
, ,rmmmmmmmmvmim- j^m^msm'wmwmmmm r.j«.iwuj.»FP»!iJ!«irf|M mm* 

:-. .'.■--■     : ■■■ ■ mm/A 

AD-768 6^9 

FINITE ELEMENT ANALYSIS OF STRESSES 

DEFORMATIONS AND PROGRESSIVE FAILURE OF NON- 

HOMOGENEOUS FISSURED ROCK.  VOLUME II.  COMPUTER 

PROGRAMS USER'S MANUAL 

OHIO STATE UNIVERSITY 

MARCH 1973 

DISTRIBUTED BY: 

\m 
National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 



jBgw'wswBwiiwp'jppiiH^ 

OSURF-3177-73-W 

äF 

CD 
00 
CO 

STRESSES . DEFORMATIONS    AND 
PROGRESSIVE    FAILURE   OF 
NON-HOMOGENEOUS 
FISSURED    ROCK 

Final Report 
Volume 2 - Computer Program   User's   Manual 
March   1973 

U.S. BUREAU   OF   MINES 
Contract   Number   HO210017 

Sponsored    by 
ADVANCED   RESEARCH   PROJECTS   AGENCY 
ARPA Order No. 1579   ,  Amend.  No. 2 
Program  Code    1F10 

Principal    Investigators 
R. S. Sandhu 
T.H. Wu 
J.R. Hooper 

■\ 

ESEIME 
UOV S   (9W 

E 

The views  and conciusiors   contained  in  this   document are those 
of the  authors  and  should  not  be   interpreted   as   necessarily 
representing   the   official    policies, either   expressed   or   implied, 
of the Advanced Research Projects Agency or the U.S. Government. 

DISTHIEÜ nOk STA'fEMENT A 

Approved for public releas«; 
Distribution unlimited 

THE OHIO STATE UNIVERSITY       RESEARCH FOUNDATION 

1314 KINNEAR   ROAD COLUMBUS,    OHIO  43212 

NATIONAL TECHNICA' 
INFORMATION SERVK 1 

l1 ■; Dsparlmont of Commert« 
SpringficIH  ^A 771 ^1 



-i^fWSJPWÄ^I^ffT^rWTWmTr-^^! 

UNCLASSIFIED 
Seciirily Clxiific.-iiinn 

«WlBPpwpS^^p^pW^f^SfSBPWWW^WWV 

3200.8 (Att 1 to Encl l) 
Mar 7, 66 

DOCUMENT CONTROL DATA -R&D 
(Smcitrtlif tlmtillltmtlan nt Ittlm, bnrlf ttl •*»tf*tt und Imhwhli mnoMIt* muni 6c tinl'rtd when Ihm nvrtall rtpotl I» cfllMlffgrfj 

I. omciNATiHa ACTIVITY (CmtpmimtQ iiihot) 

The Ohio State University Research Foundation 

>. Hcponr TiTi.c 

2«. nePOBT SCCUniTT   CLAlliriCATIOK 

Unclassified 
tö. onoup 

Finite Element Analysis of Stresses. Deformations and Progressive Failure of Non- 
Homogeneous Fissured Rock - Volume 2, Computer Programs User's Manual 

4. OC1CRIPTIVC NOTII (Typ* ml »port and /nr/uajr« ilalul 

Final Report - March 31, 1973 
  « r i « 

t   AUTHOnilll'f'IrtfiMa», mlddlm Inlllml, Imil n*mt) 

Ranbir S. Sandhu 

e. ItKPORT OATt 

March 31^1973 
•«.   CONTRACT OR GRANT NO. 

HO 210017 
6.  PROJdCT NO. 

RF 3177 Al 

7a.   TOTAL NO    Of PAOII 

1S8 
Tfc. NO. or nerz 

•a.  ORIOIN .TOR't RIPORT NUMBCRI9I 

OSURF-3177-73-2F 

None 

OTHCR REPORT NOIII (Aif   othrr nuoiban Ihtl ouiy 6* mlllgnmd 
Ihlt npotl) 

10. DKTRIBUTION ITATCHCNT 

Distribution of this document is unlimited. 

II     fttJPPl   BMCMTAMV  ■..«» — - 

ICtftpttier programs available on Magnetic tape, 
see AD-768 6^1. 

II. IPONfORINO MILITÄR»   ACTIVITY 

Advanced Research Projects Agency   " 
Washington, D.C.   20301 

•TRACT xhe abjective of this research program was development of finite element pro- 
cedures for prediction of stresses and deformations in the vicinity of underground exca- 
vation. 

Two models of rock behavior were selected. In one the rock is treated as Isotropie 
elastic-plastic following a generalized Mohr-Coulomb law and in the other the rock is 
isotropic elastic-brittle subject to Griffith or modified Griffith failure theory. 

For each model, mathematical relationships governing stress-strain behavior and 
progressive failure were developed.   Finite element computer programs incorporating 
each'of the two models were coded.   Preliminary to this development, a revised version 
of Zienkiewicz's no-tension analysis was programmed. 

The procedures developed allow for initial stresses in rock, arbitrary shape and size 
of the opening, any given sequence of construction/excavation, material nonhomogeneity 
and iL-rogressive failure. 

Thfs report is in three parts: Volume 1-Main Document; Volume 2-Computer Pro- 
gram User's Manual; Volume 3-Computer Programs. 

Volume 2  -Computer Program User's Manual, contains descriptions, in- 
structions for usage and fortran listings of computer programs used to obtain the numer 
ical results presented and discussed in Volume 1 -Main Document. 

DD .Fr..l473 UNCLASSIFIED 
Sacurity Classification 

1^ 

MMMMHIMHRMIH ■■■■■'— tm ■_ 



!!*BS^f5w«ef»RK! ^■*P:*'"?«swwä^^ 

UncJaBBlfied 
Srcurily CU^Kificütinn 

HSV  «OROt 

computation 
crack propagation 
deformation 
elasticity 
excavation 
failure 
finite element method 
foundation 
fracture 
mining 
plasticity 
progressive failure 
resenrch 
rock mechanics 
stresses 
structural supports 
tunnels 
underground excavation 

(I) 

3200,8 (Att 1 to End l) 
Mar 7, 66 

HOLT. NT not«        WT ROUE «T 

Unclassified 
Security CUtsificition 



mm^mm^m^^m ^atmmwmmmmAmmmmmmmmmm. •^vmmvm 

FINAL REPORT 

AR PA Order Number:   1579, Amend 2 

Program Code Number:   1F10 

Name of Contractor: 
The Ohio State University 
Research Foundation 

Effective Date of Contract: 
February 1, 1971 

Contract Expriation Date: 
March 31, 1973 

Amount of Contract: 
$71,613.00 

Contract Number:   110210017 

Principal Investigators:   R. S. Sandhu 
T. H, Wu 
J. R. Hooper 

Telephone Number:   (614)  422-7531 

Project Scientist or Engineer: 
R. S. Sandhu 
Telephone Number: (614) 422-7531 

Short Title of Work: 
Stresses, Deformations and 
Progressive Failure of 
Nonhomogeneous Fissured Rock 

This research was supported by the Advanced Research Projects Agency of 
the Department of Defense and was monitored by the United States Bureau of Mines 
under Contract Number HO210017. 

Distribution of this document is unlimited. 

IO 

i unn^MiiHirtafiiiii 11 ! i■ i-«[iiaiimniliriii-iriii  



PWRW*™?*^^K-?5iW^^ 

FOREWORD 

The final report on work done under contract HO 210017 between the Ohio 

State University and the United States Bureau of Mines is in three parts as follows: 

Volume 1: Main Document 

Volume 2: Computer Program User's Manual 

Volume 3: Computer Programs 

Volume 2 of the report contains documentation relating to three computer 

programs including fortran listings and description of program structure. 

It is obvious that these computer programs be used only under the condi- 

tions and assumptions for which they were developed.   These are described in 

Volume 1 of this report.   Although the programs have been tested by applications 

to several problems, no warranty is made regarding the accuracy and reliability 

of the programs and no responsibility is assumed by the authors or by the sponsors 

of this research project. 

The technical report summary is included in all three volumes of the 

report. 

R. S. Sandhu 
Principal Investigator 

SWii&fiÖi&.J.i- ■    ■■■ 
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TECHNICAL REPORT SUMMARY 

Program Objectives 

The objective of this research program was development of finite element 

procedures to predict stresses, deformations and progressive failure of rock associ- 

ated with underground excavations.   For applicability to arbitrary sequence of exca- 

vation operations, it was necessary that the procedures developed allow for arbitrary 

initial stresses in rock, arbitrary size and shape of the opening and progressive fail- 

ure.   Plane strain conditions and two different types of material behavior were con- 

sidered.   Rock was treated as an isctropic elastic-plastic generalized Mohr-Coulomb 

material in one model and as an elastic-brittle material following QrifLth theory of 

fracture in the other. 

Background 

In previous applications of the finite element method to rock mechanics, elastic- 

plastic behavior of rock has been modeled as nonlinear elastic for computational con- 

venience.   Further, it was assumed that the results of a one-dimensional test could 

be generalized to three-dimensional analysis through the use of an equivalent stress- 

equivalent strain curve.   In some applications, two stress or strain parameters were 

used.   These procedures are unsatisfactory.   Assumption of Isotropie elasticity assumes 

that the principal directions of stress and strain coincide.   In plasticity this is not tru;. 

Also, rock behavior is characterised by a significant part cf deiornation being irre- 

versible.   For this reason, the mechanical behavior in unloading is different from that 

in loading.   For rock with preexisting joints or developing tensile cracks, a 'no tension» 

.>M 



.. I...,m»*.v,IW^^..-^T,7^^T «vmea Vfim-W*-*:'» ""^Wl T:,fyf^^'.>f^^^^^, mmmip.. ^^^^^^.^^w^^mmm^i 

r. 

procedure is often adopted.   In this method, a linear elastic solution is obtained and 

all tensile stress redistributed simultaneously.   Actually, as cracking progresses, 

the rock on either side of the crack is relieved of stress and a stress concentration 

develops near the crack tip.   Conventional procedures ignore these effects and the 

progressive nature of crack development, leading to erroneous conclusions regarding 

stresses around underground openings. 

Accomplishments Under the Present Program 

The research conducted under thio contract has resulted in development of 

computer programs based on more realistic simulation of material behavior.   The 

Incremental theory of plastic! y has been used to characterize the stress-strain Lo- 

havior of elastic-plastic rock.   Role of kinematic constraint of plane strain in develop- 

ment of residual stresses in rock has been ^ramined on the basis of Hill's theory. 

New techniques have been developed for study of initiation and propagation of fracture 

in rock folloüving Griffith's theory or the modified Griffith theory.   Allowing for sequen- 

tial fracture of various elements in a system, the effect of progressive stress redis- 

tribution in the remaining system is correctly incorporated.   Arbitrary initial stress 

states, arbitrary sequence of excavation (or construction), arbitrary size and shape 

of opening, and nonhomogeneous material properties were allowed for.   The actual 

construction operations can be simulated.   The procedures developed were applied to 

several typical problems in rock mechanics as well as to some theoretical and Tabora- 

fovy studies for the purpose of verification and illustration.   These were used to carry 

out parametric studies to examine the influence of rock properties upon the stresses 

in steel supports in a tunnel. 

iii 
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DOP Implications 

The procedures developed provide useful means for study of stability of under- 

ground excavations based on stresses am' deformations associated with the mining 

operations, structural support evaluation, safety analyses of openings, study of 

blasting effectiveness under certain conditions, evaluation of mining sequences, study 

of vulnerability and serviceability of underground structures etc. 

Organization of the Report 

This report is in three parts as follows: 

Volume 1   - Main Document 
Volume 2    -  Computer Program User's Manual 
Volume 3   -  Computer Programs 

Volume 1 contains the main body of the report including the theoretical development, pro- 

gram verification and case studies.   Chapter I reviews previous efforts in the general 

research area and describes the objectives and methods of the present research in the 

historical context.   Chapter II describes the mechanical behavior of rock and the ideali- 

zations used in the research under report.   The basis and methods of the finite element 

theory are briefly discussed in Chapter III leading to the formulation of matix equations. 

Chapter IV gives detaih. of the analysis technique for Isotropie elastic-plastic generalized 

Mohr-Coulomb rock materials and Chapter V gives the numerical analysis procedure for 

jointed rock and rock subjected to progressive fracture following Griffith or modified 

Griffith theory.   Examples of application are included in Chapters IV and V.   Chapter VI 

presents application of the elastic-plastic analysis computer program to a parametric 

study to evaluate the influence of rock properties on stressec in steel supports for specified 

initifl stresses and design of the opening. 

iniiMitiifflumfflttmMir iii^iMn 
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In the original proposal, model testing to verify some aspects of rock behavior 

under plane strain conditions was foreseen.   The effort under the present contract 

covered procurement of suitable plane strain test equipment and design of suitable 

test material.   Appendix B includes a report on this effort. 

Volume 2 of the report contains descriptior of the three computer programs 

developed under the contract along with fortran listings and instructions for input pre- 

paration.   The input definition and the listings are for the IBM 370/165 version. 

The programs are the primary content of volume 3.   These are available on 

magnetic tape from DDC-TC, U.S. Department of Commerce, Springfield, Virginia 

1.2151, telephone (703) 321-8517. 
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CHAPTER I:  NOTENS— A Computer Program for Analysis 
of Rock as a No-Tension Material 

1.1. Purpose and Capability 

This computer program is based on a modification of Zienkiewicz's approach 

(Zienkiewicz et.al. 1968).   A linear elastic analysis of a given two-dimensional system 

is carried out to determine the regions of tensile stress.   The tensions, wherever they 

occur, are replaced by equivalent nodal point loads and the tensile stresses in the corre- 

sponding elements are neutralized.    For these equivalent loads, the elastic analysis is 

repeated.   This iterative process is continued until all tensile stresses are liquidated. 

The modification to the original approach is discussed in Part I: Technical Report. 

The program allows for an arbitrary initial stress field, gravity loads, concen- 

trated loads, distributed loads applied to the boundary, temperature loads and tempera- 

ture dependent material properties. 

1.2. Organization 

The program is in Fortran language.   Scratch tapes are 1 and 2,   Tapes 5 and 6 

are used for input/output respectively.   The listing in section 1.6 used double precision 

for real numbers.   The program capacity can be altered by changing the dimension of 

arrays AA and IA.   These correspond to the total locations require! in real arrays and 

integer arrays respectively.   NTOT, MTOT at lines MAIN 23, MAiN 24 are set equal to 

the dimension of AA, IA respectively. 

The program consists of the following units: 

a.    Program MAIN 

In this unit, the control information is read in and the location of various 

dimensioned variables defined in the system arrays AA and IA. 

1 
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b. Subroutine TNPT 

This subroutino is called by the MAIN.     In   this,    in form atior regarding 

material propLM-tics; nodal point coordinates, loads, temperatures, boundary condi- 

tions; element geometry, mjiierial and initial stresses is read in.   Missing information 

if „enerated.   Information regarding boundary pressure is read in.   Dimensions or the 

matrix for solution of stiffness equations ave defined and subroutine SOLVE is called 

to complete the solution process. 

c. Subroutine SOLVE 

Called by INPT after reading in all data, this subroutine sets up the system 

stiffness matrix in blocks.   It calls subroutines ONED and ELEMEN to obtain stiff- 

ness properties for one-dimensional and two-dimensional elements respectively.   The 

stiffness is assembled by the direct stiffress procedure and modified for specified bound- 

ary displacements.   The matrix is triregularized by calling SYMBAN (1).   Subroutine 

LOAD is called to recover the system load vector.   Reduction of the load vector and 

back-substitution are accomplished by calling SYMBAN (2).   The cumulative as well 

as the incremental displacements are pointed out.   Subroutine STRESS is called for 

evaluation and print out of stresses.   Because the solution is obtained by elimination 

of tension in an iterative sequence, the steps from calling LOAD to calculation of stress 

are repeated a preset number of times or until convergence? is obtained. 

d. Subroutine ONED 

Called by SOLVE, this subroutine sets up the stiffness matrix for a one- 

dimensional element. 

"—   IriMHUHaiiMUtiill ~  mm ttubä.^,:.^.. 



e. Subroutine ELEMEN 

Called by SOLVE, this subroutine calculates the stiffness matrix for two- 

dimensional elements. These maybe triangular Clements or quadrilaterals made 

up of four constant strain triangles. If other types of quadrilateral elements are 

to be used, this subroutine has to be replaced. Linear isoti'opic elasticity 

is assumed. Loads due to initial stresses or temperature changes from a refer- 

ence temperatire, and gravity loads are calculated in this subroutine, 

f. Subroutine MODIFY 

Called by SOLVE, this subroutine modifies the system stiffness matrix to 

allow for prescribed displacement boundary conditions, 

g.   Subroutine SYMBAN 

This subroutine is called by SOLVE.   Called with augment 1, it triangular- 

izes the stiffness matrix and called with augment 2, it backsubstitutes to evaluate 

the solution for displacements for a given load vector. 

h.   Subroutine LOAD 

This subroutine called by SOLVE, sets up the system load vector including 

nodal point loads, distributed boundary pressure loads, as well as unbalanced ele- 

ment loads, initial stresses, temperature stresses and gravity loads. 

j.   Subroutine STRESS 

Stresses in x-y coordinate system as well as principal stresses are calcu- 

lated in the STRESS subroutine called by SOLVE.   The stresses are checked for 

tension, and if necessary, the tensions are replaced by equivalent unbalanced stresses 

. 
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to be transformed into load in the next cycle,   A check on convergence of the iterative 

scheme ip applied and the maximum unbalanced stress in any element is printed out. 

1.3.   Input Data 

Input to the program NOTENS consists of the following sequence of cards. 

a. Firsc Card.   Job Title (18A4). 

This card gives the descriptive identification of the job. 

b. Second Card.   Control Information (415, 3Fi0.2, 15, D15.4) 

Information Columns 

Total number of nodal points (NUMNP) 

Total mimhür of elements (NUMEL) 

Number of different materials (NUMMAT) 

Number of pressure boundary cards (NUMPL) 

Acceleration in x-direction (ACELR) 

Acceleration in y-direction (ACELZ) 

Reference (stress-free) temperature (Q) 

Maximum number of approximations or iterations allowed (NP) 

Tolerance for convergence of iterations (TOL) 

c.   Material Property Cards 

One set of cards must be provided for each material.   In each set: 

i.   First card (215, 1F10.3, 15) gives the following information: 

Material identification number (1 < MTYPE^ 10) 

Numbei of temperature cards (NTC) 

1-5 

6-10 

11-15 

16-20 

21-30 

31-40 

41-50 

51-55 

56-70 

1-5 

6-10 

OTfiawftiMBnftiritfiTiiiiftWiBlftttitei'iiiii ii irmimrmr 



Mass density of the material (RO) 

Material eode (MTC):   i for no-tension material 
0 otherwise 

11-20 

21-25 

1- -10 

11- -20 

21- -30 

31- -40 

ii.   Subsequent cards, one for each temperature, the number of data sets 

defined in   olumns 6-10 of the first card for the material, will carry the 

the following information (4F10.3): 

Information Columns 

Temperature 

Elastic Modulus 

Poisson's ratio 

Coefficient of thermal expansion (or cross-sectional area of 
l-D element) 

d.   Nodal Point Cards (15,  F5.1, 5F10.4) 

Nodal point number (N) 

Code of noda' point (CODE) 

X-ordinate (R) 

Y-ordinate (Z) 

UR 

UZ 

Temperature (T) 

If the number in columns 6-10 is 

1-5 

6-iO 

11-20 

21-30 

31-40 

41-50 

51-60 

0. UR is the specified X-load and UZ is the specified Y-load 

1. UR is the specified X-displacement and UZ is the specified Y-loiid 

2. UR is the specified X-load and UZ is the specified Y-displacement 

?.. UR is the .specified X-displacement and UZ is the specified Y-displacement 

.      ■    : . ....      .-■   .,■■.■. 
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All loads are considered to be total forces acting on an element of unit thick- 

ness.   Nodal point cards must be in numerical sequence.   If cards are omitted, the 

omitted nodal points arc generated at equal intevvala along a straight lino between 

the defined nod:il points.   Similarly, the corresponding temperatures arc determined 

by linear interpolation.   The codes (CODE) of these generated nodal points, as well as 

UR and UZ, are set equal to 0, 

e.   Element cards 

i.   Material type information of elements (1615) 

Every 5 columns of each data card give the material identification number 

of each element in sequence.   Each card contains 16 material identification 

numbers (80 columns of 16 elements). 

ii.   Nodal points and initial stresses (515, 5X, 3F10.0).   One card for each element. 

Information Columns 

Number of the element 

Nodal point I 

Nodal point J 

Nodal point K 

Nodal point L 

Initial o-. xx 

Initial tr. 
yy 

Initial or xy 

1-5 

6-10 

11-15 

16-20 

21-25 

31-40 

41-50 

51-60 

Nodal points I, J, K, L are corners of each individual element in a counter- 

clockwise order for a right-handed system of co-ordinates.   For 1-D elements, 
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nodal points K and L are set same as J and I respectively.   In the case of 

triangular elements, L is set to be same as K.   The element cards must be 

in numerical sequence.   Any element cards omitted will be automatically 

generated in the program by incrementing each of the I, J, K and L nodal 

points by I.   The corresponding initial stresses of the generated elements 

are calculated by the program using linear interpolation.   Such interpolation 

is done basing upon element number rather than distance. 

f.    Pressure Boundary cards (215, 2F10.3) 

One card for each boundary element, which is subjected to a normal pressure, 

will carry the following information: 

Information Columns 

Nodal point I (IBC) 

Nodal point J (JBC) 

Normal pressure at I (PR) 

Normal pressure at J (PR) 

1-5 

6-10 

11-20 

21-30 

As shown in the sketch, the boundary element must be on the left as one pro- 

gresses counter-clockwise from I to J.   Surface tensile force is input as a negative 

pressure. 

■... ■..,.. 
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1.4. Output Data 

The following information is developed and printed by the proRram: 

a. Printing of input (and generated )data 

b. Incremental and cumulative nodal displacements of each iteration 

c. Stresses at center of each element and the unbalanced force of the 

elements during each iteration 

d. Maximum unbalanced force of the elements for the iteration 

e. In the case where maximum unbalanced force is less than the set 

tolerance (TOL), convergence is noted and the number of cycles 

to reach this is printed. 

1.5. Limitations 

Limitations of the approach are discussed in detail in Part I-Technical Report. 

In this approach it is assumed that all the ;lements having tensile stress crack and 

ar   relieved of tension simultaneously.   This is unrealistic.   Actually the process of 

cracking will be sequential with cracking of each element influencing the stress dis- 

tribution and consequently the continuation of the cracking sequence.   The program 

included here eliminates some of the procedural errors of earlier attempts.   However, 

it cannot predict sequential or progressive development of cracks.   Also convergence 

is often very slow and the advantage of using the same system stiffness matrix through- 

out the iterative computation is lost because of the large number of iterations required. 
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1.6.   Fortran LlBttcg 

MAIN 1 ( 
MAIN ? C 
MAIN i c 
MAIN h c 
MAIN \, 0 
MAIN t c 
MAIN 7 L 
MAIN ü c 
MAIN V c 
MAIN 10 l 
MAIN 11 c 
MAIN l? c 
MAIN 13 c 
MAIN \H 
MAIN 15 
MAIN 16 
MAIN 17 
HAIN 1b 
MAiN 19 
MAIN 20 
MAIN 21 
MAIN / 
MAIN ti 
MAIN <.* 
MAIN ib 
MAIN 26 
MAIN 27 
MAIN ^ 
MAIN 29 
MAIN 30 
MAIN ?1 
MAIN 32 
MAIN 33 
MAIN 34 
MAIN 31) 
KAIN it. 
MAIN 37 
MAIN 3B 
MAIN 3V 
MAIN AO 
MAIN 41 
MAIN 42 
MAiN 43 
MAIN 44 
MAIN 4i. 
MAIN 46 
MAIN 4 7 
MAIN 48 
MAIN 49 
MAIN 50 

PRÜGÄAH  NUIbNi 
NU   ItNSlUN   ANALYSIS   fl,H   PLANt:   ÜTKFSS   AND   H *Nf   SfRAIN. 
LINIAR   PKtSSUhr   oüONnAKY 
PRübRAMMEO   hY   R.i.SANOHUi   R.D.SINGH   ANü  H.LiU.   Tut   OHIO   LIATfc 
UNIVtRSITVi   CLLUMbUS. 
1HI.   PÜRMULAIIliN   I£   DOCUMfcNTEÖ   IN   Xhz   FINML   REHORT   PATPf"  MARCH   31f 
1V73I   QN   CONTkACT   HÜ210017   ir-THtEN   (hl    UHlÜ   STAIK   UNlVfr'M1Y   AND 
1Mb   UNITtÜ   St AltS   ßUUAl.   ÜF   MINtS   SUPPÜK h Ü   BY   THE   ADVANCFD 
Rtil.ARCH   PRüJiLTS   ALFNCY,    INSTRUCI irjf>S   H»   US'    UF   TM*    PROGRAM 
AKf   CUNTAINLH   IN   PART    11   Üf    THF   RbPÜRT. 
**4i*«***«4i«t«** »***«*****»******************«**«¥**«****«******** 

IMPLICIT   RFAL'-e(A-H,L-Z) 
CUMMUN   AA!100üOI,lA(lbOl) 
CUMMUN/ONt/AtFLKf ALrLi.UMP,^, TliL, VÜLiNUMNP »NIJMEL »NUMMAT .TJUMPL , 

♦MTYPb,LLLiN»MbANO,NUMHLK,KKKfNCHECK,NPtNL,NFC,HFn( le),NPC 
COMMÜN/TWD/C ( 3»3» t S (10f 10 > » S IG (6»t P( 6) t ST(3 ,10) ,RR ( 5) , Z2 (!>) » XC, VC i 

♦lt(j),LM(4),b(ü,4,10),RL(10),NTC(10)fMTC(lO) 
CUMMüN/THRFf/MILTfNlLItrai,M4,iT0P 
kbAU(5ilOOO)   HtU,NUMNPtNUHEL,\UMMATf NUMPt,*CbL('iACFLZ,OiNP,T('L 
HRITE(6i2000)HH),NUMNP,NUMFLtNUMMAl,NUMPC,ACf LK ,ACF L7,C ,NP , I'.'L 
NlflT = 10000 
MTCI-1500 
NPC=NUMPC 
IH(NUMPC.fy.O)NPC=l 
Nl = l 
N2 = N1*-NUHNP 
N3-N2+NUMNP 
N4=N3+NUMNP 
N5=N4+NUMNP 
Nf-Nü*NUMNP 
N7=:N6 + 2*NPC 
N8=N7*6*NUMbL 
NVtNB+NUMNP 
N10=N9*2»NUHNP 
N11=N10*2*NUMNP 
Ml»! 
M2»Wl*5»NUMtL 
M3=M2+NPC 
M4=M3+NPC 
NI.IJ-2»NUMNP 
JJ = M4-MTljT 
IHJJ.LE.0I6n   Tu   100 
WR11b(6l3000)JJ 
CALL   EXIT 

100   CONTINUE 
CALL    INPl(AA(NllfAA(N<. ) ,AA(N3I ,AA(N4l .AA(NC.) ,AA(NM ,AA(N7) , 

*AA(N8)(AA(N9I(AAINIO)rlA(Ml),JAIM?),IA(M3)) 
1000   FüKMAT(18A4/4l5f3Ht.2, IS ,0 IS. 41 

9 
■? 

'      m mmlmm JBtitliiliiiinr-"-' - ■^— t^,.....-,.^^ jiiiiiliiiililiiMiiiBiBi^^ - 



MAIN M 
MAIN i? 
MAIN !i3 
MAIN t)4 
MAIN »5 
MAIN 56 
MAIN 57 
MAIN 58 
MAIN 59 
MAIN 60 
MAIN 61 
MAIN 62 
MAIN 63 

I-UUO KIRNAI (1H1 IflAA/ 
1 3ÜHÜ NUMBER OF N(JDAL PU1NIS  13 / 
2 30H0 N'JMbER UF FLEMKNTS  13 / 
3 30H0 NUMHER IJF DIFF. MATtRlALS  13 / 
t)  3ÜH0 NUMttR ÜF PRESSURf CARDS  13 / 
& 3OH0 X-ACCELtRATJUN  E12.A/ 
6 3uHü Y-ACCELtRATIÜh  £12.^/ 
7 30H0 REFtRtNCb TEMPERATURE  E?.2.4/ 
8 30H0 NO. ÜF APPRÜXIHATIüNS  15/ 
V 3ÜH0 TOLERANCE FOR CONVEROENCE  tli.'») 

30W) FORMAT (70H PROGRAM EXECUTION TERMINATED. 
*OT BY 
END 

REÜUIRtO CORE EXCEEDS NT 
I1C) 

I 
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INPT 
INPI 
INPT 
INPT 
INPT 
INPT 
INPT 
INPT 
INPI 
INPT 10 
INPT 11 
INPT 12 
INPT 13 
INPT l-V 
INPT i'j 
INPT 16 
INPT 17 
INPI 10 
INPT 19 
INPI i:0 
INPT il 
INPT ^2 
INPT 23 
INPT 2t 
INPT 26 
INPT 26 
INPT 21 
INPI 2B 
INPT 29 
INPT 30 
INPT 31 
INPT 32 
INPT 33 
INPT 3^ 
INPT 3b 
INPT J6 
INPT 37 
INPT 36 
INPT 39 
INPI <f0 
INPT tl 
INPI '.2 
INPT ^3 
INPT ^4 
INPT 45 
INPI 4ft 
INPT 47 
INPT 48 
INPT 49 
INPI l>0 

50 

60 

SUDRÜUT1NE   lNPT<R,Z,UR,U2,T,PR,SlGI,C0DE,B,CU,lX,lBC,JBt) 
IMPLICIT   REAL*6U-H,0-2) 
CUMMÜN   AAdOOOÜJflA (15001 

COMMCJN/UNE/ACHI<,ACfLZf ltHP,0,TUL,VUL,NUHNP,NI!MH,NUMMAT,NUMPC, 
»MTYPE,LLI.,N,MhANU,NUHBLK,KKK,NC.HtCK,NP,NL,Neg,HFIMU)fNPr 
CnMMON/TWn/C(J,3),S«10,lC),S)IG(6),P(i.)ti1(3,10),KR(h),77C,,,xC,VI , 

»eF(3liLM(4l,f:(5,4,lÜl,Rlj( lOliNTCaO.MTCUCI 
C0MM0N/THRFh/MT0T,NTaT,Nll,M4,SlaP 
DIMENSION  «(NIIMNPI.ZINUHNPI.URINUMNPI.UZINUMNPI.KNUMNPI.PPINPC,?) 

»,SI&HNUM(L,6|,CUIiE(NUMNPl,iX(NUMtL,M,lLC(NPC),JbC(NlPl I 
DIMENSION B(NI-C»,CU(Nfcül 
DU bü H=1,NÜMMA1 
READ   (^,1001)   MTYPI ,NTC(MIYPfc),Rü(MTYPH,MTt(MTYPH 
WR II Elfi,2001)   MIYPt,NTC(MIYPFI,I.Cl(MTYPH,MIC(MTYrH 
NUMTC=NTC(MTYPfc) 
READ   (j,1002)    ((( (I,J,HIYI'l.),Jrlf4),UI,MJMfCI 
WKilE   «6,2002)   ((rCl.J,MTVPt),J»l,4),l=l,NUMrC) 
CONTINUf 
WRITE   (6,?0tj) 
L = 0 

R'AD     t5,I003)   NiCL.T'l (NI,MM,Z(N) ,IIMN),n2(Nl.l !N) 
NL=L+I 

tU   TL   70 IHN.K'.l! 
2X-N-L 
C>R=(P(N)-R(L) )/iX 
DZ=<2<NI-Z(L»)/ZX 
DT=(T(NI-T(L))/7X 

70   L-L*l 
IKN-L)   lOd.VL'.bO 

SO  CODE«L)»0.0 
HlL) = Ka-l)+Dk 
Z(L) = Z(L-l)+ni' 
T(L) = T(L-l)+t;l 
UR(L)=0.0 
UZ(L)=0.0 
OU TO 70 

90 CONTINUE 
1HNUMNP-N) IOC,110 

IOC WRITE (6,tLOI>) N 
CALL tXII 

110 WRI Tl (6,20041 t (K.LODt. IK),k(K),Z(K) 
READ (5, 1007) ( lX( N, b.) ,N=1 ,I,UMtL ) 
WRITE (6,20CM 
N=0 

130 READ (6,1004) M,(1X(M,I),1=1,4) 
IF(M.Ew.l) CO TO 140 
2X=-M-N 
ÜU 136 1-1,j 

136 SK(I) =(Sl(.MM,I)-bU,I{N,n) / 
140 N=N+1 

11 

,^0 

'IJK(K) ,ÜZ(K), I (K) ) ,K = 1,NUMNP) 

.(SlOKM,!) ,1 = 1,3) 
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mm) 

INK 51 
INPT 5^ 
1NHI 
INPT 
1NHT t.5 
INPT bb 
INPT 57 
INPT 58 
1NPI 59 
INPT 60 
INPT 61 
INPT 62 
INPT 63 
INPT 64 
INPT 65 
INPT 66 
INPT 67 
INPT 6B 
INPT 69 
INPT 70 
INPT 71 
INPT 72 
INPT 73 
INPT 7A 
INPT 75 
INPT 76 
INPT 77 
INPT 78 
INPT 79 
INPT 80 
INPT Hi 
INPT 
INPT 
INPT 134 
INPT U5 
INPT 06 
INPT 87 
INPT 08 
INPT 89 
INPT 90 
INPT 91 
1NPI 92 
INPT 93 
INPT 94 
INPT 95 
INPT 96 
INPT 97 
INPT 98 
INPT 99 
INPT100 

62 
b3 

16Ü 

290 

300 
310 

IMM.Lt.NIliü IÜ 170 
IX(N,n = !X(N-l,n+l 
1X!N,2)=IX1N-1»^)*1 
IX(M,3)=1X(N~1,3)+1 
lX(Nt4)=IX(N-l,4l*l 
no 160  i=if3 
llOUN,I)*-SlGllN-l,U+Sllin) 
IHH.GT.NI   C.U   TU   14C 
IMN.LT.NUMtUGU   TUIJO 

WrfITt(6,2007)((N,(lX(N,l),I=l,5),«SI&lINtl),I=l,3n,N=l,NUHEL» 
IRNUMPC.EC.O»   GD   TO  31Ü 
WRITt   (6,2008* 
DU   30U   L=1,NUHPC 
REAn(5,10ü5)    IBCC.) tJBC(L),PR(L,l),PRI!.,2J 
WRITfe(6,2009)    IBf,(LI,JBC(LlfPR(L,ll,PR(L,2) 
CCNTINUF 
J = ü 
DO   340   N=l,NUHEL 
DO   340   1=1,4 
DU  325   l, = l,4 
KK=IABS( IX(N,1)-IX(N,L)) 
IFIKK.GT.JI   J=KK 

325   CONTINUt 
340   CONTINUE 

MrjAND=2*J+2 
H«(iTE(6,3C00)MbAND 
NL=INT0T-N11+1)/MBAND 
NLL=NFÜ*3 
IFINL.GT.NLL)   NL=NLL 
NL=NL/4 
NL=H*NL 

NbAND=2*MbANIi 
IKNL.GE.NBANDJGD   TO   350 
WRITE    (6f4010)NLfM&ANri 
CALL   EXIT 
CfJNTINUF 
N12=-Nll4-NL*MbANIl 
JJ=N12-NruT 
IF<JJ,LE.O)GO   TC  360 
HRITt(6,3050)JJ 
CALL   IrXIT 
CONTINUE 
WK1TE(6,4Ü00)N12,H4 

CALL   SÜLVt(R,Z,UR,UZ,T,PR,SI&I,ConF,t?,CU,AA(NlJ I,IX, 
»IPCJBO 

RETURN 
FORMAT   (2I5,1F1C.3,15) 
FORMAT    (4F10.J) 
FORMAT   (15,F5.l»5H0.4) 

350 

360 

1001 
1002 
1003 
1004 Fl)RMATI515,!iX,3F10.o) 
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1NCT10X 
iNprioz 
1NPU03 
INPTIOA 
INPT105 
1NM106 
INPT107 
INPUOt) 
INHU09 
INPTUO 
1NPT111 
IHPfm 
INPT113 
INPJUA 
INPTllf- 
INPT116 
INPT117 
1NPT118 
INPTU9 
INPT120 
1NPT121 
lNPTli2 
1NPT1?3 
lNPn2A 
INPTli'S 

MAILHAL 

ICOt.   FC.KMAn2IS2H.u.:>l 
1007   FCIRMAKIMb) ,   , r      iM 
^UOl   FÜRMA1    (17H0HArtPIAL   NUMttR»   13,   30H,   NUHbER   Uf   I fMPL" ATUkC   LA". 

