7.8898+05 8.1278-01 9.0838+07 6.0968+07 67.12 2500 

2600 7.8928+05 7.8898+05 9.3088-01 9. 0838+07 9.7258+07 107.07 2600. 8 
2700 7.8928+05 7.8898+05 8.4588-01 9.0838+07 

::r 
2.5838+07 28.44 2700 N 

2800 7.8928+05 7.8898+05 8.8648-01 9. 0838+07 5.2368+07 57.65 2800 ;-.I 

'2900 7.8928.i.05 7 .8898+05 8.5668-01 9.0838+07 1.2198+08 • 134.25 2900 -'-0. 

3000 7.8928+05 7.8898+05 8.8338~01 9.0838+07 2.0418+08 224.72 3000 
'-0 
0\ 

3100 7.8928+05 7.8898+05 6.3838-01 9.0838+07 1.1558+08 127.14 3100 

3200 7.8928+05 7.8898+05 7.1308-01 9.0838+07 1.0468+08 115.12 3200 

3300 7.8928+05 7.8898+05 7.3848-01 9.0838+07 7.4378+07 81.88 3300 

3400 7.8928+05 7.8898+05 7.2968-01 9.0838+07 2.5628+08 282.04 3400 

3500 7.8928+05 7.8898+05 8.6408-01 9.0838+07 2.1468+07 23.63 3500 

3600 7.8928+05 7.8898+05 6.5728-01 9. 0838+07 6.8068+07 74.94 3600 

:;tl 3700 7.8928+05 7.8898+05 8.4038-01 9.0838+07 3.3708+07 37.11 3700 

N 3800 7.8928+05 7.8898+05 8.5768-01 9.0838+07 1. 8048+07 19.86 3800 
0 

3900 7.8928+05 7.8898+05 7.3568-01 9.0838+07 1.8028+08 198.39 3900 

4000 7.8928+05 7 .8898+05 9.3858-01 9.0838+07 2.8378+07 31.23 4000 

4100 7.8928+05 7.8898+05 9.2608-01 9.0838+07 3.1288+07 34.44 4100 

4200 7.8928+05 7.8898+05 8.3508-01 9.0838+07 4.1768+07 45.97 4200 

4300 7.8928+05 7.8898+05 5.4588-01 9.0838+07 2.0468+07 22.52 4300 

4400 7.8928+05 7.8898+05 8.0648-01 9.0838+07 1.1268+08 123.96 4400 

4500 7.8928+05 7.8898+05 9.7528-01 9.0838+07 2.3648+08 260.27 4500 

4600 7.8928+05 7.8898+05 9.1698-01 9.0838+07 2.4508+08 269.75 4600 

4700 7.8928+05 7.8898+05 8.7598-01 9.0838+07 1.3258+08 145.92 4700 

4800 7.8928+05 7.8898+05 7.5218-01 9.0838+07 1.9768+07 21.76 4800 

4900 7.8928+05 7.8898+05 9.1228-01 9.0838+07 1.0548+08 116.06 4900 

5000 7.8928+05 7.8898+05 9.0528-01 9.0838+07 3.6738+07 40.44 5000 

5100 7.8928+05 7.8898+05 7. 5198-01 9.0838+07 5.1688+07 56.90 5100 

5200 7.8928+05 7.8898+05 9.0378-01 9.0838+07 4.9298+07 54. 26· 5200 

5300 7.8928+05 7. 8898+05 7.4888-01 9.0838+07 5.6678+07 62.39 ·5300 

5400 7.8928+05 7.8898+05 9.2598-01 9.0838+07 6.8708+07 75.64 5400 

5500 7.8928+05 7. 8898+05 5.7708-01 9.0838+07 7.4708+07 82.24 5500 

.. (' /\ 
,, 

' 
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* 5600 7.8928+05 7.8898+05 8.5308-01 9.0838+07 3.3758+07 37.16 5600 w 5700· 7.8928+05 7.8898+05 7.3898-01 9.0838+07 3.0848+07 33.95 5700 u. 
0\ 5800 7.8928+05 7.8898+05 6.7248-01 9.0838+07 1. 0018+08 110.19 5800 -.) 
u. 5900 7.8928+05 7.8898+05 8.4728-01 9.0838+07 9.4938+07 104.52 5900 

6000 7.8928+05 7.8898+05 5.6108-01 9.0838+07 1.0958+08 120.59 6000 
6100 7.8928+05 7.8898+05 6.8598-01 9.0838+07 2.7008+07 29.72 6100 s:: 6200 7.8928+05 7.8898+05 5.6918-01 9.0838+07 8.9238+07 98.24 6200 8 6300 7.8928+05 7.8898+05 8.4738-01 9.0838+07 4.2518+07 46.80 6300 ::r 
6400 7.8928+05 7.8898+05 7.3478-01 9.0838+07 3.8988+07 42.92 6400 N 

6500 7.8928+05 7.8898+05 9.0908-01 9.0838+07 4.9908+06 5.49 6500 
.-l -6600 7.8928+05 7.8898+05 9.8598-01 9.0838+07 2.6638+06 2.93 6600 \0 
\0 6700 7.8928+05 7.8898+05 8.2248-01 9.0838+07 4.5968+07 50.60 6700 0\. 

6800 7.8928+05 7.8898+05 8.4688-01 9.0838+07 2.2838+06 2.51 6800 
6900 7.8928+05 7.8898+05 7.7488-01 9.0838+07 8.0038+06 8.81 6900 
7000 7.8928+05 7.889B+05 9.3228-01 9.083B+07 2.467B+06 2.72 7000 
7100 7.892B+05 7.8898+05 8.795B-01 9.083B+07 4.8958+06 5.39 7100 
7200 7.892B+05 7.8898+05 8.447B-01 9.083B+07 3.974B+06 4.38 7200 

~ 7300 7.8928+05 7.889B+05 9.5508-01 9.083B+07 5.008B+07 55.14 73oo 
N 7400 7.892B+05 7.8898+05 9.381B-01 9.083B+07 7.184B+07 79.10 7400 ..... 

7500 7.8928+05 7.889B+05 9.1488-01 9.083B+07 4.658B+07 51.29 7500 
7600 7.8928+05 7.889B+05 7.398B-01 9.083B+07 5.610B+07 61.76 7600 
7700 7.892B+05 7.889B+05 6.576B-01 9.0838+07 9.205B+07 101.34 7700 
7800 7.8928+05 7.889B+05 7.1128-01 9.083B+07 4.452B+07 49.02 7800 
7900 7.892B+05 7.8898+05 8.244B-01 9.083B+07 2.0048+07 22.07 7900 
8000 7.8928+05 7.889B+05 8.3918-01 9.083B+07 1.844B+07 20.30 8000 
8100 7.8928+05 7.889B+05 7.8478-01 9.083B+07 5.666B+06 6.24 8100 
8200 7.892B+05 7.889B+05 7.990B-01 9.0838+07 5.3068+06 5.84 8200 
8300 7.892B+05 7.889B+05 9.3008-01 9.083B+07 9.194B+07 101.22 8300 
8400 7.892B+05 7.8898+05 8.374B-01 9.083B+07 3.587B+07 39.49 8400 
8500 7.892B+05 7.8898+05 8.056B-01 9.0838+07 3.819B+07 42.05 8500 
8600 7.8928+05 7.889B+05 6.8418-01 9.0838+07 2.4508+07 26.97 8600 
8700 7.8928+05 7.889B+05 7.2068-01 9.0838+07 4.842B+07 53.31 8700 
8800 7.892B+05 7.889B+05 6.674B-01 9.083B+07 9.3918+06 10 .• 34 8800 
8900 7.8928+05 7.889B+05 9.310B-01 9.083B+07 3.436B+07 37.83 8900 
9000 7.892B+05 7.8898+05 7.770B-Ol 9.083B+07 1.3018+07 14.33 9000 
9100 7.8928+05 7.889B+05 9.3518-01 9.0838+07 2.633B+07 28.99 9100 



  
Inform

ation O
nly 

~ 
~ 

9200 7.892B+05 7.889B+05 6.985B-01 9.083B+07 1.036B+07 11.41 9200 
w 
VI 

9300 7.892B+05 7.889B+05 9.193B-01 9.083B+07 1.268B+07 13.96 .9300 
0\ _, 

9400 7.892B+05 7. 8.89B+05 6.557B-01 9. 0838+07 8.9838+06 9.89 9400 
VI 

9500 7.8928+05 7.8898+05 8.8718-01 9.0838+07 1.3638+07 15.01 9500 

9600 7.8928+05 7.889B+05 8.9098-01 9.083B+07 2.3248+07 25.59 9600 a;: 
9700 7.8928+05 7.889B+05 7.183B-01 9.083B+07 1.390B+07 15.31 9700 8 
9800 7.8928+05 7.8898+05 7.4738-01 9.0838+07 7.3488+06 8.09 9800 ::r 

9900 7.8928+05 7.889B+05 7.484B-01 9.0838+07 3.5968+07 39.59 9900 N 

10000 7.8928+05 7.8898+05 8.870B-01 9.0838+07 1.3878+07 15.27 10000 .:-' 

10100 7.892B+05 7. 889B+05 8. 0538-01 9. 083B+07 2.061B+07 22.70 10100 ·-\0 

10200 7.8928+05 7.889B+05 8.8338-01 9.0838+07 8.8968+06 9.79 10200 
\0 
0\ 

10300 7.8928+05 7.889B+05 7.242B-01 9.0838+07 8.3638+07 92.08 10300 

10400 7.8928+05 7.8898+05 9.380B-01 9.0838+07 5.5848+07 61.48 10400 

10500 7.8928+05 7.889B+05 7.6888-01 9.0838+07 3.4358+07 37.82 10500 

10600 7.8928+05 7.8898+05 7.5468-01 9.0838+07 1.3538+07 14.89 10600 . 

10700 7.892B+05 7.889B+05 6.794B-01 9.0838+07 7.4988+06 8.26 10700 

10800 7.8928+05 7.8898+05 7.1668-01 9.0838+07 1.3788+07 15.17 10800 

~ 10900 7.8928+05 7.8898+05 9.1128-01 9.0838+07 1.1968+07 13.17 10900 

N 11000 7.8928+05 7.889B+05 8.876B-01 9.083B+07 2.6078+07 28.70 11000 
N 

11100 7.8928+05 7.8898+05 6.906B-01 9.0838+07 1.6018+07 17.63 11100 

11200 7 .8'928+05 7.8898+05 8.1598-01 9.0838+07 2.2848+07 25.15 11200 

11300 7.8928+05 7.889B+05 7.5828-01 9.083B+07 8.0238+06 8.83 11300 

11400 7.892B+05 7.8898+05 7 .195B-01 9.0838+07 2.2208+07 24.44 11400 

11500 7.892B+05 7.8898+05 8.598B-01 9.083B+07 1.921B+07 21.15 11500 

11600 7.8928+05 7.889B+05 7. 8418-01 9.0838+07 8.318B+06 9.16 11600 

11700 7.8928+05 7.889B+05 8.352B-01 9.083B+07 3.2248+06- 3.55 11700 

11800 7.8928+05 7.889B+05 8.361B-01 9.083B+07 3.6498+06 4.02 11800 

11900 7.8928+05 7.889B+05 9.1378-01 9.083B+07 1.483B+07 16.33 11900 

12000 7.8928+05 7.8898+05 8.2678-01 9.0838+07 1.797B+07 19.79 
• 

12000 

12100 7.892B+05 7.889B+05 8.9128-01 9.0838+07 2.847B+06 3.13 12100 

12200 7.892B+05 7.8898+05 7.123B-01 9.083B+07 1.726B+07 19.01 12200 

12300 7.8928+05 7.889B+05 7.4468-01 9.083B+07 1.777B+07 19.56 12300 

12400 7.8928+05 7.889B+05 8.8998-01 9.083B+07 2.598B+07 28.60 12400 

12500 7.8928+05 7.889B+05 8.368B-01 9.083B+07 1.2038+07 13.25 ~2500 

12600 7.8928+05 7.889B+05 7. 624B-01 9.083B+07 1.047B+07 11.53 12600 

12700 7.892B+05 7.889B+05 7.4428-01 9.083B+07 9.4468+06 10.40 12700 

r 0 .. ·\ 
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12800 7.8928+05 7.8898+05 8.0328-01 9,0838+07 5.4608+06 6.01 12800 .., 
12900 7.8928+05 7.8898+05 9.0038-01 9.0838+07 2.3438+06 2.58 12900 u. 

"' 13000 7.8928+05 7.8898+05 8.0508-01 9.0838+07 5.0048+06 5.51 13000 
_, 
u. 

13100 7.8928+05 7.8898+05 8.6908-01 9.0838+07 1. 751E+07 19.28 13100 

13200 7.8928+05 7.8898+05 8.2318-01 9.0838+07 1.3138+07 14.46 13200 

13300 7.8928+05 7.8898+05 7.4458-01 9.0838+07 1.5498+07 17.05 13300 s::: 
13400 7.8928+05 7.8898+05 9.0368-01 9.0838+07 4.7408+06 5.22 13400 R 
13500 7.8928+05 7.8898+05 6.7488-01 9.0838+07 5.8838+06 6.48 13500 ::>" 

13600 7.8928+05 7.8898+05 9.0818-01 9.0838+07 2.9788+06 3.28 13600 N 
.-1 

13700 7.8928+05 7.8898+05 6. 0678-01 9.0838+07 1.3958+07 15.36 13700 -13800 7.8928+05 7.8898+05 8.9388-01 9.0838+07 2.0788+07 22.88 13800 '0 
'0 

13900 7.892:8+05 7.8898+05 7.9128-01 9.0838+07 5.4648+06 6.02 13900 "' 
14000 7.8928+05 7.8898+05 7.7588-01 9,0838+07 8.0738+06 8.89 14000 

14100 7.8928+05 7.8898+05 8,4588-01 9.0838+07 1.4258+07 15.69 14100 
14200 7.8928+05 7.8898+05 8.0618-01 9.0838+07 6.2608+06 6.89 14200 

14300 7.8928+05 7.8898+05 9.0498-01 9.0838+07 2.1428+07 23.59 14300 

14400 7.8928+05 7.8898+05 9.3288-01 9.0838+07 1.1128+07 12.24 14400 

::0 14500 7.8928+05 7.8898+05 8.1808-01 9.0838+07 5.7468+06 6.33 14500 
' N 14600 7.8928+05 7.8898+05 9.5688-01 9.0838+07 2.7148+06 2.99 14600 w 

14700 7.8928+05 7.8898+05 7.0898-01 9,0838+07 2.9458+06 3.24 14700 
14800 7 •. 8928+05 7.8898+05 7.6068-01 9.0838+07 7.4388+06 8.19 14800 
14900 7.8928+05 7.8898+05 7.4888-01 9.0838+07 1.1858+07 13.04 14900 
15000 7.8928+05 7.8898+05 6.2558-01 9,0838+07 1.2608+07 13.88 15000 
15100 7.8928+05 7.8898+05 6.6878-01 9.0838+07 3.7228+06 4.10 15100 
15200 7.8928+05 7.8898+05 7.1458-01 9.0838+07 5.9518+06 6.55 15200 
15300 7.8928+05 7.8898+05 8.8868-01 9.0838+07 1.8678+06 2.06 15300 
15400 7.8928+05 7.8898+05 8.2288-01 9.0838+07 7.3148+06 8.05 15400 
15500 7.8928+05 7.8898+05 8.4228-01 9.0838+07 5.5468+06 6.11 15500 
15600 7.8928+05 7.8898+05 6.6238-01 9.0838+07 3.0508+06 3.36 15600 
15700 7.8928+05 7.8898+05 7.8518-01 9.0838+07 8. 7148+06 9.59 15700 
15800 7.892:8+05 7.8898+05 8.4048-01 9.0838+07 3.0118+06 3.32 15800 
15900 7.8928+05 7.8898+05 7.5868-01 9.0838+07 2.4348+06 2.68 15900 
16000 7.8928+05 7.8898+05 8.5958-01 9.0838+07 1.0988+07 12.09 16000 
16100 7.8928+05 7.8898+05 8.6488-01 9.0838+07 2.1798+06 2.40 16100 
16200 7.8928+05 7.8898+05 8.2098-01 9.0838+07 2.7508+06 3.03 16200 
16300 7.8928+05 7.8898+05 7.3168-01 9.0838+07 5.1808+06 5.70 16300 
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16400 7.8921:+05 7.8891:+05 7.8301:-01 9.0831:+07 ·4.4771:+06 4.93 16400 
V> 
lJI 

16500 7.8921:+05 7.8891:+05 8.0041:-01 9.0831:+07 2.5701:+06 2.83 16500 
0\ 
-.J 

16600 7.8921:+05 7.8891:+05 9.3931:-01 9.0831:+07 2.2191:+06 2.44 16600 
lJI 

16700 7.B92B+05 7.8891:+05 7.6331:-01 9.0831:+07 1.8861:+06 2.08 16700 
16800 7.8921:+05 7.8891:+05 7.5701:-01 9.0831:+07 7.9901:+06 8.80 16800 

~ 16900 7 .892.1:+05 7.8891:+05 8.0651:-01 9. 083B+07 1.5091:+06 1.66 16900 
~ 17000 7.8921:+05 7.889B+05 7.234B-01 9;083B+07 1.0891:+07 11.99 17000 ::r 

17100 7.8921:+05 7.8891:+05 6.307B-01 9.083B+07 4.697B+06 5.17 17100 N 
17200 7.8921:+05 7.8891:+05 7. 848B-01 9. 083B+07 6.717B+06 7.40 17200 ;-J 

17300 7.8921:+05 "7.8891:+05 8.144B-01 9.0831:+07 1.6111:+06 1.77 17300 -\0 

17400 7.892B+05 7.889B+05 7.578B-01 9.0831:+07 1.1131:+07 12.26 17400 \0 
0\ 

17500 7.8921:+05 7.889B+05 8. 731B-01 9.0831:+07 1.3521:+06 1.49 17500 
17600 7.8921:+05 7.889B+05 8.207B-01 9.0831:+07 3.9511:+06 4.35 17600 
17700 7.892B+05 7.8891:+05 9.1551:-01 9.083B+07 1.8661:+06 2.05 17700 
17800 7.892B+05 7.889B+05 8.251B-01 9.0831:+07 5.3771:+06 5.92 17800 
17900 7.892B+05 7.8891:+05 8.279B-01 9. 08.3B+07 7.2211:+06 7.95 17900 
18000 7.892B+05 7.8891:+05 7.898B-01 9.0831:+07 4.4481:+06 4.90 18000 

~ 18100 7.8921:+05 7. 889B+05 4.791B-01 9.0831:+07 1.0101:+07 11.12 18100 
N 18200 7.8921:+05 7.889B+05 8.102B-01 9.0831:+07 4.8231:+06 5.31 18200 
""" 18300 7.8921:+05 7.8891:+05 7.292B~01 9.083B+07 1.952B+07 21.49 18300 

18400 7.892B+05 7.8891:+05 8.511B-01 9.0831:+07 3.1381:+06 3.45 18400 
18500 7.8921:+05 7.8891:+05 8.483B-01 9.0831:+07 2.5691:+06 2.83 18500 
18600 7.8921:+05 7.889B+05 8.2431:-01 9.0831:+07 2.9671:+06 3.27 18600 
18700 7.8921:+05 7.8891:+05 6.716B-01 9.0831:+07 8.098B+06 8.92 18700 
18800 7.8921:+05 7.8891:+05 9.575B-01 9.0831:+07 1.422B+06 1.57 

. 
18800 

18900 7.8921:+05 7.889B+05 8.2451:-01 9.0831:+07 9.341B+06 10.28 18900 
19000 7.8921:+05 7.8891:+05 8.692B-01 9.0831:+07 2.855B+06 3.14 19000 
19100 7.892B+05 7.8891:+05 8.452B-01 9.0831:+07 2.254B+06 2.48 19100 
19200 7.8921:+05 7.8891:+05 ·7.585B-01 9.083B+07 5.123B+06 5.64 19200. 
19300 7.8921:+05 7.8891:+05 6.921B-01 9.0831:+07 2.103B+06 2.32 19300 
19400 7.8921:+05 7.889B+05 8.904B-01 9.0831:+07 2.961B+06 3.26 19400 
19500 7.892B+05· 7.8891:+05 7.4081:-01 9.083B+07 9.133B+06 10.06 19500 
19600 7.8921:+05 7.8891:+05 7.153B-01 9.083B+07 9.402B+06 10.35 19600 
19700 7.8921:+05 7.8891:+05 8.6221:-01 9.0831:+07 5.189B+06 5.71 19700 
19800 7.8921:+05 7.889B+05 7.971B-01 9.083B+07 3.954B+06 4.35 19800 
19900 7.892B+05 7.8891:+05 8.5161:-01 9.0831:+07 6.0651:+06 6.68 19900 

• (' ~ : •. ·"\ 
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SANTOS, VERSION 3.0.0 ,RUN ON 03/11/96 ,AT 13138117 
BENCHMARK II ISOTHERMAL PROBLBM - SANTOS VERIFICATION (1/9/95) 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 400, TIMB • 3.157E+08 

NUMBER OP ITERATIONS • 3217, TOTAL NUMBBR OP ITERATIONS • 

PINAL CONVERGENCE TOLBRANCE • 4.849E-01 
SCM OP EXTERNAL PORCES IN X-DIRBCTION a 1.252E+04 

SUM OP EXTERNAL PORCES IN Y-DIRBCTION •-3.097E+03 

SCM OP RBACTION PORCES IN X-DIRBCTION • 2.452E+03 

SCM OP RBACTION PORCES IN Y-DIRBCTION •-8.395E+06 

1760666 

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

**** PLOT TAPE WRITTEN AT TIMB a 3.157E+08 STEP NUMBER 400 **** 

400, TIMB STEPS WBRB WRITTEN TO THE PLOTTING DATA BASE 
·' 

E N D 0 P S 0 L,U T I 0 N P B A S E 

5.148E+04 CPU SECONDS USED 

1371 WORDS ALLOCATED 

/"', ' , '\ 

~ 
~ 
w 
Ll\ 

~ 
Ll\ 

I 
~ -\0 
\0 
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. . 

APPENDIX S 

Input/Output Data For Problem 19- Heated WIPP 
Benchmark II Problem 

The following three sections present the input data, the initial stress subroutine, and the 
fonnatted output, respectively, for the Heated WIPP Benchmark II verification problem .. 

FASTQ and SANTOS Input Data For The Heated WIPP 
Benchmark II Problem 

This section presents a listing of the FASTQ and SANTOS input data ftles that were used 
for the mesh generation and analysis of the Benchmark II heated drift problem. 
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TITLE 
HEATED BENCHMARK II MBSB (Structural - 1/17/95) (' 

POINT 1 O.OOOOOOOE+OO -6.4742999£+02 

POIN'l' 3 2.2900000E+00 -6.4742999£+02 

POINT 6 2.2900000E+00 -6.5200000E+02 

POINT 7 O.OOOOOOOE+OO -6.5200000E+02 

POINT 109 2.2900000E+00 -6.4992999£+02 

POINT 110 2.2B50001E+00 -6.5020001E+02 

POIN'l' 11 O.OOOOOOOE+OO -6.4696997£+02 

POINT 12 2.2900000E+00 -6.4696997£+02 

POINT 13 3.2500000E+00 -6.4696997£+02 

POINT 14 3.2500000E+00 -6.4742999£+02 

POIN'l' 115 3.2500000B+00 -6.4992999£+02 

POINT 116 3.2500000B+00 -6.5020001£+02 

POIN'l' 17 3.2500000E+00 -6.5200000E+02 

POIN'l' 18 3.2500000£+00 -6.5291998£+02 

POIN'l' 19 2.2900000£+00 -6.5291998£+02 

POINT 20 O.OOOOOOOB+OO -6.5291998£+02 

POIN'l' 121 2.2900000£+00 -6.5020001£+02 

POINT 122 3.2500000£+00 -6.5020001£+02 

POINT 123 O.OOOOOOOB+OO -6.4297998£+02 

POIN'l' 124 O.OOOOOOOB+OO -6.42979981+02 

POIN'l' 126 9.2500000£+00 -6.4297998£+02 

POIN'l' 127 9.2500000E+00 -6.4992999£+02 

POIN'l' 128 9.2500000B+00 -6.5020001E+02 

POIN'l' 129 9.2500000B+00 -6.5020001£+02 

POIN'l' 30 O.OOOOOOOE+OO -6.5500000B+02 C' 
POIN'l' 31 O.OOOOOOOB+OO -6. 5683002£+02 

POIN'l' 132 2.2860001!+01 -6.4297998!+02 

POIN'l' 33 9.2500000B+00 -6.5683002!+02 

POINT 134 2.2860001!+01 -6.4297998£+02 

POIN'l' 135 2.2860001£+01 .,6.4992999!+02 

POIN'l' 136 2.2860001!+01 -6.5020001£+02 

POINT 137 2.2860001£+01 -6.5020001£+02 

POIN'l' 38 0.0000000B+00 -6.60109998+02' 

POINT 39 9.2500000!+00 -6.6010999£+02 

POINT 40 2.2860001£+01 -6.6010999£+02 

POIN'l' 41 2.2860001!+01 -6.5683002!+02 

POIN'l' 46 O.OOOOOOOB+OO -5.98020028+02 

POIN'l' 47 2.2860001£+01 -5.9802002!+02 

POIN'l' 48 O.OOOOOOOB+OO -6.0259003£+02 

POINT 49 2.2860001!+01 -6.02590038+02 

POIN'l' so O.OOOOOOOB+OO -6.1922998£+02 

POINT 51 2.2860001£+01 -6.1922998£+02 

POIN'l' 52 O.OOOOOOOB+OO -6.2377002£+02 

POIN'l' 53 2.2860001!+01 -6.2377002£+02 

POIN'l' 54 O.OOOOOOOB+OO -6.3276001£+02 

POIN'l' 55 2.2860001£+01 -6.32760018+02 

POIN'l' 156 O.OOOOOOOB+OO -6.3885999£+02 

POIN'l' 157 2.2860001£+01 -6.38859998+02 

POIN'l' 158 O.OOOOOOOE+OO -6.3885999£+02 

POIN'l' 159 2.2860001!+01 -6.3885999!+02 

POIN'l' 60 O.OOOOOOOB+OO -6.4276001£+02 c 
POIN'l' 61 2.2860001£+01 -6.4276001£+02 

• 
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( · POIH'l' 162 0.0000000B+00 -6.6102002B+02 
POIH'l' 163 2.2860001B+01 -6.6102002B+02 
POIH'l' 164 O.OOOOOOOB+OO -6.6102002B+02 
POIH'l' 165 2.2860001B+01 -6.6102002B+02 
POIH'l' 166 ·O.OOOOOOOB+OO -6.6909998B+02 
POIH'l' 167 2.2860001B+01 -6.69099981!:+02 
POIH'l' 168 O.OOOOOOOB+OO -6.6909998B+02 
POIH'l' 169 ·2 .2860001B+01 -6.6909998B+02 
POIH'l' 70 O.OOOOOOOB+OO -6.7960999B+02 
POIH'l' 71 2.2860001B+01 -6.7960999B+02 
POIH'l' 72 O.OOOOOOOB+OO -6.8233002B+02 
POIH'l' 73 2.2860001B+01 -6.8233002B+02 
POIH'l' 74 O.OOOOOOOB+OO -7.0365997B+02 
POIH'l' 75 2.2860001B+01 -7.0365997B+02 
POIH'l' 76 O.OOOOOOOB+OO -7.0677002B+02 
POIH'l' 77 2.2860001B+01 -7.0677002B+02 
POIH'l' 178 9.2500000B+00 -6.6102002B+02 
LINB 2 STR 1 3 0 4 0.000000 
LINB 5 STR 109 3 0 5 0.000000 
LINB 6 STR 121 109 0 1 0.000000 
LINB 7 STR 6 110 0 4 0.000000 
LINB 8 STR 7 6 0 4 0.000000 
LINB 10 STR 1 11 0 1 0.000000 
LINBBC 1 10 
LINB 11 STR 11 12 0 4 0.000000 

c LINB 13 STR 12 13 0 2 0.000000 
LINB 14 STR 14 13 0 1 0.000000 
LINB 15 STR 3 14 0 2 0.000000 
LINB 16 STR 115 14 0 5 0.000000 
LINB 17 STR 109 115 0 2 0.000000 
LINB 19 STR 110 122 0 2 0.000000 
SIDBBC 8 19 
LINB 20 STR 17 122 0 4 0.000000 
LINB 21 STR 6 17 0 2 0.000000 
LINB 22 STR 18 17 0 2 ·o.oooooo 

·LINB 23 STR 19 18 0 2 0.000000 
LINB . 25 STR 20 19 0 4 0.000000 

.LINB 26 STR 20 7 0 2 0.000000 
LINBBC 1 26 
LINB 27 STR 121 116 0 2 0.000000 
SIDBBC 9 27 
LINB 28 STR 11 123 0 7 1.030000 
LINBBC 1 28 
LINB 29 STR 123 132 0 13 0.000000 
SIDBBC 11 29 
LINB 30 STR 13 126 0 7 1.100000 
LINB 31 STR 127 126 0 6 1.050000 
LINB 32 STR 115 127 0 7 1.050000 
LINB 33 STR 116 128 0 7 1.050000 
SIDBBC 9 33 
LINB 34 STR 122 129 0 7 1.050000 

( SIDBBC 8 34 
\._ LINB 35 STR 123 126' 0 6 1.150000 

SIDBBC 10 35 
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LIHB 37 STR 20 
LIHBBC 1 37 
LINB 38 STR 30. 
LINBBC 1 38 
LINB 40 
LIHB 42 
SIDBBC .10 
LINB 43 
LIHB 44 
SIDBBC 9 
LIHB 45 
SIDBBC 8 
LINB 46 
LINBBC 1 
LIHB 47 
LIHBBC ·1 
LINB 48 
LINB 49 
LIHBBC 1 
LINB 50 
LINB 51 
LIHB 52 
LINBBC 1 
LINB 53 
LIHBBC 1 

STR 18 
STR 126 

42 
STR 129 
STR 128 

44 
STR 129 

45 
STR 135 

46 
STR 136 

47 
STR 127 
STR 38 

49 
STR 38 
STR 39 
STR 136 

52 
STR 40 

53 
LINB 54 STR 39 
LINB 58 STR 162 
LIHBBC 1 58 

30 

31 

33 
132 

33 
136 

136 

132 

135 

135 
31 

39 
40 
41 

41 

33 
38 

LINB 59 STR 163 40 
LINBBC 1 59 
LINB 60 STR 162 178 
SIDBBC 15 60· 
LINB 61 STR 178 163 
SIDBBC 15 61· 
LINB 62 STR 162 163 
SIDBBC 16 62 
LINB . 63 STR 162 166 
LIHBBC 1 63 
LIHB 64 STR 163 167 
LINBBC 1 64 
LINB 65 STR 166 167 
SIDBBC 19 65 
LINB 66 STR 166 167 
SIDBBC 20 66 

. LINB 67 STR 70 166 
LINBBC 1 67 
LINB 68 STR 71 167 
LINBBC 1 68 
LINB 69 STR 
LINB 70 STR 
LIHBBC 1 70 
LINB 71 STR 
LINBBC 1 71 
LINB 72 STR 

70 
72 

73 

72 

71 
70 

71 

73 

S-4 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 
0 

0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

.3 

3 

7 
7 

6 
7 

7 

6 

1 

7 
4 

6 
7 
6 

3 

3 
1 

1 

6 

7 

13 

4 

4 

13 

13 

.3 

3 

13 
2 

2 

13 

1.050000 

0.000000 

1.100000 
1.050000 

1.050000 
1.o5oooo· 

1.050000 

1.050000 

0.000000 

1.050000 
0.000000 

1.050000 
1.050000 
1.050000 

1.050000 

1.050000 
0.000000 

0.000000 

1.050000 

1.050000 

0.000000 

1.200000 

1.200000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 
0.000000 

0.000000 

0.000000 

( 
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LINE 73 STR 
LINEBC 1 73 
LINE 74 STR 
LINEBC 1 74 
LINE 75 STR 
LINE 76 STR 
LINEBC 1 76 
LINE 77 STR 
LINEBC 1 77 
LINE 78 STR 
SIDBBC 14 78 
LINE 79 STR 
SIDBBC 13 79 
LINE 80 STR 
LINElic 1 80 
LINE 81 STR 
LINBBC 12 81 
LINE 82 STR 
LINE 83 STR 
LINEBC 1 83 
LINE 84. STR 
LINEBC 1 84 

·LINE 85 STR 
LINE 86 STR 

74 

75 

74 
76 

77 

76 

46 

48 

49 

48 
50 

51 

50 
52 

72 

73 

75 
74 

75 

77 

47 

46 

47 

49 
48 

49 

51 
50 

LINEBC 1 86 
LINE 87 STR 
LINBBC 1 87 

53 . 51 

LINE 88 STR 
LINE 89 STR 
L:mEBC 1 89 

52 53 
54 52. 