1   13,   16H,   MASS   ÜENS1TY=   FI2.4,l6H,   MATtRlAL   UJ0K=   lb) 
^002   FORMAT   USHO      TLMPtRAtU^l    10X   5HL 4X   oHNU 1ÜX   t.HALPH// 

l(Fl5,2,36lö.S»n ,_,        „ 
2003   FUkMAT   (lObHlNUUAL   POINT TYPL      *   UHDIMAII.      Y   CRPINAI.       X 

IAD   OR   OISPLALlMbNT     Y   LÜAD  OR   DISPLACFMKNI   TFMPtKAlUkl   ) 
2ÜC.'»   Fl'RMAT   (ll2i,-i;.2,*:F12.b,2t2't.7,Fli.3) 
200b   FORMAT    (2(.HONI'0AL   POINT  CARD   tKROR   N=   15) 
2UÜO   FLIKMAKlOOtlllLf MhNT   NO. 1 J K 

15101XX S1&1YY SlblXY 
2007   FORMAT   (1113,^ It,li12,JFi:.3) 
200Ö   F0RMAi(29H0PRISSUf.t   t.nONOARY   CONDITJONSMOH 

IE    I f-KtSSOKL   J) 
^•009   FORMAT(2i6,^H'..3) 
JOOO   F0RHAT(30H   oANU   WIDTH      , vr , r r . 
3050   FORMAT   170H   PROGRAM   tXbCU Ut.-.   TEKMlNATrn.   RfcQUlRFO   CURI    IXClT-r'S 

^000   FORMAT   (47h   FOR   THIS   PROGRAM   THE   LOCATION   USEti   IN   AA   IS   = 15 
♦17H   AND   IN   1A   IS  = 15) 

4010   FORMAI    I25HÜ   NL   IS   LESS   THAN   2*MbAN0 
♦■5H0  NL = 
♦ÖHU H5AND= 
END 

LI 

I 

) 

PRFSSUh 

16) 
M 

ID) 

/ 
15/ 
1   ) 
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p 
H 
«. 

iULV 1 
SULV 2 
SCJLV 
iULV 

i 
1 

SÜLV 6 
SQLV 
SüLV 

t> 
7 

SüLV 6 
SÜLV 9 

SULV 
10 
1] 

SL1V 12 
SüLV 13 
SOLV 14 
SOLV 15 
SOLV 16 
SÜLV 17 
SÜLV ie 
SüLV 19 
SIILV 20 
SüLV 21 
SOLV 2? 
SOLV 23 
SULV 24 
SOLV 25 
SOLV 26 
SÜLV 27 
SOLV 26 
SULV 29 
SOLV 30 
SOLV 31 
SüLV 32 
SOLV 33 
SULV 34 
SOLV 3b 
SÜLV 36 
SOLV 
SCILV 

37 
38 

SOLV 39 
SULV 40 
SOLV 41 
SÜLV 42 
SULV 43 
SCLV 44 
SOL1' 45 
SOLV 
SULV 

46 
<./ 

SOLV 48 
SOLV 49 
SULV 50 

| 

1' 

| 

' 

v. 
'-■■ 

t 

& 

- 

 ■ —          ; . 

SUBROUTINh SüLVMKW,UR,UZ»T,W,SI&l,CüDE,b,CUtA,IX,IBC,jeC) 
IMPLItll KfcAL*8(A-H,ü-n 
CÜMMÜN AA(10000),IA(1500) 
CÜMMÜN/üNt/ALLLK|ALtLZtTkKP,0,TüL,VOLfNUMNP,NUMbL.NUMMATfNUMPC, 

•MTYPtiLLLtN,H«ANn,NÜMßLK.,KKKtNCHeCK,NP»NLfNFO,HEt)lie)fNPC 
C0HMüN/THO/C(j,3(,Stl0,lO).SlG(6»,P(6l,Sn3,lÜ>,RR(5),ZZ(5),XC,YC, 

»EE13»,LM(4),F(5,4,lu),Rü(10),NTC(lü),MTC(10) 
COMHüN/THREE/MlOT,NIOTfNlliH4, STÜP 
DIMENSION K(N0HNP)iZ(NUHNP),UR«NUMNP),UZ(NUMNP)vT(Ni^NP),PR(NPCr2l 
*,SIGI(NUMELf6(1C0nF(NUHNP)tIXJNUMrLt5),IoC(NPCI,JBC<NPC) 
DIMENSION CU(NEb)iA(NLtMBANO),E.(NEO) 
DO lu N=I«NUHEL 
DO 10 1='.,6 

10 SIG1(N,1)=0. 
DO 20 N=1,NUMNP 
NN=2*N 
CU{NN-1)=0. 

20 CU(NNI=0. 
REMIND 2 
ND2=NL 
ND^NL/i 
NB=ND/2 
STÜP=0.0 
NUMBLK=Ü 
DO 50 N=lfND2 
Du 50 Msl.MBAND 

50 A(N,M)-Ü.ü 
60 NUMBLKeNUHüLK+l 

NH^Nü' (NUMbLK + 1) 
NM*NH-Nö 
NZeNM-NB+l 
KSHlFTrZ»NZ-2 
DU   210  NslfNUMEL 
NNe|X(Nf1) 
DO   65   1=2,4 
iE( 1X(N,I!.LT.NN)   NN=1X(N,1) 

65  CLlMTlNUt 
IFdNN.LT.NZI.üR.iNN.GT.NM))   tCl   Ttl  210 
1H(IX(N,3).NF.IX(N,2»)   GÜ   Tu   95 
CALL  CNfD<R,Z,UR,UZ,T,PR,s;GI,CUUL,CU,A,lif IX.HtCJhC) 
MM=2 
GO TO 130 

95 CALL ELEMEN (K,Z,UK,UZ,T,PR,SIGI.CÜDFfCU,A,Ö,IX,I8C,JBU 
1F(V0L.GT.0)GÜ TU 110 

100 WR1TE(6,2000I N 
STÜP=1.0 

110 MM=4 
lF(lX(N,3>.Eg.IXIN,4l )MM=J. 

130   CONTINUE 
Oü   140   1=1,MM 
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SILV t>l 1^.0 
SÜLV 'JC 

SULV U3 
SULV •>* 
£ÜLV ■sb 
SCILV bt, 
SCLV b> 
iOLV bli 
SULV 19 
SÜLV hü 
SOLV M 
SÜLV 62 181' 
SULV ti 
SULV Cf 
SULV t,b 195 
SULV 66 200 
SÜLV 67 CIO 
SOLV 6b 
SOLV 6V 
SULV 7ü 
SULV 71 
SULV 72 316 
SULV 73 
SLLV 7^ 
SOLV rb 3 70 
SULV 76 
SULV 77 38U 
SULV 78 390 
SÜLV 7V 
SC!LV eo 
SULV öl A 00 
SULV 8^ Mü 
SÜLV b3 
SULV b'. 
snLV üb 
SULV bb 
SOLV Ö7 
SÜLV 88 ■t20 
SÜLV 89 
SÜLV VO 
SÜLV VI 
SÜLV 92 
SULV 93 
SULV 9A 
SÜLV Vb 
SULV 96 
SÜLV 
SULV 

97 
9L 

SÜLV 99 
SDLVIOO 

LMCn»2*lX«Ntt»-2 
Üü   200   UliHM 
00   200   K=l,i 
ll = LMt U+K-KSHIM 
KK=2«I-2*K 
OU   200   J=1,MM 
ÜÜ   200   L=lt<. 
JJ-lHlJ)*i-ll*l~Ki,Hlf-l 
Ll-2»J-2+L 
IFUJ.Lf-.OI   bü   1U   200 
IKND.Gt.JJ)   UÜ   TU   19b 
WRUF    (6,2001)   N 
STCJP'l.Ü 
Gü   TU   210 
Ain.JJ):A(lI,JJ)*S(KK,LL) 
CONTlNUt 
CONTINUE 
DU   400   H=NZ,NH 
IF(M.GT.NUMNH)   Gü   TU  410 
N=2*H-l-KSHlf-T 
1F(CUDF(M)(   390,400,316 
1F(C0DE(H).FU.1.)GU   TU   37C 
lF(CüDt(M).l0.2.)Gü   lü   390 
GO   TO   380 
CALL   HUÜiFY(A,ND2,MbANÜ,Nl 
l.ü   TU   AOL 
LALL   M0DIhY(A,NÜ2,MBANr),N) 
CüNTlNUt 
N=N*i 
CALL   MüDlFY(A,N02,HliAND,NI 
CUNTINUr 
CONTINUE 
WRITe(2)    ((A(N,M),^=l,HbAND),N=l,Nn) 
DU   420   N=1,ND 
K=N+Nn 
00   420   M=l,MbANO 
A(N,M)=AIK,M) 
A(K,H)=Ü.Ü 
IFtNH.LT.NUHNF)   Gl:   TU  6C 
IF(STüP.Nb.ü.)CALL   LXIT 
NCHtCK=l 
KKK = 1 
CALL   SYMbAN(NU2,A,f'.,NFÜ,ML-AND,NUMLLK,KKK) 
KKK=2 
Dü   i'50   LLL=l,Nf> 
CALL   LüAn(K,i,UR,U7,T,Pk,SlGl ,CüOt ,CU, A, !i, 1 X , U'C , JRC I 
CALL   SYMbAN(N('2,A,b,NtÜ,Ml'AND,NUMi'LK,KKK| 
DU   blO   N=1,NUMNP 
NN=2*N 
CU(NN-1I=C0(NN-1)+H(NN-1) 
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bULVlOl 
SOLVIOZ 
SULV103 
S0LVI04 
SÜLV105 

StlLVlO? 
SOLVlüb 
SÜLV10V 
SÜLV110 
SULVlll 
SOLV112 
SULV113 
S0LV114 
SOLV116 
S0LV116 

■jlU   CU(NN)=tU(NN»+b(NN) 
HRMt   (6,20131   LLL 
HRITt(6l2010)    (N,B(2»N-l)1B<2*N),CU(2*N-n,CU(2»Nl,   N   =   I.NUHNP) 
CALL  STRESSIR,2,UR,UZ,T,PR,SI(.I,C00EfCU,A,B,IX,IBC,Jl.CI 
IFJNCHECK.EQ.O)   GU   10  600 

i.5C  CUNTINUE 
CO   Tü   V90 

«00   WRITE   <6,2011»LLL 
V9C.  RETURN 

^000   FORMAT   126HONEGAIIVE   AREA   ELEMENT  NO.   HI 
2001   FORMAT   (29H0BANti   WIDTH   EXCEEDS   ALLOWABLE   HI 
2010 FORMAT(12H0N.P.NUMBER   17X  3HDUX   17X   3HDUV   18X   2HUX   1HX   iHUY/ 

1(1112,4E20.71 I 
2011 FORMATObHü  NUMBER   UF   CYCLES   TL  CONVERGENCE   =        151 
2013   FORMATOOHl  RESULTS   OF   ITERATION     NU.« 15///) 

END 

i 
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mumtunamememiam 

ÜNLÜ 
(INFO 
CNtD 
UtMtU 
IINEÜ 
UNtO 
LNED 
HNtn 
CNED 
LNEU 
LiNECi 
ONbU 
nNFtl 
üNtü 
ÜNKJ 

UNtü 
t;Nf[) 
üNtC 
riNf-n 
LNED 
LNfU 
liNtU 
UNFD 
ÜNE0 
ONFD 
UNED 
üNFÜ 
UNLÜ 
UN Ft) 
(NtU 
l.NhU 
I.NEÜ 
UNFU 
IrNfcO 
UNFU 
I.NHi 
(iM H 
(iNCÜ 

UNtO 
(INFP 
LNEO 
(INFft 
UNfcO 
UNtO 
ÜNtÜ 

3 
k 
5 
6 
/ 
8 
V 

lü 
11 
12 
13 
lA 
16 
16 
17 
1Ü 
lv 
20 
i'l 
22 
Zi 
i^ 
2 b 
26 
21 
28 
7V 
30 
31 
32 
33 
34 
as 
3h 

;i. 
:v 

-ti 

^3 

t5 

SUBKOUIINF   UM DIRtZtUHtUZ iT.PR.SK-I.CUUt ,ClJt A|.M X, I' (., J'H ) 
IMF-LlCIl   kl ALf(MA-H,L-Z» 
LOMMUN   AA(l(JÜO0).iA(lt>UC) 
COMHLiN/aNl/ACI.L«iACLLZtItMP,OtinLtVI>l,^tM'IP,NUH|-LtNLrMAt,rjLT.PC , 

♦ MTYI»F,LLL.N,Mf.AND,NUMbtK,KKK,NCHtCK,MH,NL,Nf Q,HEI)(.E),NPC 
COMMÜN/THü/C(3i3l»SliUf101|SIGI6»»PIö>fST(3ilü>.RR(6}iZZ(b)fXCiVC, 

»i;fc(3)fLM(«,I.F(5,'.I10),kL( iü)fN7C(lU) ,fTL( 1J) 
CClKMÜN/THREt/HTL',T,NTOT,NllfM'»,LlUP 
DIMENSION   kINUMNP) ,7(NLMIMP) ,UP.(NUMNP» fb; ( WHNP ) t TINL'MNP ), PR ('.'Pf ,.  ) 

♦ tSIGl (NUMtL,61,CC0t (NUMNHl.lXCNUMELt'/O til c(NPCI,JbL(MPr. 1 

CiU   ICO   1 = 1,t 
P( 1 l»O.C 
D(J   1U0   Jeltb 

100 sn,ji=o.( 
MIYPt = lX(N,t.) 
i«iX(N»n 
J>1XIN«2I 
nx=K<JI-h(I) 
üY = 7(J)-7(n 
XL-OSORT(ÜX**t+ÜY**2) 
CIJSA=ÜX/XL 

S1NA=DY/XL 
CüMM»E«l»2,H1VPFI*F. «l»4,MTYPt)/XL 

.■■ 

S( 1,1 »=COSA*Cui)A»C(IHM 
i( l,Z)=COiA»'.INA*tÜMH 
S(1,3I=-S<1,   ) 
S( 1,'.)=-Sil,<;) 
St2,n=S«l»2) 
Sli.',^) = SINA»SlNA*LÜMM 
SU,J»=-S(l,t ) 
Sl?»4»»-J.(«;,i;l 
s(j,n=s(i,3) 
&(3,2»ai(i'.31 
L.(:>,3) = s(i, n 
in»<o*s(i .?i 

!.('.,2)-S(i,i) 
SU,31=5(3,'«) 
Sit,^t=S<<:,( I 

Kt I URN 

ENO 

■;■.„■,,    i- ,..,■,..•.■-■ 
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i 
2 
3 

6 
7 
8 
9 

10 

l UM 
fUH 
FUeM 
fLfM 
UtM 
ELtM 
tLEH 
ELtM 
tLEH 
ELEM 
ELEM 11 
tLEH 12 
ELtM 13 
FLEH K 
ELEM IS 
ELEH 16 
ELEM 17 
ELEM IB 
ELEM 19 
ELEH 20 
ELEM 21 
ELEM 22 
ELEM 23 
ELEM 24 
ELEM 25 
ELEM 26 
ELEM 27 
ELEM 26 
ELEM 29 
ELEM 30 
FLFM 31 
LLtM 32 
tLEH 33 
ELEH 34 
ELEM 35 
ELEM it 
FLEM 37 
ELEM 38 
ELEM 39 
ELEM 40 
ELEM 41 
ELEM 42 
ELEH 43 
ELEM 44 
ELEM 45 
ELEM 46 
ELCM 47 
ELEM 4B 
ELEM 49 
ELEM 50 

»M 

ÄcUnNRE^n:u^'UZ'r'PR'SIG,'CUDE'cu'A'B*,x'lat'^' 
COMMON   AA(1UJÜCI,1A(1500) 

""^N'^t.>!AL^K,ACtLi,TfcMP'Ü'T[JL'V0L'NUHNP,NUMtL.NUMMAT,NUMPC, 
MTYPE,LLL,N.MlAND,NUMBLK,KKKtNCHfCK,NP,NL,NE0,HED(18),NPC 

•tfc(3),LM(4),E(5,4,10»,RO(10),NTCJ10>,MTC(lO) 
CÜMM0N/THREE/HTl./TfNTÜT,Nll,M4,SIÜP 

*Di^^10N R,NUHNP,'Z«NUHNP>'UR(NUMNPI,U2«NUMNP),r(NUHNP),PR(NPC.2) 
*,S16UNUMEL,6)fC0üE(NUMNP),IX(NUMEL,5),IBC(NPC) JBCINPC DIMENSION CU(NtO»,A(NL,HfaANDI,B(NFü)     ^^»JBCtNPCI 
DIMENSION U(3),V(3I 

. I=IX(N,1) 
JBIX(N.2) 

K«IX(N,3) 
L«lX(Nf4) 
MTYPE=IX(N,5> 
VuL«0. 

TEMP=(T(l)+riJ»+T(K)*T{L)J/4.Ü 
RATIOsO.O 
NUMTC«NTC(MTYPt» 
IF (NUMTC.EÖ.l) 0Ü TO 100 
DO 50 M=2,NUM1C 
IF (E(Mfl,MTYPEI-TEMP» 50,60,60 

50 CONTINUE 
60 DEN=E(M,l,MTVPE)-fc(M-l,l,HTYPt » 

IF(ÜFN.FO.O.) GO TO 80 
RATIO=< rEHP-E(H-l,l,MTYPE))/OEN 

60 DO 90 KK=:1,3 

90 oü<IS)uiM"1'KKn,MTYPE,+RAT,C)*(E<H•KK+l•HTYPE,"t,M-1•KK+1•M1YP", 

100 DO 105 KK=1,3 
105 tE(KK)=E(l,KK*l,MTYPE) 
110 C0HHcEE(l)/li.-EE(2)**2) 

C(1,1)=C0MM 
C(l,2|cCUMM*EE(2l 
C(l,3)=0. 
C(2»l)cCli,2> 
t(2,2)«Ctl,l) 
C(2,3»=0. 
C(i,l)=0. 
C(3,2)=0. 
C(3,3)«:.5*CüHH*(l.-EEJ2K 
DO 130 J=l,10 
DO 120 1=1,3 

120 ST(lfJ|=0. 
DO 130 1=1,lu 

130 sn,j»=o. 
DC 140 1=1,4 

i 
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UtM SI 
f-LEM 52 
FLfiM i3 
tLtH .')^ 
tun •;& 
ILtM ^6 
(LfM 'J7 
t-LEh bfa 
ILEH 5V 
fUH 6U 
bLtM 61 
bLEH 62 
(•LEM 62 
ELEM 6*. 
ELEM 6b 
ELEM 66 
(LEM 67 
tLEM 61) 
HtM 69 
ELEH VU 
FLEM ?i 
ELEM Id 
ULM 73 
LLEM 7A 
ELEM lb 
ELLM 76 
ELEM 77 
ELEM 70 
FLEM 79 
ELEM 80 
tLEM 81 
ELEM r,2 
ELIM bi 
ELIM EA 
ELEM Li» 
ELEM Ut 
(LEM n7 
(LEM 1.0 
ELFM 89 
ILEM 90 
FLEM 91 
LLEM 9i: 
ELEM 93 
ELEM 94 
(LEM 9'j 
ELEM 96 
(LEM 97 
LLEM 98 
ELEM 99 
ELEMluO 

140 

ibo 

160 

NPP=:lXtN,I» 
RR( ll=K(NHP) 
IH 1»=2(NMP) 
1E( 1X(N,3).I i,.lX(K,'>noii   Hi   130 
XL=(RR(n*KR(^)thR(3)*RK(',) )/4. 
YC = (ZZ(l) + Z7{^)+Z7«3) + Z7(4))/<f. 
PR(j|=XC 
.:Z(5I=VC 

J = l 

LM(3I=9 
1*41 = 4 
Gil   TU   160 
Nl = l 
LM( j)=t« 
1 = 1 
K.-3 

XC = (RR(1)+RR(< )+RP.(SI in. 
YC = (ZZ(lMZZ(-:)+ZZ(3))/3. 
RR('J)=RR(31 
ZZt^)=ZZ(;) 
tin <;oo NN=1 ,NI 
LM(n=/;*I-l 
LM(t)=2*J-l 
U(1)=ZZ(J)-Z;(K) 
U(i > = ZZ(K)-ZZtl» 
u(^»=z7(n-?z(j) 
V(l)=RR(K|-PPtJ» 
V(.M=RR(1»-Rk(K) 
V(?l=kR(J)-KR(l) 
ARl A=<«R(J)*U(k) + RR(n*0(l)*RR(5l*U(3l)/; . 
V()L=VnL + AKEA 
CüHM=.il>/ARE* 
XN1=NT 
CrjM=2./XNI 
CÜM=CUM»CCMM 
DO   180   L=lt;- 
II=LM(L) 
ST<l»in»-iTU»in*U(L»*CbM 
smtU+i)=srt<,im»*v(L»*coM 
i,T<3,lI) = i.T(3,ll)*V(LI*CnM 
Sr(3,II + l) = ST(3,lI*U*U(LI *CUM 
1)0   160   M = I,3 
JJ=LM(M) 
b(lI,JJ)=S( lit Jj) + (UlL)«C(i,l)*li(M)*V(L)*C<2,3)*V(Mll*CC'MM 
StllfJJ+ll=i(ll,JJ+l)+(ütL)»C(l,2)*V(M)+V(LI*L(3,3)*U(MM*aiMM 
S( H*ltJJ + l) = h,l ll+ltJJ + ll+(V(LI»C(ltl)*V(M)+U(L)*C(3,3l*U(M))*CI. MM 
S( JJ+l.l 1 |ei( II ,JJ+1) 

19 
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tLtMlOl 
fLtH102 
tLFHICJ 

tUMlOS 
FLEM1U6 
tLtH107 
UtMlOb 
tLbMIÜV 
FLEHUO 
fcLbMlll 
tLeMll2 
tLfcHll3 
LL^MUA 
FUMllb 
lLfcM116 
tLtMll? 
LLbMUö 
bLtMHV 
FLFMIZO 

bLEHIZZ 
fUM123 
FLEH12A 
bLEMl2i 
fcLEMl?6 
ELEM127 
bLEH128 
FLFM129 
LLtMlaO 
fLFM131 
LLbMlJ2 
FLbM133 
bLtH13^ 
bLFM13b 
ELEM136 
l:LtM137 
I LEM1J8 
b.UMla'J 
LLEMIHU 

F.LEMl'.l 
ELtMl42 
bLEM143 
ELEMU4 
FLEM145 
ELEH1<»6 
ELtHl47 
ELEMI^e 
ELEMUV 
ELEM1&" 

180  CUNIiNUE 
l«J 
J=J*1 

ZOO   CÜNTINUE 
IF(lX(N,3I.Lt.lX(Ni'.) )&ri   TO   i'jQ 
DU240   l=li2 
KK=lü-l 
DC   24U   K=1,KK 
CC = i.(KK + l,Kl/i(KK + ltKK + ll 
DU   230   J=liä 
ST(J,K)>:bTtJtK)-CC*ST(J,KK+l) 
DO   ?'»ü   J=1,KK 
S( J,K) = S(JfM-tL*S( J.KK + ll 
CüNISNUb 
IKLLL.bC.l)   Uli   lU   400 
SlG(n=-SlU(N,<>) 
SI&(2)B-&lGl(Nti>l 
SJ6(3)«-SI61(Nf6) 
GO   IÜ   500 
*****4********t****    ******* 

1N11IAL   STRbibbS   ADDED      T(J   JHb   CALCULAUf)   STRkSSbS 
************************** 

400 DT=TEHP-ü 
DX=FE(3)*DI 
DY=FE(3)«DT 

^30 

?4Ü 
250 

******* 

*  *   > * » ♦ ♦ 

INITIAL STKCSSEi f.ALCULATtt TOTAL HEIGHT =aB   FT. AND VALUI OF 
CUEFF. KO =0.2  AND UN 1 I WEIGHT = 150 FOK ALL MATERIALS 
S1GI(N,2)= -150.0 ♦ (b8.0 - YC) 
SIGi(N,l)= 0.2* SIGKN,^) 
SIGI(Nt3)=0.ü 

SIC<l)=-C(l,ll*0X-C(l,2)*DY+SIGI(N,l) 
SIG(2)=-C(2il)»DX-C<2li»*DY + SIGMN,2) 
!>IG(3J»SiaHN,3) 

500 DU 520 I=1,R 
P(I)=0.0 
DU 510 J=l,3 

510 P(I)=P«1)-ST(J,II»SIG(J> 
520 P(I)=P<I)*VÜL 

IFlLLL.tO.l) GO TU 540 
DCJ 530 1 = 1,3 

530 SIG(n=0.0 
GU TO 600 

540 MH=4 
IF(lX(N(3>.E0.IX(Nt<tli MM = 3 
XMM=MH 
OY=VUL*ACFLZ*KÜIHTYPE)/XMM 
DX=VOL*ACfcLR*t<U(MTYPE)/XMM 

20 
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c\3fis*'Ä»^rf*(r um 

lUMlM DU   ->6u   1'liNH 

fcLEMli4       600   RETURN 
fLEMlSS END 

21 
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SIRS 1 
SIRS 2 
SIRS 3 
STRS <. 
MRS 5 
STRi 6 
STRS 7 
STRS Ö 
STRS 9 
STRS lü 
STRS 11 
STRS lü 
STRS 13 
STRS 14 
STRS 15 
STRS 16 
STRS 17 
STRS IB 
STRS 19 
STRS 20 
STRS 21 
STRS 22 
STRS 23 
STRS 24 
STRS 2S 
STRS 26 
STRS 27 
STRS 28 
STRS 29 
STRS 3Ü 
STRS 31 
STRS 32 
STRS 33 
STRS 3<t 
STRS 3b 
STRS 36 
STRS 37 
STRS 38 
STRS 39 
STRS 4Ü 
SIRS 41 
STRS 42 
SIRS 43 
SIRS «.'. 
STRS 4'j 

STRS 46 
STRS 47 
STRS 48 
STRS H9 
STRS 60 

SUbRUUTINb SI HI-SS (',, 7,UK.UZ , I, PR, SIG 1 .CüUb ,f,U , A,6 , 1 X, U'C, JBC ) 
IMPLICIT RtAL*b(A-H,U-i) 
COMMUN   AAUOOOOl.lAUbOÜ) 
ClJMHUN/nNE/A(,tLk,AtEL2|TEHP,0,TULtVUL|NUMNf',NUMEL,NUMMAT,NUMPC, 

♦MTYPttLLL.N,Ht?ANÜ,NUHBLK|K2K,NCHECKfNP,NLiNHü,HF.D(lbl,NPr. 
COMMON/TWIJ/C 0,3) ,S (10,10 I ,Si&{M , P( Ü) ,S T (.1,10 ) ,RR( 51, ZZ ('. ) ,XC , YC , 

*EE(3) ,LM(4),k(5,<t,10l,RÜI10)«NTC(lU)fMTCIlÜ) 
COMMON/THREE/MIOT,NTOTiNll,H',,srüP 
DIMENSION  R>NUMNP),Z(NUHNP)tUR(NUMNPI,U2(NUMNP»,T(NUMNP),PR(NPC,?) 

*»SlGI(NUMELt6),CüDiINUHNP)tlX(NUMEL,6)«lbC(NPC)tJBC(NPCI 
DIMENSION   CUINECl),A(Nl.tMBAND),b(NEO) 
FOR  =   0.0 
MPRINT-0 
DO   600   M=1,NUMEL 
N=M 
MTYPt = IX(Nft.) 
SIGl(Nf4)=0. 
SIGI(Nt5)=0. 
SIbl(N.b)=0. 
lFllX(Nt3>.NE.IX(Nl2))G0   TU  90 
IsIX(Ntl) 

XC=(R(I)+R(JIl/i.O 
YC-(Zm + Z(J»l/2.0 
DX=R(J»-R(I) 
DY=Z(JI-Z(1> 
XL':DSQRT(DX**2*UY»*2) 
DU=B(2*J-l)-b(2*I-l) 
ÜV=b(2*J)-b<2*I) 
DL=OV*OY/XL+ÜU*üX/XL 
SIG(l)=E(l,4,MTYPt)»DL*t(l,2,MTYPE)/XL+Sit.HNtl)*Ell,4,MTYPE> 
1F<SIG(1).GT.Ü.)   GO  TO   100 
S1G1(N,1)=SIG<1) 
GO   TO   500 

100   SICIINt4)=eili2fHTYPt)*DL/XL'fSIGI(Ntl) 
SU.UN,ll-0. 
GO   TO   420 

90   CALL   ELEHFN(R,ZfUR,UZfT|PR,SIGI,CünE,CU,A,b,IX,IBC,JRC) 
MM=4 
IF(lX(Nt3).Nh.IX(N,4))Gn  TO   170 
MM=3 

170   DO   1B0   1=1,3 
RRI n«o. 
00   Ibü   J=1,MM 
H=2*J 
JJ=2*1X(N,J) 

180   P.R(l)=RR(l)*St(I,lI )*b(JJ) + ST(I,II-l)*&(JJ-ll 
DO   190   1=1,3 
DO 185 J=l,3 

165   SIG(n = SlG( 1)^CI1,J)*RK(J) 
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^IKS 
STRS 
S1KS 
SIRS 
SIRS 
SthS 
SIRS 
STRS 
SIRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
SIRS 
SIRS 
SIRS 
STRS 
STRS 
MKS 
STRS 
STRS 
SIRS 
STRS 
STRS 
STRS 
STRS 
SIRS 
STRS 
STRS 
STRS 
SIRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
SIRS 
STRS 
STRS 
STRS 
STKS 
STRS 

itZ 
l>3 
'j** 

55 
56 
5/ 
58 
59 
60 
61 
6i 
63 
bt 
65 
66 
67 
6B 
69 
70 
71 
72 
7 3 
74 
75 
7o 
77 
7 b 
79 
10 
bl 

83 
&t 
as 
t.6 
ü7 
Uli 

V0 
91 
92 
93 
9A 
95 
96 
9 7 
98 
99 

19^ 
195 

200 

CLiNMNUt 
IHLLL.FU.l» 
ü(. 19^ I-IO 
sibii)=sit{i)*sic-i(N,n 
tUNflNUF 
CCsiSIGdl+SloC.') )/i!.ü 
f'B=(Si611)-Slb(2) 1/2. 
CP. = DSyRT(l B**i + Slt.(3)»*2l 
Sltl'tl'LC^CR 
S1G(5)-CC-CR 
SIG(6)=0,(, 
IKIBK.fcO.O.l.AND.'SJbl Jl.fcQ.O.H   GU   TC  ; ('0 
SI0<6>«2B   6«.b»[lATAN2'SIGt j)fhbl 
r)X=o.o 
SlGI(Ntl>-SiG(l) 
SIG1(N«2)=SI(>(2) 
SlGl{N,3)=SlG(3) 
IK ISlGltKU .01 
lf-(SIC(5» .Gh.o.UOOÜl)   Gt 
EPS=SlG<6»/57.296 

CC = UtCS(l:PS) 
r.S = CiSlN(l;PS( 
(.2=CC*CC 
s;'=ss*ss 
sc-ss*tc 

nx=Kit2)*sit (A) 
Sll.I(N,t)= Stt»<4j*Ci*0X*S2 
SlGl(Nf5»- Sll.(Ht*S2*DX*C2 
SlGI(Nf6) = SIGl'.l»SC-DX»SC 

.liR.iHTf.(MIYPt-|.tO.OI ) 
HJ   37Ü 

Tu   5C0 

370 

400 

420 

•♦50 
500 

STRS100 

Gtl   IÜ   400 
Si(.l(N,4»=SlG(i» 
S1G1(N.5J-SU.(21 
SIGI(N,6l=SiG«j) 
SU.l(N,l)-SIl.tl)-SU.l(N,t) 
Sll.l(N,2)-SlG(?)-SIC I (Nfl'l 
Sll.nN,3)-Sl..(3)-SU.llN,t) 
|)X-SUiJ(N,4l»*2*SIGl(N,5)»*k.+ SlGl(N,6)**. 
nx = USCjRT(IIX) 
IKl'X.Lt.FUk)    GG   TU   450 
IJK-N 
FUK-OX 
LÜN1INUt 
lK(MPRINT.Nt .•.:)   Gt.   TÜ   5 5i 
WRlTE(6,2Gt,ü) 
MPKlNr=5G 
Mr(ilNr=MPPlNI-l 
WhITR(6,2ol,llN,XC,YL,(Sl;(iltlilt6),DX 

i 

''39 
■1 

1 
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S7RS101 
SrRS102 
STRS103 
STRSIO-V 
STRS105 
$TRS106 
STRS107 
STRS1U8 
STRS109 
STRSUO 
STRS111 

bOO CUNT1NUE 
HRnEt6i2002)FORtlJK 
IHMFOR.Lb.TULI   NCHtCK   =  0 
RETURN 

2000 FORMAT   (7H1EL.NCI.      7X   1HX     7X   1HY   4X   BHX-STRESS   '.X 
I  9HXY-STREbS   i:X   10HMAX-S TRESS   <;X   10HM1N-ST»ESS   7H 
2ALANCED  FURCf ) 

2001 FORMAT   (17,2FB.2, lP6ei2.'nOP,i.F7. 2,1PU20.^) 
2002 FORHATOOHOMAXIMUM  UNBALANCED  FORCE   = tl2.5,l6H   IN   FLEHENT   NÜ 

1   lb) 
END 

BHY-STRESS 3X 
ANGLE ZX 17HUNP. 