LINE 90 STR 55 
LINEBC 1 90 
LINE 91 STR 54 
LINE 92 STR 156 
LINEBC 1 92 
LINE 93 STR 157 
LINBBC 1 93 

53 

.55 
54 

55 

LINE 94 STR 156 157 
SIDBBC . 17 94 
LINE 95 STR 156 157 
SIDBBC 18 95 
LINE 96 STR 60 156 
LINBBC 1 96 
LINE 97 STR . 61 157 
LINEBC 1 97 
LINE 98 STR 60 61 
LINE· 99 STR 123 · 60 
LINEBC 1 99 
LINE 100 STR 132 61 
LINEBC 1 100 
SIDB 1 20 22 
SIDB 2· 25 23 
SIDB 
SIDB 

3 
4 

37 . 38 
11 . 13 

49 
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0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

4 

.4 

13 
2 

2 

13 

13 

3 

3 

13 
4 

4 

13 
2 

2 

13 
3 

0 3. 

0 13 
o. 3 

o· 3 

0 

0 

0 

0 

0 
0 

0 

' 

13 

13 

3 

3 

13 
1 

1 

0.000000 

0.000000 

0.000000 
0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 
0.000000 

0.000000 

0.000000 
0.000000 

0.000000 

0.000000 
0.000000 

0.000000 

0.000000 
0.000000 

0. 000000 '. 

0.000000 

0.000000 

1.300000 

1.300000 

0.000000 
0.000000 

0.000000 
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SIDB 5 2 15 

SIDB 6 25 23· c 
SIDB 7 8 21 

SIDB 8 17 32 48 

SIDB 9 27" 33 44 
SIDB 10 43 54 

SIDB 11 53 52 

SIDB ·12 54 40 

SIDB 13 60 61 

SIDB 14 so 51 

RBOION 2 1 -10 5 -14 4 

REGION 3 1 -26 6 -22 7 

REGION 4 1 2 3 -so 12 

RBOION 5 1 10 -51 11 -45 

REGION 6 1 -s -15 -16 -17 

REGION 7 1 -7 -19 -20 -21 

RBOION 8 4 -6 9 -47 8 

REGION 9 1 -28 -11 -13 -30 -35 

REGION 10 1 -32 -31 -30 -14 -16 

RBOION 11 1 -31 -48 -46 -42 

REGION 12 1 1 -40 -43 -34 

REGION 13 4 -58 ' 13 -59 14 

REGION 14 3 -63 -65 -64 -62 

REGION 15 1 -67 -69 -68 -65 

REGION 16 4 -70 -72 -71 -69 

RBOION 17 1 -73 • -75 -74 -72 

REGION 18 5 -76 -78 -77 -75 cr '" 
REGION 19 4 -eo -82 -81 -79 

.j) 

RBOION 20 2 -83 -85 -84 -82 

REGION 21 4 -86 -88 -87 -85 

REGION 22 1 -89 -91 -90 -88 

RBOION .23 2 -92 -94 -93 -91 

REGION 24 1 -96 -98 -97 -95 

REGION 25 4 -99 -29 -100 -98 

SCHBMB 0 
BXIT 
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TITLE 
BENCHMARK II HEATED PROBLEM - SANTOS VERIFICATION (1/17/95) 

RESIDUAL TOLERANCE m • SO 
MAXIMOH ITERATIONS a 10000 
INTBRMBDIATB PRINT a 100 
MAXIMUM TOLERANCE a 5. 
THBRMAL STRESS, BXTBRNAL 
PI.AHB STRAIN 
TDIB STBP SCALE • .10 
PREDICTOR SCALE PACTOR a J 
EPPECTIVB MODULUS = VARIABLE 
INITIAL STRESS =·USER 
GRAVITY a 1 = 0. a -9.8066 = 0. 
STBP CONTROL 

1000 3.157E8 
BND 
PLOT TDIB 

10 3.157E8 
BND 
OOTPOT TDIB 

10 3.157E8 
BND 
PLOT NODAL DISPLACEMENT, REACTION, RESIDUAL 
PLOT ELEMENT STRESS, VONMISES, TEMPERATORE, EPPMOD 
PLOT STATB EQCS 
NO DISPLACEMENT X, 1 
NO DISPLACEMENT X, 12 
NO DISPLACEMENT Y, 12 
PONCTION = 1 
0. 1. 
4.E8 1. 
END 

PONCTION = 2 
299.,-.02 
350.,1. 
END 
PONCTION a 3 
0. 0. 
4.E8 0. 
BND 
PRESSOR!, 13, 1, 12.71E6 • 
PRESSOR!, 14, 1, 15.01E6 
CONTACT SORPACE, 8, 9, 0., .02, 1.E40 
CONTACT SORPACE, 11, 10, 0., .02, 1.E40 
CONTACT SORPACE, 15, 16, 0., .02, 1.E40 
CONTACT SORPACE, 18, 17, 0., .02, 1.E40 
MATERIAL, 1, POWER LAW CREEP, 2167., 2, 2.25E-3 
1WO Mt1 a 19. 84E9 
BULK MODULUS = 16.53E9 
CREEP CONSTANT a 5.79E-36 
STRESS EXPONENT = 4.9 
THERMAL CONSTANT = 6039. 
END 

MATERIAL, 2, POWER LAW CREEP, 2167., 2, 2.E-3 
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'1'WO W " U. 84B9 
BOLK MODULUS " 16.53B9 
CREEP CONSTANT " 1.74B-35 
STRESS EXPONENT • 4.9 
'1'IIBRHAL CONSTANT " 6039. 
END 
MATERIAL, 3, POWER LAW CIIBBP, 2167 .• , 2, 2.135B-3 
'1'WO W • 21. 2B9 
BOLK MODULUS • 17.66B9 
CIIBBP CONSTANT • 5.21B-36 
STRESS EXPONENT • 4.9 
'1'IIBRHAL CONSTANT • 6039. 
END 
MATERIAL, 4, BLASTIC,· 2167., 12, 1.B-3 
YOONQS MODULUS • 72.4B9 
POISSONS RATIO " .33 
END 
MATERIAL, 5, BLASTIC, 2167., 2, 1.2B-3 
YOONQS MODULUS • 72.4B9 
POISSONS RATIO " .33 
END 
EXIT 
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Initial Stress Subroutine For The Heated WIPP Benchmark II 
Problem 

This section presents a listing of the INITST subroutine that was used in SANTOS to 
specify the initial stresses for the Benchmark ll heated drift analysis. 
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c 
c 

Sl.JBRO'O'l'INB INITST ( SIG, COORD, LINK, DATMAT, KOHI!IAT, SCRBL 

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

c 
C DESCRIPTION• 
C THIS ROUTINE PROVIDES Alii INITIAL STRESS STATE TO SAliiTOS 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PORMAL PARAHBTBRS o 

SIG REAL 

COORD REAL 
LINK INTEGER 
DATMAT REAL 
KOHI!IAT INTEGER 

CAI•I•BD BY: INIT 

ELBMBN'l' STRESS ARRAY WHICH !IIOST BE RETURNED 

WITH THE REQUIRED STRESS VALUBS 

GLOBAL NODAL COORDINATE ARRAY 

CONNBCTIVITY ARRAY 
MATERIAL PROPERTIES ARRAY 

MATERIAL PROPERTIES INTEGER ARRAY 

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

c 

c 

c 
* 

INCLUDE 'pariiiU • blk ' 
INCLUDE 'P•ize.blk' 
INCLUDE •contrl.blk' 

INCLUDE 'b•ize.blk' 

INCLUDE 'ti.mar.blk' 

DIMENSION LINK(NBLNS,NUMEL),KOHI!IAT(lO,NBMBLK),COORD(NNOD,NSPC), 

SIG(NSYMM,NOHBL),DATMAT(HCONS,*),SCRBL(NBBLK,*) 

DO 1000 I • l,NBMBLK 
MATID • KOHI!IAT(l,I) 
MKIND • KOHI!IAT (2, I) 
ISTRT • KOHI!IAT(3,I) 
IBHD • KOHI!IAT(4,I) 

DO 500 J • ISTRT,IBRD 
II • LINK( l,J ) 
JJ • LINK( 2,J ) 

KK " LINK( 3,J ) 
LL • LINK( 4,J ,) 
ZAVG " 0.25 * ( COORD(II,2) + COORD(JJ,2) + COORD(KK,2) + 

* COORD(LL, 2) ) 

STRESS • 21252. * ( ZAVG ) 

SIG(1,J) • STRESS 
SIG(2,J) • STRESS 
SIG(3,J) = STRESS 
SIG(4,J) = 0.0 

500 CONTIN'IJB 
1000 CONTIN'IJB 

RBTO'RN 

BHD 
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SANTOS Output For The Heated WIPP Benchmark II Problem 

The following section presents a portion of the SANTOS printed output for the 
Benchmarlc IT heated drift analysis. Because all pertinent infonnation and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-{!escriptive infonnation at the beginning, followed by infonnation 
that tracks the convergence behavior of the solution, and a summary of CPU usage at the 
end. For this reason, only a partial listing, consisting of approximately the first 500 lines of 
output and the last 100 lines of output, is provided. 

-• 
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(------

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMED BYo 

CHARLES M. STORE 
BNGIRBBRINQ SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIBS 
ALBUQUBRQUB, NEW MBXICO 87185 

DBRIVBD FROM PRONT02D BY 
LBB M. TAYLOR AND DBNNIS P. FLANAGAN 

RUN ON 03/06/96 AT 15s45o32 
RUN ON A CrayOJ90 UNDBR OD1Co8.0 

0 /~ 
' 
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rNP'D'l' STREAM rMAG18S 

--------------------------------------------~---------------------------
TrTLB 

BBNCIIMARJ: U RBAT8D PROBLBM - SAN'l'OS VBRrPrCATrON (1/17/95) 
RBSrDUAL TOLBRANC8 ~ '50 
MAXrMDH rT8RATrONS ~ 10000 
rHT8RMBDrAT8 PRrNT • 100 
MAXrMDH TOLBRANC8 • 5. 
TBBIIMAL STRBSS, BXT8RNAL 
PLANE STRArN 
TrKB ST8P SCALB a .10 
PRBDrCTOR SCALB PACTOR • 3 
8PPBCTrVB MODULUS ~ VARrABLB 
rNrTrAL STRBSS • USBR 
GIRAvrTY • 1 ~ 0. • -9.8066 a 0. 
ST8P CONTROL 

1000 3.15788 
BND 
PLOT TrKB 

10 3.15788 
BND 
O'D'l'P'D'l' TrMB 

10 3.15788 
BND 
PLOT NODAL DrSPLACBMBNT, RBACTrON, RBSrDUAL 
PLOT 8LBMBNT STRBSS, VONMrS8S, TBMP8RATURB; 8PPMOD 
PLOT STAT8 8QCS 
NO DrSPLACBMBNT X, 1 
NO DrSPLACBMBNT X, 12 
NO DrSPLACBMBNT Y, 12 
PUNCTrON = 1 
0. 1. 
4.88 1. 
BND 
PUNCTrON = 2 
299.,-.02 • 
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35• 350.,1. 
36o END 
37o PONCTION a 3 
38• o. o. 
391 4.88 o. 
401 END 
41o PRBSSURB, 13, 1, 13.7186 
431 PRBSSORB, 14, 1, 15.0186 
431 CONTACT SURPAC8, 8, 9, 0., .03, 1.840 
441 CONTACT SURPACB, 11, 10, 0., .03, 1.840 
451 CONTACT SURPAC8, 15, 16, 0., .03, 1.840 
46a CONTACT SURFAC8, 18, 17, 0., .03, 1.840 
47a KATBRIAL, 1, POWBR LAW CRBBP, 3167., 3, 3.358-3 

48a TWO MU • 19.8489 
49a BULK MODULUS • 16.5389 
50a CRBBP CONSTANT ~ 5.798-36 
51a STRBSS BXPONBNT ~ 4.9 
53a TRBRMAL CONSTANT • 6039. 
53o END 
541 KAT8RIAL, 3, POWBR LAW CRB8P, 3167., 3, 2.8-3 

55a TWO MU • 19.8489 
56a BULK MODULUS • 16.5389 
57a CRB8P CONSTANT • 1.748-35 
581 STRBSS BXPONBNT • 4.9 

·59o TBBRMAL CONSTANT • 6039. 
60a END 
61a KATBRIAL, 3, POWBR LAN CRB8P, 2167., 3, 2.1358-3 
63a TWO MU • 21.289 
63a BULK MODULUS • 17.6689 
64a CRB8P CONSTANT • 5.218-36 
65o STRBSS BXPONBNT ~ 4.9 
661 THBRMAL CONSTANT • 6039. 
67a END 
681 KAT8RIAL, 4, BLASTIC, 2167., 2, 1.8-3 
69a YOUNGS MODULUS a 73.489 
70a POISSONS RATIO • .33 
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PROBLEM TITLE 

BBNCIIMARlt II BBATED PROBLBM - SAN'l'OS VBRIFICATION (1/17/95) 

PROBLEM DEFINITION 

NUMBBR OP ELBMBNTS •••••••••••••••••••••• 
NUMBER OP HODBS ••••••••••••••••••••••••• 
NUMBBR OP MATBRI:ALS ••••••••••••••••••••• 
NOMBER OF PIJNCTIONS ••••••••••••••••••••• 
NOMBER OF CONTACT SURFACES •••••••••••••• 
NOMBER.OF RIGID SURFACES •••••••••••••••• 

798 
9:36 

5 
3 
4 
0 

NOMBER OF . MATERIAL POINTS MONI'l'ORBD • • • • • • 0 . 
ANALYSIS TYPE • • • • • • • • • • • • • • • • • • • • • • • • • • • PLANB STRAIN 
GLOBAL CONVBRGBNCE MBASORB •••••••••••••• 
RBSIDUAL 'l'OLBRANCE • • • • • • • • • • • • • • • • • • • • • • 5. OOOE-01 
MAXIMUM NUMBER OF ITERATIONS •••••••••••• 
ITERATIONS FOR INTERMBDIATE PRINT ••••••• 
MAXIMUM RBSIDUAL TOLBRANCE •••••••••••• , •• 
PRBDIC'l'OR SCALB FAC'l'OR PIJNCTION ••••••••• 
MINIMUM DAMPING FACTOR •••••••••••••••••• 

10000 
100 

5.000E+00 
3 

::I.OOOE-01 
EFFECTIVE MODULUS STATUS •••••••••••••••• VARIABLB 
TBBRMAL STRBSS ANALYSIS PERPORMBD • • • • • • • BXTERNAL 

TBBRMAL FORCE MAGNITUDE •••••••••••••• O.OOOE+OO 
INITIAL STRBSS DISTRIBUTION APPLIED ••••• 
GRAVITY LOADS APPLIED ••••••••••••••••••• 
SCALB.FAC'l'OR APPLIED TO TIMB STEP ••••••• 1.000E-01 
STRAIN SOPTBNING SCALB FACTOR ••••••••••• . 1.000E+00 
HOURGLASS STIFPNBSS FACTOR •••••••••••••• 5.000E-0:3 
HOURGLASS VISCOSITY FACTOR •••••••••·•••• 0.000E+00 
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L 0 A D S T E P D E F I N I T I 0 N S 

i'IIIIB 
O.OOOE+OO 

NO. OF STBPS 
1000 

TIIIIB ' 
3.157E+08 

PRINTED OUTPUT FREQUENCY 

TIIIIB Si'EPS BBTWBBN PRIN!I.'S 
O.OOOE+OO 10 

TIIIIB 
3.157E+08 

PLOTTED OU!I.'PUT FREQUENCY 

i'IIIIB STEPS BBTWBBN PLOTS 
0. OOOE+OO 10 

TIIIIB 
3.157E+08 

M A T E R I A L D E F I N I T I 0 N S 

~!~.'ERIAL i'YPE •••·••••••••••••••••••••POWER LAW CREEP 
MA!I.'ERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DBNSI!I.'Y ............................. . 
i'HBRMAL Si'RAIN ID •••••••••••••••••••• 
i'HBRMAL Si'RAIN SCALE FAC!I.'OR •••••••••• 

2.167E+03 
2 

2.250E-03 
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MATERIAL PROPBRTIBS1 
TWO MtJ " 1.984B+10 
B'OLK MODULUS " 1.653B+10 
CREEP CONSTANT " 5.790B-36 
STRESS EXPONENT m 4.900B+00 
THERMAL CONSTANT • 6.039B+03 

MATERIAL TYPB ......................... BLASTIC 
MATBRXAL ID •••••••••••••••••••••••••• 

DENSITY ............................... 
TBBRMAL STRAI.H ID •••••••••••••••••••• 

4 
li.167B+03 

ll 
l.OOOB-03 THERMAL STRAIN SCALE !!'ACTOR 

MATERIAL PROPERTIES• 
YOUNGS MODULUS 
POISSONS RATIO 

.......... 

• 
• 

7.240B+10 
3.300B-01 

MATERIAL TYPE •••••••••••••••••••••••• POWER LAN CREEP 
MATERIAL ID • • .. • • • • • • • • • • • • . • • • • • • • • • • 3 
DENSITY .............................. 
THBRMAL STRA.IH ID •••••••••••••••••••• 

li.167B+03 
ll 

li.135B-03 THERMAL STRAIN SCALE !!'ACTOR 
MATERIAL PROPERTIES• 

TWO MtJ 
B'OLK MODULUS 
CREEP CONSTANT 
STRESS EXPONENT 
THERMAL CONSTANT 

.......... 
a 2.120B+10 

" 1.766B+10 
a S.lllOB-36 
m ·4.900B+00 

" 6.039B+03 

MATERIAL TYPE •••••••••••••••••••••••• BLASTIC 
MATBRI:AL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 5 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • li.167B+03 
THERMAL STRAIN ID • • • • • • • • • • • • • • • • • • • • 2 
THERMAL STRAIN SCALE !!'ACTOR •••••••••• l.liOOB-03 
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f' 
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MATERIAL PROPERTIES! 
YOUNGS MODULUS 
POISSONS RATIO 

.. 
• 

'~ 

7.a40E+10 
3.300E-01 

MATERIAL TYPE •••••••••••••••••••••••• POWER LAW CREEP 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • a 
DENSITY 
THERMAL STRAIN ID •••••••••••••••••••• 

a.167E+03 
a 

a.OOOE-03 THERMAL STRAIN SCALE PACTOR •••••••.•• 
MATERIAL PROPERTIES 1 

TWO MU = 1.984E+10 
BULK MODULUS • 1.653E+10 
CREEP CONSTANT D 1.740E-35 
STRESS BXPOBBNT • 4.900E+00 
THERMAL CONSTANT .. 6.039E+03 

P U N C T I 0 N D E P I N I T I 0 N S 

PONCTION ID ••••••••• 1 NtJMIIER OP POINTS •••• 

N s P(S) 
1 O.OOOE+OO l.OOOE+OO 
a 4.000E+08 ·1.000E+00 

PONCTION ID ••••••••• a NtJMIIER OP POINTS .••• 

N s P(S) 
1 a.990E+Oa -a.OOOE-Oa 
a 3.500E+Oa 1.000E+00 

'\ 

a 
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PUNC'l'ION ID .......... 3 

N 
1 
2 

.S 
O.OOOE+OO 
4.000E+08 

NUMBER OP POINTS 

P(S) 
O.OOOE+OO 
O.OOOE+OO 

2 

NO DISPLACEMENT BOUNDARY CONDITIONS 

SORPACE 
NOMBBR 

1 
2 
3 

' 

NODE SET PLAG 
1 

12 . 

12 

CONTACT 

SORPACE 1 SORPACE 2 
PLAG PLAG 

8 9 
11 10 
15, 16 
18 17 

DIRECTION 
X 
X 
y 

SURFACES 

PENALTY COEPPICIBNT 
PACTOR OP FRICTION 

O.OOOE+OO O.OOOB+OO 
O.OOOB+OO O.OOOE+OO 
O.OOOE+OO O.OOOB+OO 
O.OOOE+OO O.OOOB+OO 

PRESSURE BOUNDARY CONDTIONS 

(\ 

PENETRATION TENSION 
MOLTIPLIBR RBLBASB 
2.000E-02 1.000B+40 
2.000E-02 1.000B+40 
2.000B-02 1.000B+40 
2.000B-02 ·1.000E+40 

'\ 
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BURP ACE 
PLAG 

13 
14 

PUNCTJ:ON 
NUMBER 

1 
1 

n 

SCALE 
PACTOR 

1.271E+07 
1.501E+07 

.E N D 0 P D A T A l: N P U T P H A S E 
3.340E•01 CPU SECONDS USED 

110 WORDS ALLOCATED 

END OP DATA l:Nl:Tl:ALl:ZATl:ON PHASE 
2.434E-02 CPU SECONDS USED 

926 WORDS ALLOCATED 

VARJ:ABLBS 0 N ·P L 0 TTl: N G DATA BAS B 

NODAL BI.EifBNT GLOBAL 
----- ------- ------
Dl:SPLX Sl:GXX PX 

· Dl:SPLY Sl:GYY py 

RBSJ:DX Sl:GZZ RX 
RBSJ:DY TAUXY RY 
RBSJ:D TEMP :ITER 
RBACTX VONHISBS RMAG 
RBACTY BPPMOD. 

BQCS 

"\ 

~ 
w 
tA 

~ 
tA 

~ 
8 
::r 

_!::l -\D 
\D 
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0 

**** PLOT TAP8 WRITTBN POR TRB INITIAL STAT8 AT TIMB a 0.0008+00 **** '*" w 
IJJ 
0\ 
-...] 
IJJ 

ST8P TIMB TIMB DAMPING! APPLI8D RBSIDVAL P8RCBNT TOTAL a:: 
ST8P PAC TOR LOAD NORM LOAD NORM IIIBALANC8 ST8PS 

100 3.1578+05 3.1578+05 9.5908-01 1.2238+08 2.3868+07 19.51 100 ~ 
3.1578+05 3.1578+05 9.8178-01 1.2238+08 1.872B+07 15.31 200 

:::.-
200 N 

300 3.1578+05 3.1568+05 9.8418-01 1.2238+08 1.5298+07 12.50 300 ;-1 

400 3.1578+05 3.1568+05 9.8828-01 1.2238+08 ' 1.2198+07 9.97 400 -\0 

500 3.1578+05 3.1568+05 9.8868-01 1.2238+08 9.5758+06 7.83 500 \0 
0\ 

600 3.1578+05 3.1568+05 9. 8868-01 1.2238+08 7.6818+06 6.28 600 

700 3.1578+05 3.1568+05 9.8498-01 1.2238+08 6.5028+06 5.32 700 

800 3.1578+05 3.1568+05 9.9788-01 1.2238+08 5.7438+06 4.70 800 

V-1 900 3.1578+05 3.1568+05 9.9328-01 1.2238+08 4.8598+06 3.97 900 
' N 1000 3.1578+05 3.1568+05 9.9288-01 1.2238+08 4.0768+06 3.33 1000 

N 
1100 3.1578+05 3.1568+05 9.9308-01 1.2238+08 3.4568+06 2. 83 1100 

1200 3.1578+05 3.1568+05 9.9178-01 1.223B+08 2.9728+06 2.43 1200 

1300 3.1578+05 3.1568+05 9.9448-01 1.2238+08 2.6148+06 2.14 1300 

1400 3.1578+05 3.1568+05 9.9448-01 1.2238+08 2.3628+Q6 1.93 1400 

1500 3.1578+05 3.1568+05 9.9948-01 1.223B+08 2.182B+06 1.78 1500 

1600 3.1578+05 3.1568+05 9.9328-01 1.2238+08 2.0668+06 1.69 1600 

1700 3.1578+05 3.1568+05 9.8288-01 1.2238+08 1.9918+06 1.63 1700 

1800 3.1578+05 3.1568+05 1.0008+00 1.2238+08 1.9428+06 1.59 1800 

1900 3.1578+05 3.1568+05 9.9648-01 1.2238+08 1.8968+06 1.55 1900 

2000 3.1578+05 3.1568+05 9.9628-01 1.2238+08 1.8718+06 1.53 2000 

2100 3.157B+05 3.1568+05 9.9428-01 1.2238+08 1.8208+06 1.49 2100 

2200 3.1578+05 3.1568+05 9.9528-01 1.2238+08 • 1.9008+06 1.55 2200 

2300 3.1578+05 3.1568+05 9.9758-01 1.2238+08 2.3858+06 1.95 2300 

2400 3.1578+05 3.1568+05 9.9608-01 1.2238+08 3.1428+06 2.57 2400 

2500 3.1578+05 3.1568+05 9.9008-01 1.2238+08 2.3148+06 1.89 2500 

2600 3.157B+05 3.1568+05 9.9388-01 1.2238+08 2.2508+06 1.84 2600 

2700 3.1578+05 3.1568+05 9.9848-01 1.2238+08 2.7178+06 2.22 2700 

( ~. ) 
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! .0 /"\ 

:J 
0 

'"' 2800 3.1578+05 3.1568+05 9.9958-01 1.2238+08 5.5208+06 4.51 2800 . 
w 2900 3.1578+05 3.1568+05 1. 0008+00 1.2238+08 1.4028+07 11.46 2900 Ut 
0\ 3000 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.8508+07 23.30 3000 . -.I 
Ut 

3100 3.1578+05 3.1568+05 9.1208-01 1.2238+08 1.2918+07 10.56 3100 
3200 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.3708+06 1.94 3200 
3300 . 3.1578+05 3.1568+05 9.9998-01 1.2238+08 3.3438+06 2.73 3300 ~ 3400 3.1578+05 3.1568+05 9.9988-01 1.2238+08 3.0948+06 2.53 3400 ~ 3500 3.1578+05 3.1568+05 9.9988-01 1.2238+08 6.3668+06 5.21 3500 ::r 
3600 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.1348+07 17.45 3600 N 

.-.I 3700 3.1578+05 3.1568+05 9.7558-01 1.2238+08 3.0158+06 2.47 3700 -3800 3.1578+05 3.1568+05 9.8458-01 1.2238+08 2.5508+06 2.08 3800 \D 
\D 3900 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.0418+06 1.67 3900 0\ 