24 
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^«^s!^miimmmisrmrjxmmwmmmKmwmmtm<i,utns»iAzi 

MULiV 1 SUUPUUIINf    MI:l,U-Y(4,Nbt),Ml AND.NI 
MHPV *-' IMPLICIT   1 LAL*i;(A-H|ü-Z) 
HUOV i UlMfcNSJUN   A(NI (J.MPANI«) 
MtJDV if Dt)  i:'jO   M»i»MhANt) 
MUDY b K=N-M+l 
MOOY 6 IH(K)   i:35,23'J,üao 
MDDY I no A(K,M)   =   L.Ü 
MUDY fl *35 K=M+M-l 
MüDY 9 IFCNfC-KI   2t)0,2'«0F2'«0 
MUDY 10 i'40 A(NtMI    =   0.0 
MUDY U ISO COMTINUE 
MODY 12 A(N,l) = l.t. 
MUÜY 13 RETURN 
MDDY 14 fcNU 
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V 

LOAD 1 
LUAÜ Z 
LOAD 3 
LÜAÜ t 

LOALi ;> 
LOAD Ö 

LOAll 7 
LDAU b 
LOAD 9 
I.ÜAÜ 10 
LOAD 11 
LOAD 12 
LOAÜ 12 
LOAD 14 
LOAD 15 
LOAD lb 
LOAD 17 
LOAD lb 
LLAD IV 
LOAD 20 
LOAD 21 
LIIAU iz 
LOAD .■i 

LOAD Z't 
LOAD 25 
LOAD 26 
LOAD 27 
LOAD ^ö 
LOAD 2V 
LOAD 30 
LOAD 31 
Lt.'AD 32 
L(IAI) 3? 
LCAÜ 3H 

LOAD 35 
LOAD 36 
LOAD 37 
LLAD 38 
LOAD 3V 
LOAD AO 
LOAD 41 
LOAD 42 
LOAD 43 
LOAD 44 
LOAD 46 
LfAD 46 
LOAD A7 
LOAD «.H 
LOAD 49 
LnAn 50 

SUbROUIlNL   LUADCk.Z.URiUZ.T.PK.SlCl.CüÜE.CU.A.BilXtlBCJPCI 
IHPLiCII   RE.AL»b(A-H,0-Z) 
COMMON   AA<10CO0)tlA{1500) 
CÜMMON/ONf:/ALLLR,ACbLZiTfMP,li,TüLiVÜL,NUMNP,NUMELfNUMMATtNUMPtf 

♦MTYPF,LLLiN,M»AND,NUMBLK,KKK,NCHtCK,NPfNL,NtyfHED(16),NPC 
CUMHUN/TWtl/CI3,3),S(lü,10),SlG(6),P(Öl,bT(3,10l,RR{5),ZZ(5),XC,Yl., 

♦ tfc(3) iLM(4» ,1 (;,,4,1G),P.C(1C),NK(10),MTC(1Ü) 
C0MM0N/THREIr/MTtlI,Nr01,NllfH4,ST0P 
ÜIMtNSION  R(NUHNP),UNUMNP »,URINOMNPI,UZ(NUMNP),T(NUMNP)tPR < NPC,2) 

• ,S1(,1 (NUMEL,6),CODe(NUMNP),IX(NUMELf5),Uir.(NPC)tJBt(MPC) 
DIMENSION   CUINtwl ,A(NL,MbANn!,li(Nru» 
DO  50   N«l,NUMNP 
BU*N-1)BUR(NJ 
B(2»N)=UZ(NI 
UR(N)=0. 
UZ(N»=ü. 

50  CUNTINUb 
IF(lNUMPC.tL.a).Ük.(LLL.GT.l))   GO   TO   300 
DO   200   L=1,NUHPC 
l = It)C(L) 
J=JBC(L) 
UK-u n-z(j» 
|iZ = R( J)-K( I ) 
PP2 = (PKtLf2) + l'K{L,l )}/(■. 
PPUPP2*PR{Lil)/6. 
PP2=PP2*PfHL./2J<'6. 
II=2*J 
JJ=2»J 
e( Il-l)=blll-U+PPl*DR 
e( U) = b(in+ppi*ü2 
B(JJ-1)=B<JJ-1)+PP2*DR 
H(JJ)=b(JJ)+PP2*DZ 

200   CONflNUF 
oOO   DO   700   N=l,NUMtL 

I = U(N,1I 
J = I-((N,2) 
Ki»lX(N«3l 
LEUIN,^) 

HTYPE=IX(Nf5l 
IF(SlCI(Nftl.Mt.O.) 
iF-(SlGl {N,b).Nf .0.1 
IFtilGUN,6).Nfc.0.) 
IF(LLL.F(J.I) bo ru 
SO TO 700 

320 CONTINUE 
IF(LLL.fcü.l) GO TU 330 
IF(MTC(MTYPU.FU.O)   GO   TO   700 

330   IF(J.tÜ.K)   GO   TO   500 
CALL   tLE(y N(R,2fUK,UZ,T,PR,iiH.l,CüDF,f,U, Afbf IXt IBCtJBC) 
GO   TL   *.üü 

GO   Td 
GO   TO 
GO 
20 

320 
320 

TO   320 
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LUAO I>1 500 
LOAD t>2 
LÜAP yi 
LLIAD n 
LOAD 55 
LOAD 56 
LOAD 57 
LOAD 68 
LUAD 59 
LOAD 6U 
LOAD 61 600 
LUAD 6i: 620 
LOAD 63 
LOAD 6^, 
LOAD 65 
LOAD 66 650 
LOAD 67 700 
LUAD 6U 
LUAD 69 
LUAD 70 
LOAD 71 
LCJAD 72 750 
LUAD 73 800 
LOAD T, 

CALL  UNtDiKtZtURtUZrTtPRtSlGIfCODEtCUfA.bfIXf IBC.JbL) 
ÜX^RUI-MU 
0Y=Z(J)-i(n 
tP=-SI&UNf4l/Ml,2,M1YPt ) 
DX«-DX*tP 
nY=DY*eip 
P(1I>:S(1«1I«DX*<>U«2)*DY 

P(3)«-P(U 
P<A)»-P(2) 
DO 620 licit'» 
LH(II)>2*lX(N,in-l 
DO 650 JJ=l,A 
II«LN(JJi 
B(in«B(ii)*p(i*jj-i) 
B(n*:i=6ii i*\)*H2*jj) 
CONTINUE 
01)   750  N=liNUMNP 
IFICÜDFCNI.hÜ.O.)   GO  TO   750 
1H (CUDE:(N).t U.I.).OK.(CUrt(N).EÜ.3.))   b(2*N-l)=u. 
IF ( (CODE (N).E v. 2. >. OR. aunt (N 1.5:0.3.))   ii(?*N)=0.o 
CONTINUE 
RETURN 
END 
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iYMB I SUBKOUTINt SYMbAN(MJ,A,b,NtÜ.MbAND,N 
SYMfa c IMPLICIT RfcAL*Ö(A-H,Ll-2) 
SYMB 3 DIMFNSinN A(NC,MflANI))fBtNFO) 
SYHb 't NN=NG/2 
SYMB 5 C 
SYMB 6 c 
SYMB 7 NL=NN*1 
SYMB 8 NH=NN-t-NN 
SYMB 9 REWIND 1 
SYMb 10 &CI TO (1000,2Ü0C),KKK 
SYMB 11 1000 REWIND 2 
SYMB 12 NB=0 
SYMB 13 &Ü TO 150 
SYMB 14 100 NB=NB+1 
SYMB 15 DO 125 N=1,NN 
SYMB 16 NM=NN*N 
SYMB 17 DO 125 M=lfMBANü 
SYMB IS A(N,M)=A(NM,M) 
SYMB 19 125 A(NH,M)=0. 
SYMB 20 c 
SYMB 21 IF(NUMbLK-Nb) 150,200flb0 
SYMB ?? 150 RbAD (2K(A(N,M),M=1,H6AND»,N=NL,NHI 
SYMB 1 5 IF(NB) 200,100,200 
SYMB 24 200 DO 300 N=1,NN 
SYMB 25 IF(A(N,n .Eg.U.)Gü TCI 300 
SYMB 26 00 275 L=2fMBANÜ 
SYMH 27 IF(A(N,L).EÜ.O.» GU 10 275 
SYMb ^8 L=AIN,L)/A(N,1) 
SYMB 29 UN+L-1 
SYMB 30 J=C 
SYMB 31 DO 250 K=L,MfaANn 
SYMB J2 J = J + 1 
SYMb 33 250 A(l,J)=A(l,J)-C*ACN,tU 
SYMB 34 A(N,L)=C 
SYMB 35 275 CONTINUE 
SYMB 36 300 CONTINUE 
SYMB 37 WRITE!1) ((A(N,M),H=1,MBANDI,N=1,NN) 
SYMB 38 1F(NUMBLK.E0.NB)&C: TU 900 
SYHB 39 GO TO 100 
SYMB 40 2000 NU=0 
SYMB 41 NB=Ü 
SYMB 42 (. 
SYMB 43 C 
SYMB 44 GO TO 450 
SYMB 45 400 NB=NB+1 
SYMb 4o DO 425 N=a,NN 
SYMb ■.7 NM=NN+N 
SYMB 4b DO 425 M=1,MBAND 
SYMB <.9 A(N,M)=A(NM,M) 
SYMB 5U 425 A(NM,M)=Ü. 
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iVMB bl 
SYMI) i>2 4äü 
LYMu '■>1 

SYMB !><• too 
SYMb bb 
bYMB :»o 
SYMb VI 
UYMB '..b 
SYMb i.v L-HU 

SYMb 6 () i',!. 
SYHb 61 •jbC 
i,YMb 'i 
bYMb n ».on 
SYMb bk 
iYMb e»5 6SU 
SYMb <,6 700 
SYHP 6 7 
SYHb hb 
SYMb 69 
SYMB 7U 
SYMb 71 
SYMB ?.■ 
SYMb 7j 
SYMb 7^ TJO 
SYMb 75 
SYMIl Vfc 
SYHb 77 
SYMP 7U 
SYMB 79 
SYMb ai 
SYMI, bl 
SYMb Hi MOO 
SYHh bj 
SYMb U4 
SYMh b5 
SYHP t-ü 
SYMb u7 VuO 
SYMB MR 

iKrJUMbLK.tO.NblOL:   IC   SOU 
RtAO   (1)    ((A(VfMI,M'l,MbAND)tN=NL,NH) 
IKN-j.lO.ObU   TÜ   '.OC 
OH   tbO   N=1,NN 

no  'jtto L=iFMi';,NP 
1=J»L-1 
if (Net-1)  Vti.s'.o.t'.o 
I ( ll = b( l)-A(N,L )«l)l J( 
If (A(N,n.H.'.( .)   «(N.lll. 
b(Jl-h(Ji/AIN,!) 
Ir (NUMBLK-Nb)    600i6iU,6C;u 

Ot1   10   «.00 
HACKSP, OF    1 
OU   760   M=i,NN 
N=-NN+1~M 
JaNK+N 
UÜ   7b0   L=£,Mt.ANl) 
IMA(NfL) .bO.O.»GCI   TO   7bC 
1=J*L-1 
IHNfü.LT.noi;   Tu  750 
b( J) = L.(J)~A(N,L)«h( 1) 
CONIINOF 
NL,= NB-1 
IF (NH.Ft.O)   1.1     ID   900 
tJALKSPACF    i 
0Ü   BOO   N~1,NN 
NM=NN*N 
DO   bOC   M=ltMl«NO 
A(NM,M)=A(N,M) 
A(N,M1=0. 
RFAU(ll(U(NiH) ,M«=iiMbANU|,N»lfNN> 
aAokbPACC  i 
Nt=NO-NN 
<.,U   10   700 
KFTUKN 
bNO 
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CHAPTER IT:   ELPL - A Computer Program for Plane 
Strain Analysis of Stresses, Deformations and 

Progressive Failure in Elastic-Perfectly 
Plastic Rock 

2.1. Purpose and Capability 

This program is applicable to plane strain analysis of stresses, deformations and 

progressive failure in elastic-perfectly plastic material following generalized Mohr-Coulomb 

yield criterion, and the incremental theory of plasticity.   Arbitrary initial stresses, arbi- 

trary sequence of excavation and construction, arbitrary history of load application can 

be simulated.   One-dimensional elements with prescribed prestress can be included in the 

analysis.   The computer program is applicable to study of stability of underground or sur- 

face excavations, evaluation of alternative schemes for excavation, comparative study of 

support stresses and deformation. 

Theoretical development incorporated in the program  is  discussed in Part I- 

Technical Report, of this report. 

2.2. Program Organization 

The computer program is in Fortran language.   Tapes 1 and 2 are used as scratch 

files.   Tapes 5 and 6 are the input/output files.   The listing in section 2.5 uses double 

precision for real numbers.   The program capacity can be altered by changing the dimen- 

sion of arrays AA and IA.   These correspond to the total locations required in double pre- 

cision real arrays and integer arrays respectively.   NTOT, MTOT at lines MAIN 28, MAIN 

27 are set equal to the dimension of AA and IA. 

The program consists of the following units. 
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a. MAIN 

In this unit, the control information including maximum number of elements, 

nodal points, different materials, boundary pressure cards, the number of steps of 

excavation or construction, the maximum number of elements removed from the system 

or added to it at any step, is read in.   This information is used to organize the dimen- 

sions of various arrays in the analysis,   This done, the analysis moves on to the next 

unit. 

b. Subroutine INPT 

This subroutine is called by the unit MAIN.   The first step is to read in material 

property data, for all the different materials that may participate in the system at any 

stage.   Also nodal point coordinates, loads and code on boundary conditions arc read 

in or generated.   Element geometry, initial stresses and element thickness is also read 

in or generated.   The initial stresses may be input or computed within the program.   The 

thickness, if not specified, is assumed to be unity.   Maximum bandwidth for the system is 

calculated and dimensions of blocks for generation and storage of the system stiffness 

matrix are defined.   After defining these controls, the incremental structure is analyzed 

in steps.   For each step the number of nodal points, the number of elements, the number 

of elements removed or addeC   if any, the number of boundary pressure cards, the material 

type of the elements added or changed in material properties, the number of nodal points 

removed or added to the system in the step considered, the thickness of elements added, 

are read in.   Additional information defines whether a step involves excavation or construc- 

tion.   At any step, several changes can be simulataneously introduced into a structure. 
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For example, addition of several sets of elements of different materials, changes in 

material properties of other elements, removal of certain elements can all be intro- 

duced simultaneously if desired.    For each step the boundary pressures arc read in. 

After all the information is assembled, the solution process is transferred to sub- 

routine SOLVE. 

c. Subroutine SOLVE 

This subroutine called by INPT is concerned with obtaining the stresses and 

deformations at a given stage of the incremental structure allowing for progressive 

failure.   To trace the progressive failure, the solution process traces a sequence of 

elements reaching yield under the loads applied.   This sequence of yield is associated 

with a proportion of the load application and is described in the output as successive 

approximations with increasing 'stress ratio.'   The procedure consists of applying 

the total load and then scaling it according to the minimum rates of load increment 

needed to ensure an excursion to yield by one element at a time. 

The SOLVE subroutine calls ONED and QUAD to obtain stiffness of one-dimensional 

and two-dimensional elements respectively.   This is added to system stiffness which is 

stored on tape after modification for prescribed displacement boundary conditions.   Solu- 

tion to the stiffness equations is obtained in subroutine BANSOL and subroutine STRESS 

defines the stresses, the stress ratio, the scaling of stress increments and the control 

for continuation of progressive failure analysis. 

d. Subroutine ONED 

This subroutine generates stiffness of one-dimensional elements as well as the 

•A2 
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forces corresponding to the unbalanced stress defined by the dnference in total load 

application and the load taken by the system in the current approximation in progres- 

sive failure analysis, 

c.   Subroutine QUAD 

This subroutine generates the stiffness for two-dimensional elements (quadri- 

laterals or triangles).   For the current load increment, an element is either elastic 

or has reached yield and is plastic.   The subroutine STRSTR is called to obtain the 

stress-strain relationship.   Gravity loads, and loads corresponding to unbalanced 

stress are generated in this subroutine, 

f.   Subroutine STRSTR 

This subroutine is called by QUAD and also by STRESS.   It defines the stress- 

strain relationship for the elastic or plastic materials as the case may be.    For the 

clastic case the relationship is 

E* 
0", 

1 - v*" 

xy 

i o 

V        1 0 

1  - V* 
o     o      xy 

and 

where   E* 

v (crx + «ry) 

1 - v' 1 - V 

and E, v are respectively the Young's modulus and Poisson's ratio for the Isotropie 

elastic material.   If anisotropy is to be considered, the above relationship can be modi- 

fied to reflect that property. 

11 
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For the plastic domain the stress-strain relation is 

cr 

^y 

Dll       D12       D13 

D21       D22 D, 
2.'! 

D31       D32       D33 

D41       D42       D43 

xyi 

where Dll 

D21  - D12 

D31 = D13 

D22 

D32   " D23 

Doo 

n 41 

D 42 

D43 

2G 

=   2G(l-h2-2h1a-x-h3crx2) 

- 2 G (+ h2 + h1 (o-x + (ry) + hg orx (Ty) 

- - 2 G (hj r^ + hg <rx T^) 

- 2G(l-h2-2h1cry-h3(ry2) 

- 2G O1! Txy + h3 ""y''xy) 

=   2G(.5-h3Txy
2) 

- 2 G (h2 + hj ((rx + (rz) + hg o-x v^ 

-   - 2 G (h2 + hj (o-y + (rz) A hg Oy (rz) 

=  - 2 G (hi ^ + S Txy ^J 

(1. M) 

.5h4 

h5   J2^ 

h4h6 

h5 

.5 

(1-21^)     h5 J2^ 

h5J2 
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h . ..       K "U   -   - Jl' 
11'1 

^ 

"r. 1   i  1) n2 

V, 

hr. ■V 

K bulk modulus E 
3 (1 - 2v) 

J
1
, ffx ' ""y '   ^7, 

first invariant of the stress tensor 

J2   -   the second invariant of the stress deviation tensor. 

g.   Subroutine MODIFY 

This subroutine is called by the subroutine SOLVE to modify the stiffness matrix 

for prescribed displacement boundary conditions.   The modified ma.rix is returned to 

SOLVE. 

h.   Subroutine BANSOL 

This subroutine called by the subroutine SOLVE solves the stiffness equations 

by gaussian elimination using auxiliary storage files 1 and 2.   Results are stored in 

B array and returned to SOLVE, 

i.   Subroutine STRESS 

This subroutine is called by the subroutine SOLVE after displacements corre- 

sponding to a load increment have been computed.   As a first step the entire load is 

assumed to be applied and the resulting stress state checked for possible excursion 

beyond yield.   If the total load application shows an element passing from the elastic 

to the plastic stage, the stress ratio is computed as explained in Part I-Technical 

Report.   The minimum stress ratio of all elements corresponds to the least load incre- 
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ment necessary for at least one more element to pass from elastic to the plastic range. 

The stress ratio also has to be such that elements previously on the yield surface do 

not depart from this surface by more than the designed tolerance.   To avoid unnecessarily 

lengthy computation, the ratio is kept above a certain minimum.   Elements yielding with- 

in a small fraction of the load corresponding to the stress ratio   are assumed also to have 

become plastic for the purpose of subsequent computations. 

The stiffness for elements in plastic range is stress dependent.   Thus over an 

increment of load the stiffness will change.   Noting that plastic yield is,in general,local 

in character, it is reasonable to assume that the change in stiffness will affect the stress 

without significantly altering the strains or displacements.   An iterative procedure is 

included to allow for this.   Also to determine whether elements initially in plastic range 

unload elastically in a non-monotcnic loading sequence, a pilot analysis is carried out, 

assuming all elements to be elastic, whenever the structure geometry is changed or a 

new loading applied.   Details of these procedures are discussed in Part I-Technical Report. 

After evaluation of stress ratio, the correct stresses in all elements are calcu- 

lated corresponding to yield of the next group of elements.   The difference between the 

incremental stress corresponding to the total load increment and the stress allowed by 

the stress ratio is treated as unbalanced stress and applied as psuedo-load in the next 

iteration. 

2.3,   Input Data 

Input to the program is a sequence of punched cards in the following order and 

lor mat: 
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© 

Read Control Information for the 
Structure   or Load Increment 

No 

Pilot analysis needed. Assume all 
elements elastic in first approx. 

Analysis of Progressive Failure 
of Incremental   System 

Set up System   Stiffness 

Calculate incremental   stresses 
and   displacements 

Element is plastic 
for    increment 

Stress Ratio=l No 

® 

No 

Element is elastic 
for  increment 

® 
37 
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• 

© 
Calculate incremental and 
total  stresses & displ. for 
this SR. Iterate for  non- 
linearity as needed 

(b) 

Calculate minimum 
Stress Ratio 

FIG. 11-1.    Flmv Chart for Progressive Fniiurc of Elastic-Plastic [ncremcntul System 
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... . ... . . . . , 

a. First Card.   Job Title (18A4) 

This card carries a descriptive title to identify the job. 

b. Second Card.   Control Information (415, 2F10.2, 315) 

This card carries the control information for the problem being solved. 

Information Columns 

Total number of nodal points (NUMNP) 

Total number of elements (NUMEL) 

Number of different materials (NUMMAT) 

Number of pressure cards (NUMPC) 

Acceleration in X-direction (ACELR) 

Acceleration in Y-direction (ACELZ) 

Total number of excavation and construction steps (NSTEP) 

Code to designate whether initial stress is being fed as data 
or will be evaluated before the first step (MCASE) 

MCASE = 0, initial stress will be evaluated 
= 1, initial stress is fed as data 

Maximum number of elements/nodal points removed or added 
in any one step (NMR). 

1-5 

6-10 

11-15 

16-20 

21-30 

31-45 

46-50 

51-55 

56-60 

c.   Material property cards 

One set of cards will be provided for each material.   Each set will consist of 

the following cards: 

i.    First Card (15,  F10.0) 

Information 

Material identification number (MTYPE) 

Mass density of material (RO) 

39 

Columns 

1-5 

6-15 
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n.   Second Card (5F10.0) for two-dimensional element 

Information 

Elastic modulus 

Poisson's ratio 

Cohesion 

Angle of internal friction in degrees 

Columns 

1-10 

11-20 

21-30 

31-40 

or 

iii.   Second card (5F10.0) for one-dimensiomJ element 

Information 

Elastic modulus 

Poisson's ratio 

Code = 1, If element is prestressed 
= 0, if element is not prestressed 

Allowable compressive strength of the material if the element 
has prestressing (code = 1) 

Area of one-dimensional clement 

Columns 

1-10 

11-20 

21-30 

31-40 

41-50 

d.   Nodal Point Data (15,  F5.0, 5 F10.0) 

One card for each nodal point with the following information is provided. 

Information Columns 

Nodal point number 

Type of nodal point (CODE) 

X-ordinate 

1-5 

6-10 

11-20 

40 
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Y-ordinate 

X lead or displacement (XR) 

Y load or displacement (XZ) 

The code will be defined as follows: 

21-30 

31-40 

41-50 

CODE Implication 

0.0 XR is the specified X-load and XZ is the specified Y-load 

1.0 XR is the specified X-displacement and XZ is the specified Y-load 

2.0 XR is the specified X-load and XZ is the specified Y-displacement 

3.0 XR is the specified X-displacement and XZ is the specified Y-displacement. 

Nodal point cards must be in numerical sequence.   Nodal points for which no cards 

are input will be generated by interpolation between specified nodal points.   These points 

will have CODE and loads set equal to zero.   The XtY coordinates will be linearly inter- 

polated. 

e.   Element Data (615, 5FIO.O) 

One card for each element, in numerical sequence, will show: 

Information 

Element number 

Nodal point I 

Nodal point J 

Nodal point K 

Nodal point L 

Material type 

Nodal points are labelled I, J, K, L counter-clockwise. 

41 

Columns 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 
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Initial stresses: 

Component in X-direction 

Component in Y-direction 

Shearing stress in X-Y plane 

Component in Z-direction 

Thickness of element (TH) 

If the columns for thickness are left blank, thickness will be taken as 1.0 

Elements omitted from the sequence will be generated.   The material type and 

thickness for generated elements is the same as for the preceding element. 

31-40 

41-50 

51-60 

61-70 

71-80 

f. If the initial stresses are to be evaluated (i.e. if MCASE - 0 in card b), the 

following card should be included; otherwise proceed to g. 

Initial Stress Evaluation 

i.    First card (18A4) 

This card gives the descriptive title of the step, 

ii.   Second card (415) 

Information 

Number of nodal points in this step 

Number of elements in this step 

Blank 

Number of pressure boundary cards 

Columns 

1-5 

6-10 

11-15 

16-20 
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g.   Incremental Step Information 

One set of cards will be provided for each step of construction or dismantling 

as follows: 

i.   First card (18A4) 

This card will give   a descriptive title of the step, 

ii.   Second card (1015) 

Information 

Number of nodal points in this step 

Number of elements in this step 

Number of elements removed/added 

Number of pressure boundary cards 

Material type of new elements 

Code    0 for dismantling 
-   1 for construction 

Columns 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

Number of nodal points removed/added 31-35 

If in addition to adding/removing elements, it is desired to change the material 

type of some existing elements, use columns 36-45„ 

Number of elements for which material type is to be changed 36-40 

New material type of changed elements 41-45 

If it is desired to add/remove two material types in one step, use columns 46-50. 

KMORE = 1, another material is being added/removed 46-50 
= 0, no other material is being added/removed. 

iii.   Elements removed/added (1615) 

One or more cards will indicate the element numbers removed or added in this 

step.   Total number of elements should be the same as in columns 11-15 in card ii. 
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lv.   Nodal points removed/added (1615) 

One or more cards will indicate the nodal point numbers removed or added 

in this step.   The total number should be the same as in columns 31-35 of card ii. 

v.   Elements for which material type changed (1615) 

One or more cards will indicate the element numbers for which material type 

has been changed.   Total number should be the same as in columns 36-40 in card ii. 

If KMORE = 1, repeat card i to v for the next material; otherwise proceed 

to card vl. 

vl.   Pressure boundary cards (215, 2F10.0) 

The cards representing pressure at the boundary will be as follows: 

Information 

Nodal point I 

Nodal point J 

Total normal pressure at I 

Total normal pressure at J 

Columns 

1-5 

6-10 

11-20 

21-30 

As shown in the sketch, the boundary of the element must be on the left hand 

side as one progresses from I to J.   Surface tensile force is input as a negative pressure. 
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2.A..   Output Information 

The following information is developed and printed by the program: 

a. Reprint of the input data 

b. Cumulative nodal point displacement after each step 

c. Stresses at the center of each element after each step 

d. Stress ratios for eleme..^-. which can yield with full application of the 
balance load 

e. The strss ratio applicable for any iteration and the consideration leading 
to its determination e.g. yielding of next element, minimum stress ratio, 
maximum stress ratio, ensuring that elements previously in yield surface 
do not move away from that surface beyond a specified tolerance. 

f. The proportion of total load increment   applied upto the end of current 
iteration. 

g. The next group of elements reaching yield 

h.   The failure ratio for each element. 
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Z.B. rsftimLLMtos 

HAIN 1 c 
HAIN 2 c 
MAIN 3 c 
MAIN ^ c 
MAIN 5 c 
MAIN ft c 
MAIN 7 c 
MAIN H c 
MAIN 9 c 
MAIN 10 
MAIN 11 
MAIN 12 
MAIN 13 • 
MAIN 14 • 
MAIN 15 
MAIN 1ft tl 

MAIN 17 
MAIN in c 
MAIN l'y c 
MAIN ?o c 
MAIN 21 c 
MAIN 22 c 
MAIN 23 
MAIN 24 • 
MAIN 25 
MAIN 2fc • 
MAIN 27 
MAIN 2P 
MAIN 2«? 
■ AIN 30 
t AIN 31 
M/iIN 32 
MAIN 3? 
MAIN 34 
MAIN ?? 
MAIN 36 
MAIN ?7 
MAIN 3F 
MAIN 39 
MAIN 40 
MAIN 41 
MAIN 42 
MAIN 43 
MAIN 44 
MAIN 4"! 
MAIN 4ft 
MAIN 47 
MAIN 4H 
MAIN 49 
MAIN ".0 

FINITE FLFMFNT ANALYSIS OF ELA 
MOHB-CnULOHh SULIDS UNDFP PLAN 
CONSTRUCTION EXCAVATION AND 1 
CONSIOEREn. A 4-CST OUADPILA 
THE FORMULATION IS OOCUMFNTm 
ON CONTRACT H0210017 PETWEFN T 
AND THE UNITED STATFS BUREAU 0 
THF ADVANCED RESEARCH PROJECTS 
PROGAMMFRS:   R.D.SINGH AND K. 

IMPLICIT REAL*8(A-H,0-Z) 
COMMON/TOTAL/   AAOOOOO),    I.U7000) 
COMMON/DNE/NUMNP,NUMELtNUMl'AT,NUM 

ISHlFTiMBANDfNRANDtNUMBLK.MTY 
,IMP,NSTFP,NCODF 

C0MM0N/TW0/PP(S),ZZ(6),S(inf10),P 
iTITLEIlfl),SRI,SR2,XC,YC,ACEL 

COMMON/THREE/STOP,HT0T,NT0T,N13,N 

STIC-Ft:RFFCTLY   PLASTIC ♦ 
E   STRAIN.      INCREMENTAL ♦ 
NITIAL   STPPSSES   ARE * 
TERAL   FLFMFNT   IS   USED. * 
IN   THF   FINAL   REPORT * 
HE   OHIO   STATE   UNIVERSITY - 
F   MINES   SUPPORTED   BY * 

AGENCY. ♦ 
J.SINGH * 

PC,NPMAX,NELMAX,r>i,uNri,KKK,KLK, 
PF,NCASF,MCASE,NMR,NL,NPP,NEO.NPC 

(10)IST(?,10),C(4,4|,SIG(7),FF|4) 
R,ACELZ,BCELR,BCELZ,VOL 
14,MB 

ACELR.ACELZ   ARE   BODY   FORCE    INTENSITIES.        MCASF    IS   INPUT 
ZERO   IF   INITIAL   STRESSES   HAVE   TO   PE   COMPUTED   AS   PART  OF 
THE   ANALYSIS. 

'S 

RE AD(5,1000)TITLE    ,NUHNP,NUHFL»NUMMAT.NUMPC,4CFLR,ACELZ, 
NP,NSTFP,HCASFfNMR 

WITE   (6,2000)    TITLE,NUMNP,NUMFL,NUMMAT,NUMPC,ACFLR,ACELZ,NP, 
NSTEP,NMR 

MT0T=7000 
NT0T=30000 
NPC'NUMPC 
IF(NUHPC.ECi.O)   NPC=l 
IF(NMR.FQ.O)   NMR=1 
Nl = l 
N2=N1+NUHNP 
N3=N2+NUMNP 
N4=N3+NUMNP 
N5=N4+NUMNP 
N6=N!)+NUMNP 
N7=N6+2*NUMNP 
N8=N7*5*NUMMÄT 
N9=N6+NUMMAT 
N10=N«*2*NPC 
Nll=NIO+e«NUMEL 
N12=N11+NUMFL 
N13=N1?+NUMEL 
MIBI 

M2eMl+5*NUHFL 
M3«M2*NUMrL 
M4=M3*NPC 
M5eM4+NPC 
M6 = M"i + NMR 
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r>7 

MAIN M 
HAIN ^2 
MAIN 53 
MAIN 
MAIN 
MAIN 
MAIN' 
MAIN "iP 
MAIN 5«» 
MAIN 60 
MAIN 61 
MAIN 62 
MAIN 63 
MAIN 64 
MAIN 65 
MAIN US 
MAIN 67 
MAIN 6B 
MAIN 6<> 
MAIN 70 
MAIN 71 
MAIN 7? 
MAIN 73 
MAIN 74 
MAIN 75 
MAIN 76 
MAIN 77 

inn 

icor 
200(i 

M7=M6*NMR 
MP=M7+NM>1 
JJ=MP-MTOT 
iFtJj.tr.o) f.o in loo 
WRITF(6,3O0n)JJ 
CALL   FXM 
CflMINUr 
NFn=2*NUMNP 
CALL   INPT      IAMNl»,AAIN2ltAAIN3)i*A(N4l,AA(N^|,AAlN6l,AAIN7lt 

♦ AAINPItAAINSI.AAINlOKAAINll» .»A(N17) i      I» «MI) , I« (M2 ) i 
* IA(M3)tIA(M4),IA(M5|fIA(M6ltIAIM7I      ) 
FORMATIlRA4/4|5,?F10.2fAI5) 
F0RMAT(1HI,18A4/ 
3nHO     NUMBER   OF   NODAL   POlNTi 

NUHPFR   HF   FLFMFNTS 
NUMPfR   OF   DIFF.   MATFRIALS 
NUMbFP   PF   PRFSSURF   CAPOS 
X-ACCFLtRATION 
Y-ACCFLrPATION 
NUMlif R   CIF   APPROXIMATIONS 
NUMRFP   OF   STFPS 
MAX.   NO,   OF   NODAL   POINTS   OR   ELEMLNTf.   AOOrn   no 

151 
fXECUlION   TfPMINAIEO 

BY 

.30Hn 
•30H0 
OOHO 
.?OH0 
.29Hn 
• 30Hn 
oonn 
.6«>H0 
.   S1FP 

3000   FaPHAT(70H 
.CFFDS   MTOT 

110/ 
110/ 
110/ 
110/ 

Fll.l/ 
FU.l/ 

110/ 
110/ 

FMOVED AT ANY 

IN   MAIN   PKOGPAM.   proulRFO   CORF   FX 
110) 

STOP 
END 

;; 

47 

-^-■■■■-   -■■ ;   ■  ■•  ^ , ( .        ■-  ■■■ -'^-,^i 



^mmsmmm, 11 l,UtJV»p!l|l«P>AIIW I. i.« A»«*'!** . 

INPT 1 
INPT ? 
INPT 3 
INPT 4 
INPT s 
INPT 6 
INPT 7 
I KPT fl 
INPT 9 
INPT 10 
INPT 11 
INPT 12 
INPT 13 
INPT 14 
INPT lf> C 
INPT 16 c 
INPT n c 
INPT 18 
INPT 19 
INPT 2(1 
INPT 21 
INPT 77 
INPT ?3 
INPT 24 c 
INPT 26 c 
INPT 26 c 
INPT 27 
INPT 28 
INPT ?9 
INPT 10 
INPT 31 
INPT 32 
INPT 33 
INPT 34 
INPT 3«i 
INPT 36 
INPT 37 
INPT 38 
INPT 3" 
INPT 40 
INPT 41 
INPT 42 
INPT 43 
INPT 44 
INPT 45 
INPT 4ft 
INPT 47 c 
INPT 48 c 
INPT i.O c 
IK'PT 50 

SUBRCIUTINF    INPT   (P , Z.UR iU2,Cnnf ,Bl),F .RQ.P" , SI GI tTH.FR , IX.MTAGt 
♦ IBC,JBC,NUMR,NUMRI,NNP) 

IMPLICIT   REAL«8(A-M,0-Z) 
COMMON/TOTAL/   AA(30000»,    1A(7000) 
CDrlMON/nNF/NUMNPtNL'MFLtNUMHATtNUMPCNPMAX.NFLMAX.N.NNN.KKK.KLK, 

ISHIFT,MRANn,N(UNn,NUHPI.K,MTYPE,NCASF.MCASF,NHRfNL,NPP,NEO,NPC 
.NP.NSTFP.NCOOF 

COMHON/Twn/RRt5l,ZZ(^),,;(10,10l,P(10),ST«3,10),C(4,4),SIG(7»,FF(4) 
,TlTLF.(lP|,SRl,SR2tX:,YC,ACFLR,ACFLZ,RrFLR,BCFLZ,V0L 

C0KMDN/THREF/ST0P,MTnT,NTi1TfN13,N14,Mfl 
DIMENSION   R(NUMNP),Z(NUMNPl,u~(NUKNP).UZINUMNPI,CnDEINUHNP), 

BOINEOI ,E(f>,NUMMAT),Rn(NUMMAf ),PR(NPC      , 21 ,SIGI (NUMFl. ,8) , 
THINUMEL),FR(NUMEL>,IX(NUMFL,5),MTAG(NUMELI,IBC(NPC», 
JBCINPC      ),NUMR(NMR),NUMR1(NHR1,NNP(NMR) 

INPUT MATERIAL PROPERTIES 

00 55 M=1,NUHMAT 
RFAO Ci.lOOl) MTYPF.ROIMTYPF) 
WRITE(ft,2001) MTYPD.ROIMTYPE) 
RFAO (5,100?) (F(J,MTYPF),J=1,5) 
WPITE(6,2002) (E(J,MTV(»E)»J»1,5) 

55 CONTINUE 

RFAO AND PRINT NUOAL POINT 0A1A 

WRITE (6,2003) 
L-0 

60 READ  (5,1003) N,CODF(N),P(N) , 2(N)^o(N),UZ(NI 
NL=L*1 
IF (N.FO.li C-i' TO 70 
ZX=N-L 
DRr(R(N)-P(L))/ZX 
DZ=(Z(N)-Z(L))/ZX 

70 L»L*l 
IF(N-L) 100,90,e0 

BO COOF(L)«0.0 
R(L)=R(L-1)+0R 
zai»2(L-n*nz 
UR(L)«0.0 
UZ(L)=0.0 
GO TO 70 

90 IF(NUMNP-NI 100,110,60 
100 WRITE (Ö^OOM N 

CALL EXIT 
110 WRITE (6,2004) HK ,CODF ( K ) ,R (K ) ,2 (K ) ,UR (K.) ,UZ (K ) ),K = 1,NUMNP) 

Of*0 AND POINT FLFMFNT DATA 

WRITE    (6,2006) 

JUMIIIWH'  
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irPT M 
INPI 52 
INPT 13 
1NPT •;<, 
INPT 55 
INPT ^c 
INPT 51 
INPT «ifi 

INPT h9 
INPT hO 
INPT 61 
INt'I h2 
INPT h* 
INPI C.4 
INPT IS». 

INPI 6f 
INPf ft? 
INPT 6P 
.NP1 fc<> 
INPT 70 
INPT 71 
INPT 7? C 
INPT 73 C 
INPT T, c 
INPT Tb c 
INPT 7ft 
INPT 77 
INPT 7P 
INPT 79 
INPT on 
INPT 61 
INPI n? 
INPT p.i 
INPT hi, 
INPT fi«, c 
INPT H6 c 
INPT fl7 c 
INPT rtfl 
INPT P9 
INPT <»0 
INPI 91 
INPT Oi> 
INPT S>3 
INPT 94 
INPT 9? 
INPT "6 
INPT "7 c 
MPT 98 c 
INPI UP c 
INPTino 

N«n 
130   RFAD    (5,100^1    M , ( IX (H, I 1, 1 = 1 , I » , ( S If, 1( M, I | , | =1 , 4 I , THI M» 

IF    (TH(M).rO.O.)    TH(M)=1.0 

IF (N.fo.o) r.n TO 1A0 
no 135 I«!,« 

13S S.If-(I) = (SIGl(M,I)-SIGHN,m/ZX 
140 N«N*1 

IFIM.LF.NI GM TO 170 
lX«N,l)r1X(N-l,l)*l 
IX(N,2)«iy(N-l,?)+l 
IX(N,3)=IX<N-1,3)*1 
IX{N,4l=IXIN-lf4(+l 
IXIN^IsIXIN-l ,') 
nn iho  l=it4 

IftO   SIM(N,I)=S1CI(N-I,1)+S1C(I1 
TH(N)=TH(N-1> 

170   IFIf.GT.N)   GO   TO   140 
IFINUMfL.GT.Nl   CD   TO   130 
WRITE« 6,2007)    ( (N, ( IX (N, I ) , 1 = 1 ,5 ),««; IG1 ( N, I ) , I = 1,4) ,TH(N)) ,N=1 ,NUM 

PL) 

INITIALIZATION   OF   UNBALANCED   STRESSES   AND   CUMULATIVE 
OISPLACFMENTS 

DO   195   N=l,MIIHFL 
MTAG(NI=0 
SIGI(N,5)=0. 
SIGI(N,6)=0. 
SIG1(N,7)=0. 

19^   SIC.I(Nia)=0. 
no   200   N=1,NUMNP 

200   BCI(?*N)=0. 

CALCULATE   MAXIMUM   tiANO-WIDTH   FO"   THE    INCPfMENTÄL   SVSTFH 

J=0 
DO 250 N«ltNUMFL 
DO 250 1=1,4 
DO ?50 L=l,4 
KK=IAf'.S( IX(N,II-IX(N,L)) 
IF(KK.GT.J) J=KK 

2^0 CPNTINUF 
NBAND=2«J*2 
WRITE(6,3000) NBAND 

CALCULATE BLHCKSIZF CONSISTENT WITH AVAILAPL^ CO1"1 

NL=(NTriT-f.il3+l)/(N'BANn+l) 
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INPTini 
I NCI 10? 
INPTin;} 
INPIlOi. 
INPTIO'S 
INPTin6 
INPTin? 
INPTIOR 
INPTIOO 
INPTUn 
INPT1U 
INPTn2 
INPTU3 
INPTIU 
INPT115 
INPT116 
INPTU7 
INPTllfl 
INPT119 
1NPT120 
INPT1?1 
INPT12Z 
1NPT123 
INPT124 
INPn25 
INPT12ft 
INPT1?7 
INPT12R 
INPI129 
INPT130 
INPT131 
INPTn2 
1NPTI33 
irPTl?A 
INPT135 
INPTISA 
INPT137 
INPT138 
INPTI39 
INPTUO 
INPTlAl 
INPTl«? 
INPT1A3 
INPTHA 
INPTl««; 
INPTUc. 
INPTli.7 
INPTIAH 
INPTlt- 
INPTIHO 

NLL=NFü*3 
IF(ML.M.NLL) NL=NLL 

Nl'U*NL 
M1/,»N13*NL 
Nn«:2*NPANn 
MZ£N13*Nfi+NB*NBANn-l 
WRlir (fri'.oin» NZ 

IF(NZ.CT.NTOT)   CALL   EXIT 
IF   <NL.L1.NM   CALL   FXIT 

.      RfAD   CONTROL   INFORMATION   FOR   THF   NFXT   STFP   IN   INCRFMFNTAL 

.      4NALVSIS 

NCASF=0 ' -•....-.....  

IFIMCASE.NE.O»   NCASE=1 
IF(MCASF.NE.O)    HCASF=1 

300   RFAD(5tlOOP)    TITLf 
WRITFJ6,20n)   TITLF 

READ(^,1009)   NPHAX,NfcLMAX,NUMFR,NUMPC,MTYPF,NCnDF,NPMIS, 
NUHFRl.MTYPFl.KMOPF,THICK 

IFlTHICK.EO.O.l   THICK«!.0 
IFINUMFR.FQ.OI   GO   TO   310 
RFAD(5,1007)      (NUMR(N),   N=   l.NUMFR) 
01   305      I=l,NUMrH 
NUM=NUMR( I) 
TH(NUM(=TH1CK 

70S CONTINUE 
310 IF(NPMIS.rO.OI GO TO 320 

REA0(5,1007)  (NNP(H), M = t.NPHIS) 
320 IF (NUHFR1.F0.O) GO TO 330 

READIStlOO?) ( NUMR1(N),N=1,NUMERI) 

DETERMINE BAND-WIOTH FOR THIS STEP 

330 J«0 
IF(KMORF.NF.O| GO TO 3^2 
DO 340 N = l.NFLMAX 
00 340 1=1,4 
DO 340 L=l,4 
KK=1APS(1X(N,I)-IX(M,L)) 
IF(KK.GT.J) J=KK 

340 CONTINUE 
MRAND"2*J+2 

■»42 IFINPMIS.FO.O) GO TO 346 
00 345 ' = I, NPMIS 
J«NNP(1) 
B0(2«J-1»=0. 
P0(2*JI=0. 

345 CONTINUF 
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v    : 

INPT1S1 
INPTI1;? 
INPTl«i3 
INPT1S4 
INPT155 
INPTlf56 
INPTl^T 
INPTIIH 
1NPT119 
INPTUSO 
INPTlAl 
INPT162 
INPT163 
INPTlft« 
INPTU5 
INPT166 
INPTlft? 
INPT160 
INPT169 
INPT170 
INPT171 
INPT17? 
1NPT173 
INPT17^ 
INPT175 
IMPT17A 
INPT177 
lNPT17fl 

INPIlflO 
INPTim 
IMPTlfl? 
INPllBS 
IMPT1R4 

INPT1R6 
1NPT1B7 
INPTIRR 
INPT1H9 
INPT19n 
INPT191 
1NPT19? 
INPT103 
IMPTJ9i, 
lNPn95 
INPT196 
INPT197 
INPT19R 
|NPn99 
iNPrjnn 

PRINT   CONTROL   INFORM*! IHM   FOR   THE   CURRENT   ?;TFP   IN   INCRFHFNTAL 
ANALYSIS 

3^   IFINCOPF.FC.l >   GO   TO   410 
IF(NUHFR.KQ.O>   GO   TO   SM 
HRlTFlfc^O^INCASF.NPMAXiNtLMAX.NUMPr.NPf IS.MTYPt t 

(NUHR(N»,N=l,Nl!MER) 
GO   TO   3?.? 

?,il   WRITE(^,2ni2)NCASF,NPMAX,NELMAXtNUMPr,NPMISfMTYPF 
352    IF(NPMIS.FC.O)      GO   TO   420 

WRITP(6,2014)    (NNP(M)    fM   =   liNPMIS) 
GO   TO   4?0 

410 IF(NUMFR.EO.O)   GO   TO  411 
WRITF«<>t2013)NCASF,NPMAX,NELMAXtNUHPC|NPMISfMTYPFt 

(NUMR(N)tN=l,NUMER) 
GO   TO  412 

411 W'»ITE(6t2013)NCASF,NPHAX,NFLMAXtNUMPC|NPMIS,MTYPE 
412 IF(NPMIS.FO.O)  GO TO 420 

WUTE(6,2014) (NNPtMl ,H = l.NPHIS» 
420 CONTINUE 

IF (NUMERI.EO.0| GO TO 440 
WRITE (6,20lfi| (NUMR1(N),N=1,NUMFP1» 
WRITE (6f2020) MTYPF1 

440 IF (KMORE.NF.OI GO TO 510 
WPITF (Af202M HBANO 

1 

RFAD   AND   PRINT   BOUNDARY   PRFSSURFSf   IF   ANY 

IF(NUMPC.I CO)   GO   TO   MO 
WRITE    (6,?000) 
DO   «^00   L = 1»NIIMPC 
READ(5,1005» I PC(L) , JRC(L)|PRI Li 1)tP»(L,2) 

500 WRITE(6f2n09)IPC(L),JBC(L),PR(L,l)fPR{Lt?) 
"UO   CONTINUE 

FOR   ELEMENTS   REMOVED   OR   NEWLY   APOCO   IN   THIS   STFp 
SFT    INITIAL   STRESSES   EQUAL   TO   ZERO 

IF   INUMER.FO.O»   GO   TO   601 
00   fOO   I=1,NUMEP 
NUM   =   NUM"(I) 
IX{NUM,5)=MTYPr 
Sir.I(NUM,l)=0.0 
SICKNUM,21=0.0 
SIGnNUM,3)=0.0 
S1GI(NUMI4I=0.0 
MTAC(NUM)=0 

600   CONTINUE 
AOl   IF   <NUMfRl.ro.01   CO  TO  MO 
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INPT201 
wp\?m 
INPTP03 
INPT?0« 
INPTPOI 
INPI?()(S 
INPT207 
INPT2nP 
INPT?0<> 
INPT210 
INPT?!! 
INPT?12 
INPT213 
INPr?U 
INPT?!1! 
INPT?lfr 
INPT717 
INPT21R 
1NPT21«> 
INPT22n 
INP1221 
INPT??? 
INPT223 
1NPT22A 
INPT22!) 
INPT226 
INPT227 
INPT?78 
INPI22" 
INPT?3n 
INP7231 
rMPT232 
INPT??? 
INPT?:H 
INPIZ?«) 
lNP123fc 
INPT237 
INPT??H 
1NPT239 
INPT2'Vn 
INPT241 
1NPT242 
INPT2^3 
INPT24A 
1NPT245 
INPT24A 
1NPT247 
INPT?'tR 
INPT24<> 
INPT750 

iR0|PR,SIGIiTHiFRtAA(N13»»**(N 
RiMJMRl.NNP) 

HO bOb    Irl.NUMFRl 
NUM=NUMR1(I) 

(•Ob   1X(NUM,!))=MTYPF1 
610 IF (KMUPF.NF.O) GO TO 300 

tVERY ELfMtNT IS »SSUMFD ELASTIC AT TMF START OF EACH STEP 

SRW.O 
S'piO.O 
NPP=MP 
IF    (NCASE.LT.l)   NPP=I 
CALL SnLVE<P,Z,UP,U2,CnDE,Br),F 

♦ IX.MTAF,, IhCJBC.NIJM 
|F(NCASF..LF.NSTEP> &n TO 300 

1001 FDPMAI (lISflF10.0) 
100? FQPMAT (6E10.0) 
1006 F0RMATU6I 
1003 FORMAT (15,FS.0,^F10.0) 
100« FORMATt6I?it5F10.0) 
1005 FORMAT (215,2F10.0) 
1007 FOPMAT<lf I«!) 
100B F0RMAT(18A4I 
1009 FnRMATdOI^.FIO.O» 
2001 FORMAT (17H0MATFRIAL NUMPFRs I 
2002 FORMAT!16H0FLAST1C MODULUS 14X 

.NRLF 2X 13HARFA FDR ONED /(2EI 
2003 FORMAT (IIIHINOOAL POINT 

•AO OR DISPLACEMENT  V LOAD 0» 
2004 FORMAT ( 112 ,F 1 2.2 , 2ri2.3,2(:24. 
ZOO«; FORMAT (26H0N0DAL POINT CARO E 
2006 FORMAT!lOVHIELEMENT NO.     I 

.TRFSS    Y-STRFSS   XY-STRESS 
?007 F0RHATm2,416,in?,5E12.3) 
2nOH FORMAT ! 2OH0PPESSL'RF BOUNDARY 

.URE !    PRFSJIIRF J 
2009 FORMAT I2I6,2F12.3) 
2011 FORMATdHl IPA«////) 
20-2 E11RMAT1 MHO RESULTS AFTER STE 

. 5SH0 TOTAL NUMBER OF NODAL PD 

. 5flH0 TOTAL NUMBER OF ELEMENTS 

. 5BH0 TOTAL NUMBFR OF PRESSURE 

. 5RH0 TOTAL NUMBER OF NODAL PO 

. 5RH0 MATERIAL TYPF OF ELEMENT 

. 5BH0 ELEMENTS REMOVED IN THIS 

. !?0I5)) 
2013 FORMAT! MHO RESULTS AFTEP STE 

. 58H0 TOTAL DUMBER OF MODAL PO 

. 5PH0 TOTAL NUHPfR CE ELEMENTS 

. 5BH0 TOTAL NUMBER OF PRESSURE 

. «ifiHO TOTAL NUMBER OF NODAL PO 

U), 

3, 15H, MASS DENSITY= E12.A) 
2HNU 8X 8HC0HFSI0N 2X 14HFRIf 

6.5,3F16.5)) 
TYPE  X OODINATK  Y ORDINATE 

DISPLACEMENT  PORF PPFSSUPF ) 
7) 
RROR N= IM 

J     K     L    MATERIAL 
Z-STPESS   THICKNESS 

CONDITIONS/ «OH I 

TION A 

X LO 

X-f 

PRESS 
) 

P NO.  15/ 
INTS IN SYSTEM AT THIS STEP  1"5/ 
IN SYSTEM AT THIS STFP  15/ 
CARDS AT THIS STEP  15/ 
INTS MISSING AT THIS STEP  15/ 
E ADDED/REMOVED IN THIS STEP  15/ 
STEP ARE    / 

P NO.  15/ 
INTS IN SYSTEM AT THIS STEP  15/ 
IN SYSTEM AT THIS STFP  15/ 
CARDS AT THIS STEP  15/ 
INTS MISSING AT THIS STEP  15/ 
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1NPT?51      . f*nHO MATTPML TVP^ BFING PUT IN THIS STKP   1s/ 
INPT?«!?      . 5PH0 CLEMFNTS AOOFO   IN THIS STFP A»F       / 
INPT?53      . (20151) 
INPTJ5A 2014 FORMAT I D3H0 NCDAL POINTS RFMdVFD 0« AOnFO IN THIS STFP ARF  
INPT255     ./IZ015») 
INPT?1^ 201^   FOBMAT(IB,2FB.2,lPAL12.AtOPIFR.6> 
INPT?*;? 7017   F0oMÄT( I10,2F20.7» 
1NPT21R 2018 FOPMAT (52HO FLRMrNTS FOR WHICH MATFRIAU HAS pFFN CHANC-FD APT — 
INPT259      ./I2015I) 
INPT260 2020 FORMAT (5AH0 NFW MATFRIAL TYPF OF THF ABOVF CHANf.^n FLF»CNTS IS~ 
INPI261      . 15) 
INPT262 2025 FnRMATt27H hAND WIDTH FOR THIS STFP 15) 
INPI?fc3 3000 F0RMAT(//1?H BANO WIDTH 15) 
INPT2<-'t 4010 FORMAT« 65H THE MINIMUM DIMFNSION OF AA AND NTOT NFFOFP FOR THIS P 
INPT2A5      .P.DPLFM IS 110) 
INPT2Aft       RFTURN 
INPT267       FNO 

"■ 
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SOLV 1 stmpouTiNr roLvr (o,z,uRtUZ,co 
r.ntv ? ♦                   MTAG.IBCJBC 
TdLV 3 IMPLICIT RPALfflU-H.O-Z) 
SOLV 't COMMON/TOTAL/ AAOOOOOI, IA(70 
SOLV 5 COHMON/OMF/NUMNP.NUMFL^NUMHAT, 
SOLV 6 ISHlFT.MÜANO.NHANn.MUHPLK, 
SOLV 7 fNPtNSTFP,NCOriF 
SOLV 8 COMMON/TWO/RR(5),2Z(5),S(10,10 
SOLV 9 ,TlTLF(18)fSRl,SR2,XC,YC,A 
SOLV 10 COMMON/THRFF/STnPtHTOT,NTnT,Nl 
SOLV 11 DIMFNSION R(NUMNP),Z(NUMNP),UR 
SOLV 12 Rn(MEO),E(5,NUMMAT),RO(NUH 
SOLV 13 TH(NUMFL)tFR(MUMFL)fIX(NUM 
SOLV 1* JBC(MPC  ),MUMR(NMR),NUHR1 
SOLV 15 DIMFNSION B(NL),A(NL,NBANOI 
SOLV 16 DIMENSION LM{4) 
SOLV 17 C 
SOLV 18 PO 750 NNN=1,NPP 
SOLV 19 KKK=0 
SOLV ?0 RFWINO 2 
SOLV ?1 Nn«NL/2 
SOLV ?? NB=Nn/? 
SOLV ?3 STOP=0.0 
SOLV ?<* NUMBLK=0 
SOLV 25 no 50 N=1,NL 
SOLV ?A D(NI=0.0 
SOLV ?7 no 50 MsUMPAND 
SOLV 28 50 A(N,M)=0.0 
SOLV 29 IF(NCASF.GT.MCASF) GO TO  51 
cOLV 30 IF (NNN.GT.ll GO TO  51 
SOI.V 31 BCCLR =ACFLR 
SOLV 32 BCFLZ =ACFLZ 
SOLV 33 51 CONTINUr 
SOLV 3A IF (NNN.GT.l) GO TO  52 
SOLV 35 ACFLP =BCFLR 
SOLV 36 ACFLZ =BCELZ 
SOL" ->( GO TO  55 
SOLV 38 52 ACFLR =0.0 
SOLV 39 ACFLZ =0.0 
SOLV '.O NUMPC =0 
SOLV 41 55 CONTINUF 
SOLV 42 60 NUMBLK=NUHBLK*1 
SOLV 43 NH=NB*(NUMeLK + n 
SOLV 44 NM=NH-NB 
SULV 45 NS=NM-NB+1 
SOLV 46 KSH1FT=7*NS-? 
SOLV 4 V ÖD 210 N=1,NELMAX 
SOLV 4B lF(lXINf5).LF.O) GO TO 210 
SOLV 49 HTYPE*1X(N,5) 
SOLV 50 IF (RO(MTYPF).FC.O.) GO TO 210 

nF,B0,F,PO,P'»,SIGI,TH,FP,B|A,IX, 
.NUMR.NUMRl.NNP) 

00) 
NUMPCtNPMAX,^FLM*X,N,NNN,KKK,KLKf 

MTYPE,NCASFfMCASE|MMR,NLfNPPt«<FOtNPC 

),P(10),ST(3,10»,C(4,4),SIG(7),FF«4) 
CFLRfACFLZrBCFLRfBCFLZfVOL 
3,N14,MR 
(NUMNP),UZ(NUMMP)fCODE(NUMNP)• 
MAT),PR(NPC      ,2),SIGI(NUMFL,8), 
rL.5),HTAG(NUMF L)»IBC t NPC) , 
(NMR|(NNP(NMR) 
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SOLV "ii nn no i «1,4 
COLV   52 IF(IX(N,I).LT.NS)    GO   TO   flO 
*;riLV   ^3 IFdXINtH.LF.NMI   GO   TO  90 
SOLV r>4 HO CCMINUF 
JPLV 5^ r.o in 210 
«(.LV   lö 90   IF( 1X(N,?).M^.1X(N,?) I   CO   IP   9fi 
SOLV   »i? CAll.   ONBO   C.Z.UO.UZ.CnDF.Rn.F.Rn.PR.SIGl.TH.FP.lX.MKG, 
SC'LV   5fl ♦                             lf«C,JPC,NUMI»,NUMPl,NNP) 
'■.PLV   W IX(N,S)=-IX(N,5) 
SPLV   60 MM=? 
5 0LV  frl GO   10   no 
SOLV   6? 96   CALL   OUAO   (P , Z .UP. ,U2 ,CODF .BD.F ,00,PR ,S1GI ,1H,F« , I X tMTAG, 
SOLV   63 *                             IPC,JBC.NUMR,NUHP1,NNP) 
SOLV   6A IX(\i,5)=-IXtNf5) 
SOLV 65 IF (VOL.GT.O.) GO TO 110 
SOLV 66 WPlTF(6,200n) N 
SOLV 67 STPP=1.0 
SHLV 68 110 MM=4 
SOLV 69 IF (IX(N,3).FQ.IX (N,4) ) MM=3 
SOLV 70 130 00 KO 1 = 1,MM 
r.OLV 71 140 LM( n=2*IX(N,I )-2 
lOLV 72 DO 200 1=1,MM 
SCLV 73 00 200 K=l,2 
SOLV 74 ll=LM(n+K-KSMIFT 
50LV 7S KK=2*I-2+K 
SOLV 76 HIlI»=eill)*P(KK) 
5PLV 77 DO 200 J=1,MM 
SOLV 7P DO 200 L=l,? 
fOLV 79 JJ=LH(J)+L-II+1-KSHIFT 
SOL" HO LL=2*J-2+L 
SOLV PI IF(JJ.LE.O) Gn TO 200 
Sl'LV 82 A(II,JJI=A< II ,JJ)*S<KK,LLI*TH(N) 
SOLV 83 ?00 GONTINUF 
SPLV 84 210 CDNTINUF 
^OLV 8^ DO 220 "UNS,MM 
SOLV 86 IF (N.GT.NPMAXI GO TO 220 
SOLV 87 K=2«N-KSHIFT 
!( .J   PS P(K)=B{K)*UZ(N) 
SOLV 89 P(K-1)=P(K-1)+UP(N) 
SOLV 90 220 C0NT1NUF 
SOLV 91 C 
SOLV 92 IF {NUMPC.FO.OI GO TO 310 
rOLV «3 DP 300 L = l,Nl!MPC 
SOLV 94 I=Ibr(LI 
Sf'LV 9f> J=Jhr. (L) 
SOLV 9h DR«Z(I»-Z(J) 
SOLV 97 r)Z=p( J)-P{| ) 
SOLV 98 PP2 = IPR(L,2)+PR(L,1 l»/6. 
SOLV 99 PP1=PP2+PRIL,11/6. 
SOLVIOO PP2=PP2*PRJL,2l/6. 

I 

I 

65 

MaMaitoA—"' IIMIIII  II M&Üä ■      ■     ■ L ^_1 ^M 



mm^mimm^mmmmmm^^^ mm?mißmv^>^m m 

SUtVIOl 

r.nLVin3 

S0LV106 
itlLVlOö 
SOLV107 
soLvioe 

SOLVUO 
SOLVUl 
snLvnz 
SnLVH3 
S0LV114 
SOLVlI'i 
SflLVllft 
«.CiLVllV 
SOLVUfl 
sntvii«» 
5.nLvi?o 

snuvizz 
SnLVl?3 

SOLV175 
SOLV126 
SnLV127 
SOLV128 
SnLV129 
sntviao 
'OLV131 
<;nLyi32 
SriLV133 
SPLV134 
SHLVISS 
SntV136 
5.nLV13 7 
SPLV13B 
roLv:39 
snuviAo 
SfiLVlAl 
f;nLVK2 
SOLVUS 

SCtLV14«> 

SOLVl^T 

&nLVlA9 
SOLV1SO 

II=?*I-KSH^T 
JJ = 2»J-KS!(IFT 
IM(lI.LF.O).nR.(lI.GT.NOH   GO   TO  ?65 
ß(ii-i)=hni-i)+ppi*nR 
P( 1I)=P(11)4-PP1*D2 

?65   !F(lJJ.LF.O».OP.(JJ.GT.NDH   GO   TO   300 
('ijj-ii=P(jj-n+pp2*DB 
B«JJ)=8(JJ)*PP?*D2 

300  CONTINUE 
310   00   400   M=NS,NH 

IF(M.GT.NPMAX)   GO   TO   400 
U=UR(M) 
N=2*M-1-KSHIFT 
IF   (CnOF(M))   390,400,316 

'lA   IF(COnF(H).Eü.l.)   GO   TO   370 
1F(C00F(H).F0.2.)   GO   TO   390 
IF   (C0DF(H)-3.)   390,3flO,390 

370 C*LL HOOIFY(A,P,NL »HRANO.NPäNO.N.U) 
GO   TO  400 

3Rn  CALL   MnDlFYU,P,NL    ,MBAN0 ,NPANO,N,UI 
390   l)«IJZ(H) 

N=N+1 
CALL MODIFV(A,R,NL ,MBANn,NPAND,N,U) 

400 CONTINUF 
WRITF (?) (P(N)t{Ä(N,H),M=l,M6ANr/(,N=l,NOI 
00 420 N=1,N0 
S<=N+Nn 
B(NI=B(K) 
R(K)=0.0 
^0 420 M=1,MRAND 
A«N,M»=A(K,M) 

420 A(K,MI=0.0 
IFINM.LT.NPMAX) GO TC 60 
tF   (STOP.NE.O.) CALL FXIT 
00 600 N=1,NUMNP 
UZ(N)=0. 

600 UR(N)«0. 
N1';EN14 + 2*NUMNP 

N16=N15 + 4*NUH|-L 
N17iNl6+NUMFL 
CALL   PANSUL   (Nl ,NIANn,MBAND,NllMhLK,B,Ai 
CALL   STRESS   I»,Z,UR,UZ.CODE»BO ,F,PO,PR,SIGI,TH,FP,B,AA(N15I, 

* AM(m)t*A(N17)f IX.MTAG.IRCJBCNUMR.NUMR^NNP) 
DO 700 N = l,NPf«AX 
NN=2*N 
BO(NN-l)=Rn(NN-l)+B(NN-l) 

700 PO(NN|rBO(NN)+e(NN) 

PRINT OUT CUMULATIVE 01SPLACFMFNTS 
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SULVm 

SOLVlbB 

S0LV155 
S0LV156 
SüLVI1.? 

,;0LV160 
SOLVIM 
r.OLVlft2 
SOLV163 
S01.VI64 

SOLVIM 
StlLV167 
SOLVlftfl 
SOLVW.9 

HRIir(6,200?l(N,8n«2*N-lltBC(2*N»,N=l,NUMNP) 
rF(KLK.FO.I) f.O TO 750 
IFKKKK.EO.OI.OR.ISRZ.Gr.l.ll GO TO «00 

1*0  CONTINUF 
aOO IFtNUMER.CT.O» GO TO 850 

IFINCASF.r.T.O» CO TP 850 

IF INITUL STRFSSFS *RE FV»LU»TFO IN THIS STFP INITIAU7F BO 

no  810  N«1,NE0 
810 pn<N)«o. 
B50  NCASe=NCASF»l 

DO   <»00   N«lfNFLMAX 
900   IF(FR(N).r,T.l.>   FR(N) = 1, 

PFTDRN 
1000   FORMAT    UH1,40X,«LOAD   MATRIX •/( 10F 13.<.)) 
2000  FORMAT   (26H0NFGATIVF   ARFA   ^LFM^NT  NO.   IA» 
2002   FORMAT!12H1  N.P  NUMBER   1RX   2HUX   IPX  2HUY   /(112,2F?0.7)) 

FNP 
-' 

I 
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UNFn 
ONFfl 

oNro 
nNtn 
ONFn 
ONCP 
ONTO 
nNFD 
ONFn 
ONFO 
CINFD 
nNFO 
nNFn 
ONFD 
ONFn 
riNf-n 
ONFO 
ONFfl 
(INFO 
ONFO 
ONFn 
ONFn 
ONFn 
ONFn 
DNFD 
ON ED 
ONEO 
ONFD 
ONFO 
ONEO 
ONED 
ONFD 
ONFO 
ONFD 
ONFD 
ONFO 
ONFO 
ONEO 
ONFD 
oNin 
ONFn 
ONFD 
ONFD 
ONFD 
ONFD 
ONFD 
ONED 
ONFD 
ONED 

1 
2 
3 
A 
6 
6 
7 
a 
9 

10 
11 
1? 
13 
U 
15 
16 
17 
lb 
1«> 
20 
21 
2? 
23 
74 
25 
26 
27 
2P 
?o 
30 
31 
32 
33 

35 
36 
37 
3R 
3<> 
40 
41 
42 
43 
44 
45 
46 
47 
4P 
49 
50 

SUBROUTINE ONEO (R,Z.U«,UZ,CODF,BO,F,ROfP",SIGItTH.F" , IX.MTAGf 
♦ inC,JBC,NUMR,NUMRl,NNPI 
IMPLICIT RFAL*6(A-H,0-Z) 
COMMON/TOTAL/ AA(30000), IA(7nnn) 
COMHüN/nNF/NUMNP,NUMFL,NUMMAT,NUMPC,NPMAX,NFLMAXtN,NNN,KKK,KLK, 

ISHIFTiMBaNDfNPANn,NUMHLK,MTYPE.NCASF,MCASE,NMP,NL.NPPfNEO,NPC 
.NPfNsrrp.NcnoF 

C0HM0N/TW0/RR(5JfZ7(5),S(in,10),P(10),ST13,10),C(4,4),SIG(7),EE«4) 
,TITLF(lfl),SRl,SR2fXC,YC,ArFLR,ACFLZ,BCrLR,BCFLZ,V0L 

C0MM0N/THREF/STOP,MT0T,NT0T,Nl?.,N14,Ma 
DIMENSION   R(NUMNP),Z(NUMNP),UPtNUMNP)iUZ(NUMNP),CnnF(NUMN?)f 

BOINFO)tF(5tNUMHAT),R0(NUMMAT)fPR(NPC      ,2 I,SIGI(NUMElf8), 
TH(NUMEL)tFR<NUMFLI,IX{NUMFL|5),HTAG(NUMFLIiIBC(NPC)f 
JBC(NPC      ),NUHR(NMR),NUHRl(NMRt,NNP(NMR) 

00   ino   lBl,f< 
P(l ) = 0.0 
on loo j=:,n 

loo s(i,ji=n.o 
MTYPF«IX'N,5I 
I=IXIN,1) 
J=IXIN,2) 
OX=R(J)-R(It 
DY«Z(J»-2I1) 
xL=nc.0RT(nx**2+nY**?) 
r.OSA=DX/XL 
SINAsOY/XL 
COMM=   Ftl,MTYPF)*F(5,HTYPr(/XL 
S(ltll=COSA«COSA*COMM 
S(1,?I=C0SA*SINA»C0MM 
S(l,3l=-S(l,l) 
S(l,4(=-S(l,2) 
S(2>1I=S(1.2) 
S(?i2)=SINA*SINA*CnHM 
S(2i3)=-S(l,.?) 
S(?,4)=:-S(?,7) 
S(?,n = S(l,3) 
S(3,2)«S(2,3) 
s(3»3>»sn»x» 
S(3,4)«S(1,2) 
S{4,n = Stl,4) 
S(4,?)=S(?,4) 
S(4,71=S(3,4) 
S(4,4lrS(2,2) 
11=4 
IF(NNN.FC.l)    11=0 
FP=SIGI(N,II*1)/F(1,MTYPE) 
ox=nx*EP 
nY=nY*FP 
P(l ) = Sri,l)»DX + S(1,2)*DY 

1 
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tINED  51 P(?)«S(?,l)»OX*S(2,2)*OV 
ONfD  52 P(3)»-Pm 
ONFn  5? Pt4l«-P<2) 
ONFD   5« RFTURN 
ONFO   55 FNO 
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UUAD 1 
t'0«0 ? 
ou*n ? 
ÜUAD <V 
OUAD b 
c.u»n 6 
uuAn 7 
OUAD B 
UIIAH Q 

OUAD in 
fcUAH 11 
OUAD l? 
OUAP 13 
ouAn 14 
OUAD 15 
OUAD 16 
OUAD 17 
OUAD 18 
OUAD 10 
OUAD 20 
OUAD 21 
(/UAD 2? 
OUAD 23 
ÜUAD ?A 
OUAD 25 
ÜUAD 26 
QUAD 27 
OUAD 2H 
ÜUAD 2° 
OUAD 30 
OUAD 31 
CUAO 32 
OUAD 33 
OUAD 34 
OUAD 35 
OUAD ?A 
ÖUAD 37 
CUAD 3P 
CUAD 39 
OUAD 40 
CUAD 41 
OUAD 42 
OUAD 43 
OUAD 44 
ÜUAD 45 
OUAD 46 
OUAD 47 
OUAD 4R 
OUAD 4V 
OUAD 50 

rUbROUTIM^   OUAD   ( P , ZiUR ,UZ t CODE tBO.E tROtP1* tS IGI |TH, PR, IX.MTAGf 
♦ IBC,JBC,NlJMOtNUMRl,NNP) 

IMPLICIT   RFAL*8(A-H,n-Z) 
COMMON/TmAL/   AAt?0n00),    IA(70riO) 
COMHON/ONF/NUMNP,NUMFL»NUMMAT,NUMPC,NPHAX,NPLMAX,N,NNN,KKK,KLK, 

ISHlFTtMHANDiNBAND.NUMBLKtMTYPEfNCASr.MCASf-.NMR.NL.NPP.NEOtNPr. 
,NP,N$lfP.NCnDF 

C0MMnN/IWn/pPt5|,ZZ(5l,S(in,in)fP(10),ST(3,10|,C(4,4),SIGJ7),FF(4l 
,TITLE(lH),SRl,rR2,XC,YC,ArELR,ArPLZ,BCFL'!,PCFLZ,VnL 

r,0MM0N/THRFF/JT0P,HT0T,NTC)TfN13,N14lMP 
DIMENSION   R<NUMNP),Z(NUMNP),UR(NUHNP),UZ(NUMNP),CODE(NUMNPI, 

B0(NF0),E(5,NUMMATI ,PO(NUHMAT),?'»(NPC      ,2 ) ,SIGMNUMEL,8» , 
THINUMFLI,FR(NUMFL),IX(NUMFL,5),MTAG(NUMFL».IBC»NPCI, 
JBCINPC  ),NUMR(NMR),NUHB1(NMR),NNP(NMR) 

DIMENSION LM(4),U(3),V(3) 

CALL STPSTR IR,Z,UP,UZ,CODE,Bn ,fr,RO,PR,SIGI«TH.FR,IX,MTAG» 
♦ IBCJBCtNUMR.NUMf l.NNP) 
DO 130 j=i,in 
P(J)=0. 
DD 120 1=1,3 

1?" ST(I,J)=0. 
DO 130 1=1,10 

i-o sn,Jl=n. 
00 140    1=1,4 
NPN=IXIM,n 
RR| n=R|NPNI 

140   ^2tI»«Z<NPN) 
XC={RP(l)+Pn(2)*RP(3)*PP(4l)/4. 
YC=<ZZ(l)+ZZ(2)+ZZI3)*ZZ(4))/4. 
RR(5)=XC 
ZZ(5)=YC 
K = 5 
J=l 
1=4 
LMi?!:'- 
NT = 4 
IM IX(N,3I.Nf.1X{N,4)I   GO   TO   160 
NT«1 
LMO)^ 
1 = 1 

K = 3 
J = 2 
XC = (RR(ll+RR(2l*R''(31)/3. 
YC=JZZ(l)+ZZ(2)+ZZ(3))/3. 
RR(5)=0P(3) 
ZZ(5)=ZZ(3I 

160   DO   200   NN=1,NT 
LM(n=2*I-l 
LMI2)=2*J-1 

60 
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i-'1 

I 

I 

LUAn 51 
OUAD   ?? 
OUAH •>? 