4000 3.1578+05 3.1568+05 1.0008+00 1.2238+08 3.6028+06 2.95 4000 
4100 3.1578+05 3.1568+05 9.9918-01 1.2238+08 1.3578+07 11.10 4100· 
4200 3.1578+05 3.1568+05 9.4298-01 1.2238+08 3.9988+06 3.27 4200 
4300 3.1578+05 3.1568+05 1.0008+00 1.2238+08 1.8598+06 1.52 4300 
4400 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.9908+06 .2.44 4400 

VJ 4500 3.1578+05 3.1568+05 9.9988-01 1.2238+08 3.7188+06 3.04 4500 0 
N 4600 3.1578+05 3.1568+05 1.0008+00 1.2238+08 3.3858+06 2.77 4600 w 

4700 3.1578+05 3.1568+05 1.0008+00 1.2238+08 1.5668+07 12.80 4700 
4800 3.1578+05 3.1568+05 9.6558-01 1.2238+08 1.0318+07 8.43 4800 
4900 3.1578+05 3.1568+05 9.8738-01 1.2238+08 1.2658+06 1.03 4900 
5000 3.1578+05 3.1568+05 9.9908-01 1.2238+08 1.7318+06 1.42 5000 
5100 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.2778+06 1.86 5100 
5200 3.1578+05 3.1568+05 1.0008+00 1.2238+08 3.9068+06 3.19 5200 
5300 3.1578+05 3.1568+05 1.0008+00 1.2238+08 1.0678+07 8.72 5300 
5400 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.4668+07 20.17 5400 
5500 3.1578+05 3.1568+05 9.6108-01 1.2238+08 1.0688+06 0.87 5500 
5600 3.1578+05 3.1568+05 1.0008+00 1.2238+08 1. 0858+06 0.89 5600 
5700 3.1578+05 3.1568+05 9.9988-01 1.2238+08 1.2958+06 1.06 5700 
5800 3.1578+05 3.1568+05 1.0008+00 1.2238+08 9.2128+05 0.75 5800 
5900 3.1578+05 3.1568+05 1.0008+00 1.2238+08 3.1498+06 2.58 5900 
6000 3.1578+05 3.1568+05 . 1.0008+00 1.2238+08 1.1278+07 9.21 6000 
6100 3.1578+05 3.1568+05 1.0008+00 1.2238+08 2.3528+07 19.24 6100 
6200 3.1578+05 3.1568+05 9.7108-01 1.2238+08 2.6858+06 2.20 6200 
6300 3.1578+05 3.1568+05 1.0008+00 1.2238+08 1.0368+06 0.85 6300 
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6400 3.1578+05 3.1568+05 1.0008+00 

6500 3.1578+05 3.1568+05 1.0008+00 

6600 3.1578+05 3.1568+05 1.000B+00 

6700 3.1578+05 3.156B+05 1. OOOB+OO 

6800 3.157B+05 3.1568+05 9.331B-01 

6900 3.1578+05 3.156B+05 1.0008+00 

7000 3.157B+05 3.1568+05 1.000B+00 

7100 3.1578+05 3.156B+05 1.0008+00 

7300 3.157B+05 3.1568+05 1.0008+00 

7300 3.1578+05 3.1568+05 1.0008+00 
7400 3.157B+05 3.1568+05 9.1448-01 
7500 3.1578+05 3.156B+05 1.0008+00 

7600 3.157B+05 3.1568+05 1.0008+00 

STBP TIHB TIHB DAMPING 
ST8P PACTOR 

Vl 100 6.3148+05 3.157B+05 9.680B-01 

~ 200 6.3148+05 3.1578+05 9.738B-01 
300 6.3148+05 3.1578+05 9.352B-01 

400 6.314B+05 3.157B+05 9.9788-01 

500 6.3148+05 3.1578+05 9.8798-01 

600 6.3148+05 3.1578+05 9.9418-01 
700 6.3148+05 3.1578+05: 9.935B-01 
800 6.3148+05 3.1578+05 9.8438-01 

900 6.3148+05 ·3.1578+05 9.993B-01 

ST8P TIHB TIHB DAMPING 
ST8P PACTOR 

100 9.4718+05 3.1578+05 9.9838~01 

300 9.4718+05 3.1578+05 9.823B-01 

300 9.471B+05 3.1578+05 8.5388-01 

400 9.4718+05 3.157B+05 9.9038-01 

500 9.471B+05 3.1578+05 9.9648-01 

600 9.4718+05 3.1578+05 9.9578-01 

(' 

1.3338+08 1.0468+06 
1.3338+08 3.4958+06 
1.3338+08 7.336B+06 
1.333B+08 1.4188+07 
1.3338+08 9.4888+05 
1.3338+08 7.6548+05 
1.3338+08 1.384B+06 
1.3338+08 3.463B+06 
1.3338+08 6.8688+06 
1.3338+08 9.688B+06 
1. 333B+08 1.1468+06 
1.3338+08 7.3958+05 
1.333B+08 1.8738+06 

APPLI8D RBSIDUAL 
LOAD NOIUI LOAD NOIUI 

1.3338+08 5.3678+06' 
1.3238+08 3.989B+06 
1.3338+08 3.3418+06 
1.3338+08 3.041B+06 
1.3338+08 1.6978+06 
1.3338+08 1.4308+06 
1.3338+08 1.1598+06 
1.3238+08 8.730B+05 
1.3338+08 6.8918+05 

APPLI8D RBSIDUAL 
LOAD NOIUI LOAD NOIUI 

1.333B+08 4.606B+06 
1.2238+08 2.5518+06 
1.3338+08 1.7558+06 
1.2238+08 1.6158+06 
1.3338+08 1.3548+06 
1.233B+08 1.0168+06 

''\ 

0.86 
3.04 
5.99 

11.60 
0.78 
0.63 
1.05 
3.83 
5.63 
7.93 
0.94 
0.60 
1.53 

PBRCBNT 
IKBALANC8 

4.39 
3.44 
1.83 
1.67 
1.39 
1.16 
0.95 
0.71 
0.56 

P8RCBNT 
IKBALANC8 -. 

3.77 
2.09 
1.44 
1.32 
1.11 
0.83 

6400 
6500 
6600 

:6700 
6800 
6900 

-7000 
7100 
7300 
7300 

.7400 
7500 
7600 

TOTAL 
STBPS 

7711 
7811 

·7911 
8011 
8111 
8311 
8311 
8411 
8511 

TOTAL 
STBPS 

8673 
8773 
8873 
8973 
9073 
9173 

/~ 
; 

~ 
~ 
w 
Ul 
0\ 
-.) 
Ul 

~ 
8 
::r 
N 
;-I -"" "" 0\ 
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700 9.471E+05 3.157E+05 9.836E-01 1.223E+08 7.586E+05 0.62 9273 w 
V\ 
0\ 
-1 
V\ 

STEP TIME TIME DAMPING APPLIED RESIDUAL PERCENT - TOTAL 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS 

100 1.263E+06 3.157E+05 9.841E-01 1.223E+08 3.743E+06 3:06 9465 ~ 
200 1.263E+06 3.157E+05 9.987E-01 1.223E+08 2.182E+06 1.78 9565 ~ 
300 1. 263E+06 . 3 .157E+05 9.127E-01 1.223E+08 1. 638E+06 1.34 9665 

(") 

::>" 

400 1.263E+06 3.157E+05 9.690E-01 1.223E+08 1.382E+06 . 1.13 9765 N 
-1 

500 1.263E+06 3.157E+05 9.947E-01 1.223E+08 1.096E+06 0.90 9865 . -600 1.263E+06 3.157E+05 9.843E-01 1.223E+08 8.060E+05 0.66 9965 \0 
\0 

700 1.263E+06 3.157E+05 9.770E-01 1.223E+08 6.400E+05 0.52 10065 0\ 

STEP TIME TIME DAMPING APPLIED RESIDUAL PERCENT 'l'O'l'AL 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS 

100 1.578E+06 3.157E+05 9.678E-01 1.223E+08 3.412E+06 2.79 10193 
ti'J . 200 
' 

1.578E+06 3.157E+05 9.999E-01 1.223E+08 1.825E+06 1.49 10293 
N 300 1.578E+06 3.157E+05 9.920E-01 1.223E+08 1.443E+06 1.18 10393 
V\ 

400 1.578E+06 3.157E+05 9.989E-01 1.223E+08 1.239E+06 1.01 10493. 

500 1.578E+06 3.157E+05 9.997E-01 1.223E+08 9.860E+05 0.81 10593 
600 1.578E+06 3.157E+05 9.960E-01 1.223E+08 7.126E+05 0.58 10693 

STEP TIME TIME DAMPING APPLIED RESIDUAL PERCENT TOTAL 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS 

100 1.894E+06 3.157E+05 9.986E-01 1.223E+08 3.303E+06 2.70 10854 
200 1.894E+06 3.157E+05 9.915E-01 1.223E+08 1. 737E+06 1.42 10954 
300 1.894E+06 3.157E+05 1.000E+00 1.223E+08 1.322E+06 1.08 11054 
400 1.894E+06 3.157E+05 9.869E-01 1.223E+08 1.104E+06 0.90 11154 
500 1.894E+06 3.157E+05 9.817E-01 1.223E+08 7.668E+05 0.63 11254 

STEP TIME TIME DAMPING APPLIED RESIDUAL PERCENT TOTAL 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS 

100 2.210E+06 3.157E+05 - 9.590E-01 1.223E+08 2.874E+06 2.35 11444 
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200 2.210E+06 3.157E+05 9.730E-01 1.223E+08 1.5768+06 1.29 11544 w 
Vl 

300 2.2108+06 3.157E+05 9.7988-01 1.223E+08 1.281E+06 1.05 11644 "' -J 

400 2.2108+06 3.1578+05 9.875E-01 1.223E+08 1.0658+06 0.87 11744 
Vl 

500 2.210E+06 3.157E+05 9.7448-01 1.223E+08 8.680E+05 0.71 11844 

600 2.210E+06 3.157E+05 9.958E-01 1.223E+08 7.068E+05 0.58 11944 :.:: 
8 
::r 

STEP TIMB TIMB DAMPING APPLIED RBSIOOAL PBRCBR'l' TOTAL N 
-J 

STEP FACTOR LOAD NORM LOAD NORM IMBALANC8 STEPS -'0 
100 2.526E+06 3.157E+05 9.570E-01 1.223E+08 2.878E+06 2.35 12106 '0 

"' 200 2.526E+06 3.157E+05 9.776E-01 1.223E+08 1.550E+06 1.27 12206 

300 2.526E+06 3.157E+05 9.986E-01 1.223E+08 1.191E+06 0.97 12306 
400 2.526E+06 3.157E+05 9.909E-01 1.223E+08 9.425E+05 0.77 12406 
500· 2.526E+06 3.157E+05 9.495E-01 1.223E+08 7.843E+05 0.64 12506 
600 2.5268+06 3.157E+05 9.999E-01 1.223E+08 6.937E+05 0.57 12606 

til 
' N 

"' STEP TIMB TIMB DAMPING APPLIED RBSIOOAL PERCBR'l' TOTAL 
ST8P FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS 

100 2.8418+06 3.1578+05 9.849E-01 1.223E+08 2.599E+06 2.13 12767 
200 2.841E+06 3.1578+05 9.421E-01 1.2238+08 1.530E+06 1.25 12867 
300 2.8418+06 3.1578+05 9.720E-01 1.2238+08 1.162E+06 0.95 12967 
400 2.841E+06 3.1578+05 9.798E-01 1.223E+08 9.116E+05 0.75 13067 
500 2.841E+06 3.157E+05 9.815E-01 1.223E+08 7.365E+05 0.59 13167 

STEP TIMB TJ:MB DAMPING APPLIED RBSIOOAL PERCBR'l' TOTAL 
STEP FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS 

100 3.157E+06 3.157E+05 9.824E-01 1.323E+08 2.497E+06 2.04 13358 

300 3.1578+06 3.1578+05 9.990E-01 1.2238+08 1.418E+06 1.16 13458 

300 3.1578+06 3.1578+05 9.987E-01 1.223E+08 1.057E+06 0.86 13558 

400 3.157E+06 3.1578+05 9.459E-01 1.223E+08 8.4788+05 0.69 13658 
500 3.157E+06 3.1578+05 9.989E-01 1.323E+08 6.2708+05 0.51 13758 

r I' '\ 
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SANTOS, VERSION 2.0.0 ,RUN ON 03/06/96 ,AT 15o45o32 
BENCHMARK II BEAT8D PROBLEM - SANTOS VERIFICATION (1/17/95) 

********************************************************************* 
SUMMARY OP DATA AT ST8P NOMB8R 10, TIMB = 3.1578+06 
NOM88R OP ITERATIONS m 514, TOTAL NOMBBR OP ITERATIONS a 13772 
PINAL CONVBRQBNCB TOLBRANC8 ~ 4.994B-01 
SOH OP BXTBRNAL PORCBS IN X-DIRECTION ~-8.137B+03 
SOH OP BXTBRNAL PORC8S IN Y-DIRBCTION =-2.9978+04 
SOH OP REACTION PORCBS IN X-DIRECTION • 3.874B+06 
'SOH OP.RBACTION PORCBS IN Y-DIRBCTION m 6.3778+06 
********************************************************************* 

•••• PLOT TAPB WRITTEN AT TIMB m 3.157B+06 STBP NOMBBR 10 **** 

Cll 

8 

/'\ 

~ 
~ 
w 
U\ 

~ 
U\ 

:;:: 
~ 
:r 
N 
;-1 -\0 
\0 
0\ 
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SANTOS, VBRSION 2.0.0 ,RUN ON 03/06/96 ,AT 15•45•32 
BBNCHMARK II BBATBD PROBLEM - SANTOS VBRIPICATION (1/17/95) 

···············································~····················· 
SUMMARY OP DATA AT STBP NOMBER 1000, TIMB • 3.157E+08 
NOMBER OP ITERATIONS a 424, TOTAL NOMBER OP ITERATIONS • 

PINAL CONVBRGBNCE TOLERANCE • 4.99BE-01 
SUM OP EXTERNAL PORCES IN X-DIRECTION •-5.607E+04 
SUM OP EXTERNAL PORCES IN Y-DIRECTION •-2.997E+04 
SUM OP REACTION PORCES IN X-DIRECTION a 1.243E+06 
SUM OP REACTION PORCES IN Y-DIRECTION • 1.052E+07 

438727 

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

•••• PLOT TAPE WRITTBN AT TIME • 3.157E+08 STEP NOMBER 1000"•••• 

100 TIME STEPS WERE WRITTBN TO TRB PLOTTING DATA BASE 

B N D 0 P S 0 L U T I 0 N P B A S E 
8.878E+03 CPU SECONDS USED 

926 'IIORDS ALLOCATED 

~ :~ 
I 

! 
'-" 
Ut 
0\ _, 
Ut 

I 
~ -\0 
\0 
0\ 
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APPENDIXT 

Input/Output Data For Problem 20 - Isothermal 
WIPP Parallel Calculation 

The following three sections present the input data, the initial stress subroutine, and the 
formatted output, respectively, for the Isothermal WIPP Parallel Calculation verification · 
problem. 

FASTQ and SANTOS Input Data For The Isothermal WIPP Parallel 
Calculation · 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the Parallel Calculation isothermal drift problem. 
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• TITLE 
ISOTRBI!MAL REF8RENC8 CALCULATION ( 

POINT 1 .0.00000008+00 5.28699998+01 ' 
POINT 2 0.00000008+00 4.93800018+01 
POINT 3 0.00000008+00 3.18600018+01 
POINT 4 0.00000008+00 2.82999998+01 
POINT 5 0.00000008+00 1.35800008+01 
POINT 6 0.00000008+00 1.06700008+01 
POINT 7 0.00000008+00 9.35000048+00 
POINT 8 0.00000008+00 9.15999988+00 
POINT 9 0.00000008+00 7.77000008+00 
POINT 10 0.00000008+00 6.71000008+00 
POINT 11 0.00000008+00 4.27000008+00 
POINT 12 0.00000008+00 2.30999998+00 
POINT 13 0.00000008+00 2.09999998+00 
POINT 14 0.00000008+00 0.00000008+00 
POINT 15 0.00000008+00 -2.43600018+00 
POINT 16 0.00000008+00 -6.39799988+00 
POINT 17 0.00000008+00 -7.77000008+00 
POINT 18 0.00000008+00 -8.63000018+00 
POINT 19 0.00000008+00 -1.13700008+01 
POINT 20 0.00000008+00 -1.40200008+01 
POINT 21 0.00000008+00 -1.63300008+01 
POINT 22 0.00000008+00 -1.64100008+01 
POINT 23 0.00000008+00 -2.62099998+01 
POINT 24 0.00000008+00 -3.06000008+01 
POINT 25 0.00000008+00 -4.99900028+01 .-·~-

POINT 26 0.00000008+00 -5.41899998+01 c 
POINT 27 5.03000028+00 1.35800008+01 
POINT 28 5.03000028+00 1.06700008+01 
POINT 29 5.03000028+00 9.35000048+00 
POINT 30 5.03000028+00 9.15999988+00 
POINT 31 5.03000028+00 9.15999988+00 
POINT 32 5.03000028+00 7.77000008+00 
POINT 33 5.03000028+00 6.71000008+00 
POINT 34 5.03000028+00 6.71000008+00 
POINT 35 5.03000028+00 4.27000008+00 
POINT 36 5.03000028+00 4.27000008+00 
POINT 37 5.03000028+00 2.30999998+00 
POINT 38 5.03000028+00 2.09999998+00 
POINT 39 5.03000028+00 2. 09999998+00 " 
POINT 40 5.03000028+00 0.00000008+00 
POINT 41 5.03000028+00 0.00000008+00 
POINT 42 5.03000028+00 -2.43600018+00 
POINT 43 5.03000028+00 -2.90000018+00 
POINT 44 5. 0279999.8+00 -2.90000018+00 
POINT 45 5.03000028+00 -3.72000008+00 
POINT 46 5.03000028+00 -6.39799988+00 
POINT 47 5.03000028+00 -7.77000008+00 
POINT 48 5.03000028+00 -8.63000018+00 
POINT 49 5.03000028+00 -8.63000018+00 
POINT so 5.03000028+00 -1.13700008+01 c POINT 51 5.03000028+00 -1.13700008+01 
POINT 52 5.03000028+00 -1.40200008+01 
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c POI!I'r 53 2.02700008+01 5.28699998+01 
POINT 54 2.02700008+01 4.93800018+01 
POI!I'r 55 2.02700008+01 3.18600018+01 
POINT 56 2.02700008+01 2.82999998+01 
POINT 57 2.02700008+01 1.35800008+01 
POINT 58 2.02700008+01 1.06700008+01 
POINT 59 2.02700008+01 9.35000048+00 
POINT 60 2.02700008+01 9.15999988+00 
POI!I'r 61 2.02700008+01 7.77000008+00 
POI!I'r 62 2.02700008+01 6.71000008+00 
POINT 63 2.02700008+01 4.27000008+00 
POI!I'r 64 2.02700008+01 2.30999998+00 
POINT 65 2.02700008+01 2.09999998+00 
POINT 66 2.02700008+01 0.00000008+00 
POINT 67 2.02700008+01 -2.43600018+00 
POINT 68 2.02700008+01 -2.90000018+00 
POINT 69 2.02700008+01 -3.72000008+00 
POINT 70 2.02700008+01 -6.39799988+00 
POI!I'r 71 2.02700008+01 -7.77000008+00 
POINT 72 2.02700008+01 -8.63000018+00 
POINT 73 2.02700008+01 -1.13700008+01 
POINT 74 2.02700008+01 -1.40200008+01 
POI!I'r 75 2.02700008+01 -1.63300008+01 
POI!I'r 76 2.02700008+01 -1.64100008+01 
POI!I'r 77 2.02700008+01 -2.62099998+01 
POINT 78 2.02700008+01 -3.06000008+01 c POINT 79 2.02700008+01 -4.99900028+01 
POI!I'r 80 2.02700008+01 -5.41899998+01 
POINT 81 5.03000028+00 -1.63300008+01 
POINT 82 5.03000028+00 -1.64100008+01 
POI!I'r 84 5.03000028+00 -1.40200008+01 
POI!I'r 86 5.03000028+00 1.35800008+01 
POINT 87 5.03000028+00 2.82999998+01 
POINT 88 5.03000028+00 3.18600018+01 
POINT 89 5.03000028+00 4.93800018+01 
POINT 90 5.03000028+00 5.28699998+01 
POINT 91 5.03000028+00 -1.64100008+01 
POINT 92 5.03000028+00 -2.62099998+01 
POJ:NT 93 5.03000028+00 -3.06000008+01 
POINT 94 5.03000028+00 -4.99900028+01 
POINT 95 5.03000028+00 -5.41899998+01 
POJ:NT 96 5.03000028+00 -5.81099998+00 
POINT 97 2.02700008+01 -5.81099998+00 
LJ:NB 1 STR 1 2 0 2 0.000000 
LJ:NBBC 1 1 
LINB 2 STR 2 3 0 9 0.000000 
LINBBC 1 2 
Ll:NB 3 STR 3 4 0 2 0.000000 
LJ:NBBC 1 3 
LINB 4 STR 4 5 0 9 0.970000 
LJ:NBBC 1 4 

(_ 
LINB 5 STR 5 6 0 2 0.000000 
LJ:NBBC 1 5 
LJ:NB 6 STR 6 7 0 2 0.000000 
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LIIIBBC 
LIIIB 
LIIIBBC 
LINB 
LIIIBBC 

1 6 
7 sn 
1 7 

. 8 S'r!l 

1 8 
LINB 9 S'r!l 
LIIIBBC 1 9 
LIIIB 10 S'r!l 
LIIIBBC 1 10 
LIIIB 11 S'r!l 
LIIIBBC 1 11 
LIIIB 12 S'r!l 
LIIIBBC 1• 12 
LIIIB 13 S'r!l 
LINBBC 1 13 
LINB 14 sn 
LIIIBBC 1 14 
LIIIB 15 sn 
LINBBC 1 15 
LINB 16 S'r!l 
LIIIBBC 1 16 
LINB 17 S'r!l 
LIIIBBC 1 17 
LINB 18 S'r!l 
LINBBC 1 18 
LIIIB 19 S'r!l 
LIIIBBC 1 19 
LIIIB 2 0 S'r!l 
LIIIBBC 1 20 
LIIIB 21 S'r!l 
LINBBC 1 21 
LINB 22 sn 
LINBBC 1 22 
LINB 2 3 S'r!l. 
LIIIBBC 1 23 
LINB 24 S'r!l 
LINBBC 1 24 
LINB 2 5 S'r!l 
LINB 2 6 S'r!l 
LINB 2 7 S'r!l 
LINB 2 8 S'r!l 
LIIIBBC 2 28 
LINB 29 STJI. 
LINBBC 1 29 
LINB 3 0 S'r!l 
LINBBC 1 30 
LINB 31 S'r!l 
LINBBC 1 31 
LINB 3 2 S'r!l 
LINBBC 1 32 
LINB 33 S'r!l 
LINBBC 1 33 
LINB 34 S'r!l 
LINBBC 1 34 

7 

8 

9 

10' 

11 

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

42 
44 
45 
53 

54 

55 

56 

57 

58 

59 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 . 

26 

43 
45 
96 
54 

55 

56 

57 

58 

59 

60 

0 

o. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

T-4 

1 

.2 

2 

3 

3 

1 

3 

4 

3 

2 

4 

3 

3 

1' 

6 

3 

9 

2 

2 
2 
3 
2 

9 

2 

9 

2 

2 

1 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

o.oooooo 

0.000000 

0.000000 

0.000000 

1.050000 

0.000000 

0.000000 

0.000000 

0.000000 
0.000000 
0.000000 
0.000000 

0.000000 

0.000000 

0.970000 

0.000000 

0.000000 

0.000000 

( 
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LINB 35 STR 
LINBBC 1 35 
LINB 36 STR 
LINBBC 1 36 
LINB 37 STR 
LI!IBBC 1 37 
LINB 38 STR 
LINBBC 1 38 
LINB 39 STR 
LI!IBBC 1 39 
LI!IB 40 . STR 
LI!IBBC 1 40 
LI!IB 41 STR 
LI!IBBC 1 41 
LINB 42 STR 
LI!IBBC 1 42 
LINB . 43 STR 
LI!IBBC 1 43 
LINB 44 STR 
LINBBC 1 44 
LINB 45 STR 
LI!IBBC 1 45 
LI!IB 46 STR 
LIBEBC 1 46 
LI!IB 47 STR 
LI!IBBC 1 47 
LINB 48 STR 
LI!IBBC 1 48 
LINB 49 STR 
LI!IBBC 1 49 
LINB SO STR 
LINBBC 1 SO 
LINB 51 STR 
LI!IBBC 1 51 
LI!IB 52 STR 
LI!IBBC 1 52 
LI!IB 53 STR 
LIBEBC 1 53 
LINB 54 STR 
LINBBC 1 54 
LINB 55 STR 
SIDBBC 3 55 
LI!IB 56 STR 
LI!IB 57 STR 
LI!IB 58 STR 
LI!IB 59 STR 
SIDBBC ·105 59 
LINB 60 STR 

. SIDBBC 106 60 
LINB 61 STR 
SIDBBC 106 61 
LINB 62 STR 
LINB 63 STR 
LINB 64 STR 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

1 

2 
3 
4 
5 

5 

27 

6 
28 

7 

61 

62 

63 

64 

65 

66. 

67 

68 

69 

97 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

90 

89 
88 
87 
86 

27 

57 

28 
58 
29 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

0 

0 

0 
0 
0 

T-5 

2 

2 

3 

3 

1 

3 

4 

2 

3 

3 

2 

4 

3 

3 

1 

6 

3 

9 

2 

6 

6 
6 
6 
6 

6 

11 

6 
11 

6 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

1.050000 

0.000000 

0.000000 

0.000000 

0.900000 

0.900000 
0.900000 
0.900000 
0.900000 

0.900000 

1.150000 

0.900000 
1.150000 
0.900000 
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LINE 65 
LINE 66 
SIDBBC 107 

S'l'R 
S'l'R 

66 
LINE 67 S'l'R 
SIDBBC 107 67 
LINE 68 S'l'R 
SIDBBC 108 68 
LINE 69 S'l'R 
SIDBBC 108 69 
LINE 7 0 S'l'R 
LINE 71 S'l'R 
LINE 7 2 S'l'R 
SIDBBC 109 72 
LINE 7 3 S'l'R 
SIDBBC 109 73 
LINE 74 S'l'R 
SIDBBC 110 ~4 

LINE 75 S'l'R 
SIDBBC 110 75 
LINE 76 S'l'R 
SIDBBC 111 76 
LINE 77 S'l'R 
SIDBBC 111 77 
LINE 7 8 S'l'R 
SIDBBC 112 78 
LINE 79 S'l'R 
SIDBBC 112 79 
LINE 8 0 S'l'R 
LINE . 81 S'l'R 
LINE 83 S'l'R 
SIDBBC 113 82 
LINE 83 S'l'R 
SIDBBC 113 83 
LINE 8 4 S'l'R 
SIDBBC 114 84 
LINE 8 5 S'l'R 
SIDBBC 114 85 
LINE 86 S'l'R 
SIDBBC 115 86 
LINE · 87 
SIDBBC .115 
LINE 88 
SIDBBC 116 

S'l'R 
87 

STR 
88 

LINE 89 STR 
SIDBBC 116 89 
LINE 90 S'l'R 
LINE 91 S'l'R 
LINB 9 2 S'l'R 
SIDBBC 117 92 
LINE 9 3 S'l'R 
SIDBBC 118 93 
LINE 
LINB 
LINB 

94 
95 
96 

S'l'R 
S'l'R 
S'l'R 

29 
8 

30 

8 

31 

9 
32 
10 

33 

10 

34 

11 

35 

11 

36 

12 

59 
30 

60 

31 

60 

32 
61 
33 

62 

34 

62 

35 

63 

36 

63 

37 
37 64 
13 • 38 

38 65 

13 39 

39 65 

14 40 

40 66 

14 41 

41 66 

15 42 
42 ' 67 
43 68 

44 68 

45 
46 
17 

69 
70 
47 

0 
0 

0 

0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 
0 
0 

T-6 

11 
6 

11 

6 

11 

6 
11 

6 

11 

6 

11 

6 

11 

6 

11 

6 
11 

6 

11 

6 

11 

6 

11 

6 

11 

6 
11 
11 

11 

11 
11 

6 

1.150000 
0.900000 

1.150000 

0.900000 

1.150000 

0,900000 
1.150000 
0.900000 

1.150000 

0,900000 

1.150000 

0.900000 

1.150000 

0.900000' 

1.150000 

0.900000 
1.150000 
0.900000 

1.150000 

0.900000 

1.150000 

0.900000 

1.150000 

0.900000 

1.150000 

0.900000 
1.150000 
1.150000 

1.150000 

1.150000 
1.150000 
0.900000 

r· 
' 

c 
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LINE 97 STR 
LINE 98 STR 
SIDBBC 119 98 
LINE 99 STR 
SIDBBC 119 99 
LINB 100 STR 
SIDBBC 120 100 
LINB 101 STR 
SIDBBC 120 101 
LINB 102 STR 
SIDBBC 121 .102 
LINB 103 STR 
SIDBBC 121 103 
LINE 104 STR 
SIDBBC 122 104 
LINE 105 STR 
SIDBBC 122 105 

.LIRB 106 STR 
SIDBBC 123 106 
LINB 107 STR 
SIDBBC 123 107 
LINE 108 STR 
SIDBBC 124 108 
LINE 109 STR 
LINE 110 STR 
SIDBBC 125 110 
LIRB 111 STR 
LINB 112 STR 
LINB 113 STR 
LIRB 114 STR 
SIDBBC 4 114 
LIRB 115 STR 
LIRB 116 STR 
LIRB 117 STR 
SIDBBC 125 117 
LINB 118 STR 
SIDBBC 126 118 

47 
18 

48 

18 

49 

19 

50 

19 

51 

20 

52 

20 

21 
22 

23 
24 
25 
26 

16 
81 
82 

91 

LIRB 120 
SIDBBC 124 
LIRB 121 
SIDBBC 105 
LINB 122 
LIRB .123 
LINB 124 
LINB 125 
SIDBBC 3 
LIRB 126 
SIDBBC 4 
LINB 127 
LINB 128 
LINB 129 
LINB 130 
SIDBBC 126 
LINB 131 

STR 84 
120 
STR 86 
121 
STR 87 
STR 88 
STR 89 
STR 90 
125 
STR 95 
126 . 
STR 94 
STR 93 
STR 92 
STR 22 
130 
STR 96 

• 

71 
48 

72 

49 

72 

50 

73 

51 

73 

52 

74 

84 

81 
82 

92 
93 
94 
95 

46 
75 
76 

76 

74 

57 

56 
55 
54 
53 

80 

79 
78 
77 
91 

46 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

T-7 

11 
6 

11 

6 

11 

6 

11 

6 

11 

6 

11 

6 

6 
6 

6 
6 
6 
6 

6 
11 
11 

11 

11 

11 

11 
11 
11 
11 

11 

11 
11 
11 

6 

2 

1.150000 
0.900000 

1.150000 

0.900000 

1.150000 

0.900000 

1.150000 

0.900000 

1.150000 

0.900000 

0.900000 

0.900000 
0.900000 

0.900000 
0.900000 
0.900000 
0.900000 

0.900000 
1.150000 
1.150000 

1.150000 

1.150000 

1.150000 

1.150000 
1.150000 
1.150000 
1.150000 

1.150000 

1.150000 
1.150000 
1.150000 
0.900000 

0.000000 



 

 Information Only 

WPO# 35675 March 27, 1996 

LINE 132 STII. 97 70 0 2 0.000000 
LINBBC 1 132 c 
SIDB 1 60 61 
SIDB 2 62 . 63 

.. 
SIDB 3 64 65 
SIDB 4 66 67 
SIDB 5 68 69 
SIDB 6 70 71 
SIDB 7 72 73 
SIDB 8 74 75 
SIDB 9 76 77 
SIDB 10 78 79 
SIDB 11 80 81 
SIDB 12 82 83 
SIDB 13 84 85 
SIDB 14 86 87 
SIDB 15 88 89 
SIDB 16 90 91 
SIDB 17 115 95 
SIDB 18 96 97 
SIDB 19 98 99 
SIDB 20 100 101 
SIDB 21 102 103 
SIDB 22 104 105' 
SIDB 23 106 107 
SIDB 24 108 120 
SIDB 25 109 116 ( SIDB 26 110 117 
SIDB 27 59 121 
SIDB 28 58 122 
SIDB 29 57 123 
SIDB 30 56 124 
SIDB 31 55 125 
SIDB 32 130 118 
SIDB 33 111 129 • 
SIDB 34 112 128 
SIDB 35 113 127 
SIDB 36 114 126 
SIDB 37 27 131 
SIDB 38 44 132 
RBOION 1 3 31 -1 30 -28 
REGION 2 1 30 -2 29 -29 
REGION 3 3 29 -3 28 -30 
REGION 4 1 28 -4 27 -31 
RBOION 5 2 1 -5 2 -32 
RBQION 6 1 2 -6 3 -33 
RBQION 7 3 3 -7 4 -34 
RBQION 8 2 5 -8 6 -35 
RBQION 9 1 6 -9 7 -36 
REGION 10 1 8 -10 9 -37 
REGION 11 1 10 -11 11 -38 
REGION 12 3 11 -12 12 -39 
REGION 13 1 13 -13 14 -40 l REGION 14 1 15 -14 16 -41 
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( RBGION 15 1 -91 -25 -92 -42 
RBGIOII 16 2 -93 -26 -94 -43 
REGION 17 1 -94 37 -95 38-
RBGION 18 1 17 -15 18 -45 
RBGION 19 3 18 -16 19 -46 
RBGION 20 1 20 -17 21 -47 
RBGION 21 1 22 -18 23 -48 
RBGIION 22 1 24 -19 25 -49 
RBGION 23 3 25 -20 26 -so 
RBGION 24 1 32 -21 33 -51 
RBGION 25 3 33 -22 34 -52 
RBGION 26 1 34 -23 35 -53 
RBGION 27 4 35 -24 36 -54 
SCBBMB 0 
BXI'l' 
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TITLE 
REPBRBNCE PARALLEL ISOTHERMAL PROBLBII - SANTOS VERIFICATION (1/24/95) 

RESIDUAL TOLERANCE • .5 
MAXIMDH ITERATIONS • 20000 
INTBJOOmiATB PRINT • 100 
MAXIMDH TOLERANCE " 5. 
PLIINB STRAIN 
TIME STEP SCALE • 0.7 
PREDICTOR SCALE PACTOR • 2 
BPPBCTIVB MODULUS • VARIABLE 
INITIAL STRESS a USER 
GRAVITY D 1 • o •• -9.790 • o. 
STEP CONTROL 

400 3.15788 
END 
PLOT TIME 

1 3.15788 
END 

OUTPUT TIME 
100 3.15788 

END 
PLOT NODAL .DISPLACBMBRT, REACTION, RESIDUAL 
PLOT 'RI·BMBNT STRESS, VORMIS8S, EPPMOD 
PLOT STATE EQCS 
NO DISPLACBMBRT X, 1 
NO DISPLACBMBRT X, 2 
NO DISPLACBMBRT Y, 2 
FUNCTION • 1 
0. 1. 
4.E8 1. 
END 
FUNCTION D 2 
0. o. 
4.E8 0, 
END 
PRESSURE, 3, 1, 13.57E6 
PRESSURE, 4, 1, 15.9686 
CONTACT SURPAC8, 105, 106, 
CONTACT BURP ACE, 107, 108, 
CONTACT iroRPACE, 109, 110, 
CONTACT BURP ACE, 111, 112, 
CONTACT SURFACE, 113, 114, 
CONTACT SURFACE, 115, 116, 
CONTACT SURPAC8, 118, 117, 
CONTACT SURPAC8, 119, 120, 
CONTACT SURFACE, 121, 122, 
CONTACT SURFACE, 123, 124, 
CONTACT BURP ACE, 125, 126, 

PIXBD, 
PIXBD, 
0.4, 
0.4, 
0.4, 
0.4, 
0.4, 
0.4, 
0.4, 
PIXBD, 
PIXBD, 

MATERIAL,1, POWBR LAW CRE8P,2300, $ 
TWO l!lU • 24. 8E9 
BULK MODULUS • 20.7E9 
CREEP CONSTANT c 5.79E-36 
STRESS EXPONENT c 4 • 9 
THERMAL CONSTANT a 20.13 
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MATER.IAL,2,POWBR LAW CRBIP,2300. 
TWO MO • 24.819 

$ ARQXLLACBOUS BALXTE 

BULK MODULUS • 20.719· 
CRBBP CONSTANT a 1.741-35 
STRESS EXPONENT m 4.9 
THERMAL CONSTANT = 20.13 
BND 
MATERIAL,3,BLASTXC,2300. 
YOUNQS MODULUS m 75.119 
POXSSONS RATXO a .35 
BND 
MATBRIAL,4,BLASTXC,2300. 
YOUNGS MODULUS a 55.319 
POXSSONS RATXO • .36 
BND 
BXXT 

$ AliHYDRXTE 

$ POLYBALXTE 
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Initial Stress Subroutine For The Isothermal WIPP Parallel 
Calculation 

This section presents a listing of the INITST subroutine that was·used in SANTOS to 
specify the initial stresses for the Parallel Calculation isothermal drift analysis. 
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SUBROU'l'IHB IHI'l'S'l' ( SIG, COORD, LIHK, DA'l'MA'l', KORMA'l', SCRBL ) 

********************************************************************** 
c 
C DBSCRIP'l'IOHo 
C 'l'BIS ROU'l'IHB PROVIDES AN IHI'l'IAL STRESS STA'l'B TO SANTOS 
c 

PORMAL PARAMB'l'BRS 1 c 
c 
c 

SIG RBAio BI·BMBN'l' S'l'RBSS ARRAY WHICH M'O'S'l' BB RB'l'tJIUIBD 
WI'l'B 'l'BB RBQUIRBD S'l'RBSS VALUBS 

c 
c 
c 
c 
c 

COORD 
LIHK 
DA'l'MAT 
KORMA'l' IH'l'BOBR 

C CALioBD BY• IHIT 
c 
c 

GLOBAL HODAL COORDINA'l'B ARRAY 
CONNBC'l'IVI'l'Y ARRAY 
MA'l'BRIAL PROPBR'l'IBS ARRAY 
MA'l'BRIAL PROPBR'l'IBS IH'l'BOBR ARRAY 

********************************************************************** 
c 

c 

c 
• 

IHCLUDB 'params.blk' 
IHCLUDB •psize.blk' 
IHCLUDB •contrl.blk' 
IHCLUDB 'baize.blk' 
IHCLUDB •t:!mer.blk' 

DIMENSION IoiHK(HBLHS,HUMBio),KOHMAT(lO,HEMBLK),COORD(NNOD,HSPC), 
SIG(HSYMH,HUMBL),DA'l'MAT(HCOHS,*),SCRBL(HBBLK,*) 

DO 1000 I a 1,HEMBLK 
MA'l'ID a KOHMA'l'(l,I) 
MKIND a KOHMA'l'(2,I) 
IS'l'RT a KOHMA'l'(3,I) 
IBND a KOHMA'l'(4,I) 

DO 500 J a ISTR'l',IBND 
II a LIHK( 1,J ) 
JJ a LIHK( 2,J ) 
Kit c LIHK( 3,J ) 
Lio a LIHK( 4,J ) 
ZAVG c 0.25 * ( COORD(II,2) + COORD(JJ,2) + COORD(KK,2) + 

* COORD(LL,2) ) 
S'l'RBSS a - 2.256!4 * ( 655. - ZAVG ) 
SIG(l,J) a S'l'RBSS 
SIG(2,J) a S'l'RBSS 
SIG(3~J) a S'l'RBSS 
SIG(4,J) a 0.0 

500 COH'l'IHUB 
1000 COH'l'INUB 

RB'l'tJRlil 
END 
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SANTOS Output For The Isothermal WIPP Parallel Calculation 

The following section presents a portion of the SANTOS printed output for the Parallel 
Calculation isothermal drift analysis. Because all pertinent information and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-descriptive information at the beginning, followed by information 
that tracks the convergence behavior of the solution, and a summary of CPU usage at the 
end. For this reason, only a partial listing, consisting of approximately the flfSt 500 lines of 
output and the last 100 lines of output, is provided. 
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Ll\ 

r 

' ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

n 

AAAAA N NN T'l"l"l'TT 00000 

AA AA NN NN TT 00 00 

AA AA NNN NN TT 00 00 

~· .... ~~a..A NN N NN TT 00 00 

AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 

AA AA NN N TT 00000 

VERSION 3,0,0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGRAMMBD BY: 

CllARLBS M. STONE 
BNGINBERING SCIBNCES CENTER 

SANDIA NATIONAL LABORATORIES 
ALBUQUERQUE, NEW MEXICO 87185 

DERIVED PROM PRONT03D BY 
LEE II. TAYLOR AND DENNIS P. FLANAGAN 

RUN ON 03/08/96 AT 15:37:49 
RUN ON A CrayOJ90 UNDER UniCo8.0 

"'· 

~ 
0 
'"' w 
Ll\ 
0\ 
-l ssssss Ll\ 

ss 
ss 
sssss =::: 

ss 8 c:r 
ss N 

-l ssssss . -'"' '"' 0\ 
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LINE 
1• 
2• 
3• 
4• 
5• 
6• 
7• 
a. 
9• 

10• 
11• 
12• 
13• 
14• 
15• 

>-i 16• 
' ..... 17• 0\ 

18• 
19• 
20• 
21• 
22• 
23• 
24• 
25• 
26• 
27• 
28• 
29• 
30• 
31• 
32• 
33• 
34• 

t' 

INP'IJ'l' STREAM IMAGBS 

------------------------------------------------------------------------
TITLB 

RBPBRBNCB PARALLBL ISOTBBRMAL PROBLBM - SANTOS VERIFICATION (1/24/95) 
RBSIDtJAL TOLBRANCB '" • 5 
MAXIMDM ITBRATIONS = 20000 
INTBRMBDIAT8 PRINT • 100 
MAXIMDM TOLBRANC8 • 5. 
PLANE STRAIN 
TIHB ST8P SCALB • 0.7 
PREDICTOR SCALB PACTOR a 2 
8PP8CTIVB MODULUS • VARIABLB 
INITIAL STRBSS = US8R 
GRAVITY • 1 • 0. • -9.790 a O. 
ST8P CONTROL 

400 3.15788 
BND 
PLOT TIMB 

1 3.15788 
BND 
O'IJ'l'P'IJ'l' TIMB 

100 3.15788 
BND 
PLOT NODAL DISPLACBHBNT, REACTION, RBSIDtJAL. 
PLOT BLBMBNT STRBSS, VONHIS8S, BPPHOD 
PLOT STAT8 BQCS 
NO DISPLACBHBNT X, 1 
NO DISPLACBHBNT X, 2 
NO DISPLACBHBNT Y, 2 
FUNCTION • 1 
0. 1. 
4.B8 1. 
BND 
FUNCTION " 2 
0. 0. 
4.88 0. 

'~ 

' 

'\ 

~ 
~ 
w 
U\ 

~ 
U\ 

~ 
~ :r 
N _, 
..... 
'D 
'D 
0\ 
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35o 
36o 
37o 
38o 
39o 
40o 
41• 
42o 
43• 
44o 
45o 
46o 
47• 
48o 
49o 
so. 
51o 

';"l. 52• ..... 53o ..., 
54o 
55o 
56o 
57• 
58o 
59o 
60o 
61: 
62o 
63o 
64o 
65o 
66o 

·67o 
68: 
69: 
70: 

END 
PRESSURE, 3, 1, 13.57E6 
PRESSURE, 4, 1, 15.96E6 
CONTACT SORPACB, 105, 106, PJ:XED, 
CONTACT SORPACE, 107, 108, PJ:XED, 
CoNTACT SURPACE, 109, 110, 0.4, 
CONTACT SORPACE, 111, 112, 0.4, 
CONTACT SURPACE, 113, 114,. 0.4, 
CONTACT SURPACE, 115, 116, 0.4, 
CONTACT SURPACE, 118, 117, 0.4, 
CONTACT SORPACE, 119, 120, 0.4, 
CONTACT SORPACE, 121, 122, 0.4, 
CONTACT SURPACE, 123, 124, PJ:XED, 
CONTACT SURPACE, 125, 126, PJ:XED, 
MATERJ:AL,1,POWBR LAW CREEP,2300. 
TWO Mt1 ~ 24. 8E9 
BULK MODULUS = 20.71!:9 
CREEP CONSTANT a 5.79E-36 
STRESS EXPONENT c 4.9 
THERMAL CONSTANT c 20.13 
END. 
MATERJ:AL,2,POWBR LAW CREEP,2300. 
TWO Mt1 • 24. 8E9 
BULK MODULUS = 20. 71!:9 
CREEP CONSTANT a 1.74E-35 
STRESS EXPONENT a 4.9 
THERMAL CONSTANT = 20.13 
END 

t\ 

$ HALJ:TE 

$ ARQJ:LLACBOUS HALJ:TE 

MATERJ:AL,3,ELASTJ:C,2300. 
YOUNGS MODULUS = 7 5. 1E9 

$ ANHYDRJ:TE 

POJ:SSONS RATJ:O = .35 
END 
MATERJ:AL,4,ELASTJ:C,2300. 
YOUNGS MODULUS = 55.3E9 
POJ:SSONS RATJ:O = .36 
END 

$ POLYHALJ:TE 

,---., 
' 

:J 
0 
"*' 
w 
u. 
0\ ..., . u. 

B: 
8 
::r 
N ..., . ..... 
\0 
\0 
0\ 
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• 

(\ 

PROBLEM TITLE 

REPERBNCE PARALLEL ISOTHERMAL PROBLEM - SANTOS VBRIPICATION (1/24/95) 

PROBLEM DEFINITION 

NUMBER OP ELBMBNTS •••••••••••••••••••••• 
NUMBER OP NODES ••••••••••••••••••••••••• 
NUMBER OP MATERIALS ••••••••••••••••••••• 
NUMBER OP PUNCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SORPACES •••••••••••••• 
NUMBER OP RIGID SORPACES •••••••••••••••· 
NUMBER OP MATERIAL POINTS MONITORED ••••• 

1476 
1761 

4 
2 

11 
0 
0 

. ANALYSIS TYPE • • • • • • • • • • • • • • • • • • • • • • • • • • • PLANE STRAIN 
GLOBAL CONVERGENCE MBASURB •••••••••••••• 
RESIDUAL TOLERANCE •••••••••••••••••••••• S.OOOE-01 
MAXIMOM NUMBER OP ITERATIONS •••••••••••• 20000 
ITERATIONS POR INTERMEDIATE PRINT ••••••• 100 
MAXIMOM RESIDUAL TOLERANCE •••••••••••••• S.OOOE+OO 
PREDICTOR SCALB PACTOR PUNCTION • • • • • • • • • 2 
MINIMOM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
EPPECTIVB MODULUS STATUS •••••••••••••••• VARIABLE 
INITIAL STRESS DISTRIBUTION APPLIED •.••• 
GRAVITY LOADS APPLIED •••••••••••••••.••• 
SCALB PACTOR APPLIED TO TIMB STEP ••••••• 7.000E-01 
STRAIN SOPTBNING SCALB PACTOR ••••••••••• 1.000E+00 
HOURGLASS STIPPNBSS PACTOR 
HOURGLASS VISCOSITY PACTOR 

.............. 

.............. S.OOOE-02 
O.OOOE+OO 

\ 

~ 
~ ..., 
u. 
~ u. 

f 
N 
_--J 
...... 
1.0 

"1.0 
0\-
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TIMB 
O.OOOB+OO 

NO. 01' STBPS 
400 

TIMB 
3.1578+09 

PRINTED OUTPUT l'RBQUBNCY 

TIMB STEPS BBTWBBN PRINTS 
O.OOOB+OO 100 

TIMB 
3.157B+08 

P L 0 T T B D 0 U T P U T 1' R B Q U B N C Y 

TIMB STBPS BBTWBBN PLOTS 
O.OOOB+OO 1 

TIMB 
3.157B+08 

MATBRIAL DBl'INITIONS 

MATBRIAL TYPB •••••••••••••••••••••••• BLASTIC 
MATBRJ:AL ID • • • • • • • • • • • • • • • • • • • • .. • • • • • 3 
DENSITY • • • • • • • • . • • • • • • • • • • • • . • • • • • • • • 2. 300B+03 
MATBRIAL PROPBRTIBS 1 

YOUNGS MODULUS 
POISSONS RATIO 

" 
" 

7.510B+10 
3.500B-01 

(\, 
., 

~ ., 
~ 
'-" 
Ul 

~ 
Ul 

f 
~ -\0 
\0 
0\ 
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MATERIAL TYPE ••••••••••••••••••••••••POWER LAW CREEP 
MATERIAL ID • • • • • • • • . • • • • • • • • • • • • • • • • • 1 
DBNSITY • • . . • • . • • • • . • • • • . . • • • • • • • • • • • . 2. 300E+03 
MATERIAL PROPERTIES: 

TWO MU " 2.480E+10 
BULK MODULUS " 2.070E+10 
CREEP CONSTANT " 5.790E-36 
STRESS BXPONBNT " 4.900E+00 
THERMAL CONSTANT • 2.013E+01 

MATERIAL TYPE ••••••••••••••••••••••••POWER LAW CREEP 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 2 
DENSITY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2. 300E+03 
MATERIAL PROPERTIES: 

TWO MU • 2.480E+10 
BULK MODULUS " 2.070E+10 
CREEP CONSTANT • 1.740E-35 • 
STRESS BXPONBNT • 4.900E+00 
THERMAL CONSTANT • 2.013E+01 

MATERIAL TYPE •••••• • ••••••••••••••••• BLASTIC 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 4 
DENSITY ••• •••• •.•••••• ••••••••.. .•••• 2.300E+03 
MATERIAL PROPERTIES: 

YOUNGS MODtlLOS 
POISSONS RATIO 

a 

a 

5.530E+10 
3.600E-01 

P U N C T I 0 N D E P I N I T I 0 N S 

·~ 

~ 
~ 
"' Ul 
0\ ..., 
Ul 

is: 
8 :r 

.!:::! -~ 
0\ 
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FUNCTION ID ••••••••• 1 HOMBBR OP POINTS •••• 2 

N s P(S) 
1 O.OOOB+OO 1.000B+00 
2 4.000B+08 1.000B+00 

. 

FUNCTION ID ••••••••• 2 HOMBBR OP POINTS •••• 2 

N s P(S) 
1 O.OOOB+OO O.OOOB+OO 
ll 4.000B+08 O.OOOB+OO 

NO DISPLACBliBNT BOUNDARY CONDITIONS 

SORPACB 
HOMBBR 

1 
2 
3 
4 

NODB SBT PLAG 
1 
2 
2 

CONTACT 

SORPACB 1 SORPACB 2 
PLAG PLAG 
105 106 
107 108 
109. 110 
111 112 

DIRECTION 
X 
X 
y 

S t1 R P A C B S 

PENALTY COBPPICIBHT 
PACTOR OP PRICTION 

O.OOOB+OO PIXBD 
O.OOOB+OO PIXBD 
O.OOOB+OO 4.000B-01 
O.OOOB+OO 4.000B-01 

&:% 
\?~:~;; 

. 
PBNBTRATION TBNSION 
liOLTIPLIBR RBLBASB 

1.000B-02 1,000B+40 
1.000B-02 1.000B+40 

l.OOOB-02 1.000B+40 
1.000B-02 1.000B+40 

~ 
~ 
w 
Ul 

"' _, 
Ul 

~ 
8 
::T 
N 
,;-J -\0 
\0 

"' 

'l 
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';"l 
N ..., 

!~ 

5 113 114 0.0008+00 4.0008-01 1.0008-02 1. 0008+40 
6 115 116 0.0008+00 4.0008-01 1.0008-02 1.0008+40 
7 • 118 U7 0.0008+00 4.0008•01 1.0008-02 1.0008+40 
8 119 120 0.0008+00 4.0008-01 1.0008-02 1.0008+40 
9 121- 122 0.0008+00 4. 0008-01 ' 1.0008-02 1.0008+40 

10 123 124 0.0008+00 PIXBD 1. 0008-02 1.0008+40 
11 125 126 0.0008+00 PIXBD 1.0008-02 1.0008+40 

PR8SSUR8 BOUNDARY CONDTIONS 

SURPACB FUNCTION SCALB 
PLAG 

3 
4 

NUMB8R 'PAC'l'OR 
1 1.3578+07 
1 1.596B+07 

BND OP DATA INPUT PHAS8 
3.4178-01,CPU S8CONDS US8D 

17 5 WORDS ALLOCATED 

B N D 0 P D A T A' I N I T I A L I Z A T I 0 N P H A S 8 
2.1118-02 CPU S8CONDS US8D 

1761 WORDS ALLOCAT8D 

G 

:J 
~ ..., 
fJI 
0\ _, 
fJI 

~ 
~ 
::r 
N 
.-> -"' "' 0\ 
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VARIABLBS ON li'LOT'l'ING DA'l'A BAS B 

NODAL BLBMBN'l' GLOBAL 

------- ------
DISPLX SIGXX PX 
DIS PLY SIGYY py 

RBSIDX SIGZZ RX 
• RBSIDY 'l'AIJXY RY 

RBSID VONHISBS I'l'BR 
RBAC'l'X BPPMOD RMAG 

RBAC'l'Y 'IIQCS 

**** PLOT 'l'Aii'B WRI'l"l'BN POR '1'HB INITIAL S'l'A'l'B A'l' 'l'IMB • 0. 0001!:+00 **** 

>-l 
' N ..,. 

STBii' TIMB 'l'IMB DAMPING Ali'li'LIBD RBSIDUAL li'BRCBN'l' 
S'l'Bii' PAC'l'OR LOAD NORM LOAD NORM IMBALANCB 

100 7.8921!:+05 7.8911!:+05 9. 8751!:-01 1.0971!:+08 1.3431!:+08 122.42 
200 7.8922+05 7.8902+05 6.7712-01 1.0972+08 1.5131!:+08 137.96 
300 7.8922+05 7.8901!:+05 8.5332-01 1.0972+08 8.3402+07 76.03 
400 7.8921!:+05 7.8902+05 8.5791!:-01 1.0971!:+08 6.2761!:+07 57.22 
500 7.8921!:+05 7.8902+05 8.0662-01 1.0972+08 7.4491!:+07 67.91 
600 7.8921!:+05 7.8901!:+05 4.1951!:-01 1.0971!:+08 1.7701!:+07 16.14 
700 7.8922+05 7.8901!:+05 8.2441!:-01 1.0971!:+08 3.5131!:+07 32.03 
800 7.8921!:+05 7.8901!:+05 7.5271!:-01 1.0971!:+08 6.1151!:+07 55.75 
900 7.8921!:+05 7.8901!:+05 7.7451!:-01 1.0971!:+08 1.1441!:+08 104.27 

1000 7.8921!:+05 7.8901!:+05 9. 5991!:-01' 1.0971!:+08 2.1931!:+07 19.99 
1100 7.8922+05 7.8901!:+05 8.3441!:-01 1.0971!:+08 6.1071!:+07 55.68 
1200 7.8921!:+05 7.8902+05 7.8631!:-01 1.0971!:+08 3.3291!:+07 30.35 
1300 7.8921!:+05 7.8901!:+05 6. 6101!:-01 1. 0971!:+08 1.6481!:+07 15.02 
1400 7.8921!:+05 7.8901!:+05 8.9551!:-01 1.0971!:+08 3.1081!:+07 28.33 

I 0 

'l'O'l'AL 
S'l'Bii'S 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 

'1 
I 

~ 

~ 
"" VI 

~ 
VI 

3:: 

~ 
N 
,;-J -\0 
\0 
0\ 
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1500 7.89:18+05 7.8908+05 8.7798-01 1.0978+08 :1.7968+07 :15.49 1500 w 
1600 7.89:18+05 7.8908+05 8.8858-01 1.0978+08 1.9:108+07 17.50 1600 lJI 

0\ 
1700 7.89:18+05 7.8908+05 8.0488-01 1.0978+08 2.2438+07 :10.44 1700 -.) 

lJI 
1800 7.89:18+05 7.8908+05 9.:1318-01 1.0978+08 1.4648+07 13.35 1800 
1900 7.89:18+05 7.8908+05 9.9978-01 1.0978+08 9.8398+06 8.97 1900 
:1000 . 7. 89:18+05 7.8908+05 7.6358-01 1.0978+08 1.3608+07 1:1.40 :1000 :s: 
:1100 7.89:18+05 7.8908+05 8.9828-01 1.0978+08 8.0178+06 7.31 :1100 8 :a:aoo 7.89:18+05 7.8908+05 8.7758-01 1.0978+08 6.1668+07 56.2:1 :a:aoo :::.-
:1300 7.89:18+05 7.8908+05 8.1818-01 1.0978+08 1.3938+07 1:1.70 2300 IV 

:1400 7.89:18+05 7.8908+05 8.4958-01 1.0978+08 2.0888+07 19.03 2400 
;-l -:1500 7.8928+05 7.8908+05 6.5388-01 1.0978+08 1.4588+07 13.30 2500 "' "' :1600 7. 89:18+0.5 7.8908+05 9.16:18-01 1.0978+08 1.:1:138+07 11.15 2600 0\ 

:1700 7.89:18+05 7.8908+05 7.9698-01 1.0978+08 1.39:18+07 1:1.69 2700 
:1800 7.89:18+05 7.8908+05 8.2778-01 1.0978+08 1.3938+07 12.70 2800 
2900 7.8928+05 7.8908+05 9.9448-01 1.0978+08 6.5968+06 6.01 :1900 
3000 7.89:18+05 7.8908+05 7.1578-01 1.0978+08 1.4668+07 13.36 3000 
3100 7.89:18+05 7.8908+05 9.5808-01 1.0978+08 6.1138+06 5.57 3100 

';"l 3200 7.8928+05 7.8908+05 9.9798-01 1.0978+08 1.6878+07 15.38 3200 
IV 3300 7.8928+05 7.8908+05 6.0328-01 1.0978+08 1.1828+07 10.77 3300 lJI 

3400 7.8928+05 7.8908+05 8.8958-01 1.0978+08 9.1908+06 8.38 3400 
3500 7.89:18+05 7.8908+05 9.9988-01 1.0978+08 1.4958+07 13.63 3500 
3600 7.89:18+05 7.8908+05 9.6768-01 1.0978+08 8.4928+06 7.74 3600 
3700 7.89:18+05 7.8908+05 9.0548-01 1.0978+08 7.4988+06 6.84 3700 
3800 7.89:18+05 7.8908+05 8.7558-01 1.0978+08 1.:13:18+07 11.:14 3800 
3900 7.8928+05 7.8908+05 · 6.6:1:18-01 1.0978+08 1.3:118+07 1:1. 04 3900 
4000 7.8928+05 7.8908+05 9.9998-01 1.0978+08 8.3878+06 7.65 4000 
4100 7.89:18+05 7.8908+05 7.4858-01 1. 0978+08 7. 0138+06 6.39 4100 
4:100 7.89:18+05 7.8898+05 7.1518-01 1.0978+08 5.3878+06 4.91 4200 
4300 7.89:18+05 7.8898+05 5.1188-01 1.0978+08 5.65:18+06 5.15 4300 
4400 7.89:18+05 7.8898+05 5.0418-01 1.0978+08 5.8578+06 5.34 4400 
4500 7.89:18+05 7.8898+05 8.1068-01 1.0978+08 8.19:18+06 7.47 4500 
4600 7.8928+05 7.8898+05 7.4078-01 1.0978+08 6.2668+06 5.71 4600 
4700 7.8928+05 7.8898+05 8.9218-01 1.0978+08 4.8488+06 4.4:1 4700 
4800 7.8928+05 7.8898+05 8.5488-01 1.0978+08 1.0:188+07 9.37 4800 
4900 7.8928+05 7.8898+05 9.9598-01 1.0978+08 8.6348+06 7.87 4900 
5000 7.89:18+05 7.8898+05 8.4558-01 1.0978+08 9.4388+06 8.60 5000 
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5100 7.892E+05 7.8898+05 7.958E-01 1.097E+08 8.736E+06 7.96 5100 "' U\ 

5200 7.892E+05 7.889E+05 7.8798-01 1.0978+08 1.7578+07 16.02 5200 0\ 
-.I 

5300 7.8928+05 7.8898+05 9.3618-01 1.0978+08 7.6578+06 6.98 5300 U\ 

5400 7.8928+05 7.8898+05 9.2818-01 1.0978+08 1.8708+07 17.05 5400 

5500 7.8928+05 7.8898+05 9.8108-01 1.097E+08 6.3288+06 5.77 5500 
~ 

5600 7.8928+05 7.8898+05 8.9078-01 1.0978+08 4.7158+06 4.30 5600 

5700 7.8928+05 7.8898+05 9.9998-01 1.0978+08 4.4918+06 4.09 5700 ~ 
::r 

5800 7.8928+05 7.8898+05 8.4688-01 1.0978+08 4.1338+06 3.77 5800 N 

5900 7.892E+05 7.889E+05 6.5798-01 1.0978+08 8.706E+06 
. 