C'L'AD   ^^ 
OUAO *>h 
LUAD   5 7 
citAn sfi 
OUAO 69 
OUAO 60 
OUAP M 
OUAO 6? 
OUAO 63 
OUAO AA 
OUAD A? 
OUAD 66 
OUAO 67 
OUAO 6« 
PUAO 6'» 
OUAD 70 
tUAO 71 
OUAO 17 
OUAO 73 
OUAD 74 
OUAO 76 
OUAO 76 
OUAH 77 
OUAO 7fl 
OUAO 79 
tUAO «0 
lUAO Bl 
OUAO R? 
OUAO 83 
OUAD «I* 
OUAO fl«. 
OUAO 86 
OUAD fl7 
OUAD nn 
OUAO P9 
OUAO ''0 
OUAO 91 
UUAO 9? 
OUAO «3 
OUAO 94 
CUAO 9 6 
OUAO 96 
OUAO 9 7 
OUAO on 
OUAO 99 
OUAO1 OP 

IPO 

?no 

?30 

?40 
260 

U(1I=ZZ( 
u(?i=zz( 
U(3I=>ZZ( 
V(1)=PR( 
V(?)=RR( 
V(3I=R''( 
AI»F*=(PP 
VOL=VaL* 
CUMM=.?6 
XN7=NT 
C0M=2.0/ 
COM=C.I)M* 
OXxARTA* 
OY=OX*AC 
OX=DX*AC, 
DO IBO L 
II=LM(L) 
STd.lI) 
STt?,II* 
$TI3,IU 
STt3f!!♦ 
P(in = P( 
pni+i) = 
00 180 M 
JJ=LMIM) 
SlUiJJ) 
.(M(+U(LI 
SIH.JJ* 
.3)*V(MI+ 
S( 1141,J 
.C(2,3)*V 
SIJJ+l,! 
CONTINUF 
I»J 
J=J*1 
C0NT1NUF 
IF) IXIN, 
00 ?40 I 
KKxlO-l 
00 ?4n K 
f.C = S(KK + 
P(KlrP(K 
00 230 J 
ST(J,K)= 
oo r^o j 
StJ«K)«S 
CONTINUF 
11=0 
IF (NNN 
S IG (1)» 

JI-ZZ(K) 
KI-ZZ(1I 
1)-Z7IJ) 
KI-RO(J) 
ll-RRtK) 
J)-RP(1) 
(J>«U(2)*,','(I )*U( 1)+RR r^)*U13ll/?. 
AREA*1H»N) 
/AR (A 

XNT 
COMM 
TH(N)*Rn(MTYPF»/3. 
FLZ 
fLR 
1.3 

= ST(1.I n+U(L)»CnM 
i) = <;7(2,ii*i)+v(Li*roM 
=ST(3.II)*V(L»*rOH 
1) = ST(3,I l*n+U(LI*COM 
11)*0X 
P(ll+1)+DY 
1.3 

=£(II,JJ)+{U(L)«C(1,1l*U<M)+VIL)*C(?,31*V(f»♦V(L)*C(1.3)»U 
♦ C(1,3)»V(MI1*CI<MM 
n=S(ll,JJ*l) + (U(Ll»C( l,2)*V(M)*V(U*C(3.3)*U(M»*V(U*C(?, 
u(L»*r(i,3)*u(Hn*cof«f 
J*U=S(Il+l,JJ*ll*lV(L)*C(2,?)*V(M|tU(L)»C(3t3)*UlH)+U(Ll* 
(M)*VIL)*C(?,3)*U(M))*CnMH 
n««!i u ,jj+n 

3l.fQ.|X(N|<i1 I CO TO ?60 
«1.2 

= lfKK 
l.K(/S(KK*l ,K,K + n 
)-COP(KK*l ) 
= 1.3 
ST(J,K)-Cf»SKJ,KK+1) 
= 1.KK 
(J.K)-CC*S(J.KK+1I 

■'■a 

GT.l) 11=4 
SIGKN.M*!) 

61 



U.i*ni01 Stf.(7I»-SlGMNfll*2) 
OUAnin? SU.(3I=-SI(,1(N,II*3I 
ÜU»ril03 DO   !J?0   l«l,H 
UDAOIPA on   MO   J»!lt3 
UUADIOS "iio PI n-p( n*si(jf i)*^ir,( J)'»VOL 
OUADinc «,20   rONTINUF 
CL'AniO? RETURN 
oijAnioB tNn 

. 

62 
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98» 
aMBMHMWIirtW 

SIST 1 
STS1 ^ 
MSI 3 
«.TIT t» 

MST i 
STST 6 
r.TST 7 
STST H 
5.TST V 
f.TST 10 
STST 11 
'TST 12 
iTST 13 
STST 14 
STST 15 
sxsr 16 
STST 17 
STST IB 
1.TST IS- 
STST 20 
'.(ST ?1 
STST ?? 
STST ?3 
STST ^'i 

MST 2b 
STST ?f- 
STST ?7 
STST ?» 
STST ?9 
STST 30 
STST 31 
STST 32 
STST 3 3 
STST 3^ 
STST 35 
STST 36 
STST 37 
S1ST 30 
STST 3v 
STST 40 
5.TST Al 
STST 42 
STST 43 
STST 44 
STST 45 
STST 46 
STST 47 
STST 4n 
STST <.<) 
STSI 50 

SUPWOUTINF    SIRSTP    t Pf ZtUP f DZiCOOF ,B0,F ,RO.PR ,SICI ,TH,F>» , IX »MTAr-, 
♦ iaCtJOC,NUHPfNUMRl,NNP) 

IMPLICIT   RFAt*B(A-M,0-ZI 
COMMDN/TOTAL/   AAOOOOO),    !A(7nO0) 
CnMMON/ONF/NUMNPiNUMELtNUHMATtNUMPCMPMAX.NELHAX.N.NNN.KKK.KLK, 

ISHIFT,MPANOtNBANDtN»IMPLKfMTVPFtNCASF.MCASFfNMR,NLiNPP,NrQtNPr. 
tNP.NSTFP.NCOPF 

r.nfMnN/Twn/RR(5»,ZZ<5»,S( 10,10),P(105,ST(?,10),Cf4,4),SK;(7»,EF(4) 
,T!TLMlfl),SRl,SR2tXClYr,ArEUfifACFLZ.BrFLR.flrFLZiV0L 

CnMMON/THRFF/STnP.HTOT.NTnT.MlBfNl^.HR 
niMFNSION RtNUMNP),Z(Nl)MMP),UO(NUHNP),UZ(NUMNP),Cnr>E!NUHNPI , 

flOJ^EO)tE(5,NUMMAT),Rn<NUMMAT)|PP(NPC  ,21,SIGI(NUMFLtSIt 
TH(NUMFLI,FR(NUMFL»tIXtNUMFL,5»,MTAG(NUMFU,IPC(NPC), 
JRCINPC  ),NUMR(NHR),NUMRHNHR»,NNP(NMRI 

MTYPF.1X(»J,5) 
VOL=0. 
Of" 50 KK = l,4 

50 FE<KK|=F(KK,MTVPF) 
IFHNCASr.GT.n.AND.INNN.FO.l)) GO TO 60 
IF(HTAG(N(.GT.OI GO TO 70 

60 CC = FF<2)/(1.-FM2)| 
BPsFF(n/(l.-FF{?)**?) 
COMMsRP/d.-CC**?) 
cn,i»=coMM 
C(1,2»=CÜHM*CC 
CH,3)=0. 
C(l,4)=0. 
C(?,n=C(l,7l 
C(2,2)=C(1,1I 
C(2,3)=0. 
C(2,4)=0. 
C(3,1U0. 
C(3,2)=0. 
C(?,3)x.5»CDMH*n.-CC» 
0(3,4»= 0. 

C(l,2) 
C(l,2) 
0. 
0. 

CC= ?.*0SIN(FF(4)/57.?96) 
RB= 1.732*(a.-DSlN(EE(4)/57.206)) 
PP=6.*0C0SIFF(41/57.296) 
EE(4)«CC/Ftfi 
FF(3I= FF(3»»PP/FP 
GO TO "00 

70 CC= 2.*0SlN(rr(4l/57.296) 
BB= 1.732*(3.-DSiri(EE(4)/57.206) I 
PP=6.*nC0S(Fr(41/57.296) 
FE(4)=CC/f,P 

63 

c(4,n = 
C(4,2)= 
r.(4,3i = 
C(4,4)= 
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ITST SI 
STST ^2 
S1ST ^3 
'IST 5« 
S1ST Sf. 
STST 56 
S1ST S? 
STST 58 
STST 5V 
STST (SO 
«TST Al 
STST 6? 
STST 63 
STST 64 
STST 65 
£TST 66 
STST 67 
STST 6n 
STST 69 
STST 70 
STST 71 
STST 72 
STST 73 
STST 7A 
STST 75 
STST 76 
STST 77 
STST 7S 
STST 79 
STST 60 
STST fll 
STST P? 
STST ß3 
STST PA 

500 

m?)« H<3)*PP/f)B 
CC=2.*n.*f F(2n/(3.-6.*FH?)) 
Dn=SFGI(N,n-SIGl{N,2> 
FF = SU-I(N,n-SlGI(Nf4) 
GG = SIGHN,2)-SrGI(N,4) 
PJ2= (DD»*2*FF«*2+GG**2)/6. *S\0\{H,Zi**2 
PJ2»DS0RT(BJ2I 
BJl«SIGHN,n*SIGI(N,2)+SlGm,A) 
DDnBJl/BJ2 
He=l.+9.«»FE(4)**2)*CC 
CC=3.*FF(4)*CC-D0/3. 
nD=FF<A)-0D/6. 
H1=.5*CC/(BP»PJ2) 

H?=DD*CC/BB-FF(?(*FF(3)/<BB*BJ?*(l.-7.*FF{2in 
H^x.5/(BB*BJ2*BJ2) 
BB=FF(1)/(1.+PF(2|) 

C(l,n=BB*(l.-H2-2.*Hl«SIGI{N,l)-H3*«SlGI(N,n**2H 
Cn,2)=-BB»(H2+Hl*<SlGI(N,msiGItN,2))+H3*SIGI(N,l»*SIGnN,2n 
r{l,3)=-BB*{Hl*SIGIlN,3)+H3*SIGl(N,ll*SIGI(N,3)) 
C(ltA)=0. 
Ct2,n=C»l,2) 

C(2,2)=BB*(1.-H2-2.*H1*SIGI(N,2)-H3*IS1GI(N,2)»*2)) 
C(2,3)=-BB*<Hl*SIGI(N,3) + H3*Sir-nN,2>*SIGI(N,3)> 
C(2,'i)=0. 
C(3,U»C(1,3) 
C(3,2)=C(2,3) 
C(3f3)=BB*(.5-H3*(SI&I(N,3)**2)) 
C«3,4)=0. 

C(A,1)=-BP*JH2*H1*S1&IIN,1)*H1*SIGI|N,A»*H3*S1GI(N,1)*SIGI(N.A)) 
C(A,?|r-eB*(H2*Hl*SIGI(N,2)*Hl*SIGI(H,A)+H3*SIGMNf2l*SIGnN,AII 
C(A,3)=-BB*(HUSIGI(N,3)+H3*Sir,nN,i>)*SIGI (N,4»l 
C(4,4)=0. 
RFTURN 
tNO 

M 
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mm \ 
Mnni ? 
MOD I 3 
MODI 4 
Muni 5 
MODI f- 
fODI 7 
Moni P 
MODI 9 
MODI in 
MODI 11 
MODI 12 
MCOI I? 
MODI I'» 
t»m\ 15 
Mom 16 
Mom 17 
MtJOl 1H 

SUPPOUTINF MnOIFY(A,BtNL »MPÄNniNBANOiN.UI 
IMPLICIT HFAL«P(Ä-H ,0-Z) 
DIMENSION B(WL)fA(NLiNBANO) 

DO   7?n   M=2fMBAND 
K=N-M»1 
IMK.LE.OI GO TO PBF 
BIK)«BIK)-A(K,MI*U 
AIK.MI^O.O 

235 K=M*M-1 
IFINL .LT.K) GD TO 250 
fMK)=PIK)-A(NtMI*U 
A(N,M)EO.O 

250 CONTINUF 
AIN,1»«1.0 
P(N)«U 
RPTURN 
tND 

■:} 

3 

66 
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* HfMSTstH««  ■ . 

f'.ANS 1 SUPROUTINP PANSOL (ND.NDAND.MM,NUMBLK,6 
HAN'S ? IMPLICIT RFAL«0(A-H,O-Z) 
PANS 3 niHFNSlON P(NO),A(Nn,NPANn) 
r-m <. c 
r>ANS «■. NN=ND/r 
BANS 6 NL=NN+1 
BAM«; 7 NH=NN+NN 
FANS P RPWINO 1 
HANS <y RFWINO 2 
MNS in NP = 0 
PANS 11 GO TO 150 
PANS 1? 100 NB=NR+1 
PANS 13 00 125 N=1,NN 
PANS l*. NM=NN+N 
PANS 15 P(N)=B(NMI 
PANS 16 P(NM)=0.0 
hANS 17 DO 175 M=1,MM 
PANS IP A(N,M)=A(NM,M) 
PANS 19 125 A(NM1M»=0.0 
PANS 20 IF(NUMBLK.tC.NP) GO TO 200 
PANS ?1 150 RFAD (2) (B(N),(«(M,M),M=1,MM),N=NLiNH) 
PANS 77 IMNB.EO.O) GO TO 100 
PANS 73 ?00 DO 300 N=1,NN 
PANS 7** !P(A(N,1).E0.0.) GO TO 300 
PANS 7b B(N)=P(N)/A(N,1) 
PANS ?fr DO 275 L=2tMH 
PANS ?7 IF (A(N,U.F(j.O.) GO TO 275 
(ANS ?n C=A(N,L)/A(N,1) 
BANS ?9 I=N+L-1 
PANS 30 j=n 
PAN'S 31 DO 250 KELIP'M 
PANS 32 J=J+1 
PANS 33 250 A(I,J)=An,J)-C*A(N,K) 
PANS 34 P( I) = P( 1|-A{N,U*P(N| 
PANS 35 Ä(N,L)=C 
PANS 36 2 75 CONTINUF 
PANS 37 ■;oo CONTINUF 
PANS 3P IF(NUMBLK.EO.NPI CO TO 400 
PANS 39 HRITF (1) (P(NI,(A(N,M)tM=2,MM),N=l,NN) 
PANS 40 60 TO 100 
PANS A] 400 DO 450 M=1,NN 
PANS 42 NrNN+l-M 
PANS 43 DO 425 K = 2,W 
PANS 44 L=N+K-1 
PANS 45 425 P(N) = R(N)-A(N,K)*ti(LI 
PANS 4 6 NM=N+NN 
PANS 47 B(NM)=B(N) 
FANS 48 450 A(NM,NB)=BrV) 
PANS 49 NB=NB-1 
PANS 50 IF(NB.FO.O) GO TCI 500 

66 
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TANS   •il BACKSPACE   1 
eA^S   ^2 "FAD   (1)    (fi(N) ,(A(N,M)tM=2,HM) fN=ltNN) 
PANS S3 BACKSPACF 1 
BANS •i4 GO TO AOO 
HANS   ■?•> SOO  K = rj 
f'ANS   r.6 00   frOO   NB = ltNUMRLK 
HANS   •>? PH   ^00   Nrl,NN 
FANS   SO K=K*1 
BANS   SP NM=N+NN 
(ANS   AO 600   B{K)rA<NH,NP) 
BANS   M RtTURN 
BANS   62 FNO 

67 
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STRF 1 
STRF ? 
STRF 3 
STRF <» 
STRF 5 
STRF 6 
STRF 7 
STRF 8 
STRF 9 
STRF 10 
STRF 11 
STRF 12 
STRF 13 
STRE 14 
STRE 15 
STRF 16 
STRE 17 C 
STRF 18 
STRF 19 
STRE 20 
STRE 21 
STRE 22 
STRF ?3 
STRF 24 
STRF 25 
STRE 26 
STRE 27 
STPF 28 
STRF 29 
STRF 30 
STRF 31 
STRF 32 
STRE 33 
STRF 34 
STRE 35 
STRF 36 
STRE 37 
STRF 3H 
STRE 39 
STRF 40 
STRE 41 
STRF 42 
STRE 43 
STRF 44 
STRE 45 
STRF 46 
STRE 47 
STRE 48 
STRF 49 
STRE 50 

SUfiRnUTINF   STRESS   ( P t Z ,UR tUZ.CCIDF ,B0,F tR0,PR t SIGI ,THtFPf B,EPt 
* RATin,NEW,IX,MTA(;tIBC,JBC(NUMR,NUHRItNNPI 

IMPLICIT   RFAL*P(A-H,0-Z) 
CDMMDN/TOTAL/   AAOOOOO),   1A(7000) 
COMMON/ONC/NUMNPfNUMEUNUMMAT,NUMPCtNPHAXfNELMAX,NtNNN,KKK,iaKf 

ISHIFTfHBANO,NBAND,NUHBLK,MTYPE,NCÄSE,MCASE,NMP,NL,NPP,NFQtNPC 
,NP,NSTEPfNCOnE 

COMMON/THO/RR(5),ZZ(5),S(10,10),P(10),ST(3,10),C(4,4),SIG(7»iFE(4> 
tTITLF(18),SRlfSR2,XCtYC,ACELR,ACELZ,BCELR.BCELZ|V0L 

C0MM0N/THREF/ST0PtMT0TfNT0TiN13,Nl4,Hfi 
DI MEN SI ON  R (NUMNP) , Z (NU»iNP) ,UR (NUHNP ) tUZ t NUMNP) ,r.ODF (NUMNP) , 

BO(NEO)tEIS.NUMMAT),RO(NUMMAT)tPR(NPC      ,2),SIGIINUMFLt8), 
TH<NUHEL)tFR(NUMEL)iIX(NUHFLf5)tMTAG(NUHELliIBC{MPC)t 

JBC(NPC      I (NUMRINHRI.NUMRKNMR) tNNP(NMRI 
DIMENSION  FP(NlJHFL.4lfRATI0(NUMFL),NFW(10O),TTt4l,TF<4) 
DIMENSION  B(NEl)) 

TOLL»0. 
SR = 1. 
SRATI0«-1.0 
NMYcO 
MPPINT=0 
KK = 0 
N0PT=0 
T0LLA=10. 
KJK=0 
KLK-0 
IFnNCASF.Lt.U.OR.CNNN.GT.l))   GO   TO   60 
DO   50   N=1,NFLMAX 
IF   (MTAG(N).nT.O)   KJK=KJK+1 

50  CONTINUE 
60  CONTINUE 

DO   300  N=lfNFLHAX 
RATI0(N)=1. 
IX(N,5)=IABS(IX(N|5)) 
HTYPF=IX(N:5) 
IFt(RO(HTYPF).EQ.O.).OR.(1X(M,3).FO.IX(N,2)))   GO   TO   300 
CALL   OUAD   (R,ZfUR,UZ,CODE,BO,E,RO,PR,SIGI,TH,FRtIX,MTAG, 

♦ IBCJBCtMUHRfNUMRl.NNP) 
MM = 4 
IF(IX(N,3).F0.IX(N,4I)   MM=3 
DO   175   I=l|4 
EP(N,l)   =   0. 
DO   175   J=1,MM 
IIt=2^J 
JJ = ?*mN,J) 

i75   EP(N,n=EP(N,I )+Sl( 1,11 )*B( JJ)   ♦   ST( 1, 1 1-1 )*RIJJ-1I 
DO   190   1=1,4 
SIG(I)=0.0 
DO   190   J=l,3 
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rinr M 
MHf 1? 
■JIRE ■>3 
MRF 'ji. 

STRF e.1* 
STT ^6 
STRF ^7 
f.TPF «ip 
SlRt S9 
STPr 60 
f To? M 
fTRF 6? 
STPF 63 
5.TRF 6^, 
STPF 6? 
STPt 66 
STRF 67 
'TRf 6B 
riRF 69 
MRF 70 
SIRF 71 
STRF 72 
STPF 73 
r icr 7^. 
;IHF 7'< 
VtRf 76 
MRF 77 
•Tor in 
SiRF 79 
riR- PO 
f.TBf 1 
SlKf P. 
STPF P3 
rTor HA 
MRP H6 
SlRf 06 
ITRF P7 
STPF PR 
STRE P9 
STRF OO 
STRE 91 
sm 92 
STRF 93 
SIRF 9A 
f.TRF <*$ 
STPF "6 
r,TRr 97 
•TRF Wfl 
f.TRF QO 

flRFino 

1«0   Sll (I )=Slf-(n*C(l,J)*FP(N,J) 
no i9r.  1 = 1,4 
ll = l+<. 

195   Slf.HN,!! ) = SIM (N,I) + SIG( I) 
nn=SlGI (N,,i)-«1GI(M,6) 
FF = S1GI(N,6)-SI(.1(M,B) 
GG = SIGnN,?))-Slri (N,I)| 
AJ?=   (nr)*»2'»GG*»2 + FF**Z)/6.n   ♦«;iGI(N,7)*»2 
AJ2=DSORTtAJ2) 
AJl=SIGI(N,5l*SIGI{N,frl+SIGI(N,n) 
FAIL = AJ2*FK4l*AJl 
IF(MTAG(N).tO.O)   GO   TH   200 
IF   (FFOI.FO.O.I   GO   TO   300 
IF    ((NCASF.GT.l).AND.(MNN.Fr).l ))   CO   TO   19H 
Dn=nAPS(FA|L-FF(3)) 
CHECK   =0.06*Eri3) 
IFCnCi.LF.CHFC1«)   GO   TO   300 
KKK, = 1 
CR=-CHFCK/DD 
IFICR.GF.SR)   GO   TO   300 
SR=CR 
NnPT=l 
J.).I=N 
ro TO JOO 

1911    IFIFAlL.r.T.FF (3))   60   TO   300 
MU(.(N)=0 
KJfsKJK-l 
GO TO 300 

?00 CONTINUE 
IF(FA1L.LT.FF(3))   GO   TO   300 
KK=KK+1 
Ü0=Sir,I(N,l)-SIGl(N,2) 
FF=SIGHN,1»-SIGI (N,A» 
r,r, = SIGI(N,2)-SlGI(Nf'.) 
AJ?=   (nD*^?*GG**?*FF**2l/6.0   +:!GnN,3)**2 
Aji=sir,i(N,n*sir.HN,2)*r.iGitN,4) 
nD=SlGl(N,5)-5IGI(N,6} 
FF = SIGI «N»6)-SIGU*J.P) 
cr.=siGnN,5)-:i&i(N,Ri 
ej?=   (DD«*2'GG*»2+FF**2)/6.0   «SIGI(N,71♦♦? 
RJl = Sir,I(N,fi)+«;iGI (N,6»*S|G1(N,8) 
CCr»(SI&IlMtn-SlC.nN,2n'»(SlGHN.5i-SUM(NlfcH+(STRl(N,2»' 

• MIMSIGI ' l,6)-SIGltN,Pn-MS':. l(Nf4)-SIGin,l II'MSIGKN.FO- 

CCC=CCC/i>,0+   SIGI(N,?)*SIGIIN,7) 
AR = *J2-(tf ('.)*AJ1)**2 
Rn = PJ2-<FF(-;)*PJl)»*2 
rr=fcr.-(FF tA)»f KAI*»JI»P ji) 
nD=FF(A)»FE(:)*AJ1 
FF=FEiA)*Er(3»*hJl 

SIGIt^, 
SIGIIN. 
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STPFini 
STRF10? 
STRFIO^ 
STRH104 
STPFIOS 
SlRClOb 
S7RF107 
<;TflEinn 
STRFIOQ 

STRFlin 
STRtlll 
STRFU? 
STRFU3 
STRFlin 
STRF115 
STREIK 
STRFU? 
STRFlin 
STRFU9 
STRF120 
iTRF121 
STRE1?? 
S1RF123 
STRF124 
«;TRF125 
STRF12A 
STRH27 
STRF12B 
STRfIT" 
STRf130 
r.TRrm 
SIHC132 
iTRF133 
r.TRFn« 
STRf nr. 
5TPF136 
STBrn? 
STRri3P 
STRF13V 
STRFIAO 
STU l-lil 
Sl'FU? 
ST1F1A3 
SHPl«4 
STRFUS 
STRFK6 
SIRFK? 
STPFlAfl 
STRF149 
STRF150 

GG=rF(3)*[E(3) 
AAA»-4B*BB-?.»CC 
BPB=AB-CC+nD-FF 
ccr.r2.*nn-Gf,+*D 
GGG=BBR*BRfl-A«A*CCr. 
1F(GC.C.LT.0.»        WR|TF(ftf200P)   N 

IFIOG&.LT.O.)     C.GG=DABS(GGC) 
GGG=nsoRT(Gr.r,» 
IFIAAA.NF.O.!   CO  TO  220 
RATin(N)«.i*f.Cr./HPB 
(0   TO   300 

270   «B=BBP/AÄA 
BR=DABS(GGG/AAA) 
RATIO(N)=AB-BB 
lF(RATin(N).LT.O.)   RA1I0(N)=AB*BR 
IF(RAT10(N) .GE.l.)   RATIO( N) = .<»9<59<5 
IFtRATICI(N).LT.O.)   RATIOIN)=0. 
IF    (KK.NI .11   GO   TO   240 
WRITE   (6,3000) 

240   WRITE   (6,3005)   N.RATICMN) 
300   rONTINUF 

IF(KK.EO.O)    SR = 1.() 
IF(KK.FO.O)   GO   TO   410 
DO 150 N=l,NFLMAX 
1F(,UAG(N).C.T.0) CO TO 350 
MTYFEnmN,«:) 
IF (RO(HTVPE).FO.O.) GO TO 350 
DO«RATIO(N) 
IF(OD.CF.SR) GO TO 350 
SR=OD 
NOPT«? 
NHVeN 
KKK«! 

350 CONTINUF 
WRITF   (6,3010)   SR,SR2 
IF(NNN.FO.n   &l)  TO   352 
00«   SR»(1.0-SR?) 
lF(nri.LT.o.P?) NI:IPT=3 

IF(nn.LT.o.ü3) on=o.o3 
SR» nn/(i.o-<;^2) 
PO'   SR»(1.0-SR?) 
IF(nn.GT.O.lO)     MliPT = 4 
IPtDD.GT.n.iol    nn=o.io 
,!R«nn/(i.-sR2) 
IF(SR.GT.l.O)    SR=1.00 

752   CONIINUE 
SRATIO.SR 
IF   (KJK.GT.O)   SR=n. 

410   CONTINUE 
DO   420   N=l,NPMAX 
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STRC c.l 
ST«f 5? 
ST>»ri 53 
sion •-,'. 
MRFl *,', 
«-IRP Sft 
?1RH S? 
STMF1 ^H 
STRf 1 '.O 

ilOf 60 
r.T(tCl 61   C 
STBF1 (S?   C 
STRFl ^3 r. 
STRF] 6<. 
<;TRF 6? 
JTRF 66 
c.TRf 167 
5TRr 60 
STBFI 60 
STDf 70 
STRT 71 
f IRR 7? 
MRF 73 
MRF] 7A 
?TRF 75 
STT 76 
STRF 77 
CTRF 7H 
SIR"" 70 
«TRt no 
STpF «1 
ST0F H? 
•TR«1 RT 
«;TRF IP4 
:IRF P5 
«TRr ft 6 
sior IP7 
MRf AH 
^TPF IR<V 
S1RF VO 
f.IRF 191 
STRF 0? 
f.TRF Q^ 

;TRF 194 
STRF lOÜ 
STRF «»6 
STRF 107 
STRF 9fl 
VTRf. oo 
STRF 'oo 

P( II)=('(1I)»SR 
'.PO   P( I l*J)«B( I1*J )*SR 

WRITF    (6,^0101    NMYiS^S"? 
NOOrO 
FRMAX=0. 
OP   600   N=l,NFLfAy 
MTYPt:=lX{N,S) 
IF    (ROlMTVPtl.Fl,0.)   GO   TO   5 
IF(IXlN,3).NF.IXtN,2)) GO Tt 

472 

't?* 

515 
^»30 

fALCUL«T[ STRF^Sr«: IN ONE niMFNSIONAL FLEMENT' 

'.?R 

ilO 

J=l 
xc« 
yc= 
ox= 
nv= 
XL = 
DU« 
ov= 
r)L= 
oo 
SIP 
nx = 
SIG 
1F( 
..IG 
sir, 
CO 
SIG 
sir 
0Y = 
IF( 
11 = 
1F( 
DZ = 
nx = 
0Y = 
SIC 
SIG 
KLK 
sir 
SIG 
CO 
SIG 
5, IG 
GO 
1 = 1 

X(N,1 
X(Nt? 
(R(I) 
(7(1 I 
R( J) 
Z(J)- 
OSQPT 
B(?*J 
H(2*J 
OV*(PY 

^22   I 
( I »=0 
( (I iM 
(11=0 
F(3,M 
I IN, 5 
KNil 
TC 61 
(«.!=- 
(1 ) = S 
F(4fM 
DAPS( 
1 
NNN. G 
SIGK 
S IG K 
(FK, 
I(N,1 
I(N,5 
= 1 
(?)=S 
m=s 
TU 51 
1(N,1 
1 ( N , O 
TO rl 
X(N,1 

) 
) 
♦0(Jll/?.n 
♦ n j) i/r.o 
R(l ) 
2(1) 
(nx*»?+nY»*2) 
-l)-f'(?*i-i) 
l-R(7*l) 
/xL+on^nx/XL 
= 1.7 

TYRt )»nL/XL 
X*iR 
TYPE).HO.1.1   GO   TO   A?5 
)=-0X*(1-SP) 
) = SIGI1) + SIGI(N,1 ) 
c 

0X*(1.-SDI 
iri (N,i)+rix*s1» 
TYPfc)/(siGi (M,i i+r-yt-i. 
DY) .LF..05) GO TU A2P 

T.l) 11=6 
N,ll+OX 
N,lll+OX 
MTYPF|-D2)*SIGI (N'.in/OX 
)=SIG(11+0Y 
l = SIG(fi)+OY 

IGKr ,5) 
ir-KN, 1 ) 

)=siG(n 
i = siG(r.| 
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StRPZOl 
STBCZOZ 
STRE203 
STBF204 
STRE20S 
SIR n 206 
STRf^OT 
STr<r2os 
STRr20<» 
fiTP.EZIO 
ST.'F211 
STRF212 
STRf213 
STRF214 
STRE215 
STRF216 
STRe217 
STRFIie 
STRE219 
STRF220 
STRF221 
5>TRF222 
S1RF223 
STRF224 
STRE22'i 
5TRF??6 
STRf227 
STRF228 
5,TRF229 
STR^230 
STRE231 
t;TPF?32 
STRE233 
STRF234 
STRF235 
STRF236 
rTRF237 
<;TRE238 
r.TRF239 
S1RE2'f0 
STRF241 
ST»E242 
STRF243 
STRE244 
STRF245 
STRC2A6 
STRF247 
STRF248 
STRF2A9 
STRF250 

A50 

K-IX(N,3) 
LaIXtN«4) 
MTYPF»IX(N,f.) 
IF(K.FO.L)   GO   TO  440 
XC«(R( Il+Rt JI*R(K)+RJL) )/'». 
Yr,-(Z<II*2(JI + Z(KI*2(L) I/A. 
GO   TO  «AS 

AAO   XC«(Rin*R(J)+R(K))/3. 
VC = (Z(l)*ZU) + Z(K)l/3. 

445   CONTINUF 
XNaO.1» 
IF(NNN.EG.l»   XN=l.n 
IF(MT*G(N).LE.O)      XN=l.n 
DO  450   1=1,4 
II*I*4 
TT(I»   =   SIGKN.I) 
TF( I) = SIGI(N,II) 
SIG(I)eSIGI(N,II)-Slr.I(NtI) 
SIGI(N.1I)>=SIG( 1)^(1.-SO) 
SIGl(N,in=-SIGIINfin 
SIG(l)«-   XN*SIG(n*SR + SIGI(NtI) 
SIGUN,I»»SlG«n 
IF!(NMV.E0.0).DR.«KJK.GT.O))      GO   TO   405 
IF   (MTAG(NKLE.O)   GO   TO  481 
ISTOP'O 
00  470   JJ*1,5 
CALL   STRSTR   (R ,Z ,UR ,IIZ ,C0nE,B0,E ,R0,PR,SIG1 ,TH,FR , I X,MTAG, 

• lRC,JBC,NUMRfNUMRl,NNP» 
00  455   1=1,4 
II=.I*4 
SIGI(N,I1)=TT(11 
DO  455   J«l,3 
SIGnN,;n°SIGI |N,II)+C(I,J)*EP<N,J)*SR 
DD«(SIGI(N,5)-SIG1(N,6) )**2+( S IGIJ^.b)-  S1GHN, B) )«*2 + ( SIGUN.Sl- 

.S I&KN.P ) »♦♦2 
AJ2*DD/6.0*   SIG!(N,7)**? 
AJ2=DS0RT(AJ2) 
AJ1 = SIGI (N,5) + SIGI (N,6)+Sir,I(N,8) 
FAIL=AJ2+EE<41*AJ1 
IFUJ.EO.l)   GO   TO  460 
0=DAfiSIFAlL-FAlLl) 

TOL»0.005*F*IL 
IF(DD.LF.TOL(      1ST0P=1 

460   FA1L1   =FAIL 
DO   465    1=1,4 
11=1+4 
SIG!n = SIGIIN,II)-TT( 1) 

465   SIGI(N,n=TT(l)+SIG(n*XN 
IFtN.NE.l)   GO   TO   451 
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SIRF^r'l 

•ITRr?1^ 

•.TRr?^^ 
STRf?')6 
STRF257 
STRf^B 
STRF?5<y 
5TRF?feO 
STRF?61 
■■.TRE?6? 
£TRF2h3 
STRE26« 

5,TRF?67 
t,,TPC?6n 
5TRf?h9 
SIRI ?70 
STPF271 
STPF?7? 
MRF?7? 
r.lRF?7A 
nRF27?. 
ilRt??!«- 
STRF277 
STRr27n 
STRF??«» 
«IRFPBfi 
SIRI2B1 
STRE2R2 
STRK2P3 
STPF2B'. 
STkF7HS 
S1RF2B6 
SlRf2P7 
;.TRF2flB 
r,TRE2PV 
STRFPOO 
STRF291 
r,TRF292 
STRfc293 
STRF29A 
ITRF?«»'; 
51PF20fc 
<TRF207 
SIRF29P 
ST«F2')9 
STRC^OO 

) (ion 
Ail 

^70 
'»7'i 

^80 
4H1 

'.fl2 

ABS 

A90 

MO 

WRIIF(A, 
FDRMAK 1 
f.ONTINUF 
IF( lf.TflP 
CONTINlIf 
On ABO 1 
11=1+4 
SIGKN.I 
SIf 1(N, I 
sK,(n = s 
CONTINUE 
TR=SRAT1 
101=0.0?. 
lF(TR,Gf 
1F(TCIL.L 
IF(MT&G( 
IF(RATIO 
nn-PATin 
iFinn.n 
Non=NorH 
NFWINOP) 
MTA(J(N) = 
CONTINUE 
no 4oo i 
FM |)=F( 
CC= 2.*0 
PB« 1.73 
PP=ft.«nC 
EF(A)=CC 
Ee(^)=   E 
sir.(7i = s 
cc=(sir>( 
PBr(SIG( 
CR^nSORT 
sir.(4)=c 
';ic.(s)=c 
sir,(6)=o 
IF ((BP. 
Sir.(6l=2 
CONTINUF 
nD=(sir( 
Aj?=Dn/(S 
AJ2=DSüR 
AJ1=SIG( 
FAIL=FK 
FO(N)=AJ 
IF IM TAG 
IF (KJK. 
IF (FRIU 
IFIHTAGI 

1000)       ;Slf.llN', I),l=l,fll 
OH   ,M(.1(N,II      /   (Pf 12.AI ) 

.(■T.n)   en   Tn AT' 

= 1(A 

l=SKI IN, II ) 
n=-ITFII )-SIGI(N,! M 
IGKN.II 

C1 
*IR 
0.9>i) GO TO Aer. 