7.94 5900. 
_-..~ 

6000 7.8928+05 7.8898+05 8. 213E-01 1.0978+08 9.7268+06 8.87 6000 -.. \0 

6100 7.8928+05 7.8898+05 7.589E-01 1.097E+08 6.4868+06 5.91 6100 \0 
0\ 

6200 7. 8928+05 7.889E+05 9.0648-01 1.0978+08 4.2328+06 3.86 6200 

6300 7.8928+05 7.8898+05 8.8898-01 1. 0978+08 1.0758+07 9.80 6300 

6400 7.8928+05 7.8898+05 9,095E-01 1.0978+08 5.3948+06 4.92 6400 

6500 7.8928+05 7.8898+05 9.0498-01 1.0978+08 7.3068+06 6.66 6500 

6600 7.892E+05 7.8898+05 8.4708-01 1.0978+08 4.0628+06 3.70 6600 

6700 7.8928+05 7.8898+05 9.9668-01 1.0978+08 4.6468+06 4.24 6700 

>-l 6800 7.8928+05 7.8898+05 8.2898-01 1.0978+08 4.1468+06 3.78 6800 
• N 6900 7,8928+05 7.8898+05 6.9468-01 1.0978+08 3.7298+06 3.40 6900 
0\ 

7000 7.8928+05 7.8898+05 9.9398-01 1. 0978+08 7.2508+06 6.61 7000 

7100 7.B92E+05 7.8898+05 8.4388-01 1.0978+08 3.6858+06 3.36 7100 

7200 7.8928+05 7.8898+05 5.1768-01 1.0978+08 8.6418+06 7.88 7200 

7300 7.8928+05 7.8898+05 8.8258-01 1.0978+08 9.9798+06 9.10 7300 

7400 7.8928+05 7.8898+05 9.0298-01 1.0978+08 6.1608+06 5.62 7400 

7500 7.8928+05 .7.8898+05 9.5508-01 1.0978+08 3.3768+06 3.08 7500 

7600 7.8928+05 7.8898+05 9.9468-01 1. 0978+08 4.5208+06 4.1:1 7600 

7700 7.8928+05 7.8898+05 9.075E-01 1.0978+08 4.1638+06 3.80 7700 

7800 7.8928+05 7.8898+05 9.5638-01 1.0978+08 3.2898+06 3.00 7800 

7900 7.8928+05 7.8898+05 9.7658-01 1.0978+08 9.1848+06 8.37 7900 

8000 7.892E+05 7.8898+05 8.1828-01 1.0978+08 3.5898+06 3.27 8000 

8100 7.892E+05 7.8898+05 7.8728-01 1.0978+08 3.4058+06 3.10 8100 

8200 7.8928+05 7.8898+05 7.3828-01 1.0978+08 4.0188+06 3.66 8200 

8300 7.8928+05 7.8898+05 8.5418-01 1.0978+08 2.9218+06 2.66 8300 

8400 7.892E+05 7.8898+05 9.6368-01 1.0978+08 2.9408+06 2.68 . 8400 

8500 7.8928+05 7.8898+05 7.8348-01 1.0978+08 5.6268+06 5.13 8500 

8600 7.8928+05 7.8898+05 6.7558-01 . 1.0978+08 5.6978+06 5.19 8600 

• 

r ,r-'\ ' 
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8700 7.8928+05 7.8898+05 9.2378-01 1. 0978+08 '*" 5.0228+06 4.58 8700 w 
8800 7.8928+05 7.8898+05 9.6418-01 1.0978+08 5.8778+06 5.36 8800 U\ 

0\ 
8900 7.8928+05 7. 8898+05 8.4958-01 1.0978+08 2.7728+06 2.53 8900 -.J 

U\ 
9000 7.8928+05 7.8898+05 9.9178-01 1.0978+08 6.1238+06 5.58 9000 
9100 7.8928+05 7.8898+05 6.8598-01 1.0978+08 1.2278+07 11.18 9100 
9200 7.8928+05 7.8898+05 6.9098-01 1.0978+08 3.2668+06 2.98 9200 ~ 
9300 7.8928+05 7.8898+05 9.2308-01 1.0978+08 4.0918+06 3.73 9300 8 
9400 7.8928+05 7.8898+05 8.6258-01 1.0978+08 3.1018+06 2.83 9400 ::r 
9500 7.8928+05 7<8898+05 9.1098-01 1. 0978+08 2.6078+06 2.38 9500 N 

;-I 
9600 7.8928+05 7.8898+05 6.7618-01 1. 0978+.08 3.0318+06 2.76 9600 -9700 7.8928+05 7.8898+05 9.0128-01 1.0978+08 2.6158+06 2.38 9700 \0 

\0 
9800 7.8928+05 7.8898+05 9. 7448-01 1.0978+08 2.9438+06 2.68 9800 0\ 

9900 7.8928+05 7.8898+05 9.9888-01 1.0978+08 4.8618+06 4.43 9900 
10000 7.8928+05 7.8898+05 6.3488-01 1.0978+08 5.9428+06 5.42 10000 
10100 7.8928+05 7.8898+05 8.8818-01 1.0978+08 2.8848+06 2.63 10100 
10200 7.8928+05 7.8898+05 7.7948-01 1.0978+08 2.8188+06 2.57 10200 
10300 7.8928+05 7.8898+05 1.0008+00 1.0978+08 2.9678+06 2.70 . 10300 

>-l 
' 

10400 7.8928+05 7.8898+05 5.4968-01 1.0978+08 2.4898+06 2.27 10400 
N 10500 7.8928+05 7.8898+05 6.8538-01 1. 0978+08 3.1408+06 2.86 10500 -.J 

10600 7.8928+05 7.8898+05 9.5678-01 1.0978+08 2.2608+06 2.06 10600 
10700 7.8928+05 7.8898+05 6.5468-01 1.0978+08 2.6948+06 2.46 10700 
10800 7.8928+05 7.8898+05 8.0038-01 1.0978+08 3.0538+06 2.78 10800 
10900 7.8928+05 7.8898+05 4.4418-01 1.0978+08 2.3188+06 2.11 10900 
11000 7.8928+05 7.8898+05 8.4878-01 1.0978+08 8.1908+06 7.47 11000 
11100. 7.8928+05 7.8898+05 9.3358-01 1.0978+08 2.2808+06 2.08 11100 
11200 7.8928+05 7.8898+05 8.8468-01 1.0978+08 4;7868+06 4.36 11200 
11300 7.8928+05 7.8898+05 5.7668-01 1.0978+08 2.9788+06 2.72 11300 
11400 7.8928+05 7.8898+05 8.9648-01 1.0978+08 2.3158+06 2.11 11400 
11500 7.8928+05 7.8898+05 8.9358-01 1.0978+08 2.4658+06 2.25 11500 
11600 7.8928+05 7.8898+05 9.3878-01 1.0978+08 3.2008+06 2.92 11600 
11700 7.8928+05 7.8898+05 ·5. 6948-01 1.0978+08 2.9158+06 2.66 11700 
11800 7.8928+05 7.8898+05 9.5108-01 1.0978+08 2.7558+06 2.51 11800 
11900 7.8928+05 7.8898+05 7.3428-01 1.0978+08 2.212B+06 2.02 11900 
12000 7.8928+05 7.8898+05 9.9888-01 1.0978+08 9.615B+06 8.77 12000 
12100 7.8928+05 7.889B+05 8.4618-01 1.0978+08 2.402B+06 2.19 12100 
12200 7.8928+05 7.8898+05 8.1878-01 1.0978+08 2.2778+06 2.08 12200 
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12300 7.8928+05 7.8898+05 8.3158-01 1.0978+08 4.2878+06 3.91 12300 "" U\ 

12400 7.8928+05 7.8898+05 8.4988-01 1.0978+08 3.2718+06 2.98 12400 a-
-I 

12500 7.8928+05 . 7.8898+05 7.7438-01 1.0978+08 2.7608+06 2.52 12500 
U\ 

12600 7.8928+05 7.8898+05 6.5078-01 1.0978+08 2. 6448+06 2.41 • 12600 

12700 7.8928+05 7.8898+05 9.4838-01 . 1.0978+08 1.7878+06 1.63 12700 . 
~ 

12800 7.8928+05 7.8898+05 7.7948-01 1.0978+08 3.4368+06 3.13 12800 • 8 
12900 7.8928+05 7.8898+05 9.2478-01 1.0978+08 2.3408+06 2.13 12900 ::r' 

13000 7.8928+05 7.8898+05 6.1578-01 1.0978+08 1.8088+06 1.65 13000 N 

13100 7.8928+05 7.8898+05 9.6078-01 1.0978+08 2.3618+06 2.15 13100 ;-J 

13200 7.8928+05 7.8898+05 9.8318-01 1.0978+08 1.9808+06 1.81 13200 -\0 

13300 7.8928+05 7.8898+05 9.4488-01 1.0978+08 1.7788+06 1.62 13300 
\0 a-

13400 7.8928+05 7.8898+05 9.9538-01 1.0978+08 2.1768+06 1.98 . 13400 

13500 7.8928+05 7.8898+05 8.6808-01 1.0978+08 2.1908+06 2.00 13500 

13600 7.8928+05 7.8898+05 9.1508-01 1.0978+08 1.7958+06 1.64 13600 

13700 7.8928+05 7.8898+05 9.3948-01 1.0978+08 1. 7308+06 1.58 13700 

13800 7.8928+05 . 7.8898+05 8.0398-01 1.0978+08 1.6978+06 1.55 13800 

13900 7.8928+05 7.8898+05 7.8398-01 1.0978+08 3.6988+06 3.37 13900 

>;i 14000 7.8928+05 7.8898+05 8.4918-01 1.0978+08 1. 7678+06 1.61 14000 

N 14100 7.8928+05 7.8898+05 9.0018-01 1.0978+08 1. 7128+06 1.56 14100 
00 

14200 7.8928+05 7.8898+05 9.9998-01 1.0978+08 1.4678+06 1.34 14200 

14300 7.8928+05 7.8898+05 5.8058-01 1.0978+08 1.5518+06 1.41 14300 

14400 7.8928+05 7.8898+05 7.3998-01 1.0978+08 1.8768+06 1.71 14400 

14500 7.8928+05 7.8898+05 9.9998-01 1.0978+08 1.4988+06 1.37 14500 

14600 7.8928+05 7.8898+05 8.1688-01 1.0978+08 1.5048+06 1.37 14600 

14700 7.8928+05 7.8898+05 8.3118-01 1.0978+08 2.1238+06 1.94 14700 

14800 7.8928+05 7.8898+05 9. 7838-01 1.0978+08 1.6918+06 1.54 14800 

14900 7.8928+05 7~8898+05 8.5148-01 1.0978+08 1.4608+06 1.33 14900 

15000 7.8928+05 7.8898+05 7.4718-01 1.0978+08• 2.8548+06 2.60 15000 

15100 7.8928+05 7.8898+05 8.1918-01 1.0978+08 1.4318+06 1.30 15100 

15200 7.8928+05 7.8898+05 7.5738-01 1.0978+08 1.2838+06 1.17 15200 

15300 7.8928+05 7.8898+05 7.5558-01 1.0978+08 1.4748+06 1.34 15300 

15400 7.8928+05 7.8898+05 9.4728-01 1.0978+08 1.6418+06 1.50 15400 

15500 7.8928+05 7.8898+05 8.6998-01 1.0978+08 2.391B+06 3.18 15500 

15600 7.8928+05 7.8898+05 9.9848-01 1.0978+08 1.8098+06 1.65 15600 

15700 7.892B+05 7.8898+05 8.8828-01 1.0978+08 1.7968+06 1.64 15700 

15800 7.8928+05 7.8898+05 9.9678-01 1.0978+08 2.9068+06 2.65 15800 

(' . ,') . .~ 

' 
' 

I 
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~ 
15900 1. 8921!+05 7.889£+05 7.640£-01 1.097£+08 ~ 1. 590B+06 ·1.45 15900 w 16000 7.892£+05 7.889£+05 9.000£-01 1.097£+08 1.542£+06 1.41 16000 VI 

0\ 16100 7.89:iB+05 ·7.889£+05 9.563£-01 1.097£+08 1.481£+06 1.35 16100 -.,J 
VI 16200 7.892£+05 7.889£+05 9.899£-01 1.097£+08 1.135£+06 1.03 16200 

16300 7.892£+05 7.889£+05 9.673£-01 1.097£+08 1.724£+06 1.57 16300 
16400 7.892£+05 7.889£+05 8.374£-01 1.097£+08 1.322£+06 1.21 16400 ~ 16500 7.892£+05 7.889£+05 9.204£-01 1.097£+08 1.605£+06 1.46 16500 • ~ 16600 7.892£+05 7.889£+05 9.867£-01 1.097£+08 1.432£+06 1.31 16600 (') 

::T 16700 7.892£+05 7.889£+05- 9.686£-01 1.097£+08 1. 790B+06 1.63 16700 I>) 
-.,J 16800 7.892£+05 7.889£+05 6.690£-01 1.097£+08 1.289£+06 1.18 -16800 . -16900 7.892£+05 7.889£+05 9.939£-01 1.097£+08 1.205£+06 1.10 16900 \0 
\0 17000 7.892£+05 7.889£+05 6.361£-01 1.097£+08 1.579£+06 1.44 17000 0\ 

17100 7.892£+05 7.889£+05 8.673£-01 1.097£+08 2.289£+06 2.09 17100 
17200 7.892£+05 7.889£+05 9.995£-01 1.097£+08 1. 050B+06 0.96 17200 
17300 7.892£+05 7.889£+05 1.000£+00 1.097£+08 2.268£+06 2.07 17300 
17400 7.892£+05 7.889£+05 7.918£-01 1.097£+08 1.764£+06 1.61 17400 
17500 7.892£+05 7.889B+05 8.053B-01 1.097£+08 1. 035£+06 0.94 17500 

';'l 17600 7.892B+05 7.889B+05 9.255B-01 1.097B+08 1.052B+06 0.96 17600 I>) 17700 7.892£+05 7.889B+05 7.042B-01 1.097£+08 1.002B+06 0.91 17700 \0 
17800 7.892£+05 7.889£+05 9.309B-01 1.097B+08 1.473B+06 1.34 17800 
17900 7.892£+05 7,889B+05 9.715B-01 1.097B+08 1.220B+06 1.11 17900 
18000 7.892£+05 7.889B+05 9.967B-01 1.097£+08 9.974B+05 0.91 18000 
18100 7.892£+05 7.889£+05 7.379B-01 1.097B+08 1.507B+06 1.37 18100 
18200 7.892B+05 7.889B+05 9.965£-01 1.097B+08 1.236B+06 1.13 18200 
18300 7.892B+05 7.889B+05 8.750B-01 1.097£+08 1.383£+06 1.26 18300 
18400 7.892B+05 7.889B+05 7.999B~01 1.097£+08 1.132£+06 1.03 18400 
18500 7.892B+05 7,889B+05 5,627B-01 1.097B+08 1.553B+06 1.42 18500 
18600 7.892B+05 7.889B+05 9.469B-01 1.097B+08 1.972£+06 1.80 18600 
18700 7.892B+05 7.889B+05 5,846B-01 1.097B+08 1.037£+06 0.95 18700 
18800 7.892£+05 7.889B+05 6.438B-01 1.097B+08 1.374£+06 1.25 18800 
18900 7.892£+05 7.889£+05 6.926B-01 1. 097B+08 1. 737B+06 1.58 18900 
19000 7.892B+05 7.889B+05 6.226£-01 1.097£+08 1.123B+06 1.02 19000 
19100 7.892£+05 7.889£+05 7.623B-01 1.097£+08 1.689£+06 1.54 19100 
19200 7.892£+05 7.889B+05 6.412£-01 1.097£+08 1.112B+06 1.01 19200 
19300 7.892B+05 7.889B+05 8.124£-01 1.097£+08 8.103£+05 0.74 19300 
19400 7.892£+05 7.889£+05 9.997£-01 1.097£+08 8.660£+05 0.79 19400 
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19500 7.8928+05 7.8898+05 8.4248-01 1.0978+08 8.2218+05 

19600 7.8928+05 7.8898+05 9.9898-01 1.0978+08 8.1158+05 

19700 7.8928+05 7.8898+05 8.6868-01 1.0978+08 1.2598+06 

19800 7.8928+05 7.8898+05 9.9718-01 1.0978+08 7.3588+05 

19900 7.8928+05 7. 8898+05 8 •. 8178-01 1.0978+08 1.1328+06 

**** PLOT TAP8 WRXTTBH AT TIMB m 7.8928+05 ST8P NllMB8R 

M 

0.75 19500 
0.74 19600 
1.15 19700 
0.67 19800 
1.03 19900 

1 •••• 

"\ 

~ 
~ 
w 
\J\ 

~ 
\J\ 

f 
N _, 

-\0 
\0 
0\ 
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SANTOS, VERSXON 2.0.0 ,RUN ON 03/08/96 ,AT 15:37:49 

REPERBNCE PARALLEL XSOTBERMAL PROBLEM - SANTOS VERXPXCATXON (1/24/95) 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 400, TXME a 3.157E+08 

NUMBER OP XTERATXONS a 1223, TOTAL NUMBER OP XTERATXONS a 

PXNAL CONVERGENCE TOLERANCE = 4.987E-01 

SUM OP EXTERNAL PORCES XN X-DXRECTXON a 4.222B+04 

SUM OP EXTERNAL PORCES XN Y-DXRECTXON a 2.974B+04 

SUM OP REACTXON PORCES XN X-DXRECTXON = 1.233E+05 

SUM OP REACTXON PORCES XN Y-DXRECTXON =-1.022E+07 

636310 

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

~ 

**** PLOT TAPE WRXTTEN AT TXME = 3.157E+08 STEP NUMBER 400 **** 

400 TXME STEPS WERE WRXTTEN TO THE PLOTTXNG DATA BASE 

E N D 0 P S 0 L U T. X 0 N P H A S E 

.2.923E+04 CPU SECONDS USED 

17 61 WORDS ALLOCATED 

.~. 

:J 
~ 
w 
Vl 

~ 
Vl 

~ 
~ 
::r 
!j 

-\D 
\D 
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APPENDIX U 

Input/Output Data For Problem 21 - Heated WIPP 
Parallel Calculation 

The following three sections present the input data, the initial stress subroutine, and the 
fonnatted output, respectively, for the Heated Parallel Calculation verification problem. 

FASTQ and SANTOS Input Data For The Heated WIPP Parallel 
Calculation 

This section presents a listing of the FASTQ and SANTOS input data files that were used 
for the mesh generation and analysis of the Parallel Calculation heated drift problem. 

• 
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'l'I'l'LB 
RBP8RBNC8 PARALLEL HBAT8D CACULATION (Structural - l/19/95} ( 

POINT 1 O.OOOOOOOB+OO -5.41899998+01 
\ 

PO niT 2 2.75000008+00 -5.4189999!+01 

PO niT 3 l.l750000B+Ol -5.41899998+01. 

POINT 4 0.00000008+00 -4.99900028+01 

POINT 5 2.75000008+00 -4.9990002!+01 

PO niT ·6 l.l750000B+Ol -4.99900028+01 

POINT 7 0.00000008+00 '-3.06000008+01 

PO niT 8 2.75000008+00 -3.06000008+01 

PO niT 9 1.17500008+01 -3.06000008+01 

PO niT 10 2.75000008+00 -3.06000008+01 

PO niT 11 0.00000008+00 -2.62099998+01 

PO niT 12 2.75000008+00 -2.62099998+01 

PO niT 13 1.17500008+01 -2.62099998+01 

POINT 14 0.00000008+00 -1.64100008+01 

PO niT 15 2.75000008+00 -1.64100008+01 

PO niT 16 1.17500008+01 -1.64100008+01 

. POINT 17 2.75000008+00 -1.64100008+01 

POINT lB 0.00000008+00 -1.6330000B+01 

PO niT 19 2.75000008+00 -1.63300008+01 

POINT 20 1.17500008+01 -1.63300008+01 

PO niT 21 0.00000008+00 -1.13700008+01 

PO niT 22 2.75000008+00 -1.13700008+01 

POINT 23 1.17500008+01 -1.13700008+01 

PO niT 24 2.75000008+00 -1.13700008+01 

PO niT 25 0.00000008+00 -8.63000018+00 ( 
PO niT 26 2.75000008+00 -8.63000018+00 

PO niT 27 1.17500008+01 -8.63000018+00 

PO niT 28 2.75000008+00 -8.63000018+00 

PO niT 29 0.00000008+00 -7.77000008+00 

PO niT 30 2.75000008+00 -7.77000008+00 

PO niT 31 1.17500008+01 -7.77000008+00 

POINT 32 0.00000008+00 -3.72000008+00 

PO niT 33 2.75000008+00 -3.72000008+00 

POINT 34 1.17500008+01 -3.72000008+00 

POINT 35 0.00000008+00 -2.90000018+00 

PO niT 36 2.75000008+00 -2.90000018+00 

PO niT 37 1.17500008+01 -2.90000018+00 

PO niT 38 2.75000008+00 -2.90000018+00 

PO niT 39 O.OOOOOOOB+OO -1.08000008+00 

PO niT 40 2.75000008+00 -1.08000008+00 

PO niT 41 1.17500008+01 -1.08000008+00 

PO niT 42 2.75000008+00 0.00000008+00 

PO niT 43 2.75000008+00 0.00000008+oo 

PO niT 44 1.17500008+01 0.00000008+00 

POINT 45 2.75000008+00 2.09999998+00 

POINT 46 2.72000008+00 2.09999998+00 

POINT 47 1.17500008+01 2.09999998+00 

PO niT 48 2.75000008+00 2.30999998+00 

POINT 49 1.17500008+01 2.30999998+00 

POINT 50 2.75000008+00 4.27000008+00 

POINT 51 2.70000008+00 4.27000008+00 c 
POINT 52 1.17500008+01 4.27000008+00 
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( POINT 53 2.75000001!+00 4.42000011!+00 
POINT 54 1.17500001!+01 4.42000011!+00 

' POINT 55 0.00000001!+00 4.42000011!+00 
POINT 56 0.00000001!+00 6.71000001!+00 
POINT .57 2.75000001!+00 6.71000001!+00 
POINT 58 1.17500001!+01 6.71000001!+00 
POINT 59 2.75000001!+00 6.71000001!+00 
POINT 60 0.00000001!+00 7.77000001!+00 
POINT 61 2.75000001!+00 7.77000001!+00 
POINT 62 1.17500001!+01 7.77000001!+00 
POINT 63 0.00000001!+00 9.15999981!+00 
POINT 64 2.75000001!+00 9.15999981!+00 
POINT 65 1.17500001!+01 9.15999981!+00 
POINT 66 2.75000001!+00 9.15999981!+00 • 
POINT 67 0.00000001!+00 9.35000041!+00 
POINT 68 2.75000001!+00 9.35000041!+00 
POINT 69 1.17500001!+01 9.35000041!+00 
POINT 70 0.00000001!+00 1.06700001!+01 
POINT 71 2.75000001!+00 1.06700001!+01 
POINT 72 1.17500001!+01 1.06700001!+01 
POINT 73 O.OOOOOOOB+OO 1.35800001!+01 
POINT 74 '2.7500000B+00 1.35800001!+01 
POINT 75 1.17500001!+01 1.35800001!+01 
POINT 76 2.75000001!+00 1.35800001!+01 
POINT 77 O.OOOOOOOB+OO ·2.82999991!+01 
POINT 78 2.75000001!+00 2.82999991!+01 

( POINT 79 1.17500001!+01 2.82999991!+01 
POINT 80 2.75000001!+00 2.82999991!+01 
POINT 81 0.00000001!+00 3.18600011!+01 
POINT 82 2.7500000B+00 3.18600011!+01 
POINT 83 1.17500001!+01 3.18600011!+01· 
POINT 84 0.00000001!+00 4.93800011!+01 
POINT 85 2.75000001!+00 4.93800011!+01 
POINT 86 1.17500001!+01 4.93800011!+01 
POINT 87 O.OOOOOOOB+OO 5.28699991!+01 
POINT 88 2.75000001!+00 5.28699991!+01 
POINT 89 1.17500001!+01 5.28699991!+01 
LINB 1 STR 1 2 0 6 0.000000 
SIDBBC 1 1 
LINB 2 STR 2 3 0 10 1.100000 
SIDBBC 1 2 
LINB 3 STR 1 4 0 1 0.000000 
LINBBC 2 3 
LINB 4 STR 2 5 0 1 0.000000 
LINB 5 STR 3 6 0 1 0.000000 
LINBBC 2 5 
LINB 6 STR 4 5 0 6 0.000000 
LINB 7 STR 5 6 0 10 1.100000 
LINB 8 STR 4 7 0 5 0.000000 
LINBBC 2 8 
LIIIIB . 9 STR 5 8 0 5 0.000000 
LINB 10 STR 6 9 0 5 0.000000 

( LINBBC 2 10 
LIIIIB 11 STR 7 8 0 6 0.000000 
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SIDEBC 1011 11 
LINE 12 S'l'R 
SIDEBC 1011 12 
LINE 13 S'l'R 
SIDEBC 1013 13 
LINE 14 
SIDEBC 1013 

S'l'R 
14 

LINE .15 S'l'R 
LINEBC 2 15 
LINE 16 S'l'R 
LINE 17 S'l'R 
LINEBC 2 17 
LINE 18 S'l'R 
LINE 19 . S'l'R 
LINE 2 0 S'l'R 
LINEBC 2 20 
LINE 21 S'l'R 
LINE 22 S'l'R 
LINEBC 2 22 
LINE 23 
SIDEBC 1023 
LINE 24 
SIDEBC 1023 
LINE 25 
SIDBBC 1025 
LINE 26 
SIDEBC 1025 . 
LINE 27 
i:.INEBC 2 

S'l'R 
23 

S'l'R 
24 

S'l'R 
25 

S'l'R 
26 

S'l'R 
27 

LINE 2 8 S'l'R 
LINE 29 S'l'R 
LINEBC 2 29 
LINE 3 0 S'l'R 
LINE 31 S'l'R 
LINE 32 S'l'R 
LINBBC 2 32 
LINE 3 3 S'l'R 
LINE 34 S'l'R 
LINEBC 2 34 
LINE 35 
SIDEBC 1035 
LINE 36 
SIDBBC 1035 
LINE 37 
SIDBBC 1037 
LINE 38 
SIDBBC 1037 
LINE 39 
LINEBC 2 
LINE 40 

S'l'R 
35 

S'l'R 
36 

S'l'R 
37 

S'l'R 
38 

S'l'R 
39 

S'l'R 
LINE 41 S'l'R 
LIRBBC 2 41 
LINE 42 
SIDEBC 1042 

S'l'R 
42 

8 

7 

10 

7 

10 
9 

11 
12 
11 

12 
13 

14 

15 

14 

17 

14 

17 
16 

18 
19 
18 

19 
20 

21 

:a :a 

21 

24 

21 

24 
23 

:as 

9 

10 

9 

11 

12 
13 

12 
13 
14 

15 
16 

15 

16 

17 

18 

19 
20 

19 
20 
21 

:a :a 
23 

:a :a 

23 

24 

23 

:as 

26 
27 

.26 

U-4 

0 

0 

0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

10 

6 

10 

3 

3 
3 

6 
10 

8 

8 
8 

6 

10 

6 

10 

1 

1 
1 

6 
10 

7 

7 
7 

6 

10 

6 

10 

5 

5 
5 

6 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
o;oooooo 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 

(· 
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LINB 43 
SIDBBC 1042 
LINB 44 
SIDBBC 1044 
LINB 45 
SIDBBC 1044 

STR 
43 

STR 
44 

STR 
45 

26 

25 

28 

LINB 46 STR 25 . 
LINBBC 2 46 
LINB 47 STR 28 
LINB 48 STR 27 
LINBBC 2 48 
LINB 49 STR . 29 
LINB 50 STR 30 
LINB 51 STR 29 
LINBBC 2 51 
LINB 52 STR 30 
LINB 53 STR 31 
LINBBC 2 53 
LINB 54 STR 32 
LINB 55 STR 33 
LI!IIB 56 STR 32 
LINBBC 2 56 
LINB 57 STR 33 
LINE 58 STR 
LINBBC 2 58 
LINB 59 STR 
SIDBBC 1059 59 
LINB 60 STR 
SIDBBC 1059 60 
LINB 61 · 
SIDBBC 1061 
LINB 62 
SIDBBC 1061 
LINB 63 
LINBBC 2 

STR 
61 

STR 
62 

STR 
63 

LINB 64 STR 
LINB 65 STR 
LINBBC 2 65 
.LINB 66 STR 
LINB 67 STR 
LINB 68 STR 
LINB · 69 STR 
LINBBC 2 69 
LINB .70 STR 
SIDBBC 1070 70 
LINB . 71 STR 
SIDBBC 1071 71 
LINB .72 STR 
LINB 73 STR 
LINBBC 2 73 
LINE 74 . STR 
SIDBBC 1074 74 
LINB 75 STR 
SIDBBC 1075 75 

34 

35 

36 

35 

38 

35 

38 
37 

39 
40 
40 
u· 

42 

43 

43 
44 

45 

46 

27 

28 

27 

29 

30 
31 

30 
31 
32 

33 
34 

33 
34 
35 

36 
37 

36 

37 

38 

37 

39 

40 
41 

40 
41 
42 
44 

44 

44 

45 
47 

47 

47 

U-5 

0 

0 

0 

0 

0 
·o 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 
0 
0 
0 

0 

0 

0 

' 0 

0 

0 

10 

6 

10 

2 

2 
2 

6 
10 

8 

8 
8 

6 
10 

2 

2 
2 

. 
6 

10 

6 

10 

5 

5 
5 

6 
10 

2 
2 

10 

10 

3 
3 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 

o.oooooo 
0.000000 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 
0.000000 

1.100000 

1.100000 

0.000000 
0.000000 

10 . 1.100000 

10 1.100000 



 

 Information Only 

WPO# 35675 March 27, 1996 

76 STR LINB 
LINB 
LINBBC 

77 STR 
2 77 

LINB 78 STR 
LIHB 79 STR 
LIHB 80 STR 
LINBBC 2 80 
LINB 81 
SIDBBC 1081 
LIHB. 82. 
SIDBBC 1082 

STR 
81 

STR 
82 

LINB 83 STR 
LINB 84 STR 
LINBBC 2 84 
LINB 85 STR 
LINB 185 STR 
LINB 86 STR 
LINBBC 2 86 
LINB 87 
LINB 88 
LDIBBC 2 
LINB 89 
SIDBBC 1089 
LIHB 90 
SIDBBC 1089 
LIHB 91 
SIDBBC 1091 
LIHB 92 
SIDBBC 1091 

STR 
STR 

88 
STR 

89 
STR 

90 
STR 

91 
STR 

92 
LINB 93 STR 
LINBBC 2 93 
LINB 94 STR 
LIHB 95 STR 
LINBBC 2 95 
LIHB 96 STR 
LIHB 97 STR 
LIHB 98 STR 
LIHBBC 2 98 
LIHB 99 STR 
LIHB 100 STR 
LIHBBC 2 100 
LIHB 101 
SIDBBC 1101 
LIHB 102 

STR 
101 
STR 

SIDBBC.llOl 102 
LIRB 103 STR 
SIDBBC 1103 103 
LIHB 104 STR 
SIDBBC 1103 104 

. LIRB lOS STR 
LIRBBC 2 105 
LIHB 106 STR 
LIHB 107 STR 
LINBBC 2 107 

46 
47 

48 
48 
49 

so 

51 

51 
52 

55 
53 
55 

53 
54 

56 

57 

56 

59 

56 

59 
58 

60 
61 
60 

61 
62 

63 

64 

63 

63 

66 
65 

48 
49 

49 
so 
52 

52 

52 

53 
54 

53 
54 
56 

57 
58 

57 

58 

59 

58 

60 

61 
62 

61 
62 . 
63 

64 
65 

64 

65 

66 

65 

67 

68 
69 

U-6 

0 
0 

0 
0 
0 

0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

• 0 

0 
0 

1 
1 

10 
3 
3 

10 

10 

1 
1 

6 
10 

4 

4 
4 

6 

10 

6 

10 

2 

2 
2 

6 
10 

3 

3 
3 

6 

10 

6 

10 

1 

1 
1 

0.000000 
0.000000 

1.100000 
0.000000 
0.000000 

1.100000 

1.100000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
o.oooooo 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

C 
.. 
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LINB 
LINB 

108 STR 
109 STR 

LINB 110 STR 
LINBBC 2 110 
LINB 111 STR 
LINB 112 STR 
LINBBC 2 112 
LINB 113 STR 
LINB 114 STR 
LINB 115 STR 
LINBBc 2 115 
LINB 116 STR 
LINB 117 STR 
LINBBC 2 117 
LINB 118 
SIDBBC 1118 
LINB 119 
SIDBBC 1118 
LINB 120 
SIDBBC 1120 
LINB 121 
SIDBBC 1120 
LINB 122 
LINBBC 2 
LINB 123 
LINB 124 
LINBBC 2 
LINB 125 

STR 
118 
STR 
119 
STR 
120 
STR 
121 
STR 
122 
STR 
STR 
124 
STR 

SIDBBC 1125 125 
LINB 126 STR 
SIDBBC 1125 126 
LINB 127 STR 
SIDBBC 1127 127 
LINB 128 STR 
SIDBBC 1127 128 
LINB 129 STR 
LINBBC 2 129 
LINB 130 STR 
LINB 131 STR 
LINBBC 2 131 
LINB 132 STR 
LINB 133 STR 
LINB 134 STR 
LINBBC 2 134 
LINB 135 STR 
LINB 136 STR 
LINBBC 2 136 
LINB 137 STR 
LINB 138 STR 
LINB 139 STR 
LINBBC 2 139 
LINB 140 STR 
LINB 141 STR 
LINBBC 4 141 

67 
68 
67 

68 
69 

70 
71 
70 

71 
72 

73 

74 

73 

76 

73 

76 
75 

77 

78 

77 

80 

77 

80 
79 

81 
82 
81 

82 
83 

84 
85 
84 

85 
86 

68 
69 
70 

71 
72 

71 
72 
73 

74 
75 

74 

75 

76 

75 

77 

78 
79 

78 

79 

80 

79 

81 

82 
83 

82 
83 
84 

85 
86 

85 
86 
87 

88 
89 

U-7 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

6 
10 

3 

3 
3 

6 
10 

5 

5 
5 

6 

10 

6 

10 

7 

7 
7 

6 

0. 10 

0 6 

0 10 

0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

2 

2 
2 

6 
10 

5 

5 
5 

6 
10 

2 

2 
2 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 

1.100000 

0.000000 

1.100000 

0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 

0.000000 
0.000000 

0.000000 
1.100000 
0.000000 

o.ooooo·o 
0.000000 
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LINE 142 STR 87 88 0 6 0.000000 
SIDEBC 3 142 ( 
LINE 143 STR 88 89 0 10 1.100000 
SIDEBC 3 143 
SIDB 201 1 2 
SIDB 202 6 7 
SIDB 203 11 12 
SIDB 204 13 14 
SIDE 205 18 19 
SIDB 206 23 24 
SIDB 207 25 26 
SIDB 208 30 31 
SIDE 209 35 36 
SIDB 210 37 38 
SIDB 211 42 43 
SIDB . 212 44 45 
SIDB 213 49 so 
SIDB 214 54 55 
SIDB 215 59 60 
SIDB 216 61 62 
SIDB 217 66 67 
SIDE 218 85 185 
SIDB 219 a·g 90 
SIDB 220 91 92 
SIDB 221 96 97 
SIDE 222 101 102 
SIDB 223 103 104 c· SIDB 224 108 109 
SIDB 225· 113. 114 
SIDE 226 118 119 
SIDB 227 120 121 
SIDE 228 125 126 
SIDB 229 127 128 
SIDB 230 132 133 
SIDB 231 137 138 
SIDB 232 142 143 
REGION 1 4 201 -5 202 -3 
REGION 2 1· 202 -10 203 -8 
RBGI.ON 3 3 204 -17 205 -15 
liu!:GION . 4 1 205 -22 206 -20 
REGION 5 3 207 -29' 208 -27 
REGION 6 1 208 -34 209 -32 
REGION 7 1 210 -41 211 -39 
REGION 8 3 212 -48 213 -46 
REGION 9 1 213 -53 214 -51 
REGION 10 • 2 214 -58 215 -56 

.RBQION 11 1 216 -65 217 -63 
REGION 12 1 -67 -69 -70 -68 
REGION 13 1 -71 -73 -74 -72 
REGION 14 3 -75 -77 -78 -76 
REGION 15 1 -78 -80 -81 -79 
REGION 16 1 -82 -84 -185 -83 
REGION 17 1 218 -88 219 -86 l REGION 18 1 220 -95 221 -93 

U-8 
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c REGION 19 2 221 -100 222 -98 
. REGION 20 3 223 -107 224 -105 

REGION 21 1 224 -112 225 -110 
REGION 22 2 225 -117 226 -115 
REGION 23 1 227 -124 228 -122 
REGION 24 3 229 -131 230 -129 
REGION. 25 1 230 -136 231. -134 
REGION 26 3 231 -141 232 -139 
SCJIEMB. 0 
EXIT 

• 
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TITLB 
RBP'BREHCB PARALLEL BBATBD PROBLEM - SAN'l'OS VBRIPICATION (1/27/95) 

RESIDUAL TOLBRANCB ., • 5 
KAXIMDM ITERATIONS • 20000 
INTBRHBDIATB PRINT • 100 
KAXIMDM TOLBRANCB • 5 • 
THERMAL STRESS, BXTBRHAL 
PLARB STRAIN 
TIMB STBP SCALB e .50 
PREDICTOR SCALB PACTOR e 3 
BPPBCTIVB MODtJLUS m VARIABLE 
INITIAL STRESS • USBR 
QRAVITY • 1 D o .• -9.790 • o. 
STBP CONTROL 

400 1.5785B8 
BND 
PLOT TIMB 

4 1.5785B8 
BND 
OUTPUT TIMB 

10 1.5785B8 
BND 
PLOT NODAL DISPLACBMBNT, REACTION, RESIDUAL 
PLOT BLBHBNT STRESS, VONMISBS, TBMPBRATURB, BPPMOD, PRBSSURB 
PLOT STATB BQCS, BVMAX, BVPRAC, BV, NOM 
NO DISPLACBMBNT X, 2 
NO DISPLACBMBNT X, 4 
NO DISPLACBMBNT Y, 4 
PUNCTION • 1 
0. 1. 
4.B8 1. 
BND 
FUNCTION e 2 
299 -.01 
400 1. 
BND 
FUNCTION a 3 
o. o. 
4.B8 0. . •. 

BND 
PRBSSURB, 3, .1, 
PRBSSURB, 1, 1, 
CONTACT SURPACB, 
CONTACT SURPACl!:, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 
CONTACT SURPACB, 

13 .57B6 
15.95B6 
1013, 
1025, 
1037, 
1044, 
1061, 
1071, 
1075, 
1082, 
1091, 
1103, 
1120, 
1127, 

1011, PIXBD, 
1023, PIXBD, 
1035, 0.4 
1042, 0.4 
1059, 0.4 
1070, 0.4 
1074, 0.4 
1081, 0.4 
1089, 0.4 
1101, 0.4 
1118, 0.4 
1125, PIXBD, 

U-10 

' 

( 
...• 

-

(_ 



 

 Information Only 

WPO# 35675. 

( 

c .·. 

March 27, 1996 

MATERIAL, 1, POWBR LAW CRBBP, 2300., 2, 4. 51!:-3 $ RALI'l'B 
TWO MU " 24. 81!:9 
BULK HODOLOS • 20.71!:9 
CRBBP CONSTANT = 5.791!:-36 
STRESS EXPONENT = 4.9 
THERMAL CONSTANT " 6039. 
BND 
MATERIAL, 2, POWBR LAW CRBBP, 2300., 2, 4.1!:-3 . $ ARGILLACEOUS 
RALI'l'B 
TWO MU " 24. 81!:9 
BULK HODULUS " 20.71!:9 
CRBBP CONSTANT a 1.741!:-35 
STRESS EXPONENT " 4.9 
THERMAL CONSTANT " 6039. 
BND 
MATERIAL, 3, SOIL N POAMS, 2300., 2, 2.1!:-3 
TWO MU = 55.6301!:9 
BULK HODULUS = 83.4441!:9 
AO = 2.33831!:6 
A1 = 2.3383 
A2 " 0.0 
PRBSSURB CUTOPP " -1.01!:6 
FUNCTION ID " 0 
END 
MATBRIAL, 4, SOIL N POAMS, 2300., 2; 2.41!:-3 
TWO MU a 40.6621!:9 
BULK HODULUS " 65.8331!:9 
AO " 2.45951!:6 
A1 a 2.4578 
A2 .. 0.0 
PRBSSURB CUTOPP " -1.01!:6 
FUNCTION ID a 0 
END 
BXIT 

U·ll 

$ POLYHALITB 
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Initial Stress Subroutine For The Heated WIPP Parallel Calculation 

This section presents a listing of the INITST subroutine that was used in SANTOS to 
specify the initial stresses for the Parallel Calculation heated drift analysis. 
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c 
c 

SUBROU'l'INB INITST( SIG, COORD, LINK, DATMAT, KOIIKAT, SCRBL 

********************************************************************** 
c 
C DBSCRIPTION1 
C THIS ROtJTINB PROVIDBS AN INITIAL STRBSS STATB TO SANTOS 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PORMAL PARAIIB'rl!:RS 1 

SIG RBAL 

COORD 
LINK 
DATMAT 
KOIIKAT 

INTBGBR 
RBAL 
INTBGBR 

BLEIIBN'l' STRBSS ARRAY WHICH· MUST BB RBTURNBD 
WITH TBB RBQUIRBD STRBSS VALUES · 
GLOBAL NODAL COORDINATE ARRAY 
CONNBCTIVITY ARRAY 
MATBRIAL PROPBRTIBS ARRAY 

MATBRIAL PROPBRTIBS INTBGBR ARRAY 

C CALLBD BY• INIT 

c 
c 
********************************************************************** 
c 

c 

c 
* 

INCLUDB •params.blk' 
INCLUDB 'psiza.blk' • 
INCLUDB •contrl.blk' 
INCLUDB •bsiza.blk' 
INCLUDB •ti.mer.blk' 

DIMENSION LINK(NBLNS,NUMBL),KONMAT(10,NBMBLK),COORD(NNOD,NSPC), 
SIG(NSYMM,NUMBL) ,DATMAT(KCONS, *), SCRBL(NBBLK, *) 

DO 1000 I = 1,NBMBLK 
MATID = KONMAT(1,I) 
MKIND = KOIIKAT(2,I) 
ISTRT = KOIIKAT(3,I) 
IBND = KONMAT(4,I) 

DO 500 J = ~STRT,IBND 
II a LINK( 1,J ) 
JJ = LINK( 2,J ) 
KK c LINK( 3,J ) 
LL = LINK( 4,J ) 
ZAVQ = 0.25 * ( COORD(II,2) + COORD(JJ,2) + COORD(KK,2) + 

* COORD(LL,2) ) 
STRBSS = - 2.256B4 * ( 655. - ZAVG ) 
SIG(1,J) = STRBSS 
SIG(2,J) = STRBSS 
SIG{l,J) a STRBSS 
SIG(4,J) = 0.0 

500 CONTINUE 
1000 CONTINUE 

RBTURN 
BND. 

U-13 
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SANTOS Output For The Heated WIPP Parallel Calculation 

The following section presents a portion of the SANTOS printed output for the Parallel 
Calculation heated drift analysis. Because all pertinent information and results from the 
analysis are written to the plot file for post-processing, the printed output file simply echoes 
input data and problem-descriptive information at the beginning, followed by information 
that tracks the convergence behavior of the solution, and a summary of CPU usage at the 
end. For this reason, only a partial listing, consisting of approximately the· first 500 lines of 

' ' 

output and the last 100 lines of output, is provided. 

' 

U-14 
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s -V> 

(' 

ssssss 
ss 
ss 
sssss 

ss 
ss 

ssssss 

(\ 

AAAAA N NN TTTT'r'l' 00000 

AA AA NN NN TT 00 00 
AA AA NNN NN TT 00 00 

,AAAAAAA NN N NN TT 00 00 
AA AA NN NNN TT 00 00 

AA AA NN NN TT 00 00 
AA AA NN N TT 00000 .. 

VERSION 2.0.0 
COPYRIGHT 1994, SANDIA CORPORATION 

PROGIRAMMBD BY1 

CHARLBS M. STONB 
BNGINBBRING SCIBNCBS CBNTBR 

SANDIA NATIONAL LABORATORIES 
ALBUQUBRQUB, NBW MBXICO 87185 

DBRIVBD PROM PRONT02D BY 
LBB M. TAYLOR AND DBNNIS P. PLANAGAN 

RUN ON 03/11/96 AT 10104•21 
RUN ON A CrayOJ90 UNDBR ODiCo8.0 

~ 

~ 
0 
'"' w 
V> 
0\ 

ssssss -.) 
V> 

ss 
ss 
sssss ~ 

ss ~ 
ss ::r 

N 
ssssss :-l -\0 

\0 
0\ 
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LINE 
11 
21 
31 
4• 
51 
61 
71 
a. 
91 

101 
111 
12i 
131 
14• 

7= 151 
...... 161 
0\ 

171 
181 
19• 

·201 
21• 
22• 
231 
241 
251 
261 
271 
281 
29• 
301 
311 
32• 
331 

(\ 

INPUT STREAM IMAGES 

------------------------------------------------------------------------
TITLE 

REFERENCE PARALLEL HEATED PROBLEM - SANTOS VERIFICATION {1/27/95) 
RESIDUAL TOLERANCE " • 5 
MAXIMDM ITERATIONS " 20000 
INTERMEDIATE PRINT m 100 
MAXIMDM TOLERANCE • 5. 
THERMAL STRESS, EXTERNAL 
PLANB STRAIN 
TIME STEP SCALE " • 50 
PREDICTOR SCALE FACTOR • 3 
EFFECTIVE MODtiLtiS a V~ 

INITIAL STRESS a tiSER 
GRAVITY m 1 • 0. " -9.790 • 0. 
STEP CONTROL 

400 1.5785E8 
BND 
PLOT TIME 

4 1.5785E8 
BND 
OtiTPtiT TIME 

10 1.5785E8 
BND 
PLOT NODAL DISPLACEMBNT, REACTION, RESIDUAL 
PLOT ELEMENT STRESS, VONMISES, TEMPERATtiRE, EFPMOD, PRESStiRE 
PLOT STATE EQCS, EVMAX, BVPRAC, BV, NtiM 

NO DISPLACEMBNT X, 2 
NO DISPLACEMBNT X, 4 
NO DISPLACEMZHT Y, 4 
PtiNCTION = 1 
0. 1. 
4.E8 1. 
BND 
PtiNCTION " 2 

r---., 

::E 
"'::l 
0 
~ 

w 
u. 
0\ 
-.) 
u. 

~ 
~ 
::r 
N 
;-l 
...... 
\0 
\0 

. 0\ 

' 

'\ 
I 



  
Inform

ation O
nly 

r 

34: 299 -.01 
35: 400 1. 
36: END 
37: PONCTION a 3 
38: o. o. 
39: 4 .• E8 o. 
40: END 
41: PRESSURE, 3, 1, 13.57E6 
42: PRESSURE, 1, 1, 15.9586 
43: CONTACT SURPACE, 1013, 1011, PIXED, 
44·: CONTACT SURPACE, 1025, 1023, PIXED, 
45: CONTACT SURPACE, 1037, 1035, 0.4 
46: CONTACT SURPACE, 1044, 1042, 0.4 
47: CONTACT SURPACE, 1061, 1059, 0.4 
48: CONTACT SURPACE, 1071, 1070, 0.4 
49: CONTACT SURPACE, 1075, 1074, 0.4 
SO: CONTACT SURPACE, 1082, 1081, 0.4 

c::: 
' 

51: CONTACT SURPACE, 1091, 1089, 0.4 
..... 52: CONTACT SURPACE, 1103, 1101, 0.4 _, 

53: CONTACT SURPACE, 1120, 1118, 0.4 
54: CONTACT SURPACE, 1127, 1125, PIXED, 
55: MATERIAL, 1, POWER LAW CREEP, 2300., 
56: TWO MD = 24.8E9 
57: BULK MODULUS a 20.7E9 
58: CREEP CONSTANT = 5.79E-36 

. 59: STRESS EXPONENT = 4.9 
60: THERMAL CONSTANT = 6039. 
61: END 
62 1 MATERIAL, 2, POWER LAW CREEP, 2300 •• 
63: TWO MD = 24.889 
64: BULK MODULUS a 20.7E9 
65:· CREEP CONSTANT = 1.748-35 
66: STRESS EXPONENT D 4.9 
67: THERMAL CONSTANT = 6039. 
68: END 
69: MATERIAL, 3, SOIL N. POAHS, 2300 •• 2, 

0\ 
' 

2, 4.58-3 

2, 4.E-3 

2.E-3 

$ HALITE 

$ ARGILLACEOUS HALITE 

$ ANHYDRITE 

/\ 

~ 
~ 
w 
Ul 

"' _, 
Ul 

~ 
~ 
::>" 
tv _ ..... 
..... 
~ 
"' 
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70• 
71& 
72• 
73• 
74• 
75& 
76• 
77• 
78• 
79• 
eo. 
81• 
82• 
83& 
84• 
as. 
86& 

c:: 87• 
' .... 

00 

(' 

TWO MU ~ 55.63089 
BULK MODULUS D 83.44489 
AO • 2.338386 
Al • 2.3383 
A2 • o.o 
PRBSSURB CUTOPP ~ -1.086 
PIJHCTION ID • 0 
BND 
MAT8RIAL, 4, SOIL N FOAMS, 2300., 2, 2.48-3 
TWO MU • 40.66289 
BULK MODULUS ~ 65.83389 
AO D 2.459586 
Al a 2.4578 
A2 • 0.0 
PRBSSURB CUTOPP D -1.086 
PIJHCTION ID • 0 
BND 
BXIT 

-~ 
' \ 

$ POLYBALIT8 

,...\ 
.1 

~ 
~ 
w 
Ul 

~ 
Ul 

s::: 
8 
::r 
N 
;-1 -\0 
\0 
0\ 
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\Q 
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PROBLEM TITLE 

REPERENCE PARALLEL HEATED PROBLEM - SANTOS VBRJ:PICATION (1/27195) 

P R 0 B L E M D E P I N I ~ I 0 N 

NUMBER OP ELEMENTS •••••••••.•••••••••••• 
NUMBER OP NODES •••••••••.••••••••••••••• 
NUMBER OP MATERJ:ALS •• • •••••••••••••••••• 
NUMBER OP PUNCTIONS ••••••••••••••••••••• 
NUMBER OP CONTACT SURPACES •••••••••••••• 
NUMBER OP RJ:GID SURPACES ••••••••• ' .•••••• 
NUMBER OP MATERJ:AL POINTS MONITORED ••••• 

1396 
1675 

4 
3 

12 
0 
0 

ANALYSIS TYPE • • • • • • • • • • • • • • • • • • • • • • • • • • • PLANE STRAIN 
GLOBAL CONVERGENCE MBASORB •••••••••••••• 
RESIDUAL TOLERANCE •••••••••••••••••••••· 5.000E-01 
MAXIMUM NUMBER OP ITERATIONS •••••••••••• 20000 
ITERATIONS POR INTERMEDIATE PRJ:NT ••••••• 100 
MAXIMUM RESIDUAL TOLERANCE •••••••••••••• 5.000E+00 
PREDICTOR SCALE PACTOR PUNCTION • • • • • • • • • 3 
MINIMUM DAMPING PACTOR •••••••••••••••••• 2.000E-01 
EPPECTIVB MODULUS STATUS •••••••••••••••• VAlUABLE 
THERMAL STRESS ANALYSIS PERPORMBD • • • • • • • EXTERNAL 

THERMAL PORCE MAGNITUDE •••••••••••••• O.OOOE+OO 
INITIAL STRESS DISTRJ:BUTION APPLIED ••••• 
GRAVITY LOADS APPLIED ••••••••••••••••••• 
SCALE PACTOR APPLIED TO TIME STEP ••••••• 
STRAIN SOPTBNING SCALE PACTOR ••••••••••• 
HOURGLASS STIPPNBSS PACTOR 
HOURGLASS VISCOSITY PACTOR ••••••••••··•• 

5.000E-01 
1.000E+00 
5.000E-02 
O.OOOE+OO 

~ 

~ 
Vl 
lJt 

~ 
lJt 

8:: 
8 
::r 

~ .... 
\Q 
\Q 

"' 
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~ 

(' 

L 0 A D S T E P D E P I H I T I 0 H S 

TIKB 
O.OOOE+OO .• 

HO. OP STEPS 
400. 

TIKB 
1.579E+08 

P R I H T E D 0 U T P U T P R E Q U E .H C Y 

TIKB 
O.OOOE+OO 

STEPS BBTWBBH PRINTS 
10 

TIKB 
1.579E+08. 

.p L 0 T T E D 0 U T PUT P R E QUE H C Y 

TIKB STEPS BBTWBBH PLOTS 
o. OOOE+OO 4 

TIKB 
1.579E+08· 

MATERIAL DEPIHITIOHS 

MATERIAL TYPE •••••••••••••• · •••••••••• SOIL H POAMS 
MATERIAL ID •••• ; • • • • • • • • • • • • • • • • • • • • • 4 
DENSITY ................................ 
THERMAL STRAIN ID •••••••••••••••••••• 

(\ 

2.300E+03 
2 

~ 
~ 
w 
VI 
0\ 
-l 
VI 

2: 
8 
::r 
N 
;-J --o -o 
0\ 

,. 

'\ 
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/'"""'· 

:G ...... 

THERMAL STRAJ:N SCALE PAC'l'OR 
MATERIAL PROPERTIES! 

TWO MU 
BULK MODULUS 
AO 
A1 
A2 
FUNCTION ID 
PRESSURE CUTOPP 

CONICAL YIELD SURFACE 

r\ 

............ 2.400E-03 

~ 4.066E+10 
~ 6.583E+10 

• 2'460E+06 

= 2.458E+00 

= 0.000£+00 

= O.OOOE+OO 
~ -1.000E+06 

MAXIMUM TENSILE PRESSURE -1.000E+06 
PEAK PRESSURE USED POR 
QUADRATIC PRESSURE YIELD 6.583E+12 

MATERIAL TYPE ••••••••••••••••••••.••• POWER LAW CREEP 
MATERIAL ID • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
DENSITY ................................ 2.300E+03 

2 
4.500E-03 

THERMAL STRAJ:N ID •••••••••••••••••••• 
THERMAL STRAJ:N SCALE PACTOR 
MATERIAL PROPERTIES• 

TWO MU 
BULK MODULUS 
CREEP CONSTANT 
STRESS EXPONENT 
THERMAL CONSTANT 

= 
'a 

~ 

• 
• 

2.480E+10 
2.070E+10 
5.790E-36 
4.900E+00 
6.039E+03 

MATERIAL TYPE •••••••••••••••••••••••• SOIL N POAMS 
MATERIAL ID ••••••••••••••••••••• • • • • • 
DENSITY ............................... 
THERMAL STRAJ:N ID •••••.•••••••••••••• 
THERMAL STRAJ:N SCALE PACTOR 
MATERIAL PROPERTIES• 

.......... 

3 
2.300E+03 

2 
2.000E-03 

TWO MU 
BULK MODULUS 

~ 

~ 

5.563E+10 
8.344E+10 

,.-----, 
' 

~ 
~ 
w 
U\ 

~ 
U\ 

rs:: 

~ 
N 
,;--l 
...... 