T.O.OOSI TnL=o.no5 
NI.(-T.O) GO TO AP« 
(N) .LI .TR) CO TO AB2 
(M-TR 
.TOL) GO Til Afl") 
1 
= N 
1 

= 1.A 
I.MTYPF) 
SIN(mA)/57.29M 
2*(?.-rSIN(fF|AI/r7.2t»6)) 
OSIFF (Al/'^.r?^) 
/bP 
EI?I*PP/RP 
IGI(NtAl 
1I+SIGI2))/2. 
1)-MG(2) 1/2. 
(PP*»7 + SIf,(3)**2) 
C*CR 
r-CR 
.0 
EQ.0.O».AND.ISIG(3».FO.O.On GO TO 110 
B.bAH*nATiN2(Sir-(3),Pn) 

1 )■ 
. < 
TIAJ 
1)+S 
3)-F 
?/FA 
(N) 
GT.O 
UGF 
N).F 

|G(?)| 
IGO)* 
21 
IG(?)+ 
F(A(*A 
IL 
GT.O) 
) GO T 
.0.99) 
0.0) G 

♦»?+(Slf(?)-SIG(7))**?*(SIG(7)-SUMl))*«? 
♦ 2 

SIG(7) 
Jl 

GO TO 515 
o m 
MTAr.lN) = l 

0 TO Mü 

-I 
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STRF301 
STRE302 
STRF303 
STR»:304 
STRE305 
STRPSOö 
STRt307 
STRE308 
STRF309 
STRE310 
STRE3U 
STRfSlZ 
STRF313 
STRE311» 
STRE315 
STRE316 
STRE317 
STRE318 
STRE319 
STRE320 
STRE321 
STRF322 
STRE323 
STRF32'» 
STRE325 
STRF326 
STRE327 
STRE328 
STRF329 
Sm330 
STRF331 
S1RF332 
STRF333 
STRE334 
STRE33S 
STRE336 
STRE337 
STRE338 
STRF339 
STRE340 
STRE341 
STRE3A2 
STRE343 
STRF344 
STRF3A5 
STRE346 
STRE347 
STRFSAH 
5TRF349 
STRF350 

N0n«N0n+l 
NFW(NOnl«N 

515 IF(MPRINT.GT.O) GO TO 550 
WRITE(6,2 000) NNN 
HPRINT»50 

590   MPR1NT«MPR1NT-X 
IFHIX«N,2»-IX(N,3)).F0.OI     FR(N»-0.0 
IF(TH(NI.Nt.l.)   S1G(7)«0.0 
IF   IROIMTYPF).NF.O.)   GO  TO  555 
WRITE   (6,20101   N 
GO   TO   600 

PRINT  OUT   STRESSES 

555 IF(MTAG(N).LT.n GO TO 556 
WRITE(6,2011) N,XC,YC,(SIG(n,I = l,7), 1fAG(N),FR(N),HTYPE 
GO TO 557 

556 WR1TF(6,2001) N,XC,YC,(SIG(I),I=1,7),MTAG(N),FR(N),MTYPE 
557 IF(IX(N,2).EQ.IX(N,3)) GO TO 600 

IF((FR(N).GE.l.', rR.(FR(N).LT.FRMAX)) GO TO 570 
FRMAX«FR(N) 
NMAX»N 

570 CONTINUE 
DD=SIGI(N,5)-S1GI(N,6) 
FF=SIGI(N,6)-SI&I(N,8) 
GG«SIG1(N,5)-S1GI{N,8) 
BJ2« (Dn**2+GG**2+FF**2)/6.0 ♦SIGI(N,7)**2 
BJ2-DS0RT(BJ2) 
T0LL«T0LL*BJ2 

600 CONTINUE 
SR?« (SRI*SR) ♦ SR7 
SRI« (1.0-SR) ♦ SRI 
WRITE(6,20n2)T0LL,SR,NMY,KK,SR2 
WRITE(6,5000) FRHAX,NMAX 
IFJNOO.FO.O) GO TO 620 
WRITE(6,20201 (NEW(I),1=1,N00) 

620 KKKel 
IF(TOLL.LE.TOLLAI KKK=0 
NKT«NFLHAX/2 
JCKeO 
00 705 N=1,NFLM»X 
IF(MTAG(NI.GT.O) JCK=JCK*1 

705 CONTINUE 
IF(JCK.LT.NKT) GO TO 710 
WRITF(6,2n07) 
CALL EXIT 

710 CONTINUE 
IF(NNN.FQ.l)      GO   TO   BOO 
GO   TO   (750,760,770,780),NOPT 
GO   TO   800 

J 
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JTRFjl? 
f.TRMSA 

STT357 
S1«F35fl 

STRf 3^-0 

'.TRFJft? 
iIRF3fr3 
t7'?F3^'t 
iTRr365 
r.TRf 3fc6 
STRFSft? 
MRF3AB 
STRt:-,f.9 
Sm370 
STPF371 
STRF37? 
!;TRF373 
Sl»':37'. 
MRf 375 
STRF376 
r.IRf 377 
ST»( 370 
<;TPE37'> 
STPriPO 
'IRFiBl 
5TRF3(t? 
STRf 3R3 
STRF3RA 
«.1RE3flc' 
bTRF3fl6 
ST'IF3P7 
STRF3PB 
«.TPF3(l<J 
^.TRF3<>0 

STRF3l/Z 
MRF 39 3 
STRF39A 

7^0   HUlTPIftf20031   JJJ 
GO TO BOO 

760 WPiTF(6,?nnH) 
on TI Ron 

770   WPITF(6,200f I 
rn  in BOP 

780   WRIlFt^fPOOM 
HOO   RFTURN 

2000 F0RMATMH1/ 
.3fiH   STPFSSr.S   AFTtR    APPROXIMATION   NUMPFP    14//// 
.7H FL.NO. 7X 1HX 7X 1HY 4X RHX-STPESS AX RHY-STRFSS 3X 9HXY-STPES?. 
. ?X 10HMAV-STPF5.S 2X lOHM IN-STRFF.S 7H ANGLF 4X RH:-STPFSS 3X 7HPL 
.ASI1C   3X   4HFAIL   3X   "iHMTYPr ) 

2001 FTOhAI    ( 17,2FR.2,lPf'H?.A,OPlF7.2tlPF12.4,    I6fOPlF11.3   ,16   ) 
2002 FOPMArt39HOTHF   UNFALANCFO   LOAO   AT   THIS   STAGF   IS      F14.5// 

.47H   THF   PATIO   FOP   CORRECTION   OF   STOREP   STOfSSFS   IS   F10.4// 

.31H   THF   NEXT   ELEMENT   YIELDING   IS IW 

.<»1H   ANO   THE   TOTAL   NUMBER   OF   ELEMENTS   THAT   CAN   YIFLO   WITH   THF   UNFA 

.R   AOOITION   OF   TOTAL   LOAO   IS 14/ 

.f.OH   LOAD   UP   TO   THIS   STAGE   AS   A   FRACTION   OF   TOTAL   IS F20.5 I 
2'103   FOPMAT( I 10H0STPFSS   RATIO   GO"FP,NcD   BY   STRESS   STATF   BEING   MORF   THAN 

,5   PFPCFNT   OUTSIDE   YIELD   SURFACE   FOP   ELEMENT   NUMPE»   = 15) 
7004   FOPMAT(    5?H(>   STRESS   RATIO   GOVPPNFD   BY   NEXT   FLFMFNT   YIELDING ) 
200«;   FOFMATI lOrHOSIPESS   PATIO   GOVERNEO   BY   THE   MINIMUM   VALUE     OF   SR   FOR 

.   ANY   STEP I 
2006 FORMATdlOHO STRESS RATIO mVFRNED BY THF MAXIMUM VALUE OF STPFSS 

. RATIO FO ANY SVFP ) 
2007 F()PMAT(64H0 .10h TFPMINATfD AS HALF OF TflTAL ELEMENTS YIELD AT THIF 

. ST^P ) 
200r FORMA I ( llOH ARGUMENT NEGATIVE IN THE E0UAT10N FOR CALCULATING 

. THE VAL1K OF STRESS RATIO FOR FLFMFNT NUMBER  = 11» 
200SI F0RMAT(4SH0 STRESS RATIO SP. FOR THIS CYCLC= FlO.*) 
2010 F0PMAT1 I7,r.0H THIS ELEMENT HAS PFFN REMOVED FROM THF ANALYSIS  ) 
2011 FfjnMAT ( l7,2FH.2,lPc'F12.4,0PlF7.2llPF12.4t I6,0P1F11.3 ,16,3X,1H*1 
2020 F0RMAT(4PHn THE FOLLOWING NEW FLFMFNTS YIELD IN THIS ST^P 

.?015) 
3000 FORMAI (35H0 THE FOLLOWING FLKMENTS CAN YFILD 

.34HO ELEMENT NO. OATIOIN) 
3006 FORMAT t 110^20.') 
3010 FORMAT! 17Hn SP $»2 

. ZEIO.M 
^,010 F0RMAI(6H0 N'MY=  I5,3HSP=  r2r.>!, 4HSR2=  E20.S    ) 

// 

// 
) 

5000 FORMAT( 17HriMAXlMUM FAR IS 
END 

7* 

F6.3,17H FOR FLFMFNT NO. 15) 
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CHAFFER III:   GRIFTH - A Computer Program for Two-Dimensional 
Analysis of Progressive Failure of Rock Following 

Griffith ami Modified Griflith Theory 

."{. I.    I^irpose and Capability 

This computer program is applicable to plane stress or plane strain analysts of 

stresses, deformations and progressive fracture in elastic brittle rock following Griffith 

and modified Griffith theory.   Arbitrary initial stresses, arbitrary sequence of construc- 

tion or excavation, arbitrary history of load application can be simulated.   One dimensional 

elements are included.   The program is applicable to study of fracture initiation and pro- 

pagation in arbitrary elastic brittle structure systems composed of several different 

materials.   Non-monotonic loading is considered. 

Theoretical development incorporated in the program is documented in Part I- 

Technical Report of this report. 

3.2.   Program Organization 

The computer program is in Fortran language.   Files 1 and 2 are used to store 

s^   tern equations and element properties respectively.   Tapes 5 and 6 are the input/ 

output files.   The program capacity can be altered by changing the dimensions of arrays 

AA and IA.   These correspond to the total locations required for real and integer arrays 

respectively.   NTOT, MTOT at lines MAIN 29 , MAIN 30 are set equal to the dimensions 

of A A and IA. 

The program consists of the following units: 

a.   MAIN 

In this '..nit, the control r.iformation including maximum number of elements. 

. 
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nodal points, different materials, boundary pressure cards, the number of steps of 

excavation or construction, the maxiix       number of elements removed or added to 

the system at any stage is read in.   This information is used to organize the dimen- 

sions of various arrays.   This done, further processing of data is done in subroutine 

ENPT. 

b.   Subroutine INPT 

This subroutine is called by the unit MAxN.   The first step is to read in mate- 

rial property data for all different materials in the system.   Nodal point coordinates, 

loads and code descriptors for boundary conditions are read in or generated.   Element 

geometry, initial stresses, initial crack openings, if any, are read in or generated. 

Maximum bandwidth for the system is calculated and dimensions of blocks for genera- 

tion and storage of system stiffness defined.   After defining these controls, the incre- 

mental structure is analyzed in steps.    For each step the number of nodal points, the 

number of elements, the number of elements and nodal points removed or added, if any, 

the number of boundary pressure cards and the material type of the elements added or 

changes in material properties are read in.   After the information is assembled the 

solution process is transferred to subroutine SOLVE, 

c.   Subroutine SOLVE 

This subroutine called by INPT is concerned with obtaining stresses, deforma- 

tions and sequence of progressive fracture of elements in a g ven step of loading/con- 

struction/excavation.   To trace progressive fracture, the solution process traces a 

sequence of elements reaching fracture along with the effects of stress redistribution 
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associated with fracture leadin? to secondary fractures.   The process consists of 

applying the total load and then scaling it according to the minimum ratio of load 

increment needed to ensure ore element reaching fracture.   Once an element frac- 

tures, the associated stress redistribution will result in secondary frai cures at the 

same total load.   This is referred to as system stability Iteration in the program. 

The SOLVE subroutine calls ONED and QUAD to obtain element stiffness for 

one or two-dimensional elements respectively.   This information is stored on File 2 

and is updated in case of fracture or failure.   Solution to the stiffness equations is 

obtained in subroutine BANSOL.  Subroutine STRESS defines the stresses corresponding 

to a load application.   This is referred to as the Initial state for any load increment. 

As several elements may crack during a load incremont, it is necessary to scale it 

to pin-point the sequential fracture phenomenon.   This is accomplished in subroutine 

SCALE, 

d.   Subroutine SCALE 

This subroutine calls subroutine GRIFTH to check each element for fracture or 

closure of cracks.   The stress ratio for each element is calculated, if necessary, using 

interpolation (subroutine INTER).   Iterations to define a value of orientation of fracture 

are referred to as beta-stability iterations.   After choosing the minimum stress ratio 

api licable and the element faat next fractures, system stability iteration is accomplished 

to define all secondary fractures associated with the primary fracture.   This process is 

illustrated in the flow chart as Figure III-l. 

3.3.   Input Data 

a.   Job Title (18A4).   This card will give the descriptive identification for the job. 
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/      Read    Control      ^ 
—V Information, Apply   / 
/ Total    Load P       / 

Intact  Element 
( fl = o) 

Jointed Element 

Yes 

Calculate /S, P, P^ 

(j3 may equal /3o for 
jointed  element ) 

No 

Calculctc  /3 
Release 0© 
Modify   [k] 

Store   stresses  and 
d isplacements 

Apply AP 

Apply P-SAP 

Go    to 
next    step 

Figure 3.1.   Flow Chart 

Analysis of Progressive 
Fracture of Rock 

(     END     \ 
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b.   Control Information (415, 3F10.2, 315) 

Information 

Maximum number of nodal points 

Maximum number of elements 

Number of different materials 

Maximum number of pressure cards 

Body force in X-direction 

Body force in Y-direction 

Reference (stress-free) temperature 

Number of initially open cracks 

Code to designate plane stress or plane strain 
NPLANE = 1 for plane stress 

= 2 for plane strain 

Columns 

1-5 

6-10 

11-15 

16-20 

21-30 

31-40 

41-50 

51-55 

56-60 

Total number of excavation & construction steps 61-65 

c.   Material I-roperty Cards.   One set of cards must be provided for each material. 

In each set: 

i.   First card (215, F10.3, 215) will give the following information: 

Information 

Material identification number 

Number of temperature cards (8 maximum) 

Mass density of the material 

Material code to designate materials which will follow the 
fracture criteria 

code    1 for materials which will follow the fracture criteria 
0 for materials which will not fracture 

Columns 

1-5 

6-10 

11-20 

21-25 

80 

■i. > ^JAaiiftli Jt^-it^» 

- liiimiaiiilii im ■■-"■*■■■■■■■ tL. 



mprv^mammmmm. W^^^^^^^m^W^mm^^^^^m^^^3^ mmp^mmmmmr'. 

mr-mntmmanwi 

Material code to identify the initial anisotropy due to initial cracks     26-30 
c ode = 1 for initial anisotropy 

= 0 for isotropy 

ii.   If columns 21-25 in card i is not zero, the following information must be 

provided (3F10.3) 

Information Columns 

Tensile strength 

Internal frictional coefficient 

Tolerance for crack closure 

1-10 

11-20 

21-30 

iii.   Subsequent cards, one for each temperature, the number being defined in 

columns 6-10 of the first card, will carry the following information (F10.0, 

E10.0, 2F10.0): 

Information Columns 

Temperature 

Elastic modulus 

Poisson's ratio 

1-10 

11-20 

21-30 

Coefficient of thermal expansion 31-40 

iv.   If columns 26-30 in card i is not zero, the follovdng information must be 

providied {4F10.4): 

Information Columns 

Modulus ratio 

Angle of ftuU 

Frictional coefficient 

Shear strength 

1-10 

11-20 

21-30 

31-40 
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d.   Nodal Point Cards (15, F5.0, 5F10.0).   One card for each nodal point with the 

following information: 

Information 

Nodal point number 

Type of nodal point 

X-ordinate 

Y-ordinate 

XR 

XZ 

Temperature 

If the number in columns 6-10 is: 

Columns 

1-5 

6-10 

11-20 

21-30 

31-40 

41-50 

51-60 

0 XR is the specified X-load and XZ it the specified Y-load 

1 = XR is the specified X-displacement and XZ is the specified Y-lcad 

2 = XR is the specified X-load and XZ is the specified Y-displacement 

3 - XR is the specified X-displacement and XZ is the specified Y-dlsplacement, 

All loads are considered to be total forces acting on an element of unit thickness. 

Nodal point cards must be in numerical sequence.   If cards are omitted, the omitted 

nodal points are generated at equal intervals along a straight line between the defined 

nodal points.   The necessary temperatures arc determined by linear interpolation. 

The type of the nodal povit, as well as XR, XZ, are set equal to zero. 

e. Element Material Cards (1615). These cards shall carry the material type of all 

the elements. Each card shall have material typos for 16 elements in sequence. 

The material type for each element must be read in as no interpolation has been 

provided for. 
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f.    Elements Cards (515, 5X. 3F10.0).   One card for each element will provide the 

followinR data: 

[nformation 

Number of element 

Nodal point I 

Nodal point J 

Nodal point K 

Nodal point L 

Initial stresses: 

Component in X-direction 

Component in Y-direction 

Shearing stress on X-Y planes 

Columns 

1-5 

6-10 

11-15 

16-20 

21-25 

31-40 

41-50 

51-60 

Nodal points I, J, K, L are corners of each individual element in a counter- 

clockwise order for a right handed system of coordinates.   For triangular ele- 

ments set nodal point L same as nodal point K.   The element cards must be in 

the numerical sequence.   Any cards that are omitted will be automatically gene- 

rated in the program by incrementing each of the I, J, K and L nodal points by 

one.   The material type will be taken same as for the last element defined, 

g.   Initial Cracks Cards.   If columns 41-45 in card b is not zero, the following 

information must be provided for each initial crack (215, F10.0). 

Information Columns 

Element number 1-5 
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Tag number 

Crack Angle 

The tag number is used to designate the crack mode 

Tag     1 for single crack 
2 for double crack 

The crack angle is defined as the angle between X-axis and the normal to the 

crack plane, positive counter-clockwise, 

h.   Incremental Step Information.   One set of cards must be provided for each step 

of construction or dismantling.   Construction and dismantling may not be mixed 

in one step. 

i.    First card (18A4).   This gives the descriptive title for the step for which 

information follows, 

ii.   Second card (715).   Following information is given for the step which is 

described in Title. 

Information Columns 

Number of nodal points in this step 1-5 

Number of elemenLc in this step 6-10 

Number of elements removed or added with reference to previous step   11-15 

Number of pressure boundary cards (total pressure for this step) 16-20 

New material type for the elements added or eliminated 21-25 

Code to designate addition to structure of dismantling 26-30 

Code = 0 for dismantling 
- 1 for construction 
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Number of nodal points included in analysis but not part of 
structure at this step 

31-35 

iii.   Afklition or DismantlinR of Structure.   One or more cards shall indicate 

the numbers of elements removed or added in the step under consideration 

(1615). 

TIK total number of elements included here must be the same as 

indicated in columns 11-15 of card h-ii. 

iv.   Nodal Points Included in Analysis but not Taking Any Load (1615).   One or 

more cards shall indicate the numbers of the nodal points included in the 

analysis at this step o.i not forming part of the load carrying system. 

The total number of nodal points listed here must be the same as 

indicated in columns 31-35 of card h-ii. 

v.    i'ressure Boundary Cards (215, 2F10,0).    If there are any boundary pres- 

sures for this step, then one card for each boundary element which is sub- 

jected to normal pressure will carry the following information: 

Information Columns 

Nodal Point I 

Nodal Point J 

Total Normal Pressure at I 

Total Normal Pressure at J 

1- •5 

6- •10 

11- -20 

21- -30 
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As shown in the sketch, the boundary element must be on the left as one 

progresses from I to J,   Surface tensile force is input as a negative pressure. 

j.     Last Card (A(!).   The last card at the end of data dock is "stop" card.   It carries 

the characters STOP in columns 1 through 4. 

.1.4.   Output Information 

The following information is developed and printed by the program: 

a.    Print out of problem data.   This includes information in material properties, mesh 

layout, geometry and boundary conditions, loads and constraints, initial cracks, etc, 

1).   Initial stresses before any excavation or construction at the center of each element. 

c. The incremental as well as cumulative nodal point displacements and the stresses 

after application of a load increment. 

d. The stresses upon application uf total load increment. 

e. The stresses, crack orientation, type of crack, at the first element cracking under 

a load Increment. 

f. The stresses, crack orientation, type of crack for each beta-iteration to define 

the correct crack orientation. 

g. The stresses, crack orientation, type of crack for each system stability iteration to 

define secondary fractures following the first fracture in a load increment . 

h.   The stress ratio as a proportion of total load at each stability iteration. 
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3.6.   Fortran T latlng 

MAIN I C 
KA1N i c 
MAIN J c 
MAIN <! c 
MAIN I c 
MAIN 6 c 
MAIN 7 f 

MAIN e c 
MAIN s L 
MAIN 10 c 
MAIN ii c 
MAIM 12 c 
MAIN i j c 
MAIN u 
MAIN lb 
MAIN lb 
MAIN 17 
MAIN 16 
MAIN IV 
MAIN io 
MAIN 21 
MAIN 22 
MAIN 23 
MAIN 24 
MAIN 25 
MAT! 26 c 
MAlri 27 c 
MAIN 28 c 
HAIN 29 
MAIN 30 
MAIN 31 
MAIN 32 
MAIN 33 
MAIN 3* 
MAIN 3b 
MAIN 3<. 
MAIN 37 
MAIN 38 
MAIN 39 
MAIN -♦O 
MAIN 41 
MAIN 42 
MAIN 43 
MAIN 44 
MAIN 45 
MAIN 46 
MAIN 't? 
MA'N 48 
MAIN 49 
MMN 50 

PRUUR 
PP.OC-K 
PURP 

hAILU 

THE 
31,19 
AND   1 
KEStA 
ARE   C 

» 

* 
» 

» 

******* 

*********************************************************** 
AM   101 NTif ICAMUN:   PHUGRAH   Pf-A ♦ 
AMMFh: S.K HUANC.I.S.RAI, THE OHIU STATE UNIVERSITY    * 
SEt   PUGPESSIVE   FRACTURE   ANALYSIS * 
RE   CMltKIA:   FRACTURE   ACCORDING   TÜ  CRIEriTH   AND   MüDIFIFr.      » 

i,« 1EF1TH   THtdRIFS * 
hUKMOLATIDN IS DDCUMtNTED IN THE FINAL REPUkT DATED MARC» » 
73, ON CDNTPACI H021OO17 BETHfEN THE OHIO STATE UNIVEFSMY* 
HE UNilED STATES bUREAU OF MINES SUPPORTED hY THE ADVANCED« 
RCH PROJECTS AGENCY. INSTRUCTIONS EUR USE Of THE PROGRAM * 
UNIAlNfD   IN   PART   II   OF   THE   REPOEf. * 
**«.»***»*♦****♦* ********^******** *♦*****♦»*♦**♦*♦♦** **♦♦•♦♦ 

COMMON AAlK-t.OJl.lACbOO) 
COMMON/ONf/ NUMNP,NUMEL,NUMMAT,NUMPL,NPC,MbAND,NUMbLK,NL,MTYPE,N, 

VUL,ACELR,ACELZ,0,HED(ie),STOP,SR,SRl,TrjTAL,TnL,TnLI,XC,VC, 
TEMPtSKNtSlGOUSIGUJ, 
LLL,ll I, JJJ,JCK,KCHECK ,JCHECK,NPLANE,Nüiit.R,NC(;DE,JA,NEO 
,NHANIi,NLK*r.K,NSTEP,N15,H7,NT0T 

COMMON/TWO/   C(3,3I,S(lC,10l,SIGI6),P(8l,ST(3,10)tP.R(5l,7?l5», 
LM(4),EF(:'),EPS(3» 

CllMMUN/ThREE/     E (fl, 4,8 ) ,LU(4,0 ) ,1ENS 181 , XNU t H) ,RU(H I   EPSTI 81 , 
MTC(b) ,NICIfc),MIDl8) 

DEHNE   FILE   1 ( 100,15oO,U,NbK) ,2( 51Ü,230,U, 101 
CALL   tPRStr(<:08,256,-l,l» 

READ   AN:;   WRITE   CONTROL    INFORMATION   FOR   THE   PRObLEM 

NTuT=160C0 
MTOT=4600 
T0LI=0.001 
READ   (5,1L0C)   ' ..O^UMNP ,NUMEL »NUMMAT ,NUHPC, ACELR, ACELZ,Q,NCR ACK , 

NPLANt,N:. IEP 
IFINPLANE.EO.J!   WRITE ( 6,2C00) 
IFINPLANE.El-'.; I   WR I TE <6,2Ü05) 
NE0=2*NUMNE' 
WRITE   16,2010)   HL0,NUMNP,NUMEL,NUHMAT,NUHPC,ACELR,ACEL2,C,NSTEP 
NPC=NUMPC 
IFINPC.EU.O     NPC=1 
Nl»l 
N2=N1+NUMNP 
N3=N2+NUHNP 
N«.--N3+NUMNP 
N5=N4+NtC 
N6=N5*N[w 
N7=N6+NFU 
Nll=N7*-NEt 
N9=N8+NUMNH 
N10=NV   ♦6*NUMtL 
Nll=N10+6»NUMfL 
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MAIN bi 
MAIM S2 
MAIN 53 
MAIN t.4 
MAIN b1- 
MAIN bb 
MMN J.7 
MAIN 58 
HAIN 5SI 
MAIN 60 
MAIN 61 
MAIN 62 
MAIN 63 
MAIN 6A 
MAIN «■5 
MAIN 66 
MAIN 67 
MAIN 6b 
MAIN 6V 
MAIN 70 
MAIN 71 
MAIN 72 
MAIN 7? 
MAIN 7^ 
MAIN 75 
MAIN 76 
MAIN n 
MAIN 76 
MAIN 79 
MAIN no 
MAIN til 
MAIN (i2 
MAIM ( j 
MAIN b'. 
MAIN B5 

N1^=N1(+     NUMIL 
N13«Nli'*     NUMIL 
Nl'.-Nli»     NUMtL 
Mt=Nl'.>;'*NP( 
Ml=l 
M2-M1*5»NUMLL 

M3-M^*NUMf:L 
M4=M3*NUMLL 
M^ = Mi»+NUMf L 
M6=M5+NCC 
M7=M6+NPC 
JJiM7-MT01 
IFCJJ.LE.OI   G(J   1U   luO 
wRnt (6iaoooJ JJ 
CALL txir 

100 CDNTINOL 

CALL   INP1      (AA(Nl)iAA(N2ltAA(N3itAA(N^ltAA(NSIiAA(N6)iAA(N7)t 
AA(Nbl ,AA(NV|,AA(N1CI,AA(NI1),AA(N12) .AAINUNAAINK) ,1A(M1 I , 
IA(MiI,IA(r3ltlAIMtl,1A(M5),IA(M6)I 

SILP 
1000   FORMAT    dbA'./'.l';, JF10.2,JI5I 

<;üC0   POPMATdMl,«   PLANh   STREbS   ANALYSIS'I 
^005   'OKMATdhl,1   PLAN!    iTPAIN   ANALYSIS«) 
2010   FORMAT    (1H0   lbA<«/ 

1 30MO   NUMhtR   (IF   NdfiAL   PUINTS 13   / 
2 3ÜH0   NUMl'tK   HF   ELfMFNTS < 13   / 
3 30H0   NUMHER   I'F   IIIFF.   MATERIALS 13   / 
^   JÜHÜ   NUMhtR   LF   PKESSURt   CARDS— 13/ 
'j 3ÜH0   X-ACCFLFRAIldN £12.4/ 
6 30H0   Y-ACCELI.PAI 1UN £12.'*/ 
7 3ÜH0   RFFtRf.NCl    HMPFRATUKF E12.4/ 
f' 30H0   NUMl.fcR   CF   SUPS 13    I 

;U00   FLIFMAT    (70H   PRCIGRAM   FXECUTILN   TFRMINATFD.   k( UUIRLO   CURE   FXCIETS   MI 
.CT   I>Y HOJ 

FND 
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INN I 
INMI *' 
1MHI 3 t 
INPI 4 
1 .el '-> 
INf'l 6 
iNpr 7 
1NP1 G 
1NP1 V 
INPI 10 
INPt 11 
INPI 12 
INPI 13 
INPI 14 
INPT 15 
INPT lb 
INPI 17 
IN'PI Itf 
INPT IV 
INPT i0 
INPI ..'1 
INPT ?2 
INPT Z3 
INPT i^t 
INPT -?& 
INPT <i6 
INPT 2/ 
INPI ib 
INPT ±H 
INPT 30 
INPT 31 
INPT 32 
Ihr I 33 
INPI i't C 
INPI 3J. t 
INPT 36 C 
INPT 37 
INPT 36 
INPI 3Si 
INPT 'to 
INPI ^.l 
INPT '.2 
INPT ■♦3 
INPT '.'. 
INPT Hi 
INP' <*6 
INP '♦7 
INPT 46 
INPI ^ 
INPI 50 

SUHKÜI  lINi    INPI      (RiZfCÜÜt iUU,(U,l 1,1 Ji I ,: Il.l,^PMibKNM,t I I.\, 
^AUHiPK, l>. ,MlAO.NTA(-, JNI, IOC, JbCI 

COMMÜN   AA(lM:o0l»IA(450O) 
(.LiUMLN/CiNI /   NUMNHfNUMI L »NUMMA1 ,NUMPC ,NPC ,MI:iANO,NUMM.K. ,N1. ,M1 Yl i ,' 

VOLfACELRtACtL2iÜiHECU18)fSTOPtSRtSRIiTOTAL»TOLfTOLIfXCtYCi 
lfHPtSI<<N,SIC<DIf SIGDJi 
LLLi 11 1,JJJ, JCK.KCHbC.K.JCHtCK.NPL-NE »NUMEM» NCODE» JA.Nf 0 
»NLAN0,NCKACK»NSrfcP»N16»M7»NTül 

CLMMON/TW'I/   C(3,3I ,S110,1( I ,SU.(M ,P(H,Sn3,10),KR(r. »,7Z(?), 
LMI4I»FE(3)«EPS(3I 

i.liMMUN/ IMKft/     t(Ut4»0)fEO(4i8)fTENS(8) ,XNU(8> »RD(B) iEPST( 8 I , 
MlLlbl ,MC(h),MIO(fl) 

DIMINSR'N   Tl ILHU) ,NNP(?uOI »MAD(20C ),NUHKI?00) 
[ilHhNSUJN   MNUMNPI ,7(NUMNPI ,CuDt-(NUMNP 1, UUINUMNP, ? I «CUINIUl , 

• bl (NEO (NEU) tf JNUMNP J.Lltl (NUMl:L,6l,fcPSI(NUHtL.6),SlC.NM(N0Ml 
.BETA(NL ),RAriUINUMEL)iPR(NPCt2) i 1X(NUM> L,1.) ,MTAG (NUMU) , 
.NTAG(NUf      > tJNT(NUMEL) . IHC INPC I, JBCI NPC) 

DP   bG   M=ifNüMMAI 
KFAÜ I5,l01ul MTYPt,NTC(MTY('tl .RUIMTVPEI.MlCIMTYPt 1 ,Min(MTYPI I 
WRITfclA.^OlOl MfYPttNTCIMTYPfc) »RCKMTYPf ) ,HIC(MTYPH ,Min(HTYPH 
Ih (MTKMTYPl I, (g.C»   GU    1Ü   ^j 
htADI&.lOlil ItNSIMIYPE)fXNU(MTYPP)»EPSTCMTYPF» 
WRITE«6t2015l      IfNSIMTYPf).XNUIMTYPfcI.FPSTIHTYPE) 

45   tüNTlNUb 
NUHICsNTCIMiypf) 
PLAO   15,1020)    I (l.(l,J,MIYPr l,J = lo',),I = l,NUMIC) 
WHITE    (6,2020)    ((b(1,J,MTYPE),J=1,4),1=1,NUMTCI 
IF(MlDtMTYP£).tU.O)   Gü   lü   50 
RE^P    15,1-^2)    ItUlK,MTYPfl,K=l,4l 
WR; rE(6,2Ü22)    II0(K,MIYPL),R=1,4) 
EC). 2,MTYPl )=f ll(?,MTYPF)/57.2<>6 

•JO   CONTINUE 

READ   NDLAL   PuINI   DATA,GENERATE   INTERhtUIATE   POINTS   AND   HRlTf 

WR1IL    (6,,0<;5l 
L = 0 

bO   Vlkb      (5,1025)   N,CUDttN),KN),Z(N),UUIN,l),UU(N,2l,T(N) 
IF(N.Fg.l )   GO   TU   70 
ZX=-f-l-L 
DRB(R(N)-R(L)I/ZX 
P7=(ZIN)-/(LI)/7X 
DTe(TIN)-T(L)I/iX 

70   L=L*1 
IF(N-L) 100,90,1,0 

SO   CLUE(L)=0.0 
R(L>«R(L-1)*DH 
ZIL)=Z(L-lI*OZ 
T(L)»1(L-1)*D1 
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INPI 'JI 
INPI Si2 
1NPI S3 
INfT !>•. 
INfT bS 
INPT &6 
INPt b7 
INPT be 
INPf $<* 
INPT 60 
INPT 61 
INPI 62 
INPT 6j 
INPI 64 
INPT 65 
INPT 66 
INPT 67 
INPT 68 
INPT 69 
INPT 70 
INPT 71 
INPT 72 
INPT 73 
INPT Tt 
INPT 75 
INPT 76 
INPT n 
INPT 78 
INPT 79 
INPT 80 
JNPI tl 
INPT 0^ 
INPT B3 
INPI 64 
INPT B5 
INPT 86 
INPT 67 
INPT 6B 
INPT 89 
INPI 90 
INPT 91 
INPT 92 
INPT 93 
INPT '-A 
INPT ,'> 
INPI 96 
INPT 97 
INPT 9ü 
INPT 99 
INPrX0( 

UUIL.IUO. 
UU(U2I«0. 
Gtl   TLi   70 

90    IMNUMNP-NI    100,110,60 
100   WP.ITE    (6,; 035)   N 

CALL   LXiT 

110   WRITE «6,20301    ( N,LÜOt (N I tR (Nl ,Z(N| ,IJU1N, 11 ,UU IN,2I, TIN) ,N=1 ,NUMNP) 

RF*D   FLBMfNT  DATA   ,   GENtRAIL   INTERMtDIATI    ELEMENTS   AND  WRITE 

RfAP(5,1030)    I1X(N,5),N=1,NUMEL) 
WklTt    (6,2040) 
N=0 

130   READ(5,1035)   M,(IX(M,I),1 = 1,4 I 
140   N=N+1 

IF    (H-N)    170,170,150 
15G   IXIN,1)=IX(N-1,1)+1 

1XIN,2)=IX(N-1,?)+1 
1X(N,3)=IX(N-1,3)*1 
IX(N,4)=1X(N-1,4)*1 

170 CONTINUE 
SIOi(N,l)=0. 
SIGI(N,2)=0. 
£IGI(N,3)=0. 
HTAGIN)>C 
JNT<N)=0 
tiEf'.(N)=U. 
IE    JM-N)    Ib0,lt0,140 

180    IF    (NUHEL-N)   190,190,130 
190   WRITE    (6,2041.)    (N,nx;N,l),I = l,5),(SIGI(N,I),l=l,3),N=l,NlJHrL) 

IKNCRACK.f '.   0)   G(J   Ti,   194 
WRITb(6,20S0) 
DO   192   M=i,NCRACK 
READ   r>,1040)   N,HTAG(NI ,BETA(N) 
WRITt(6,1040) N,MIAG(N),rttTA(N) 

192 BETA(N)=bETA(N)/t.7.296 
194 CuNTINUf 

INITIALISE STRAiNS 

Dl) 19f N=1,NUMEL 
NTAC(l()=0 
DÜ 19t 1=1,3 

196 tPSI(N,l)=0.0 

INITIALIZE CUMULATIVE DISPLACEMENTS 

DU 196 1=1,NEW 
19b CU(l)=0.0 

JJ = l. 

i 
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INf'UOl 
INK I 11)2 
INHI103 
1NPI10<» 
1NCT10S 
lNPriÜ6 
1NH 1UV 
iNPriob 
1NPI10S 
INPfllO 
INPUU 
INPT112 
iwriia 
IMP711'« 
INPflli 
INPI116 
1NPT117 
INPTllb 
INPUl«» 
INPT1?U 
INPT121 
1NPT122 
INPVlii 
1NPT12A 
INPUTS 
1NPT126 
JNPTIZ7 
INPI12Ü 
|NPIli9 
INPIISO 
INH13i 

INPU ji 
1^PT134 
INPIUi 
INPTI:-6 
iNPIU / 
INPIlit« 
INPf1JV 
INPT1'»0 
INPn^l 
INPT1^2 
INPtltll 
INPIlH-t 
1NPTU6 
INPTl'tf. 
iNpruv 
INIMl'.b 
INP(14<y 
iNpmo 

IV 

iO<y 

ülü 

CJU 

KKr 
III 
CLN 
NtA 
NL = 
NLL 
1F( 
UL- 
ND- 
NL = 
IK 
WMI 
CAL 
Hit 
N17 
JJ = 
1F( 
wiu 
CAL 
WR1 

20u 

202 

■IM 

1 vv 
IW 
ivs 
iAI S 
KK.O 
riNu 
ND = ^ 
(NTH 
=NI Q 
NL.G 
NL/'. 
2»NL 
^♦NL 
NÜ.C 
Tfc ( 
L FX 
=Nlü 
-N16 
N17- 
JJ.L 
It ( 
L FX 
Tt    ( 

1-1»NUMFL 

K * 1 , -. 
(1X(1.J)-1X(l.KI) 
I.JJI     JJrKh, 
L 
»JJ+i 
J-Nl' + U/tNBANO+n 
t3 
1.NLL)   NL=NLL 

iAND)   60   TO ÜüV 
)lü>   NLFNBAND 

t oKot 

11 
♦NL 
+ NL*Ni.AN'i 
NTLT 
t .oi GO ru 210 
6,30CC)   JJ 
ir 
6»400ÜJ   Nl/,M7,^L.Nl',AND 

khAD   CÜNTKUL   1NFÜRMA1IÜN   KIR    IHE   NFX7   STFP   IN   ..iCF.f'HFNTAL   ANALY'lS 

NUMBbK   OF   NOOeL   PL IMS   HJ1.S1NG     NPHIS   IL   INTRODUCED   TO   TAKt 
UARF   UF   FhP(Y   NutlAL   POINTS   IN   THt   PRtVIÜUS   SItP   AND   NEW  NODAL 
POINTS    INTROOUCtO   AS   A   CONStCUtNCt   OF   CHNSTPUCTinN   OR   FXCAVATldiv 
OONF   DURING    IHIS   STFP.   NPM1S   IS   TAKtN   AS   THt   SUM   OF   IHPTY   NDDAI 
POINTS   DUklNO   (RfcVlOUS   STtP   PLUS   THF   NODAL   POINTS   VACATED   OP 
AOPfP   INTHIS   STFP   UPTO     NPMAX      . 