"' "' "' 
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s 
~ 

( 

• 

AO 
A1 
A2 
FUNCTION ID 
PRBSSURB CUTOPP 

CONICAL YI8LD SURPAC8 

" 
" 
" 
" 
" 

2.3388+06 
2.3388+00 
0'0008+00 
0.0008+00 

-1.0008+06 

MAXIMDM T8NSILB PRBSSURB DBT8RMINBD PROM 
YI8LD SURPAC8 IS LBSS 'l'HAN TBB US8R 
SUPPLI8D PRBSSURB CUTOPP. COMPUT8D VALUB 
WILL 88 US8D t 
MAXIMDM TBNSILB PRBSSURB -1.0008+06 
PBAK PRBSSURB US8D POR 
QUADRATIC PRBSSURB YI8LD 8.3448+12 

MAT8RIAL TYP8 •••••••••••••••••••••·••POWBR LAK CRB8P 
HATBRIAL ID .......................... . 2 

2.3008+03 
2 

4.0008-03 

DBNSITY .............................. 
TH8RMAL STRAIN ID •••••••••••••••••••• 
THBRMAL STRAIN SCALB PACTOR 
MAT8RIAL PROP8RTI8S t 

TWO MU 
BULK MODULUS 
CRB8P CONSTANT 
STRESS BXPONBNT 
THBRMAL CONSTANT 

• 

" 
" 
a 

• 
a 

2.4808+10 
2.0708+10 
1.7408-35 
4.9008+00 
6.0398+03 

P U N C T I 0 N D 8 P I N I T I 0 N S 

FUNCTION ID 1 llllMB8R OP POINTS •••• 

N s P(S) 

n 

2 

'~ 

~ 
~ 
w 
VI 
0\ ._, 
VI 

s::: 
~ 
::r 
N 
.:-' -\0 
\0 
0\ 
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t;:: 
N ..., 

r ~ . ,. ~~~· 

1 Oo000E+00 1o000E+00 
2 4o000E+08 1.000E+00 

PUNCTXON XD .•••••••• 2 NtlMBER OF POXNTS •• o o 2 

N s F(S) 
1 2.990E+02 -1.000E-02 
2 4o000E+02 1.000E+00 

PUNCTXON XD ••••••••• 3 NtlMBER OF POXNTS •••• 2 

N s F(S) 
1 O.OOOE+OO O.OOOE+00 
2 4.000E+08 O.OOOE+OO 

NO DISPLACEMENT BOUNDARY CONDITIONS 

NODE SET FLAG 
2 
4 

DXRECTION 
X 
X 

4 y 

CONTACT SURFACES 

SURFACE 2 PENALTY TENSION SURFACE 
NtlMBER 

1 

SURFACE 1 
FLAG 

1013 
FLAG FACTOR 
1011 O.OOOE+OO 

COEFFXCIENT PENETRATION 
OF FRICTION MULTIPLIER 

FIXED 1.000E-02 
RELEASE 

1o000E+40 

.'\ 

~ 
0 
~ ..., 
lJt 

~ 
lJt 

~ 
8 
::r 

~ -~ 
0\ 
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2 1025 1023 O.OOOB+OO PIXBD 1.000B-02 
3 1037 1035 O.OOOB+OO 4.000B-01. 1.000B-02 
4 1044 1042 O.OOOB+OO 4.000B-01 1.000B-02 
5 1061 1059 0.0001!:+00 4.0001!:-01 1.0001!:-02 
6 1071 1070 O.OOOB+OO 4.0001!:-01 1.0001!:-02 
7 1075 1074 0.0001!:+00 4.0001!:-01 1.000B-02 
8 1082 1081 0.0001!:+00 4.0001!:-01 1.0001!:-02 
9 1091 1089 0.0001!:+00 4.0001!:-01 1.0001!:-02 

10 1103 1101 0.0001!:+00 4.000B-01 1.000B-02 
11 1120 1118 0·.0001!:+00 4.0001!:-01 1.0001!:-02 
12 1127 1125 0.0001!:+00 PIXBD 1. OOOB-02 

P R B S S U R B BOUNDARY CONDTIONS 

SURPACB PUNCTION SCALB 
PLAG 

3 
1 

NUMBBR PACTOR -1 1.3571!:+07 
1 1.5951!:+07 

BND OP DATA INPUT PBASB 
4.0571!:-01 CPU SBCONDS USBD 

17 6 WORDS ALLOCATED 

1.000B+40 
1.000B+40 
1.000B+40 
1.0001!:+40 
1. 0001!:+40 
1.000B+40 
1.0001!:+40 
1.0001!:+40 
1.0001!:+40 
1.0001!:+40 

1.0001!:+40 

BND OP DATA INITIALIZATION PBASB 

0. 

~ .., 
0 
# 
w 
V> 
a-. _, 
V> 

' ~ 
8 
::r . 
N _, . -\0 
\0 
a-

'\ 
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c;:: 
N 
lJl 

r ,/) 

3.079E-02 CPU SECONDS USED 
1675 WORDS ALLOCATED 

V A R I A B L E S 0 N P L 0 T T I. N G D A T A B A S E 

NODAL · ELBMBNT GLOBAL 
------- ------

DISPLX SIGXX. PX 
DIS PLY SIGYY py 
RBSIDX SIGZZ RX 
RBSIDY TAUXY RY 
RBSID TBMP ITER 
RBACTX PRBSSURB RMAG • 
RBACTY VONMISES 

EPPMOD 
EQCS 
BVMAX 
BVPRAC 
BV 
NllM 

**** PLOT TAPE WRITTEN POR THE INITIAL STAT8 AT TIMB • O.OOOB+OO **** 

STBP TIMB TIMB DAMPING APPLI8D RESIDUAL PERCENT 
STBP FACTOR . LOAD NORM LOAD NORM IMBALANCE 

100 3.9468+05 3.946E+05 9.5608-01 6.428B+07 2.295E+07 35.70 
200 3.9468+05 3.946E+05 9.781B-01 6.428B+07 1.519E+07 23.62 
300 3.9468+05 3 .• 945B+05 9.8368-01 6.4298+07 1.089E+07 16.94 
400 3.946E+05 3.945E+05 9.8928-01 6.4298+07 8.7418+06 13.60 

/) 

~ • 
0 
'"' w 
lJl 
0\ 
-..) 
lJl 

E::: 
8 
::r 
N 
_-..l -\0 
\0 
0\ 

TOTAL 
STEPS 

100 
200 
300 
400 
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"' 0 
'**' 

500 3.9468+05 3.9458+05 9.9858-01 6.4298+07 3.2048+07 49.84 500 
..., 
Ul 

600 3.9468+05 3.9458+05 9.6738-01 6.4298+07 1.7508+07 27.23 600 "' _, 

700 3.9468+05 3.9448+05 8.6008-01 6.4298+07 1.4108+07 21.94 700 
Ul 

800 3.9468+05 3.9448+05 9.8608-01 6.4298+07 1.6128+07 25.08 800 

I 
900 3.9468+05 3.9448+05 8.6078-01 6.4298+07 1.4128+07 21.96 900 ~ 

1000 3.9468+05 3.9448+05 9.4628-01 6.4298+07 1.2248+07 19.04 1000 R 
1100 3.9468+05 3.9448+05 9.4518-01 6.4298+07 1.5548+07 24.18 1100 ::r 

1200 3.9468+05 3.9448+05 9.7868-01 6.4298+07 2.1508+07 .33.45 1200 tv 

1300 3.9468+05 3.9448+05 9.3978-01 6.4298+07 7.5678+06 11.77 1300 
.;-l 

1400 3.9468+05 3.9448+05 9.0688-01 6.4298+07 1.0268+07 15.96 1400 ->D 

1500 3.9468+05 3.9448+05 9. 2468-01. 6.4298+07 9.1578+06 14.24 1500 
>D 

"' 
1600 3.9468+05 3.9448+05 9.7048-01 6:4298+07 1.1638+07 18.08 1600 

1700 3.9468+05 3.9448+05 9.8298-01 6.4298+07 8.8528+06 13.77 1700 

1800 3.9468+05 3.9448+05 9.5398-01 6.4298+07 7.8398+06 12.19 1800 

1900 3.9468+05 3. 9448+05 9.7298-01 6.4298+07 8.6018+06 13.38 1900 

2000 3.9468+05 3.9448+05 9.6578-01 6.4298+07 5.9868+06 9.31 2000 

• 2100 3.9468+05 3.9448+05 9.9968-01 6.4298+07 8.5618+06 . 13.32 2100 

c: .2200 
0 

3.9468+05 3.9448+05 9.1488-01 6.4298+07 5.5658+06 8.66 2200 

tv 2300 3.9468+05 3.9448+05 9.9528-01 6.4298+07 1.0168+07 15.81 2300 

"' 2400 3. 9468+0.5 3.9448+05 7.2748-01 6.4298+07 8.0288+06 . 12.49 2400 

2500 3.9468+05 3.9448+05 8.9548-01 6.4298+07 5.6158+06 8.73 2500 

2600 3.9468+05 3.9448+05 8. 6308-01. • 6. 4298+07 3.7148+06 5.78 2600 

2700 3.9468+05 3.9458+05 8.9588-01 6.4298+07 7.7128+06 12.00 2700 

2800 3.9468+05 3.9458+05 9.6508-01 6.4298+07 3.8298+06 5.96 2800 

2900 3.9468+05 3.9458+05 9.7738-01 6.4298+07 5.7228+06 8.90 2900 

3000 3.9468+05 3.9458+05 9.9'718-01 6.4298+07. 7.4778+06 11.63 3000 

3100 3.9468+05 3.9458+05 7.6858-01 6.4298+07 4.7338+06 7.36 3100 

3200 3.9468+05 3.9458+05 9.5788-01 6.4298+07 6.4598+06 10.05 3200 

3300 3.9468+05 3.9458+05 8.1658-01. 6.4298+07. 6.0938+06 9.48 3300 

3400 3.9468+05 3.9458+05 9.5638-01 6.4298+07 7.4608+06 11.60 3400 

3500 3.9468+05 3.9458+05 9.2558-01 6.4298+07 3.2968+06 5.13 3500 

3600 3.9468+05 3.9458+05 9.9838-01 6.4298+07 4.4738+06 6.96 3600 

3700 3. 9468.+05' 3.9458+05 8.5798-01 6.4298+07 1.1378+07 17.69 3700 

3800 3.9468+05 3 .• 9458+05 8.7898-01 6.4298+07 4.2008+06 6.53 '3800 

3900 3.9468+05 3.9458+05 9.9678-01 6.4298+07 5.5648+06 8.65 3900 

4000 3. 94.68+05 3.9458+05 9:7598-01 6.4298+07 4.1508+06 6.46 4000 

,· 

(' ~. 
~. 
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~ 4100 3.9468+05 3.9458+05 9.3568-01 6.4298+07 6.8838+06 10.71 4100 w 4200 3.9468+05 3.9458+05 9.9708-01 6.4298+07 4.9718+06 7.73 4200 Vt 
0\ 4300 3.9468+05 ~ 3.9458+05 9.9988-01 6.4298+07 3.7538+06 5.84 4300 -l 
Vt 4400 3.9468+05 3.9458+05 8.5748-01 6.4298+07 3.7878+06 5.89 4400 

4500 3.9468+05 3.9458+05 1.0008+00 6.4298+07 2.9268+06 4.55 4500 
4600 3.9468+05 3.9458+05 9.5478-01 6.4298+07 3.1858+06 4.96 4600 ~ 4700 3.9468+05 3.9458+05 9.3228-01 6.4298+07 4.9978+06 7.77 4700 8 4800 3.9468+05 3.9458+05 9.1668-01 6.4298+07 3.2018+06 4.98 4800 ::r 
4900 3.9468+05 3.9458+05 9.9898-01 6.4298+07 3.2648+06 5.08 4900 N 
5000 3.9468+05 3.9458+05 8.9288-01 6.4298+07 8.9558+06 13.93 5000 

;-l -5100 3.9468+05 3.9458+05 9.9238-01 6.4298+07 3.5818+06 5.57 5100 "' "' 5200 3.9468+05 3.9458+05 1.0008+00 6.4298+07 3.8098+06 5.93 5200 0\ 
5300 3.9468+05 3.945B+05 8.9218-01 6.4298+07 3.6988+06 5.75 5300 
5400 3.9468+05 3.9458+05 7.9888-01 6.4298+07 3.1128+06 4.84 5400 
5500 .3.9468+05 3.9458+05 9.8318-01 6.4298+07 4.4478+06 6.92 5500 
5600 3.9468+05 3.9458+05 9.7448-01 6.4298+07 2.4848+06 3.86 5600 
5700 3.9468+05 3.9458+05 9.9978-01 6.4298+07 2.4068+06 3.74 5700 c::: 5800 • 3.9468+05 3.9458+05 8.8268-01. 6.4298+07 4.2908+06 6.67 5800 

N 5900 3.9468+05 3.9458+05 9.9918-01 6.4298+07 2.6438+06 4.11 5900 -l 
6000 3.9468+05 3.9458+05 9.7048-01 6.4298+07 4.9048+06 7.63 6000 
6100 3.9468+05 3.9458+05 9.9288-01 6.4298+07 2.6528+06 4.13 6100 
6200 3.9468+05 3.9458+05 9.6118-01 6.4298+07 4.2278+06 6.58 6200 
6300 3.9468+05 3.9458+05 1. 0008+00 6.4298+07 3.3108+06 5.15 6300. 
6400 3.9468+05 3.9458+05 9.5248-01 6.4298+07 2.7788+06 4.32 6400 
6500 3.9468+05 3.9458+05 1.0008+00 6.4298+07 3.5688+06 5.55 6500 
6600 3.9468+05 3.9458+05 9.9978-01 6.4298+07 3.6128+06 5.62 6600 
6700 3.9468+05 3.9458+05 9.9918-01 6.4298+07 3.8878+06 6.05 6700 
6800 3.9468+05 3.9458+05 1.0008+00 6.4298+07 3.3578+06 5.22 6800 
6900 3.9468+05 3.9458+05 9.6658-01 6.4298+07 3.9418+06 6.13 6900 
7000 3.9468+05 3.9458+05 9.5368-01 6.4298+07 2.9858+06 4.64 7000 
7100 3.9468+05 3.9458+05 9.3658-01 6.4298+07 2.6068+06 4.05 7100 
7200 3.9468+05 3.9458+05 9.9468-01 6.4298+07 2.3698+06 3.69 7200 
7300 3.9468+05 3.9458+05 9.8358-01 6.4298+07 3.1128+06 4.84 7300 
7400 3.9468+05 3.9458+05 9.1858-01 6.4298+07 3.7118+06 

. 
5.77 7400 

7500 3.9468+05 3.9458+05 1.0008+00 6.4298+07 4.1568+06 6.46 7500 
7600 3.9468+05 3.9458+05 9.4358-01 6.4298+07 2.3898+06 3.72 7600 
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7700 3. 9468+05 3. 9458+05 1.0008+00 6. 4:198+07 • 5. 8088+06 9.03 7700 
..., 
U\ 

7800 3.9468+05 3.9458+05 9.9498-01 6.4:198+07 5.5598+06 8.65 7800 
0\ 
-l 

7900 3.9468+05 3.9458+05 9.9378-01 6.4298+07 2.1858+06 3.40 7900 
U\ 

8000 3.9468+05 3.9458+05 9.9988-01 6.4:198+07 3.4978+06 5.44 8000 

8100 3.9468+05 3.9458+05 9.0478-01 6.4298+07 2. 6478+06 4.12 8100. :;:: 
8200 3.9468+05 3.9458+05 8.7298-01 6.4298+07 3.4988+06 5.44 8200 ~ 
8300 3.9468+05 3.9458+05. 9.2978-01 6.4298+07 3.6318+06 5.65 8300 ::r 

8400 3.9468+05 3.9458+05 9.9178-01 6.4298+07 7.1448+06 11.11 8400 N 

8500 3.9468+05 3.9458+05 9.9628-01 6.4298+07 2.3608+06 3.67 8500 ;-l 

8600 3.9468+05 3.9458+05 8.7018-01 6.4:198+07 2.0678+06 3.21 8600 -'!:> 

8700 3.9468+05 3.9458+05 9.6918-01 6.4298+07 2.728B+06 4.24 8700 
'!:> 
0\ 

8800 3.9468+05 3.9458+05 9.0748-01 6.4298+07 3.7388+06 5.81 8800 

8900 3.9468+05 3.9458+05 8.5668-01 6.4:198+07 2.2838+06 3.55 8900 

9000 3.9468+05 3.9458+05 9.9918-01 6.4298+07 6.6138+06 10.29 9000 

9100 3.9468+05 3.9458+05 8.9038-01 6.4298+07 2.1518+06 3.35 9100 

9200 3.9468+05 3.9458+05 9.1198-01 6.4298+07 3.0588+06 4.76 9200 

9300 3.9468+05 3.9458+05 1.0008+00 6.4298+07 2.1158+06 3.29 9300 

c: 
' 

9400 3.9468+05 3.9458+05 8.8298-01 6.4298+07 2.0488+06 3.19 9400 

N 9500 3.9468+05 3.9458+05 9.8598-01 6.4298+07 2.8558+06 4.44 9500 

"" 9600 3.9468+05 3.9458+05 9.2248-01 6.4298+07 4.5068+06 7.01 9600 

9700 3.9468+05 3.9458+05 9.6238-01 6.4298+07 3.1558+06 4.91 9700 

9800 3.9468+05 3.9458+05 9.5638-01 6.4298+07 2.2568+06 3.51 9800 

9900 3.9468+05 3.9458+05 8.1848-01 6.4298+07 2.0008+06 3.11 9900 

10000 3.9468+05 3.9458+05 8.9878-01 6.4298+07 2.1948+06 3.41 10000 

10100 3.9468+05 3.9458+05 9.8578-01 6.4298+07 2.7128+06 4.22 10100 

10200 3.9468+05 3.9458+05 9.9928-01 6.4298+07 4.6258+06 7.19 10200 

10300 3.9468+05 3.9458+05 9.9988-0i 6.4298+07 1.9718+06 3.07 10300 

10400 3.9468+05 3.9458+05 8.0338-01 6.4298+07 2.1758+06 3.38 10400 

10500 3.9468+05 3.9458+05 1.0008+00 6.4298+07 1.6208+06 2.52 10500 

10600 3.9468+05 3.9458+05 1.0008+00 6.4298+07 1.0848+07 16.87 10600 

10700 3.9468+05 3.9458+05 . 1.0008+00 6.4:198+07 1.9308+06 3.00 10700 

10800 3.9468+05 3.9458+05 9.8478-01 6.4298+07 1.9268+06 3.00 10800 

10900 3.9468+05 3.9458+05 9•8998-01 6.4298+07 1.6678+06 2.59 10900 

11000 3.9468+05 3.9458+05 9.0998-01 6.4298+07 7.5758+06 11.78 11000 

11100 3.9468+05 3.9458+05 9.2418-01 6.4298+07 2.6948+06 4.19 11100 

11200 3.9468+05 3.9458+05 9.9698-01 6.4298+07 1.9708+06 3.07 11200 

r 
. 
('., "-
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11300 3.946B+05 3.945B+05 6.381B-01 6.429B+07 '"'-2.264B+06 3.52 11300 w 11400 3.946B+05 3.945B+05 9.995B-01 6.429B+07 1.624B+06 2.53 11400 V\ 
0\ 11500 3.946B+05 3.945B+05 9.406B-01 6.429B+07 1.441B+06 2.24 11500 -l 
V\ 11600 3.946B+05 3.945B+05 9.051B-01 6.429B+07 5.092B+06 7.92 11600 

11700 3.946B+05 3.945B+05 9.914B-01 6.429B+07 1. 696B+06 2.64 11700 -
11800 . 3.946B+05 3.945B+05 8.485B-01 6.429B+07 1.812B+06 2.82 11800 ~-11900 3.946B+05 3.945B+05 9.320B-01 6.429B+07 1.542B+06 2.40 11900 ~ 12000 3.946B+05 3.945B+05 8.955B-01 6.429B+07 1.904B+06 2.96 12000 ::r 12100 3.946B+05 3.945B+05 9.999B-01 6.429B+07' 1.580B+06 2.46 12100 N 

_-l 12200 3.946B+05 3.945B+05 9.943B-01 6.429B+07 1.483B+06 2.31 12200 -12300 3.946B+05 3.945B+05 1.000B+00 ·6.429B+07 1.380B+06 2.15 12300 '-0 
'-0 12400 3.946B+05 3.945B+05 8.537B-01 6.429B+07 2.128B+06 3.31 12400 0\ 

12500 3.946B+05 3.945B+05 9.972B-01 6.429B+07 1. 996B+06 3.10 12500 
12600 3.946B+05 3.945B+05 9.802B-01 6.429B+07 1.516B+06 _ 2.36 12600 
12700 3.946B+05 3.945B+05 9.932B-01 6.429B+07 3. 761B+06 5.85 12700 
12800 3.946B+05 3.945B+05 9.994B-01 6. 429B+07 '"1. 649B+06 2.57 12800 
12900 3.946B+05 3.945B+05 9.119B-01 6.429B+07 1. 808B+06 2.81 12900 c:: 13000 

' 
3.946B+05 3.945B+05 9.000B-01 6.429B+07 2.220B+06 3.45 13000 

2.519B+06 
N 13100 3.946B+05 3.945B+05 1.000B+00 6.429B+07 3.92 13100 '-0 

13200 3.946B+05 3.945B+05 1.000B+00 6.429B+07 2.512B+06 3.91 13200 
13300 3.946B+05 3.945B+05 9.930B-01 6.429B+07 1.513B+06 2.35 13300 • 13400 3.946B+05 3.945B+05 1.000B+00 · 6.429B+07 1.251B+06 1.95 13400 
13500 3.946B+05 3.945B+05 9.996B-01 6.429B+07 1.207B+06 1.88 13500 
13600 3.946B+05 3.945B+05 9.790B-01 6.429B+07 3.659B+06 5.69 13600 
13700 3.946B+05 3.945B+05 9.959B-01 6.429B+07 2.224B+06 3.46 13700 
13800 3.946B+05 3.945B+05 9.998B-01 6.429B+07 2.871B+06 4.47 13800 
13900 3.946B+05 3.945B+05 1.000B+00 6.429B+07 1.950B+06 3.03 13900 
14000 3.946B+05 3.945B+05 9.853B-01 6.429B+07 1.532B+06 2.38 14000 
14100 3.946B+05 3.945B+05 1.000B+00 6.429B+07 1.286B+06 2.00 14100 
14200 3.946B+05 3.945B+05 9.877B-01 6.429B+07 1.106B+06 1.72 14200 
14300 3.946B+05 3.945B+05 9.964B-01 6.429B+07 6.693B+06 10.41 14300 
14400 3.946B+05 3.945B+05 1.000B+00 6.429B+07 1.705B+06 2.65 14400 
14500 3.946B+05 3.945B+05 9.964B-01 6.429B+07 1.242B+06 1.93 14500 
14600 3.946B+05 3.945B+05 1. OOOB+OO 6.429B+07 1.256B+06 1.95 14600 
14700 3.946E+05 3.945B+05 9.777B-01 ·6.429B+07 1.071B+06 1.67 14700 
14800 3.946B+05 3.945B+05 9.687B-01 6.429B+07 1.1158+06 1.73 14800 

• 
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14900 3.9468+05 3.9458+05 9.9768-01 6.4298+07 1.0918+06 1.70 14900 
w 
VI 

15000 3.9468+05 3.9458+05 9.0958-01 6.4298+07 1.8078+06 2.81 15000 
0\ 
-.1 

15100 3.9468+05 3.9458+05 9.6218-01 6.4298+07 1.2138+06 1.89 15100 
VI 

15200 3.9468+05 3.9458+05 5.7668-01 6.4298+07 1.0068+06 1.56 15200 

15300 3.9468+05 3.9458+05 8.2498-01 6.4298+07 3.1708+06 4.93 15300 3:: 
15400 3.9468+05 3.9458+05 9.93.78-01 6.4298+07 1.2148+06 1.89 15400 8 
15500 3.9468+05 3.9458+05 9.8888-01 6.4298+07 1.3368+06 2.08 15500 ::>" 

15600 3.9468+05 3.9458+05 9.6718-01 6.4298+07 1.4278+06 2.22 15600 N 

15700 3.9468+05 3.9458+05 9.9648-01 6.4298+07 1.9788+06 3.08 15700 :-' 

15800 3.9468+05 3.9458+05 1.0008+00 6.4298+07 9. 8768+05 1.54 15800 -'0 

15900 3.9468+05 3.9458+05 9.9808-01 6.4298+07 8.8818+05 1.38 15900 
'0 
0\ 

16000 3.9468+05 3.9458+05 8.5598-01 6.4298+07 6.0448+06 9.40 16000 

16100 3.9468+05 3.9458+05 9.8888-01 6.4298+07. 1.4338+06 2.23 16100 

16200 3.9468+05 3.9458+05 1.0008+00 6.4298+07 9.9178+05 1.54 16200 

16300 3.9468+05 3.9458+05 9.9068-01 6.4298+07 8.2878+05 1.29 16300 

16400 3.9468+05 3.9458+05 9.9468-01 6.4298+07 8.6728+05 1.35 16400 

16500 3.9468+05 3.9458+05 9.7508-01 6.4298+07 8.2108+05 1.28 16500 

c: 16600 3.9468+05 3.9458+05 7.7418-01 6.4298+07 8.9778+05 1.40 16600 
0 w 16700 3.9468+05 3.9458+05 9.6648-01 6.4298+07 2.1938+06 3.41 16700 

0 
16800 3.9468+05 3.9458+05 9.8468-01 6.4298+07 1.2388+06 1.93 16800 

16900 3.9468+05 3.9458+05 7.5958-01 6.4298+07 1.5568+06 2.42 16900 

17000 3.9468+05 3.9458+05 8.7928-01 6.4298+07 1.7158+06 2.67 17000 

17100 3.9468+05 3.9458+05 9.7678-01 6.4298+07 8.5068+05 1.32 ,17100 

17200 3.9468+05 3.9458+05 1.0008+00 6.4298+07 7.3148+05 1.14 17200 

17300 3.9461!1+05 3.9458+05 9.7558-01 6.4298+07 7.2218+05 1.12 17300 

17400 3.9468+05 3.9458+05 4. 7308-01 6.4298+07 8.6258+05 1.34 17400 

17500 3.9468+05 3.9458+05 9.5068-01 6.4298+07 6.8468+05 1.06 17500 

17600 3.9468+05 3.9458+05 9.9538-01 6.4298+07 7.2788+05 1.13 17600 

17700 3.9468+05 3.9458+05 8.4478-01 6.4298+07 7.2578+05 1.13 17700 

17800 3.9468+05 3.9458+05 8.6618-01 6.4298+07 1.1738+06 1.83 17800 

17900 3.9468+05 3.9458+05 9.2128-01 6.4298+07 7.2858+05 1.13 17900 

18000 3.9468+05 3.9458+05 9.9498-01 6.4298+07 8.4308+05 1.31 18000 

18100 3.9468+05 3.9458+05 8.8128-01 6.4298+07 7.9338+05 1.23 18100 

18200 3.9468+05 3.9458+05 1.0008+00 6.4298+07 6.5288+05 1.02 :j.8200 

18300 3.9468+05 3.9458+05 1.0008+00 6.4298+07 7.0828+05 1.10 18300 

18400 3.9468+05 3.9458+05 8.3738-01 6.4298+07 6.9988+05 1.09 18400 

0 0 
,, 

' 

• 
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'llo 18500 3.946E+05 3.945E+05 9.444E-01 6.429E+07 1.982E+06 3.08 18500 w 

18600 3.946E+05 3.945E+05 9.600E-01 6.429E+07 6.926E+05 1.08 18600 Ut 
0\ 18700 3.946E+05 3.945E+05 a. 719E-01 6.429E+07 6.331E+05 0.98 18700 --.] 
Ut 

18800 3.946E+05 3.945E+05 9.905E-01 6.429E+07 7.303E+05 1.14 18800 
18900 3.946E+05 3.945E+05 8.973E-01 6.429E+07 8.313E+05 1.29 18900 
19000 . 3. 946E+05 3.945E+05 9.484E-01 6.429E+07 7.206E+05 1.12 19000 s:: 
19100 3.946E+05 3.945E+05 1.000E+00 6.429E+07 5.795E+05 0.90 19100 8 19200 3.946E+05 3.945E+05 9.054E-01 6.429E+07 5.767E+05 0.90 19200 ::r 
19300 3.946E+05 3.945E+05 9.998E-01 6.429E+07 5.521E+05 0.86 19300 N 

--.] 

19400 3.946E+05 3.945E+05 9.794E-01 6.429E+07 6.321£+05 0.98 19400 -19500 3.946E+05 3.945E+05 6.253E-01 6.429E+07 5.023E+05 0.78 19500 \0 
\0 

19600 3.946E+05 3.945E+05 8.188E-01 6.429E+07 9.315E+05 1.45 19600 0\ 

19700 3.946E+05 3.945E+05 1.000E+00 6.429E+07 1.747E+06 2.72 19700 
19800 3.946E+05 3.945E+05 8.111E-01 6.429E+07 6.852E+05 1.07 19800 
19900 3.946E+05 3.945E+05 9.990E-01 6.429E+07 9.233E+05 1.44 . 19900 

~ 
0 

STEP TIME TIME DAMPING APPLIED RI!SIDOAL PERCENT TOTAL 
w STEP FACTOR LOAD NORM LOAD NORM IMBALANCE STEPS - 100 7.892E+05 3.945E+05 9.848E-01 6.429E+07 3.379E+06 5.26 20100 

200 7.892E+05 3.945E+05 .9.6768-01 6.429E+07 2.350E+06 3.66 20200 
300 7.892E+05 3.945E+05 9.999E-01 6.429E+07 2.037E+06 3.17 20300 
400 7.892E+05 3.945E+05 9.985E-01 6.429E+07 1.745E+06 2.71 20400 
500 7.892E+05 3.945E+05 7.726E-01 "6,429E+07 1.465E+06 2.28 20500 
600 7.892E+05 3.944E+05 9.860E-01 6.429E+07 1. 748E+06 2.72 20600 
700 7.892E+05 3.944E+05 9.526E-01 6.429E+07 1.325E+06 2.06 20700 
800 7.892E+05 3.944E+05 8.751E-01 6.429E+07 2.838E+06 4.41 20800 
900 7.892E+05 3.944E+05 9.837E-01 6.429E+07 5.651E+06 8.79 20900 

1000 7.892E+05 3;944E+05 7.872E-01 6.429E+07 1.382E+07 21.50 21000 
1100 7.892E+05 3.944E+05 9.994E-01 6.429E+07 5.312E+07 82.64 21100 
1200 7.892E+05 3.944E+05 9.992E-01 6.429E+07 1.077E+07 16.75 21200 
1300 7.892E+05 3.944E+05 9.659E-01 6.429E+07 1.2911!:+07 20.08 21300 
1400 7.8921!:+05 3.944E+05 9.5638-01 6.4291!:+07 4.0551!:+07 63.08 21400 
1500 7.8921!:+05 3.944E+05 9.653E-01 6.4291!:+07 1.1221!:+08 174.53 21500 
1600 7.8921!:+05 3.944E+05 9.6941!:-01 6.429E+07 6.964E+07 108.34 21600 
1700 7.892E+05 3.9441!:+05 9.797E-01 6.429E+07 2.3021!:+08 358.13 21700 
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1800 7.8928+05 l.9448+05 1.0008+00 6.4298+07 l.0178+07 46.94 21800 V> 

v. 

1900 7.8928+05 l.9448+05 9.8888-01 6.4298+07 2. 7148+07 42.22 21900 0\ _, 
2000 7.8928+05 l.9448+05 9.6128-01 6.4298+07 1.0l08+07 16.0l 22000 v. 

2100 7.8928+05 l.9448+05 7. 7578-01 6.4298+07 1.5948+08 247.89 22100 

2200 7.8928+05 l.9448+05 5.7018-01 6.4298+07 8.7708+07 U6.42 22200 

2l00 7.8928+05 l.9448+05 5.6758-01 6.4298+07 1.l488+08 209.66 22l00 ~ 

2400 7.8928+05 3.9448+05 9.9288-01 6.4298+07 1.5488+08 240.72 22400 ~ 
2500 7.8928+05 3.9448+05 1.0008+00 6.4298+07 4.4298+07 68.89 22500 

:::>" 
·N 

2600 7.8928+05 3.9448+05 9. 9998-01 6.4298+07 1.2228+07 19.01 22600 
_ _, 

. 2700 . 7. 8928+05 3.9448+05 9.2088-01 6.4298+07 1.0978+07 17.06 22700 -"' 
2800 7.8928+05 3.9448+05 1.0008+00 6.4298+07 1.l458+08 209.29 22800 "' 0\ 

2900 7.8928+05 l.9448+05 1.0008+00 6.4298+07 1.5278+07 23.76 22900 

3000 7.8928+05 3.9448+05 9.6548-01 6.4298+07 5.0738+07 78.92 23000 

uoo 7.8928+05 l.9448+05 9.0008-01 6.4298+07 7.5588+07 117.56 2UOO 

l200 7.8928+05 l.9448+05 1.0008+00 6.4298+07 6.2498+07 97.20 2l:IOO 

llOO 7.8928+05 3.9448+05 1.0008+00 6.4298+07 7.7768+06 12.10 2ll00 

l400 7.8928+05 3.9448+05 8.0708-01 6.4298+07 9.U48+07 142.08 2l400. 

c:: 3500 7.8928+05 l.9448+05 
0 

1.0008+00 6.4298+07 9.4258+07 146.61 23500 

w 3600 7.8928+05 3.9448+05 1.0008+00 6.4298+07 7.0428+06 10.95 2l600 
N 

l700 7.8928+05 3.9448+05 8.7438-01 6.4298+07 4.8488+07 75.41 2l700 

3800 7.8928+05 l.9448+05 1.0008+00 6.4298+07 1.1338+07 17.6l 23800 

3900 7.8928+05 3.9448+05 5.2358-01 6.4298+07 6. 7748+0.7 105.l7 23900 

4000 7.8928+05 l.9448+05 5.9268-01 6.4298+07 1.9048+08 296.24 24000 

4100 7.8928+05 l.9448+05 1.0008+00 6.4298+07 1.1448+08 177.96 24100 

4200 7.8928+05 3.9448+05 1.0008+00 6.4298+07 8.4638+06 U.17 24200 

4300. 7.8928+05 3.9448+05 6.2828-01 6.4298+07 7.0668+07 109.92 24300 

4400 7.8928+05 3.9448+05 9.4028-01 6.4298+07 1.6078+08 249.96 24400 

4500 7.8928+05 3.9448+05 1.0008+00 6.4298+07 l.8358+07 59.66 24500 

4600 7.8928+05 3.9448+05 1.0008+00 6.4298+07 3.6078+07 56.11 24600 

4700 7.8928+05 l.9448+05 9.4188-01 6.4298+07 1.3438+07 20.90 24700 

4800 7.8928+05 l.9448+05 9.9598-01 6.4298+07 1.9488+07 30.30 24800 

4900 7.8928+05 3.9448+05 9.9l18-01 6.4298+07 9.5108+06 14.79 24900 

5000 7.8928+05 3.9448+05 4.2548-01 6.4298+07 1.8718+06 2.91 25000 

5100 7.8928+05 l.9448+05 1.0008+00 6.4298+07 2.2388+07 34.82 25100 

5200 7.8928+05 3.9448+05 9.2008-01 6.4298+07 9.9018+05 1.54 25200 

5300 7.8928+05 l.9448+05 1.0008+00 6.4298+07 l.2648+07 50.77 25l00 

r • ,-", ·~ 
.' 
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'"' 5400 7.8928+05 3.9448+05 8.7748-01 6.4298+07 1.7778+06 2.76 25400 w 5500 7.8928+05 3.9448+05 1.0008+00 6.4298+07 1.5418+07 23.97 25500 '-" 

"' 5600 7.8928+05 3.9448+05 9.9678-01 6.4298+07 4.2058+06 6.54 25600 -.1 
'-" 5700 7.8928+05 3.9448+05 7.571B-01 6.4298+07 1.2178+08 189.36 25700 

5800 7.8928+05 3.9438+05 1. 0008+00 6.4298+07 9.140B+06 14.22 25800 
5900 . 7.8928+05 3.9438+05 9.460B-01 6.4298+07 4.6548+06 7.24 25900 :;:: 
6000 7.8928+05 3.9438+05 8.3828-01 6.4298+07 1.651B+08 256.81 26000 8 6100 7.8928+05 3.9438+05 1.0008+00 6.4298+07 1.458B+07 22.68 26100 ::r 
6200 7.892B+05 3.9438+05 9.2588-01 6.4298+07 1.833B+06 2.85 26200 N 

-.1 
6300 7.8928+05 3.9438+05 1.0008+00 6.4298+07 1.1158+08 173.49 26300 -6400 7.892B+05 3.943B+05 1.0008+00 6.429B+07 6.262B+06 9.74 26400 \0 

\0 6500 7.8928+05 3.9438+05 9.3558-01 6.4298+07 7.7718+06 12.09 • 26500 "' 6600 7.892B+05 3.9438+05 1.000B+00 6.4298+07 1.262B+08 196.24 26600 
6700 7.8928+05 3.9438+05 1.000B+00 6.429B+07 1.640B+07 25.51 26700 
6800 7.8928+05 3.9438+05 1.0008+00 6.429B+07 6.745B+06 10.49 26800 
6900 7.8928+05 3.9438+05 1.0008+00 6.4298+07 1.213B+08 188.67 26900 
7000 7.8928+05 3.9438+05 1.0008+00 6.4298+07 3.4238+07 53.25 27000 

c::: 
' 

7100 7.892B+05 3.943B+05 1.0008+00 6.4298+07 3.6938+06 5.74 27100 
w 7200 7.8928+05 3.9438+05 8.750B-01 6.4298+07 1.0248+08 159.22 27200 w 

7300 7.892B+05 3.9438+05 1.0008+00 6.4298+07 2.1798+07 33.90 27300 
7400 7.892B+05 3.9438+05 1.000B+00 6.4298+07 1.4878+06 2.31 27400 
7500 7.892B+05 3.9438+05 1.000B+00 6.4298+07 6.2418+07 97.08 27500 
7600 7.8928+05 3.9438+05 1.0008+00 6.4298+07 5.9028+05 0.92 27600 
7700 7.8928+05 3.9438+05 l.OOOB+OO 6.4298+07 8.3668+07 130.14 27700 
7800 7'892B+05 3.9438+05 1.0008+00 6.4298+07 1.4628+07 22.74 27800 
7900 7.892B+05 3.9438+05 6.908B-01 6.4298+07 4.3208+06 6.72 27900 
8000 7.8928+05 3.9438+05 9.1008-01 6.4298+07 1.5178+07 23.59 28000 
8100 7.8928+05 3.9438+05 9.042B-01 6.4298+07 5.2808+06 8.21 28100 
8200 7.8928+05 3.9438+05 9.9248-01 6.4298+07 1.2328+06 1.92 28200 
8300 7.8928+05 3.9438+05 1. OOOB+OO 6.4298+07 3.4368+07 53.45 28300 
8400 7.8928+05 3.9438+05 1.000B+00 6.4298+07 1.4618+07 22.73 28400 
8500 7.8928+05 3.9438+05 9.8568-01 6.4298+07 4.941B+06 7.69 28500 
8600 7.8928+05 3.9438+05 9.4688-01 6.4298+07 2.3288+06 3.62 28600 
8700 7.8928+05 3.9438+05 9.8198-01 6.429B+07 7.824B+07 121.70 28700 
8800 7.8928+05 3.943B+05 1. 0008+00 6.4298+07 8.8778+06 13.81 28800 
8900 7.8928+05 3.9438+05 9.4438-01 6.4298+07 8.339B+05 1.30 28900 
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9000 7.8928+05 3.9438+05 1.0008+00 6.4298+07 9.0458+07 140.71 29000 
u.> 
u. 

9100 7. 8928+05 . 3. 9438+05 1.0008+00 6.4298+07 1.1548+07 17.94 29100 0\ 
-..1 

9200 7.8928+05 3. 9438+05 . 1. 0008+00 6.4298+07 9.4888+06 14.76 29200 u. 

9300 7.8928+05 3.9438+05 1.0008+00 6.4298+07 1.2998+06 2.02 29300 

9400 7.8928+05 3.9438+05 7.3288-01 6.4298+07 3.8118+07 59.28 29400 
~ 

9500 7.8928+05 3.9438+05 1.0008+00 6.4298+07 3.7478+07 58.29 29500 

9600 7.8928+05 3.9438+05 1.0008+00 6.4298+07 4.4788+07 69.66 29600 8 
9700 7.8928+05 3.9438+05 7.6658-01 6.4298+07 1.2668+07 19.69 29700 

::r 
N 

9800 7.8928+05 3.9438+05 1.0008+00 6.4298+07 3.2148+07 50.30 29800 ;-l 

9900 7.8928+05 3.9438+05 1.0008+00 6.4298+07 1.0788+07 16.77 29900 -"' 
10000 7.8928+05 3.9438+05 9.9988-01 6.4298+07 1.0868+06 1.69 30000 "' 0\ 

10100 7.8928+05 3.9438+05 1.0008+00 6.4298+07 4.3778+07 68.09 30100 

10200 7.8928+05 3.9438+05 1.0008+00 6.4298+07 6.1198+06 9.52 30200 

10300 7.8928+05 3.9438+05 6.8818-01 6.4298+07 9.4468+05 1.47 30300 

ST8P TIHB TJ:MB DAMPJ:NG APPLJ:8D RBSJ:DUAL P8RCBN'l' TOTAL 

c: ST8P FACTOR LOAD NORH LOAD NORH J:HBALANC8 ST8PS 

' u.> 100 1.1848+06 3.9468+05 9.9578-01 6.4298+07 2.1038+06 3.27 30424 
~ 

200 1.1848+06 3.9458+05 8.4308-01 6.4298+07 1.6248+06 2.53 30524 

300 1.1848+06 3.9458+05 9.9968-01 6.4298+07 1.2018+06 1.87 30624 

. 400 1.1848+06 3.9458+05 8,8358-01 6.4298+07 1.0438+06 1. 62 30724 

500 1.1848+06 3.9458+05 9.5188-01 6.4298+07 9.9568+05 1.55 30824 

600 1.1848+06 3.9458+05 9.6958-01 6.4298+07 9.8268+05 1.53 30924 

700 1.1848+06 3.9458+05 9.9668-01 6.4298+07 8.7298+05 1.36 31024 

800 1.1848+06 3.9458+05 9.9928-01 6.4298+07 8.4118+05 1.31 31124 

900 1.1848+06 3.9458+05 8.7028-01 6.4298+07 7.9448+05 1.24 31224 

1000 1.1848+06 3.9458+05 9.4428-01 6.4298+07 7.5828+05 1.18 31324 

1100 1.1848+06 3.9458+05 9.9888-01 6.4298+07 7.7008+05 1.20 31424 

1200 1.1848+06 3.9458+05 9.9308-01 6.4298+07 8.9828+05 1.40 31524 

1300 1.1848+06 3.9458+05 9.2728-01 6.4298+07 9.1298+05 1.42 31624 

1400 1.1848+06 3.9458+05 9.8178-01 6.4298+07 7.5028+05 1.17 31724 

1500 1.1848+06 3.9458+05 9.7448-01 6.4298+07 6.9348+05 1.08 31824 

1600 1.1848+06 3.9458+05 8.7888-01 6.4298+07 8.4928+05 1.32 31924 

1700 1.1848+06 3.9458+05 1.0008+00 6.4298+07 6.8228+05 1.06 32024 

1800 1.1848+06 3.9458+05 9.9138-01 6.4298+07 6.2968+05 0.98 32124 

. 
f' I~ -''· 
' 



  
Inform

ation O
nly 

r G ·~ 

~ 
~ 1900 1.1848+06 3.9458+05 8.9758-01 6.4298+07 6.2378+05 0.97 32234 w 3000 1.1848+06 3.9458+05 9.9638-01 6.4298+07 5.7098+05 0.89 32324 !.A 
0\ 2100 1.1848+06 3.9458+05 9.3388-01 6.4298+07 9.1308+05 1.42 33424 -1 
!.A 2200 1.1848+06 3.9458+05 9. 987B-0.1 6.4292+07 8.6!i8B+05 1.35 32524 

2300 1.1848+06 3.9458+05 9.9958-01 6.4298+07 5.2588";05 0.83 33634 
2400 . 1.1848+06 3.9458+05 6.1768-01 6.4398+07 5.669B+05 0.88 32724 s::: 2500 1.1848+06 3.9458+05 9.361B-01 6.4292+07 1.0068+06 1.56 32824 8 2600 1.1848+06 3.9458+05 9.8538-01 6.4298+07 5.3698+05 0.84 32924 0" 2700 1.1848+06 3.9458+05 7.6378-01 6.4298+07 5.8868+05 0.92 33024 N 

.--~ 2800 1.1848+06 3.9458+05 8.5022-01 6.4292+07 5.0748+05 0.79 33134 -2900 1.1848+06 3.9458+05 9.625B-01 6.4292+07 7.411B+05 1.15 33224 \0 
\0 3000 1.184B+06 3.945B+05 1.000B+00 6.429B+07 6.081B+05 0.95 33324 0\ 

3100 1.184B+06, 3.945B+05 9.701B-01 6.429B+07 6.738B+05 1.05 33424 
3200 1.184B+06 3.945B+05 8.607B-01 6.439B+07 5.556B+05 0.86 33524 
3300 1.184B+06 3.9458+05 9.986B-01 6.429B+07 6.677B+05 1.04 33634 
3400 1.1848+06 3.9458+05 9.579B-01 6.4298+07 5.0658+05 0.79 33724 
3500 1.1848+06 3.9458+05 8.336B-01 6.429B+07 7.2888+05 1.13 33824 c 

' 
3600. 1.1848+06 3.945B+05 l.OOOB+OO 6.429B+07 4.778B+05 0.74 33924 w 3700 1.1848+06 3. 9458+05 9.1122-01 6.4298+07 4.969B+05 0.77 34024 !.A 
3800 1.184B+06 3.945B+05 8.912B-01 6.439B+07 6.059B+05 0.94 34124 
3900 1.184B+06 3.945B+05 9.775B-01 6.429B+07 4.590B+05 0.71 34224 
4000 1.1848+06 3.945B+05 9.0078-01 6.429B+07 5.834B+05 0.91 34324 4100 1.184B+06 3.9458+05 9.7222-01 6.429B+07 4.1708+05 0.65 34424 
4200 1.1842+06 3.945B+05 8.716B-01 6.429B+07 4.8148+05 0.75 34524 
4300 1.1848+06 3.9458+05 8.9248-01 6.4298+07 4.372B.+o5 0.68 34624 
4400 1.1848+06 3.9458+05 9.807B-01 6.4298+07 4.293B+05 0.67 34724 
4500 1.184B+06 3.945B+05 8.6788-01 · 6.429B+07 5.912B+05 0.92 34824 
4600 1.1848+06. 3.945B+05 9.001B-01 6.4298+07 4.068B+05 0.63 34924 
4700 1.1848+06 3.9458+05 9.2588-01 6.4298+07 4.0698+05 0.63 35024 
4800 1.1848+06 3.9458+05 9.6338-01 6.4298+07 3.8388+05 0.60 35124 
4900 1.1842+06 3.9458+05 9.4928-01 6.4298+07 4.5378+05 0.71 35224 
5000 1.1848+06 3.9458+05 9.995B-01 6.4298+07 5.192B+05 0.81 35324 
5100 1.1848+06 3.9458+05 8.801B-01 6.4298+07 5.4838+05 0.85 35434 
5200 1.1848+06 3.945B+05 9.8928-01 6.4298+07 9.0618+05 1.41 35524 
5300 1.1848+06 3.9458+05 8.0928-01 6.4298+07 4.1018+05 0.64 35624 
5400 1.1848+06 3.9458+05 8.8638-01 6.4298+07 4.0888+05 0.64 . 35724 
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5500 1.1848+06 
5600 1.1848+06 
5700 1.1848+06 
5800 1.1848+06 
5900 1.1848+06 
6000 1.1848+06 
6100 1.1848+06 
6200 1.1848+06 
6300 1.1848+06 

S'l'8P 'l'IMB 

100 1.5788+06 
200 1.5788+06 
300 1.5788+06 
400 1.5788+06 

c: 500 ·1.5788+06 
' w 600 1. 5788+06 
0\ 

700 1.5788+06 
800 1.5788+06 
900 1.5788+06 

1000 1.5788+06 
1100 1.5788+06 
1200 1.5788+06 
1300 1.5788+06 
1400 1.5788+06 
1500 1.5788+06 
1600 1.5788+06 
1700 1.5788+06 
1800 1.5788+06 
1900 1.5788+06 
2000 1.5788+06 
2100 1.5788+06 
2200 1.5788+06 
2300 1.5788+06 

('" 

3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 

'l'IMB 
S'l'BP 

3.9468+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3 .. 9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 
3.9458+05 

9.7248-01 6.4298+07 
7.6508-01 6.4298+07 
9.5048-01 · 6.4298+07 
9.9128-01 
6.991B-01 
5.2638-01 
1.0008+00 
7.1358-01 
9.8898-01 

DAMPING 
J'AC'l'OR 

9.9908-01 
9.1708-01 
9.5388-01 
9.8248-01 
9.4798-01 
9.6408-01 
9.5968-01 
8.5798-01 
7.4568-01 
8.1858-01 
9.4088-01 
8.8828-01 
9.7428-01 
7.9758-01 
9.5768-01 
9.2078-01 
9.9998-01 
9.3388-01 
9.497B-01 
8.8098-01 
1.0008+00 
8.1428-01 
9.7738-01 

6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 

APPLIBD 
LOAD NORM 

6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6;4298+07 
6.429B+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 
6.4298+07 

[~"\ 
~~11 

~ 
•· 0 

'*" 
w 

3.9248+05 0.61 ·35824 VI 

4.4128+05 0.69 35924 
a-
-..! 

5.2358+05 0.81 36024 
VI 

3.8678+05 0.60 36124 

3.9948+05 0.62 36224 a;: 
4.7408+05 0.74 36324 8 3.3458+05 0.52 36424 ::r 
3.7378+05 0.58 36524 N 

3.5638+05 0.55 36624 
-..! -\0 
\0 
0\ 

RESIDUAL P8RCBN'l' 'l'O'l'AL 

LOAD NORM IMBALANCE S'l'BPS 

1.9238+06 2,99 36799 

1.4238+06 2.21 36899 

1.0208+06 1.59 36999 

8.5658+05 1.33 37099 

9.0178+05 1.40 37199 

8.1008+05 1.26 37299 
" 

7.9078+05 1.23 37399 

7.5328+05 1.17 37499 

7.3338+05 1.14 37599 

8.5858+05 1.34 37699 

7.4208+05 1.15 37799 

6.2738+05 0.98 37899 

7.7608+05 1.21· 37999 
7.1168+05 1.11 38099 

8.2458+05 1.28 38199 

6.1998+05 0.96 38299 

6.0598+05 0.94 38399 

6.1438+05 0.96 38499 

7.0738+05 1.10 38599 
6.9118+05 1.07 38699 

5.4778+05 0.85 38799 

5.1248+05 0.80 38899 

5.5388+05 0.86 38999. 

f) 
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('. ..~, !) 

~ 
2400 1.578B+06 3.945B+05 9.739B-01 6.429B+07 

~ 
5.274B+05 0.82 39099 w 

2500 1.578B+06 3.945B-i-05 9.922B-01 6.429B+07 6.698B+05 1.04 39199 '-" 
0\ 2600 1.578B+06 3.945B+05 9.935B-01 6.429B+07 8.595B+05 1.34 39299 -.) 

'-" 2700 1.578B+06 3.945B+05 . 8.310B-01 6.429B+07 6.793B+05 1.06 39399 
2800 1.578B+06 3.945B+05 7.882B-01 6.429B+07 5.294B+05 0.82 39499 
2900 1.578B+06 3.945B+05 6.475B-01 6.429B+07 7.758B+05 1.21 39599 s: 
3000 1.578B+06 3.945B+05 9.536B-01 6.429B+07 8.438B+05 1.31' 39699 ~ 3100 1.578B+06 3.945B+05 8.057B-01 6.429B+07 4.656B+05 0.72 39799 ::r 
3200 1.578B+06 3.945B+05 9.601B-01 6.429B+07 4.492B+05 0.70 39899 N 

-.) 
3300 1.578B+06 . 3.945B+05 9.566B-01 6.429B+07 7.118B+05 1.11 39999 .... 
3400 1.578B+06 3.945B+05 8.919B-01 6.429B+07 5.379B+05 0.84 40099 "' "' 3500 1.578B+06 3.945B+05 8.801B-01 6.429B+07 4.621B+05 0.72 40199 0\ 

3600 1.578B+06 3.945B+05 8.394B-01 6.429B+07 6.294B+05 0.98 40299 
3700 1.578B+06 3.945B+05 9.805B-01 6.429B+07 8.283B+05 1.29 40399 
3800 1.578B+06 3.945B+05 9.655B-01 6.429B+07 5.525B+05 0.86 40499 
3900 1.578B+06 3.945B+05 9.580B-01 6.429B+07 5.201B+05 0.81 40599 
4000 1.578B+06 3.945B+05 9.946B-01 6.429B+07 4.552B+05 0.71 40699 c: 4100 

' 
1.578B+06 3.945B+05 7.816B-01 6.429B+07 8.543B+05 1.33 40799 

w 4200 1.578B+06 3.945B+05 9.321B-01 6.429B+07 9.740B+05 1.52 40899 -.) 

4300 1.578B+06 3.945B+05 8.286B-01 6.429B+07 5. 688B+.05 0.88 40999 
4400 1.578B+06 3.945B+05 9.826B-01 6.429B+07 8. 908B+05 ·' 1.39 41099 
4500 1.578B+06 3.945B+05 8.725B-01 6.429B+07 4.680B+05 0.73 41199 
4600 1.578B+06 3.945B+05 9.135B-Ol 6.429B+07 4.505B+05 0.70 41299 
4700 1. 578B+06. 3.945B+05 9.992B-01 6.429B+07 4.767B+05 0.74 41399 
4800 1.578B+06 3.945B+05 9.104B-01 6.429B+07 3.804B+05 0.59 41499 
4900 1.578B+06 3.945B+05 9.741B-01 6.429B+07 6.864B+05 1.07 41599 
5000 1.578B+06 3.945B+05 5.800B-01 6.429B+07 · 4.290B+05 0.67 41699 
5100 1.578B+06 3.945B+05 9.807B-01 6.429B+07 3.913B+05 0.61 41799 
5200 1.578B+06 3.945B+05 7.623B-01 6.429B+07 3.805B+05 0.59 41899 
5300 1.578B+06 3.945B+05 7.971B-Ol 6.429B+07 3.656B+05 0.57 41999 
5400 1.578B+06 3.945B+05 .8 .141B-01 6.429B+07 5.064B+05 0.79 42099 
5500 1.578B+06 3.945B+05 9.664B-01 6.429B+07 1.005B+06 1.56 42199 
5600 1.578B+06 3.945B+05 9. 287B-01 6.429B+07 3.627B+05 0.56 42299 
5700 1.578B+06 ·3.945B+05 7.091B-01 6.429B+07 3.568B+05 0.56 42399 
5800 1.578B+06 3.945B+05 8.198B-Ol 6.429B+07 4.584B+05 0.71 42499 
5900 1.578B+06 3.945B+05 9.792B-01 6.429B+07 4.129B+05 0.64 42599 
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c: 
0 

<H 
00 

(' 

6000 1.5788+06 3.9458+05 9.5128-01 6.4298+07 4.3898+05 

6100 1.5788+06 3.9458+05 9.1528-01 6.4298+07 3.5778+05 

6200 1.5788+06 3.9458+05 9.3078-01 6.4298+07 3.5398+05 

6300 1.5788+06 3.9458+05 8.6158-01 6.4298+07 4.2008+05 

6400 1.5788+06 3.9458+05 9.3838-01' 6.4298+07 3.8758+05 

6500 1.5788+06 3.9458+05 9.8538-01 6.4298+07 3.4638+05 

6600 1. 5788+06 3.9458+05 6.6308-01 6.4298+07 3.5088+05 

**** PLOT TAP8 WRXTTBN AT TIMB • 1.5788+06 ST8P NOMBBR 

' 

(\ 

~ 
~ 

0.68 42699 <H 
!.A 

0.56 42799 0\ 
-J 

0.55 42899 !.A 

0.65 42999 
0.60 43099 

~ 0.54 43199 
0.55 43299 8 

::r ...., 
• -J 

. 4 •••• -\0 
\0 
0\ 

/\ 
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SANTos; VERSION 2.0.0 ,RUN ON 03/11/96 ,AT 10:04:21 

REFERENCE PARALLEL HEATED PROBLEM - SANTOS VERIFICATION (1/27/95) 

********************************************************************* 
SUMMARY OP DATA AT STEP NUMBER 400, TIME = 1.579E+08 
NUMBER OP ITERATIONS a 4270, TOTAL NUMBER OP ITERATIONS a 

PINAL CONVERGENCE TOLERANCE = 4.948E-01 

SUM OP EXTERNAL PORCES IN X-DIRECTION = 1.742E+04 

'sUM OP EXTERNAL PORCES IN Y-DIRECTION =-1.996E+04 

SUM OP REACTION FORCES IN X-DIRECTION • 9. 009E+04-. 

SUM OP REACTION PORCES IN Y-DIRECTION =~7.401E+06 

1425723 

****************************************•••••························ 

****PLOT TAPE WRITTEN AT TIME= 1.579E+08 STEP.NUMBER 400 **** 

100 TIME STEPS WERE WRITTEN TO THE PLOTTING DATA BASE 

END OP SOLUTION PHASE 

6.586E+04 CPU SECONDS USED 

1675 WORDS ALLOCATED 

.,--..., 

~ 
~ 
w 
<JI 
0\ 

u: 

s::: 
8 
:::>" 
N . ..._, 
~ 

"' "' 0\ 
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APPENDIX AA . 

Generation of SANTOS Executable for Calculations 
Run With A User Subroutine 

When a calculation is run with SANTOS, a default executable is typically used. When the 
ACCESS system was created, the installation procedure included the compilation of the 
source code into an object library. This default object library was then linked to generate 
this default executable. 

However, when a user subroutine, like an initial stress subroutine or an adaptive pressure 
subroutine, is used in a calculation, a new and slightly different executable is generated for 
use with that specific calculation. This new executable is used in lieu of the default 
executable that resides within the system. The new executable is generated by frrst 
compiling the user subroutine and generating an object me for it The object me resulting 
from the compilation of the user subroutine is then linked with the default object to 
generate the new executable that will be used in the calculation. Thus, no changes are made 

, to the default code and its integrity is maintained . 

. . 

AA-1 
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	image0000491A
	image0000492A
	image0000493A
	image0000494A
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	image0000574A
	image0000575A
	image0000576A
	image0000577A
	image0000578A
	image0000579A
	image0000580A
	image0000581A
	image0000582A
	image0000583A
	image0000584A
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