NLASf-C 
RtAPt^.lO'.bl    IlTLt 
WPllFlfc.J'Ut 3)    TITLf 
RfcAOJ5fl060l    NPMAX,   NtLMAX,   NUMtR,   NUMPC,   M1YPF,   NCODt   ,NPMlS,MAril 
LLL = 1 
1 H -0 
JJJ = 0 
TO TAL =0.0 
S1001 = 0. 
Sll.UJ = C. 
IF (NUMEk.fcWtO)   (.0   10  iOs 
READ(!)»1030)      (NUMk(M,   N=   l.NUMFRI 
IF(NPrtIS.H, .ul   00   TU   :06 
oFA0(5,1030)  (NNPJMIi M = ItNPMIS) 

OLTEF^INE BANDWITH 
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INPTIM 
1NPT162 
1NPTX53 

INPTlbS 
INPTlift 
1NPT11>7 

INPTl'.,'* 
INPIlbO 
1NPH61 
1NPTI.6? 
l.'.-'Tlöi 
JNPU6<. 
INPTlbb 
iNPTlbb 
INPT167 
INPT16b 
INPT169 
INPI17Ü 
1NPT171 
lNPT17i 
INPT173 
INPim 
INPI17b 
»NPT176 
INPT177 
1NPT178 
INPn79 
INPUBC 
INPTIBI 
INPTlfci 
iNPTiea 
INPTIB'* 
INPTiBl. 
IN?TIB6 
iNprit',7 
iNPTiee 
iNPTiev 
INPTlVt' 
iNpri9i 
INPTIV^ 
1NPT193 
INPmt 
INPTl9i. 
INP1196 
1NPT197 
»NPU'/e 
INPnv9 
INPT20& 

^0*   NUMtL'NUMAX 
NUMNP«NPMAX 
J«0 
oo «:0h N-lf^lUM^L 
DO   Hb   1=1,'. 
0Ü   208   L=li<. 
KK=UHS(1X(N, l)-IX(M.L>) 
IF   (KK-J)   20b,206,207 

..07   J = K.K 
206   OONTlNUh 

MbAND«2*J*2 
IF   (NPMlS.f-O.ü)   1,0   TO  215 
DO   212    1   =   1,   lyPMIS 
J   ■   NNP(I) 
CUI2»J-1»   =   U. 

212  CU(2*J»   =   0. 

PRINT   OUT   CONTROL   INFORMAIiilN   FOR   THf   CUKRhNT   STFP   IN   INCRffNTAL 
ANALYSIS 

Hi   lUNCuht.tu.ll   Uli  TU 240 
IFtNUMFR.hQ.O)   Gü   TL   220 
MRITt(6f206U>NCASE,NPHAX,NbLMAX,NUMPC,NPMI!>,(NUHP. (NI,N-I,NUHFR   ) 
00   TU   230 

220   WRlIt    (6,200U)   NCASt,NPMAX,NtLMfX,NU'rC,NPHIS 
230   IF(NPMIS.tb.Ül     GO   10  270 

WRITt(t>t206!>l    (NNP(H)   ,H  •   1,NPMIS) 
GO   IU   270 

240   IFINUMtR.EQ.O)   GO   TO 2   J 
WRlTLI6l2070)NCASt,NPHAA,NELHAXtNUHPC,NPHISt(NUMR(N),NTl,NUHFR      ) 
GO   TO   260 

^i>0   WKIIE (6,2070 INC AS r.NPMAX.NfLMAX.NUMPCNPH IS 
260   1F(NPH1S.F0.0I     GO  TU  27C 

WRlTE(6|2U6äi    INNP(M)   .H  ■   1,NPMIS) 

IF   THERE   ARE   ANY   BOUNDARY   PRESSURES   FOR   THIS   STEP   READ  AND   PR1N1 
THIS  DATA 

270   IF   (NUMPU   290,310,290 
290   WRIIF   (fe,20751 

TO   300   L=1,NUMPC 
Rt"JCj,1060l    lbC(L),JBC(LI,PH(L,l),PR(L,2l 

300   WRlfEU.,20801   I bL (L), JBC( LI ,PR ( L , 1), PRt L,2 1 
310  CONTINUE 

CHANGF   MAIER1AL   TYPF   FOR   ORIGINAL   ELEMENTS 

1F(MA00.EN.CI GO TO 336 
WRITE(6,2Ü82) 
READIIJ.lOiO) (HAD (I I, IX (HAD( I 1 ,ä 1,1-1 ,HADOI 

:i 
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1NHI?03 
lhC\2b't 
INPT^OS 
INPT^OiK 
INPTiC? 
INPTüUE 
INPIZOV 
INPT21Ü 
1NPT211 
lNPTil2 
INPm3 
INPf?!*. 
INPtZIS 
1NPT21,6 
INPT217 
INPIJIB 
1NP 121V 
INPl^ZO 
INPT^Zl 
INPT22I' 
iNPr^2J 
lNPT22'f 
INf r22i 
iNPT2?6 
1NPT227 
lNPT22b 
INPr229 
INPT230 
INPT231 
INP1232 
INPT233 
1NPT23'. 
INPT235 
1NPT236 
INPr237 
1NPI238 
lNPr23V 
1NPT240 
lNPT2<rl 
iNpii^r 
1NPI243 
1NPT244 
INPTJ'Aa 
INPr^'.ö 
INPTi"»Y 
1NP 12 *.0 

INPt^&O 

Mkirt»6»2üa3) CIACM !).IX(MADID,bltlcliHAnDI 
LH)   33^   l»J,MAnO 
N=MAt)( I) 
IKI   335   J-1,J 
SjL.I(N,J)-0. 

>35 (PSKNtJI'C. 
;36   CUNIINUt 

It-   INITIAL   SlkET-S   CDNDIUUN   IS   TU  bE   ANALYSED   INSTEAD  Of   INPUT, 
U&l    NUMER   =   C   AND   DIKELTLY   PMUCEED   Tu   SFIEF. 

CLRRECT   MAILKIAL   TYPE   FDR   LLtHINTS   PEMUVED   OR   AOnm.   SFT   INITIAL 
STPFSSFS   EUUAL   TO   ZERO 

IF    (NUHEk.Ew.01   00   TU   3HO 

UU   330   I=1,NUMEK 
NUM   =   NUMRII) 
IXINUH.^IrMTYPt 
DO   33Ü   J-l,3 
Sll.IINUHtJI   -   U.O 

330   EPSI(NUM,JI=Ü.O 
340   $R=Ü. 
345   CONTINUE 

DC   35 0   N=1,NUKIL 
J5CI   R AT UKN 1 = 1.0 

FLRM   STIFFNESS   MATRIX   IN   faLOCKS   FOR   THIS   STEP 

CALL SOLVE   (RtZ,LOnE,UU,CUfBl,BJtT«SIGItEPSlfSIGNMtbeTAt 

RATIUtPRtAA(Nlj|tAAIN16)«IXfMTAG,NrAGtJNTtIBCtJBCI 
IFISTOP.FW.l.»   CALL   EXIT 

SOLVE   MATRIX   EUUATIUNS 

CALL   BANSOL    IAA(N15 ) •AAINIM>HBANÜ,NBANO,NUMBLK«NLtJAt 
CALL STRESSIRtZfCUDI,UU,CU,El,bJ,T.SI&I,EPSI,SSGNM.btTA, 

RATIUiPKtAAINlbl.AAINlbl, IX.MTAG.NTAGtJNTflBdJBCI 

CALL   SCALE    ( U ,MIAG,NTA( ,   JNT, RA TICBETA ,SI&I, UbNH, EPSI ,CU, 
AAtNliliAAINlMl 

JJJ=1 
IFIJCHKCK.fcO.O) GO TO 400 
111=111+1 
WRITF(ö,20lWl   LLL.llI 
MKT=0 
NML=NUMEL/2 
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INPT253 
INPT2i<i 
iNPT?55 
lNPT/!>6 
INPTZbT 
INPTibfl 
INPT<:!>V 
INPT^bO 
tNPTZ61 
1NPT262 
1NPT263 
INPr^64 
INPTZ^S 
lNPT26b 
1NPT267 
INPT268 
INPT26» 
1NPT27Ü 
JNPT271 
INPT27Z 
1NPI273 
INPT27« 
INPT27!> 
INP1276 
1NPI277 
1NPT278 
1NPT279 
iNPTzeo 
INPT2bl 
INPI2Ü2 
1NPT2B3 
1NPI2B4 
lNPT2ä5 
lNPT2b6 
INPT267 
1NPT2S& 
lNPT2e9 
1NPT2V0 
1NPT?SI 
INPT2V2 
1NPT293 
INPT^S', 
INPT29& 
1NPT296 
JNPT297 
INPT291) 
INPI2V9 
lNPT3ul/ 

OU 38 0 MM.NUMt-L 
IF(MTAGIN).GT.2) NKT'VXI«! 
IKMK (.LI.NML) CO 10 i&O 
WRITe(6t20aM NKTiNHl 
CALL FX1T 

360 f.C^INUL 
OU 1U 34t. 

400 IFtlülAL .LU.1.0  I GÜ TL bUO 
LLL'LLL«! 
IIIBO 

4!)0 GO 10 345 
600 CONTINUE 

IFINCASE.Ot.ll GO TO »100 

;     IF THF INITIAL STRtSSES ARE EVALUATED IN THIS STPP 
UNITlALIZr  CU 

DU 750 I = IfNEu 
750 CUI1> £ 0.0 
BOO NCASE = NCASF ♦ 1 

IF(NCASfc.LE.N^TLP) GO TO 200 
1010 FORMAT ('>15.1Flo.3t215l 

RETURN 
1015 F0RMAT(3H0.J» 
1020 FURHAT(F10.3,tlÜ.Gt2F10.4) 
1022 F0RMAT(4F10.4) 
1025 FORMAT (15|F5. 1 i^r 1C.<»» 
1030 F0P.MAT(lbl5) 
1035 F0RMAT(5I5) 
1040 FÜRMAT(215IF10.5> 
1045 F0KMATI1BA4> 
1050 rORMAT(6l5l 
1055 FORMAT (16151 
1060 F0RMA1l2I5t2F10.3l 
2010 FORMAT «17HUMATERIAL NUMBER« 13, 30H, NUHBEI OF TEMPERATURE CARDt.- 

1 13, 15H, MASS DtNSITV> E12.4,lbH, MATERIAL CODE« 13 
2,16H, HATHRIAi, 1.0.= 131 

2015 FORMATUBHOTLNSILb STRENGTHBbl2.4,21H, COLFF. OF FR1CTinN«E12.4 
• ,19H, INITIAL OPENING « E^.4» 

2020 FORMAT (15H0  TEMPERATURE 10X 5Ht     9X 6HNU     5K  8HALPHA    / 
«(F15.2,3E15.i)) 

2022 F0RMATJ15H0 MODULUS RATIO,15H ANGLE OF FAULT,15H FRICTION COCF., 
•15H SHEAR STRENGTH /(4E15.3)) 

2025 FORMAT UOBHINUDAL POINT       TYPE  X ORDINATE  V ORDINATE  X LO 
IAD OR DISPLACFM^I  V LOAD CR DISPLACEMENT TEMPERATURE I 

2030 FORMAT (I12,F12.2,2F12.5,2E24.7,E12.3I 
2035 FORMM l26H0NOr)AL POINT CARD ERROR N= 15) 
2040 F0KMtTll20HULEMENT NO.      I     J     K     L    MATERIAL 

1SIGI. X      SIGIYY      SIGIXY ) 
2045 FORMAT (113,416,112,3F12.31 
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INPIiul 

INPTJOJ 

INPTiUb 
1NHI3U6 

■.NPT3ÜU 
INHIJOV 

INPT310 

INPT312 
1NPIJlJ 
INPTJl'f 
1NPT315 
INPTälfi 
INPIjlV 
INPI3lb 
1NPT319 
1NPT320 
INPUi'i 
INP1J2Z 

INPO^i 
INPIä?* 
lNPT32b 
1NPI326 
lNPT3i:7 
INPT3i6 
INPT3i:9 
!NPT33U 
INPT331 
lNPTjj<; 
INPl3i3 

INPT335 

?i)5U   hUKMATUHl,«    INITIALLV   CRACKLD   tLfcHFMS'/t»      6L.   MTAO BIT4V) 

/ühü H)HMAT(  • ki:.uLis A^Trf( ittp NO. sir/ 
I«   rtlfAL   NUMbbk   Uf-   NflUAL   POINTS   IN   SVSltM  AI   THIS   STFP Ml/ 
,;'   TOTAL   NUHf't K   OF        tLEMINTS        IN   SVSTFH   AT   THIS   STFP SI!/ 
3«   ICHAL   NUMbl ^   UP   PRfcSSURK  CARDS   AT   THIS   UTtP SI'/ 
«.•   Tl.IAL   NUMfM k   UP   N1IDAL   PUINTS  MISSING   AT   1HIS   MPP SI'/ 
'j»   btPMENTS  Kl MUVtl)   IN THIS  STEP  ARt   •   /«l'i Ibl> 

l'06i>   H'KHAK '      NUMHfcRS  OP   NOUAL   PUINTS  MISMNG   IN   THIS   Sl'P   ABI      '/ 
1(201$)) 

20/0  PDPMATI    '   RLSULTS   AFTFR   STFP   NO. SI'/ 
1»   TOTAL   NUMblP   UP   NODAL  POINTS   IN   SYSTtM  Al   THIS   STEP SI'/ 
2>   TOTAL  NUMbtK   UP        ELEMENTS        IN   SYSTEM  AI   THIS   STEP SI'-/ 
2«   TOTAL  NUMBER   OF   PRESSURt  CARDS   AT   THIS   STLP    SI-/ 
^i«   TOTAL  NUMtt«   OF   NODAL  POINTS  MISSING  AT   THIS   STEP SIS/ 
b»   tLEMPNTS   ADDED        IN  THIS  STEP  ARE   '   /(2Ü16)) 

2075   P0RMATU'9HUPklSSUPL   tOUNDARY   CONDITIONS/AOH I J PRFSSUP 
IE   I PRfSSOlE   Jl 

20bO  P0RMAI<2I6t^PlA.3l 
2ÜI12   PORMATI///'   MATERIAL   TYPES   CHANGED   AT   THIi   STEP«//«      EL.      HTYPEM 
2C83  FtRHAT(21b/l 
iOb*.   rORMATUHl,"    SIAkT   ITERATION   TO  ObT.'IN   SYSTEM   STABILITY   UNDER   THl 

♦LOAD   INCRIMtNT   N0.SI3/ 
♦ •   SYSTEM   MALlLITY   lURATlON  N0.SI3//I 

20Bb   EORMATC   NUHBtH   UP   ELtMLNTS  CRACKED  -SK.'-   REACHES   THE   LIMIT-SI 
»..,•- PROGRESSIV!    FRACTURE   IS  LEADING   THt   SYSTtM   Tu   TOTAL   FAILUM.') 

3000   PCRMAI   (70H   PROGRAM  EXECUTION   TERMINATED.   REOUlRtD  CORE   EXCfFDS   Ml 
.IIT   bY HO) 

-VOCO  ECiRMAl   (47H   EUR   THIS  PROORTM  THE  LOCATION  USED   IM   AA   IS   ■ Ii>. 
17H   AND   IN   IA   IS  = !£>/ 
18H   MAX   tlLOCK   SIZE   " 16/ 
Ibh  MAX   BAND   WIDTH  = 16/   I 

AOU   FORMAT   UbHO  NL   IS   LESS   ThAN  2*MbAND / 
5H0  NL= 15/ 
6H0   MbAND= IS) 

END 
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Sl'LV I 
50LV J 

SLLV 3 
iC'LV 4 
SULV J. 
SULV b 
itlLV 7 
SÜLV e 
SOLV 9 
SULV 10 
i.UtV n 
SOLV i? 
SCILV 13 
SCLV !<• 
SOLV 15 
SOLV 16 
SOLV 17 
SOLV 18 
SOLV 19 
SOLV 20 
SOlV 21 
SOLV 22 
SOLV 23 
SOL"' 24 
80LV 25 
SOLV 26 
SÜLV 27 
SOLV 28 
SOLV /<» 
SULV 30 
IULV 31 
SOLV 32 
SOLV 33 
SULV 3« 
SOLV 35 
SOLV 36 
SOLV 37 
SCLV 30 
SOLV 39 
SOLV 40 
SOLV 41 
SULV 42 
SOLV 43 
SULV 44 
SULV 45 
SULV 46 
SOLV 47 
SOLV tö 
SCLV 4V 
SOLV &Ü 

SUUftOUIlNk   KULVb   (K,Z,tOOt,UU,CU,Bl,UJ,7,SU,l,tPSI,SIONM,BtU, 
RAnOtPKiHfA, IX.MTAG.NTAO.JNI.IBCfJBCt 

UJMMriN/ONf/   NUMNf ,NUMtLvNUMMAT,NUHPC,NfC.,Mt.ANn,NUMBLK,NL,HlYPL,N, 
V0LiALI-LR|ALt-L^tetHFD(lB)tSTUPtSRiSftlfTlTALtTOLtTnLItXCtVC. 
UMP.Sir.NiSlGUltSIGOJt 

.        LLLtMit JJJ»JCK,K(HECKtJCHFLK(NPLANEtKUMlKtNCO0ciJAiNEQ 

.        .NBAMi.NCMACK.NSK P.Nli.H/.MCJl 
COHHON/TMU/  C(3,j)«SnO.lU)tSlC(6)iPt6),ST(3(10I.RR(5)tZZ(5). 

LH(4ltbE(3l«tPS(31 
COHMUN/rHftEF/     f(b,4(B)fkü(4,())tTbNS(8)iXNU(8)tRO(bI,EPST(B), 

.     MrcreitNTC(8ttMiD(B) 
DIMENSION  R(NUHNPI,2INUMNP)fCUDE(NUHNPItUUINUHNPt2l.ClUNFüI, 

.RI(NEIJ>tBJINE0),TINUMNP)tSlGl(NUMeLi6)tEPSHNUHELf6)iSIl>riH(NUMFL). 

.BETA(NUHELtfRATiniNUMEL)tPR(NPCi2liIXINUHrL,5)tMrAG(:.0MbLlt 

.NTAGINUHtLIiJNTINUMEL)« 1BC(NPC > tJBCINPC) 
DIMENSION  B(NLIfA(NLfNBAND) 
NB«NL/4 
N0«2*NH 
N02*2*ND 
STOP«0.0 
NUNBLKBO 
NBKsl 
JA«ND   *IHBANO*ii/1500«l 
00   50   N-1.ND2 
BIN)s0.0 
DO     50  H=l,MhANli 

50  AIN.HlKO.O 
60   NUMt,LK-NUMBLK+l 

NH>Na*(NUMBLK + n 
NMaNH-NB 
NLL*NN-NB«1 
t(SHlfTB2«NLL-2 
DO  210   N^l.NUMCL 
MTAbloMTAGIN) 
ICHECK»0 
LCHECK«! 
I0>N 
HH>4 
IF(IX(Nf3I.F0.IX(Nt4n   r^^3 
IE(IXINt3).F0.1X(N.2)l   HM = t' 
IF   (1X(N.5II   210.210,65 

65  DO   80   1B1(4 
IF    (lX(N,n-NLU   80,70,70 

70   IF   (IX(N,1)-NM)   90,90,80 
80  CONT.NUt 

GO  TO   210 
90   IF(NTAr,JN>.E0.1>   GO   TU   92 

1F(MTAG(N).GT.2)   00   TC   99 
IFIU.LL.GT.1).AND.(MTAG(NI.EO.O))   GO   TO  99 

I 
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btlLV M 
SLLV ii 
tüLV 63 
SI IV }4 
It LV &» 
SILV S6 
SQLV •>/ 
SLLV be 
ittv 5V 
SULV 6Ü L 
IULV 61 C 
iLLV 62 C 
snv 63 
^LLV «^ 
IXLV Ob 
SLLV hh 
ILLV isy 
Sll V f e 

iOLV f.4 

^ULV 7U 
SCJLV 71 c 
SULV 12 c 
SULV IS c 
SCLV T. 
SULV lb 
SILV It, 
SL'LV 77 
SULV 7H 
SILV 11 
SLLV 10 c 
SULV 61 L 
SULV B2 c 
SL'LV 83 c 
SULV flt 

SOLV 65 
SULV 66 
SULV BY 
SCLV U6 
SLLV 1 w 

SL'LV ^U 
SULV Vl 
SlLV V^ 
SI LV Ml 

SULV ^H 

SLLV 95 
SLLV '.0 

Si LV W 
'..'LV "P 
•A LV '.V 

M'LVlOO 

li- Ml 11.11.uI 
«J   IK IX (Mt 3)-IX 
Oi   LALL UN 

kAllUtPK.'l 
C.C    III   •yt 

vb   CALL tL 
KA11(]tPKtl' 

NTAUINlsO 
vq 1CHFCK=1 

» WRIU tLtMb 
************* 
HRITI-12'IPI   ( 

1    ,( ISUJl ,KK1 
2 , (fMuin.w 

V9   IX(N,bl=-IX(N 
ii ((LLL.or.n 
IKVUL) lüü.l 

1UÜ   WMTfclftiüOO) 
STUP=i.U 
************* 
♦        LALCULAU 
************* 

lul    IrdLLL.tU.l) 
IF( ICHLCK.LL. 
RtAOIZMP)      ( 

1 t ( (S( JJ1 tKM 
2 ,(KR!JlII,// 

G(|   TU   U6 

LVALUATt   SIR 
I-UF)   NfWLY 

.ANt'.tMIAHNI.FO.UI)   OU   1U   V9 
(N,?)(   95,t.b,95 
II.      (KU.CuÜttUU,LUtbl,bJ,) tSlGIttPSI.SILNM^MA, 
. * , U.MrAl. ,MA(,, JNT, IPL, JICI 

iHLN(KiZfCl:nt lUU,CU|Hl,PJt If! 
lAfiXtHTAGtNTAGiJNTtIBCiJbL) 

IGl.t PSltSlGNftBFTA. 

***************************************************** 
Nl    INFUkMAIlUN  ON   FILfc   i * 
***************************************************** 
(Cl I 1K,JJKI,JJK:-1 ,J),I f ( 1 IK),1 IK = 1«3I 
) ,KKl=l,l'l ,JJl = l,f)),( (SKIKK.JKK) .JKK^l.f  » ,IKK=1 , .1 
t JU) tJll*ltAI,XC,VC, iFMP.VOL.MTYPE, N 
.31 
.('K. ( II l.ul.i I )   CO   TU   1C1 
uU.lUl 

N 

***************************************************** 
NLiüAL   PUINT   FORCES « 

***************************************************** 
.AND.(III.LL.Oll    GÜ   TO   14b 
1 I   GO   TO   ICb 
(t ( 1 1K,.)JK1,JJK= 1,3 1,1 I. ( 1IK),11K=-1, 3) 
) ,KKI = 1,I) ,JJ1 = 1,H|,( (ST( IKK.JKK),JKK=l,t  ) .IKK^l ,     I 

( JlII,Jll£l,4ltXC,YC,IEMPtV(lLtHTYPE,N 

iS   THANSFORMATION  MATRIX   ANO 
FRACTURFD   LLtMFNT   ONLY 

STRESSES   TU   BF   RFLf *SI V 

i05 1F( IXlN.i!).'J.IX(N,3II GO TU 166 
Of' 106 1 = 1,3 
IKSlbl (N,l I.NL.U.I GL' TU llu 

106 CPNTINUl 
LCHtCK=C 
GU   1U   IV. 

11C    IF   (H(AC(NI .i\t .01   GLI   TU   111 
SlG(U=C. 
SIG(?1=0. 
SlL (31-0. 
GU   TO   I'i« 

111 1KMTA(,(NI .N< .'»l   GU   TU   113 
PL   IU    1 = 1,3 
SlGd Ic-SIUKN, II 

112 S1CI(N,1I=0. 
GO    II'    I«l<l 

113 FHSX=.ÜI 1AINJ 
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MLVlOi 

SU.V10? 
S.C1LV10J 
SILVIOS 
J.OLV105 
SÜLV1Ü6 
SULV10T 
bULVlOB 
SÜLV1Ü9 
SOLVllO 
suLvm 
S0LV112 
SULVlli 
iOLvm 
iOLVUS 
S0LVU6 

SÜLV118 
soLvm 
SÜLV12Ü 
SÜLV12X 
LLLV122 
SULV123 
SULV124 

SOLV126 
SOLVli? 
SULV12B 
SULV129 
SÜLV13C 
SÜLV131 
SOLV132 
SOLV133 
SÜLV13* 
i.OLVl35 
StJLV136 
SLILV137 
SOLVI3e 
M1LV13«* 
>CILV1<>0 
SULVl-il 
SCLVU2 
SÜLVU3 

StiLVl45 
blJLVU6 

i.lJLVl<.ti 
MILVHSi 
J.ULV150 

144 

CC"CÜSI€I»SXI 
SS'SIN^EPSX) 
i2ess«;ä 

st«ss«cc 

C<>C)«C2-S2 

Sir.XX-C2*SiGUN,l»»S2*SI&UN,<:)*SC2«SIGUN,3) 
S1&YY.S2*S1GUN,1)*C2*S1(,I(N,2)-SC2«SIGHN,3» 
SIGXV=-SC*«SlGI(N,l)-SlGI(N,2n*CSD*SIGHN,3) 
OX=EE(£)*SIGXX 
Sir,Jll«C2*SIGXX*s;*DX-SC2*SlGXY 
SIG(2)»S2*SI(.XX*C2*DX*SC2*S1GXY 
SlG<3)=SC»(SlOXX-t)XI*CS0*SIüXY 
00   144   1=1,3 
ilCKN.n-SlOKN.n-SIGd) 
iIG(J)=-SIG(l) 
CO   TU   154 

CALCULATfc   TFHPfcRAlURf   STRfcSSEi   ,FÜR   LLL-1   AND   IIUO  ONLY 

145  DT=TfcMP-0 
DX^eEm^LT 

SlG(l)=-<C(l,l)+C(li2n*üX*Sl&UNtU 
SIG(2>»:-(C(2,2)»C(1,2I)»DX*S1GUN,2) 
S10(3)eSIGI(N,3l 

154 IHIX(Nt2).EQ.IX(Nt3n   Ui  TU   166 
UO   IbU   l»l,n 

iF(LCHtCK.EU.O)   GO   TO   160 
DC   155   J"lf3 

155 P(1>«P(I)-ST«J,1)»SI&(JJ 
160 PdUPIM^VuL 

1F((LLL.GT.ll.Ok.lill.Gl.O))   GO   TO   166 

CALCULATE   BUOY   KjRCfcS,   FOR   LLL=l  AND   111=0  ONLY 

163   XHMeMM 
ÜY=VUL*ACFLi*PU(MTYPE)/>.MM 
OX=VOL*ACI:L«*rtU(MTYPE»/XMM 
DO   165   I=lrMM 
P(2*ll»P(2»n*DY 

165 P12*I-1)=P(2»I-1)+DX 
166 CONTlNUe 
167 DO 166 1=1,MM 
168 LM( ll=i:*IXlN,n-2 

DO 200 1=1,MM 
DÜ  200   K*l,2 
1I=LM<1)+K-KSH1FT 
KKx2*l-2*K 
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S( LVl^l IM ICHlUK.tkJ.ol   OL   TCI   172 
MiLVliZ b< mcHtin^piKK) 
UlLVlbJ 172 DO   20C   J=1,MM 
SLiLVli'. Dtl   200   L = lt2 
stn.vi:>5 JJ = LM( J)+1-11 ♦l-K SHI!-( 
^uLVl'jt. LL=2»J-f*L 
Si LVli7 IK.IJ)   »00t«-0l,17b 
suLVise III 1F(ND-JJI    IHO.lVb.lVb 
■-CLVlb«? IBu WRlTf    (6,2:^1)   N 
snuvito STUf=1.0 
ILLVlol CO   TU   210 
LULVlbi 19& A(II,JJ)=A(I1,JJ1*S(KK,LL) 
SÜLV163 «:00 CUNIINUt 
i,ULV164 210 UJNTINUV 
SULVlfci. 1K(LLL.G1.U.CR.(1U.&T.0)) 
SllLVlfrfr TiCI   220   V=NLL,NM 
LCLVltV IF(N-NJMNPI   i:lSi215ti.20 
UJLVlfcH 21b K = 2»N-KiHIf:l 
S.UI.V169 1(KI=b(K»+Ub(N,.) 
StiLVlYC BIK-l»"BJK-l»*UU«NtU 
bCiLVl/l cZO CUNFINUF 
S(!LV17^ 1F(NUHPC>   22S.3C;lf2i5 
.SL'LV173 225 DU   30C   L=1,NUMPC 
SULV174 I = I bC ( L ) 
iCUVl75 J=JbC(L» 
bljLVl76 DReZJU-ZCJI 
:ClLV177 l)7 = R(JI-MI 1 
SULVlVb PP2'(PP(L,2)+PR{L,111/6. 
SULVI/V PPl=PP2+PR(Lfl»/6. 
SULVIPO PP2=PP2*PRCL.^)/fc. 
SULVU.! ll=i»l-KSfUFT 
lULVlb^ JJ-2*J-K5HIFT 
; uLViea 1F( II )   26^,201 .tJb 
MLVXH^f ^3'. IF(U-NU)   2'»(',i'.0,2cb 
MLVlBi. 2H0 rt( II-ll=b(l l-U+PPl*rK 
SI LVllio h(ii)=n(in*ppi*n/ 
SULV1H7 JH> 1F(JJ1    i00t300,27ü 
J.(JLV1H8 270 IKJJ-Nül    «;75>,i75t30C 
'( LVltS» ?7t> t ( JJ-ll=t (JJ-n*PP2*DR 
• 1 LVlVt' b(jj) = H(JJ)+t-Pt*D/: 
SlLVlVl JOO CÜNTINUF 
Sl'LVlVZ 301 CLNTINUE. 
il'LVlv3 Il=Nf-i*(NUMf LK-1) + 1 
IILVIV. JJ^ND*NUMbLK 
MLVIVS KK=C 
L(iUVlV6 IFdll.NE.O)   l-Ü   IU   303 
I.t'LVlS? DCl   302   N=l 1 ,JJ 
!ILV1V8 302 BJ(N)»0. 
5.I/LV1''V 303 lF((LLL.Fi.. 1) .ANP.( Ill.ff.O 
SÜLV2ÜO 00    TU   313 

OU   TU   301 

&0   TO   30b 
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MJLVZtl 

SOLVi-OJ 
StlLV204 

SüLV^U6 
S(JLV207 

SlJLV^OA 
itJLV^üv 
SÜLV210 
SULV211 
SULV2X2 
il'LVili 
S(ILV214 
SnLV215 
SULV21c> 
SULV217 
SULVZie 
SÜLV21V 
SOLV220 
SnLV221 
SULV222 
SÜLV223 
SULV224 
iOLV22^ 
i.LiLV22fc 
SOLV227 

SULV229 

^OLV231 
SüLV2i2 
SOLV2J3 
SULV234 
SÜLV235 
SULV236 
SCJLV237 
iOLV23t 
SLILV239 

SLiLV2<»l 
5.ULV2«.2 

S0LV244 

MI'J   L/U 306 M=l 1 ,JJ 
KK«KK«1 

306 flMN)Rb(KK) 
On TU 310 

313 FACIOR>.<.H 
IP('ll.i;b.OI FACrüR«l,-Tt)TAL 
IKLL'-FO.I) FAITUR = TÜTAL 
Hü 314 I II,JJ 
KK«KK»1 
BJ(N|aBJ|N)«BIKK) 

314 B(KK)=FACIOR*bl(N)*bJtNI 
310  DU  400  HBNLLINH 

IF   (M-NUMNP)   3l5.t315,400 
315 U«UUIHtl) 

N"2*M-1-KSH'FT 
IF JCODfc(Sl) 390,400,316 

316 IF <C0DF(M)-1.) 317,370,317 
317 IF (CrDE(N)-2.) 316,390,316 
318 IF (CUDEJHI-3.) 390,380,3^0 
370 CALL MüOIFy(A,B,ND^,MBANO,NeAND,N,U) 

GO TO 400 
380 CALL MOr)IFY(A,b,ND2,MBANO,NbAND,N,U) 
390 U«UU(M,2) 

N«N*1 
CALL   MUDlFVIA.t ,Nli2,M6AND,NbAND,N,U) 

400  CUNT1NUE 
********************* f* f******l,mmtmmmmmmmm 

: •     WRITE   BLOCK   INFORMATION UN  FILE   1 * 

WRITE(l«NBKMhlN>,<AlN,M),M=l,MBAND),N»l,Nl)> 
NBKeNBK*JA 
DU   420  N-1,NU 
KBN«NO 
B(N)ee(K) 
B(K»«=O.Ü 
DU   420   M^l.MhAM' 
A(N.H)cA(K,HI 

420   A(K,M)=0.u 
IF    (NM-NUMNfl   fcü,«.l)0,4b0 

480  CONTINUE 
RETURN 

2000 FORMAT (26HCNIOATIVE ARIA ELFMENT NO. 14) 
2001 FORMAT (ZVHObAM) HIOIH FXCEFOS ALLUWABLf 141 

END 
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i Nt ! 1 
UNhU / 
UNtU J 

LNCli »♦ 

CNID 5 
l^Nf 1) r 

i m 0 ( 
L'NUJ 0 
LNtü 9 
t M D 10 
i.Nin 11 
LNtn 12 
LNtD 13 
l'Ntü U 
UNECl 15 
LNLI) 16 
UNhO 17 
INtf) lb 
UNfcD It 
t'NfctJ SO 
l.NtD .'1 
iNtn 22 
LNKi 23 
ÜNLO 2<i 
MNfD is It* 

LNLLI ^6 
UNED 2 V 

ClNEU ib 
[.NtO ^v 
(JNHÜ 30 
UNfcli .HI 
(I^FP 32 
liNtU j>3 
UNK' .^f 
I Nt [) 35 
l/NH. 3b 
UNtD il 
UNHi j.b 
(iNLO jy 
flNl-M •IO 

LNbti ■.1 
UNHJ 42 
CiNLU O 
UNfeD 't't 

UNEO 45 
liNf'i 46 
IJNI I' 47 
CNFIJ ^b 
DNED 49 

IINtD 50 

illbMlin IN'   iiNd       (HiZfCrOt-tUUtCUtblibJfrt&IGi fffiltSlCNM.HH'« 
PAi lL.,PK,b,A,lXiMrAG.NTA(MJNTtlßCf JbCI 

COHMON/UNh/   MOMNP.NUMFLtNUMMAT.NUMPCNPCtMliA'-DfNUMyLK.NL.HTYPh.N, 
VOLfAtfcLRiACELZi0iHED«l8>»STüPiJR»SBl»10TAL»TOL,TULI.XC»VCi 
1! MP.LICN, . U (U ,: H.DJ, 
LLLf    I 1, JJJ, JLK,KCHtCK,JCHtCKiNPLANE,NUMl-R,NCr.nE,JÄ,Nt(.' 
.NLA^D.NLkACK.NSTtP.Nl'Mfr.NTOI 

CUMMON/TWU/   C(^f3ltS(l0,lü),iIG(6),P(&liST(3tl01tR''(t.l.7 7tMt 
LMCI.H-O» ,ePS.(3» 

CüMMUN/IHf(b>/      1(8, 4,8 I ,UK 4,6), ItNS ( d) , XNU(8 ),RU (U ),t PS T ( 8 ) , 
MTCKI.NICIbl.MtOltl) 

DlMhNSIÜN   KlNUMNPIiZINUMNPltCODEINUMN^IiUUINUMNP,^),tU(NtCI , 
.El{Ntü),bJ(Nt t-l,T(NUMNP),MüllNUMtL,b),bPSl(NUMEL,M,SlGNM(NLMtL), 
.mMNUMH),hAllU(NUMl-L),uMNPCf2),IX(NUMia,!>),HlAMNUMFLI, 
.MAG(NUMFLI,JNT(NUMb"L),H.L(NPCI,J8t(NPCI 
l;IHFNi,ICN   B (NL I , AINLiNBAND) 

U    100    l=l,f 
P(I1=0.0 
DO   ICO  J=l,b 

ICO   SI I ,J)-(J.u 
MTYPt=IXIN,^) 
i=IX(N,l) 
J=IX(N,2) 
DX = P.( J)-P(I) 
0Y-Z( J)-ZU ) 
XL=   ScRl(PX»»2 + liY**^l 
tLSA=l)X/XL 
SINA=(JY/XL 
FF(l)=Kl.2,MTYPt ) 
tE<i,)=L(l,i,MfYPE) 
UMMSK umrm/xL 
S( 1,1 J=C(JSA*CliSA»tOMM 
S( l,2)=CUi,A*SINA«LCMM 
E(li3»«-Siltll 
..(l,4)=-i.(l,. ) 
' 12,l»«Sll,.') 
i,(:',2) = SINA»j!NA*LUMM 
si;',j) = -s(i,.i 
S(2f4|B-&<2,2l 
S(3,l)>SlltJ) 
M3,2)=S(?,::) 
I,(3,3US(i,n 
S(3,t) = Sll,<.'l 
S(4,I)>&(lf<t| 
$(4.Z) = S{2,'tl 
$(<,,3)sS(3f4| 
j(1,4 I = $(^,21 
EP=t(l,4,MTYPt)»t(1,1,MTYPLI 

DX=DX*tH 
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UNI 0 ttl 
UNL-U 52 
r>Ntu '-.J 
UMU 54 
I'NLU !>5 
UNFIi t>6 
IJNI n '-■? 

(.NhD t>t) 
UNtO ^SP 

UNIÜ fco 
UNtO bl 
(iNen l>S 
UNF1> 63 
ClNtU b^. 
UNFD fct> 
UNtO 66 

VM.0 6T 
üNtn 6P 
HNFO 1"- 

LNLU 70 
UNfO M 
uNtr) It 
uNtn 11 
UNLL» T, 

HVtDV»! p 
P(l)a&Utl>«0<«&( lf?l»0V 
P(2l«&(<:in*''X«S(2t2)*DV 

136  H(3)"-HI1I 
HCIt-Pi; I 
VUL'l. 
mi uci  i-i,-. 
NPP-UIN«!) 
PR( I)=MNHP» 

i^O   Zi(J)»2(NPP) 

YC = C.5*(ZZ(U*ZZ(i) I 
nn 200 |Bitä 
DÜ  iCO  Jtltli 

?00   StUfJI-O.U 
DU   300   |Blf3 
DO   300  J=1.3 

300   C( l.JMü.U 
no <tüc i = ii3 

A00  tEUJ»Ull.l*iiMIVPfcl 

R6IURN 

END 
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fLLM 1 
1 LIM 2 
LLLM 3 
(  L^M •♦ 

t LlM b 
f Li M <• 
1 LlM 7 
1 L^ b 
\ L»-M ^ 
tLtM lü 
t L(M U 
1 LtM 12 
( L^M U 
LLLM 1- 
y LtM IS 
I LLM lb 
I LEM 17 
ILKM lb   C 
> LFM 19 
tLtM 20 
t LfcM n 
I LLM 71 
tLFM 23 
f LFM i<r 
HEM ?b 
EUM .'0 

1. Lf M ?7 
t LtM t'i 

I LbM .■•< 

1 Lt M 30 
tLFM i\ 
• LFM 32 '^U 

LLEH JJ ('0 
tLhM - •* 
1 LtM JL- 70 
f LFh :-6 to 
LLtM ^7 *g 
1 L! M 38 
(LFM IV 100 
FLbM W 10i 
tLI;M •41 lÜfr 
•Lt h '»i'  c 
ILFM -.i c 
1 Lt-M <»H     C 
LLLM <(i> 
I LFM '.if. 

I Lt" 17 107 
FLFM nh   C 
LLtM ■vv c 
1 Lf M ?>o c 

iUhRUUHNt LLuHtNIRtZftUP 
KA1lO.Pfc,f,A,iX,MIAOtN 

CUMMCJN/L'NI / NliMNP.NUMFL.N 
VÜLfAL'LK,ALtLZtU,HFÜ( 
IfHPiSlONiilOOltMtnji 
LLL.1II«JJJfJLK.KCHLCK 
,N(!AND,NLF ALK,Mi.TFP,Nl 

LUMMON/TWO/ U3i3)«SllUti 
LM(4l|kEI3)fEP&(3) 

r(;MMüN/lhKFF/ E(ti|<f»8)rF 
MICIbl »NTLd I.MIDIB) 

UJHtNSION »< (NcMNP) t7(NUMN 
.bl(NbO)iBJ(NI Wl tr(NUMNP)1 

.LtTA(NUMhL) .nAUUlNUMFLIi 
,MAG(NUMt LI ,JN1 (NUMf ),Ib 
DlMtNblÜN B(NL).A(NL.NBAN 
DIMENSION U(^I,V13) 

F,UUfCUiBlihJtr»SIG:,tPil,SK NM.BFTA, 
UO,JNTf IBC.JBCI 
UMMAI ,NUMPCiNHC|HLANll,NUMBLK,NL.MT¥PFf.N, 
ini,SIUP,SR,SRI,TUTALfTlrL.TtiLI,XC,VC.i 

,JCHtCKtNPLANL,NJMl R.NCLCJL , JA.NI.U 
^.M-'.NTüT 
0)t$IGl6liP(tt)tST(3tlO)tRR(5)tZZ(5lt 

U(4tB)|TENS(ältXNUla)fRQ(BI,tPST«B), 

PI(CÜPF{NUMNPI,UUJNUMNP,2I,CU(Nfy), 
i,U.l(NUMlL,6l,FPSl(NUMtL,6l,SU.NM(NUMLLI, 
PR (NPC , 21 ,1X (NUMFL, ?. I, M1AG ( NUMFL 11 
C(NPCI,JBC(NPC) 

•FX. = O.GtGGl 
UIXINiU 
J=IX(N,2I 
K=lX(N,j| 
LsIX(N«4t 
MrYPk=lX(N,5l 
VOL»0. 
(! MP=( 1( 11+ l( Jl*l(KI+Tt LI »/'..U 
RAT=0.0 
NUMIL-NILIMIYPLI 
IF    (NUMICFL. 1 I   GO   TCI   IOC 
ÜIJ   5C   M=:'fNUMTC 
IF    (ElM.l.MFYPF l-FFMPl    !>Gi60,60 
LL'NTlNUt 
ÜtN=t(M,l,MTy!.|-f(M-l,l,MTYPFI 
IFIDLNI   7G,aiit70 
PAT      =( riHP-HM-l,l,MTYPFII/nFN 
DQ   9Ü   KK=1,J 
Fl (KKI = F(M-l,KK + l,MTYPF) + RAI      ♦ ( KM.KK*1,HTYPFI-fc<M-l,KK*1,HTYP1  11 
Gü   TU   i06 
DCl   10'..   KK-1,J 
Ff(KK)»E(XtKK*liMTVPt> 
CONTINUE 

♦   CALLULAIF   LPThUlRUPlC   FlASTiCITY   MATRIX   HCR   MTAG=-0,lf2 * 
«!.««**«**************«***<♦♦♦♦♦♦*♦»♦»♦♦♦»»♦»♦»♦♦♦♦♦**♦♦♦»*♦»♦♦♦»•* 
K,KK=MTA&(M + l 
CL    IL    (117,107,1G81,KKK 
CLNT.NUL 

MtAG=l 

I 

103 



1 UH JI FX«[EX 
tl.tM b2 tv=i. 
hLfM 13 (.0  TC   109 
ttm bA l.-b CUNT1NUE 
»LFM bb i; 

ILCM i6 ^ MTAG=2 
t LtM i>7 L 
1 UM &8 EX»tEX 
1 LtM b9 tY = lfX 
LLkM MJ lov CUNTINUt 
tlFM 61 GU   TO   (UCUU.NfLANt 
tLtM üt' no CONTINUE 
bLtM <S3 C 
ILtM 64 C PLANfc   STRtSi 
fLFM 65 c 
kLfcM 66 tEl=tbU)*tX 
turw fc7 EF2=tE(l)*fcY 
tLtM 6b EFN=FE(2)»EY 
ILKM 69 C0MM=(I.-(fctI/tt2»/(tEN*«2l1 
KLfcM 7C CI;»EEI/CüHM 
tLFM 71 C12«EEN'»Cn 
LLtM 72 C21«C12 
ILfcM 7 3 C2.':=tE2/CaMM 
ELtM 74 GU   JO   115 
UFM 7b ill C0NI1NUE 
EUK 76 c 
f'L(M 77 c PLANt   STRAIN 
ILtM 71« c 
»LtM 79 t£i«tfc(n»ix 
ELtM ÖO EEZ-FFIU   FY 
tLtM HI FNl«FFtil«[X 
tLtM b2 EN2"tr(2»»FY 
fLIM bj ENjoLKD 
LLtM (14 XA>-l.-LNl*l:Nj 
ILtM eb KBel.-6N2»UN3 
tLtM bo XC«l.«tN3 
fLFM 67 XD=FN2*XC 
tLtM fc« Xt<=tt2/EE1 
tLtM 69 CnHM«(XF»XA«U-(tN2**2)»UC**2))/EE2 
tLtM 90 CVl^XB/CtlHM 
UFM 91 C12«XD/C0HM 
FLFM 92 C21«C12 
tLEM 9.3 C22»XF*XA/C(.'MM 
ILtM 94 115 CONTINUE 
IttM 96 tPSX«BETA(N) 
FLkM 9t rxK^o 
FLFM 97 IKMIDIMTYPEl.eo.C»   GO   TO   112 
tLFM 9H fcPbX=tUt2,MTYPt » 
tLFM 99 IF(MTAG<NI.Nt.Ü)   fPSX=FPSX-BFTA(N) 
tLtMlOO 112 CONTINUE 
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('LFMIUl 
I LtMIC,. 

f LEMIU3 
t LcMil', 

( LIMU6 
I IM1L7 
.LIMIOH 
I Lf-MltV 
tLKMlld 
I LtMUl 
ILtMU^ 
I LfM113 
I UMll'. 
LLtHilt. 
I L( MUfc 
ILIM117 
t L1.M111I 
► LfMll'* 
L I ( M I i1 u 

bLfcMl21 

t Lt Ml^.: 

ILrHl^^ 

t LI M) J7 
ILi M .; >• 
F-LFMli.9 
I UMUO 
ILtMljl 

ELiMi3? 
I III- i?'' 
f Lt IMJH 

i L1 MI:,1! 

c.LtMnt. 

LLtM137 
I LfMl jl- 
I Li VI.,'; 
I LI Ml'.t' 
tIFM14 1 

I Li Hitc 
I L i (11 -. J 
i L' hi',', 
I lLMii.e. 
i Ll M'.u 
tLi Ml*.? 

1 LI M 1 Av 
i  I i Ml'.C 

Uj 

5 1 
9 « 
11 
t. 
i i 

;,•. 
DA 
PB 
I ( 
rifi 
L( 
c ( 
LI 
C( 
I I 
C( 

u 
(•= 
I p 
ill 
ci 
SL 
:. 1 
i i 
ci 
C 1 
CJ 
( .• 
L.' 
L? 
( ( 
C I 
L( 
u 
r ( 
LI 
If 
f X 
I V 
If 
( Y 
L( 
LI 
CI 
C2 

C2 
LP 

■- c 
= Ll 
bl 
t <" = 

= L2 
= i2 
- LI 
-LI 
-C<: 
- t   • 

111 
1 »2 
1.3 
; .2 
2 . J 

- tä 
( (M 
(Ml 
u.6 

= si 
=cri 
^ii 
-si 

l-G 

Ill 
1 
l.J 
'It 
i ,i 

(KC 
sK: 
-1. 
IMT 
tt 

Nil 
U( 
^ = F 
; ^L 
1=C 

i 
(tH.SX) 
i 
»SJ 

i 1. 
Ll. 

' 

* 

I  1 
♦LU 
iZ*U 
M*( 
♦LU 
Sl»( 

TYI'l 
) .M 
/(I. 
PSX 
LXI 

iX) 

♦r. r ♦i.A*L2 2 
«♦{Cl»!>4)»(-ii 
U2»Cib-i2*UCI 

r.ib+tic) 
t .fcQ.O).PR.lKCK,tü.U ) 
.ü)    KCK=1 

♦ttX»*?J»F£2» 

l.L   II    life 

CI 1,1 )+t li 
c(u;i*cii 
C(1.3I+L1J 

C(< ,t )+Lt'^ 
t(2|3)*Cii 
ci. ,JI+L-: 

FW.Ol    (•(■    1C 

.n 
llfc 

*0(Ni».L».l 
X 
NUt 
X»C(1,1) 
X*L(1,21 
Y*LlJ,.1 
12 
L I 1 A (fj 1 

I  ai  lu  iis 
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lUHlbZ 

ILtMlSfa 
FLFMli? 
UtMlbS 
ILtMlSV 
(Lt-Ml60 
HFMKSl 
► LtMUi 
tLt.M163 
F.LtM164 
LLtMl6i 
H.tMj.66 
lLtMI67 
HI MXCt' 
ILtMUV 
fcLLMlfü 
EL(H171 

ILfMUJ 

tLtMl75 
t.UHl76 
tLEM177 
fLfMlTB 
LLtN179 

tUMlei 
ILtMlh^ 

FLfcM184 
tL»MlB& 
I LI M186 
tLtMltt7 
IL'Mlbb 
tltM189 
(■LFMIVO 
kL(NlVl 

I.LI;MIV3 
UfcMlV. 
tLtMlVt 

tLtHlV7 
rLFMlSfc 
ILIMlSiV 

Gü   IIJ   112 
CONTINUE 
C(2tlt*C(lt2l 
COtZMCUf^l 
C(3.1)=C(1.3I 
IKMTAG(N).U).O)   i.C   Tu    Ilk 
Mr*L-(N)«MT*&(N»*i 
GC  TU  lie 

117   CUNTINUt 
IFKMIDCMlVf-Ll.t'j.Ol.tiR.ttLiil.MIYPtl.tU.l.n   GO   TO   125 
FX=tOJl|MTVPt) 
EYrl.O 
1.0   TO   109 

U5   tONTlNUF 
C ***«*•***«*»*•***»***«*******************«****•*****•««'d»******** 
C ♦  CALCULATE   iSCIIROPIC   ELASTIClfV  MATRIX * 
C *«*•********«****»»*****•**********•««*«***«***«***********•***«** 

Er:l*LE(l) 
U2*ki.{i) 
IMNfLANl .l-G.n   GU   TU   UV 
FF1«JE1/) l.-( f?»*^l 
»f«;«Ff 2/Il.-LLt'l 

UV   CüNIlNUt 
CÜHM-Ll l/(l.-U/**i) 
C(lfl)=C0HM 
C(lt2)"CUMM*FFi 
C(1.3>-0. 
C(2il)>Cll»2i 
C<2»2l«Cllill 
C(2f3l"0« 
C(3«lt>0. 
C(3i2)-C. 
C(3|3I = .1>*CC'MM«(1.-FE2» 

UH   CUN1INUI 
00 130 J=lflu 
DU 12U 121,3 

120 ST(l,Jl-0. 
00 130 1=1,10 

130 S(l,J)cO. 
13b CONTINUE 

00 140 1 = 1,'. 
NPP*IX(NfII 
RR{ II=f(NPP) 

140 IHU=HW>P) 
IF<IXlNf3)-IX(N(<,)) l<,!),lüü,l<,t> 

ItS XC=(RR(1)+RR{/I*RR(3I*RR«H) »/<,. 
YC»(Z2tl»*ZZ(2)+ZZ(j»*ZZ(4M/4. 
KK(b»»XC 
ZZ(5)«yC 
K»b 

ioe 



tLtH2( T 

tL6M209 
(LhMilO 
* LtMill 
lLfM21Ü 
tLLM?13 
t OMZl* 

I LtM^lt. 
FLFM217 
LLtM2ie 
t LtMi'l'y 

t LI Mi'^l 
tL6M222 

l-LtM22S 
I LI M^io 
f-LKMJZY 
1 LEM22H 
i LK-wv 
f-LIMijü 
I ILMtJl 
tLI Mt-32 
bLLM^33 
tLIM^JA 
I Li Mi ji/ 
FLrM236 
bLLM^JV 
(LtM:'?fi 
ILtM.i'JV 
ILf Mi'^O 
FLfcM2'»l 
LLbM^'ti 
ILfcM24d 
I LbMit', 
f L(:Mt«.5 
LLLM216 
ILf-Mi«»? 
(■LtMJ'ifa 
I LI Mi«.V 
I LLMif.O 

J-l 
I«« 
LM(j)=V 

U,   ILi    160 
IM.    M^I 

LMOMt; 
1= i 
J = . 
Ksj 
XCMKRU»+RM2)*RR(3»)/3. 
YC=(iZll)+ZJ(2J+Z2(3))/3. 
RR(5)BRR(3I 

,:Z('.I=.ZZ{3) 

16Ü   Hi    ;ijO   NN = lfNI 
LM(n«s2»l-I 
LKt.')=J*J-l 
U( ll = ZZ(J)-iZ(KI 
U(; ) = ZZ(K)-/Z( 1 ) 
t( ji=zz( n-z; u) 
V(1)=PP tM-V"- (Jl 
V(2)«ÄR(i)-(!R (K) 
V(?)=kR(J)-KK(1) 
ARI:As<RR«J)»Ul2J*RR(n*li(ll*RR(5)*U(3)J/t'. 
VCiL = V()L+Ai<l A 
HKH-.^/API A 
XNI=NT 
CLM-2./XNf 
CUM«CÜM*CUMM 
D( 160 L = l,. 
I1=LM(L) 
ST(1,I1 ) = ^l ll,U)+U(Ll*LÜK 
Sl(. , 1I+1) = SI (;',11+1)+V(LI*LL'M 
ST(i, 11 ) = LI( J, 1 l)+V(L)*( UM 
SKJ.II+II-;,! (i,ll + n+U(L)*C.LM 
00 180 M^lfJ 
JJ=LM(M) 
L(il,JJ)=i(ll,JJ)+<C(l,lMi;(L)*U(M(+L(l,3l*(V(L)»U(M»*U(L)*V(M)) 

* +C(3|J)»V(L)»V(M))*CüMM 
!>(IlfJJ + ll = S(ll,JJ+n + tUtLl»(Cllt2)»V(M)*0(lf3)*U(MI)+V(LI*(l(r,-l 

♦ *V(M) + 0( J,;-)*U(M)) )»LLKM 
S( 11 + 1,JJ+1I-;, ( ll-tl,JJ*])+(C(i ,2)*V(L)»V(M)+0(1v 3I*(U(L)*V(M| + V(LI 

» ♦U(M))+0(J,^)*U(L)*U(M))»CUMM 
S(JJ+1(I1IBS(I1,JJ+1) 

I HO OONTINUt 
1 = J 
J = J + 1 

,00 CUNTINUfc 
I'-(IX(N,J)-IX(:J,'.))   220ti5uf22U 

<L20   (.TI   i'AO   1 = 11^' 
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|PP«**iBlip^PPB|^ 

fUMiSl KK«10-I 
HFM?i>2 UO   ^<tO   Krl.KK 
tLUM?t3 IFJS(KK*lfKK*l).ti,.0.>   Si KK*1 »KK«-! I ».OOOCOl 
LLE.HZb'» CCr$lKK+l,K)/S(KK*l,KK + l) 
bUHJbb 00   230   J«lf3 
KEMÜ56 ^30   ST(J.K)=SI(JfK)-CC*ST<JtKK*ll 
Hl:M2S7 DO   240   J'liKK 
tLLM25e 240   S{J,K)=S(J,K)-LC*S(J.KK+I) 
H.IM25» 2äO   CONTINUE 
FLrMZAO RETURN 
tLkM261   C 
fLeH2o2 END 

108 

Hf^MMrf ■kiM^-"i*t*—1^,^~—'— .--^^.-^-^-  -liiiilMrMfliiKii         ttfillilMiiaiüi 



bIKi. 1 
LI«.r. 2 
SlKb jl 

STP.S t 

MRS S 
SIRS (> 
SIKS 7 
MRS e 
STkS v 
STRS 10 
MRS 11 
MRS 12 
MRS 13 
SIRS l^ 
SIRS IS 
SIRS Ifc 
SIRS 17 
STRS ie 
SIRS IV 
MRS ^0 
STRS M 
SIRS 22 
MRS ; J C 
SIRS ^ C 
MRS Z5 c 
SIRS 26 
SIRS .'7 
SIRS 28 
SIRS ?<y 
STRS iO c 
SIRS ^1 c 
STkS j^ c 
i IR: 33 c 
MRS Ih 
MRS 35 
SIRS Jt. 
MRS J7 

SIRS ie 
SIPS JV 
MRS <f(j 

SHS •♦I 
SIRS •».. 
STRS ^3 
STRS ^ 
STKS 4b 
SIRS 46 
MRS «.7 
STRS tP 
STRS 49 c 
SIRS SO t 

Sim ROU1 I NL   SI Kb SS ( R • Z« C U) t.UU.CU.bl.^J.T.SIC-l.LPM.SlGNM.HFlA, 
RA I lll.MK ,h ,A, IX,MIA(.,Nl^ü, JN) ,1H..  IHC) 

LÜMMUN/UNI/  NUMNP.NUMtL.NUMMAT.NUMPL.hiPCtMnANCJ.NUMliLK.NL.HTYPt.iM, 
VOLf ACt.Lk,ACLL?fC.Hf-(l( L8I f STDPtSRf SKI . TOTALf TOL, TCIL I tXC, YC , 
lr;MP,SlGNiSIbDl,SIGDJ, 
LLL,U11JJJiJCK,KCHt CK,JCHttK.NPLANE,NL^tP »NCODf,JA,NEÜ 
,NHAN[i,NCRACK,NSTrP,NlifM7fNTClT 

CCMMUN/IWÜ/   C(Jf3l,Stlü,10),Sll.(6),P(ö),ST(3,lU),RR(5)|ÜZ(5lf 
LMCV) ,^E (S) ftPS(3l 

CLiMMLN/THRtt/      b(8f<hB) tL[l(4, t ) f T(-NS( 8 »,XNU( 8 ) ,R0( b ) ,FPST( b ), 
MTCIbl.NU lb),MID(b) 

OIMFNSIUN   K(NL.MNP),Z(NUMN ») ,CUDF INUMNP ) ,UUI NUMN;', ?) .CLMNFO) , 
.F. l(NEÜ)fbJ(NlM,T(NUMNP),SlGI(NUMEL|6),f PSI(NUMEL,6),SlGNH(NIIMtL)t 
.1LTA(NUMtLl,RAIILINUHEL).PR(NPC,2), IXINUMtLtMiMTAG(NüMEL), 
.NTAGINL'HLL) .JNTINUHEDi IBt ( NPC ) , JBt( NPC I 
DIMENSION   blNLItA(NLiNfcANU) 
UU   60J   M=1,NUMEL 
1D = M 
FINOIZ'ID) 
1X(M,M = 1ADS( IXIM.bl) 
DO SO 1=1.6 

50 SlMll-O.O 
♦»»»♦»♦**»*♦♦»»«»»♦»»»♦»»♦♦**»*♦*»♦*♦♦»*♦♦»»♦♦♦*»♦*♦*♦♦♦♦♦♦«»»»*»♦ 
*   H:AD   ELIMIM    1NFURHATUIN   FROM   FILE   2 ♦ 
»»»»»♦»♦»»*♦»»♦»♦»»»»*»♦♦»»♦♦»*♦♦»♦»♦♦♦♦»♦*♦♦♦♦**♦♦***»♦*♦*♦*♦»♦»* 
RFA0(2M0I      ( ICdIK.JJK), JJK=l,ä).tE(IIK).lIK = l,3) 

1    ,((S«JJI.KKll.KKI=l,8lTJJI=l,el,((ST<lKK.JKK),JKK=l,b).IKK=l,M 
?.   ,(nR(Jll|,Zi(JIi;,JII = l,4j,XC,YL,TEMP,VüL.MTYPt,N 

II I IX(N,äl-lX(N.M)   V0,6lit90 

»»»♦»»»♦»♦»»»♦»*♦*♦♦♦»*♦♦♦»*♦♦♦♦**♦*♦*♦*♦♦*•*♦**»»♦*»♦♦»*♦**♦»»♦»* 
» ÜNE-l'lMKNSlUNAL   FUMENT * 
»♦»»♦»»»»♦»»»»»♦»♦»♦♦»♦♦»»»»♦♦»•♦*»»♦*»»♦♦*»♦♦♦*♦»•'**»*' *»♦»»♦»«*» 

60   1F!MTA0(N).M..4I   GO   TU   70 
|Bix(NtU 
JsiX(Nf2l 
iiX-RR(2)-kK(l I 
liYi7Z(;'l-/7(l) 
XL=   S0RT{DX**2+Dy**2> 
UO = h(i»J-l>-0(2*1-11 
(iV = b(i»JI-b|l ♦! I 
üL = liV*l)Y/XL+ni)*liX/XL 
SIGIl)«DL*eF(11/XL 
IF(tE(M.t<..u.)   S1G(1) = (. 

70   SlGl(N.4)=Sll.(l) 
SlGUNf5»=0. 
S1GI(N,6)=0. 
GO    ID   600 
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URS !il  C 
STRS b? c 
SIRS 53 9U 
SIRS ih 
SIRS 5i> 170 
SIRS 56 
SIRS 57 
STRS be 
SIRS 59 
SVRS 

1    «/ 180 
sTRS 'I 
sms 6^ 
STRS 63 
STRS ft 
SIRS 65 190 
STRS 66 
STRS 67 
ST*S 68 
STRS 69 
STRS 70 
STRS 71 
STRS 72 
STRS 73 
STRS 7* 
STRS 75 
STRS 76 
STRS 77 
SIRS 7b 
SIRS 7V 
STRS eo 
SIRS 81 
SIRS 02 191 
STRS U3 
SIRS 84 
STRS B5 
SIRS 86 192 
SIRS 67 600 
STKS 8- 
STRS 69 

•    IWU-DIHI NS1UN*L tLLMENI » 

NM>4 
IFIlXINt3l.hU.lXIN.<t)) m=i 
Dl) 180 |B1,3 
RR (11 >0 * 
00 180 J'l.MH 
I1«2»J 
JjB2*lXINtJI 
RR(i|rRR(i)*sT(i,in»a(jjKST( i,n-i)*B( jj-n 
00 190 1=1,3 
DO 190 .1 = 1,3 
SlG(I|cslG(r)'fC(l,J)*RR(JI 
IFIHTAGINI.kU.<>l   S1GIII=0. 
CONTINUE 
IF(MTAG(NI.NE.3l   GO   TO   191 
EPSX=BFTA(N) 
CC=CüS(tPSX» 
SSeSINIEPSXI 
S2«SS»SS 
C2«:CC*CC. 
SC=SS»CC 
SC2=2.*SC 
CSD«C2-S2 
S1GXX>»C2^S1GI 1)*S2*S1G(2)+SC2*SIG(3» 
SIGYY«S?*SIGIl>'»Cr*SIGI2'l-SC2*SIG(3) 
S1GXV=-SC*(SIG(1I-SIG(2I)*CSI>«SIGI3) 
DX«FFt2)*SI&XX 
SlG(l»«SlG(ll-(C2»SIGXX»S2*DX-SC2*SIfcXV> 
SlG(2)=SI0«2l-(S2*SiGXX*L2»ÜX*SC2»SlGXVI 
SIG(3)«SlGI3l-(St*(SIGXX-nX   )*tSU*SlGXY» 
CONTINUE 
OU 192 I«l,3 
SIGIINtUSI'SIGdi 
FPSUN,I*3)«=RI^ (1) 
CONTINUE 
CONTINUE 
RETURN 
END 

i 
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BPWJ^MJWP uRpyu ■ HUMUIUl gi^jwipLjyiiiiw4«^iwu<KWHp>i.i iLiipipi x^t^jiwmtmmmm9-^Km^m^im'«immkmwmm>m'K 

CfR     1 St'l'BOUTINl   i.tiKTH   IMTAGtJNTfRATIOiUETAtSIGItSlGNMI 
(.hlh     2   L 
CfilF      j CüMMUN/0Nt7   NUMNP,NÜMt-L iNUMMAT.NUMeCiNWC.Mt'Nn.NUMliLK.NLtMTYl'l ,N, 
ükJF      H .        VÜL.ACI LK.ALl L^.iiiHEtM ibl tSTUPf SR,Skl,IOT*LiTULtTlLI tXCfY( , 
OKlh      ^ .         IfMf .CUN.llCül.SU.DJ, 
(,KU      6 .         LLLill If JJJ.JCK.KCMCtK.JCHtCK.NPLANL.NUMLR.NCUDE, JA.NlfJ 
("IF      7 .         ,NlANü.NC^ACK.NSTtf,Nl^,H7tNIÜl 
C-K1F      ü LUMMUN/THf/   L t 3 ti ) t S( 10 t lu) ,S 1&(6 > ,P ( 8 I , S H 3 110 I , RR ( " 1 ,7? ( 5 K 
ORIF      «y .         LN(4l|tHJi|EP&l3i 
OKlh    1Ü ( LMMüN/IhKtt /      t! f.,4iH) ft-UCtfBl , r£NS(B)iXNU(HI tRn(öl,tPS1(b), 
I.H1F    11 .         Mlf (bl.NICI) ),Mlt'lbl 
C-KIF    12 niMFNSUA   HIAKiNUMtDtJNTtNUMC-LI tRATIKNJMEL) .btTA(NUMtL), 
(>PIF    13 .         i.l&MNUMtL.ntSIGNMtNUMl.L) 
tkll-   l«t  C »•»»»»♦*»♦♦*»»♦*»♦»»»»»♦♦»♦»♦»»♦»♦♦♦»♦♦*♦♦♦♦♦♦♦♦*♦♦»♦♦*♦♦* 
OPlk   IS   l ♦   XNU,XN=   LUt F.   U^    FPiCllUN   FÜR   THE   Mti[)ifIFU   GRIFFITH   CRIIFRICN     ♦ 
CftJF   16   C *   TfNi.SloTi   IhNSILI    SIKFNOTH   UF   THE   MATIRIAL                                                     « 
ORIF   17   C •   blON=   STRLiJ   CL'MPÜNINT   NORMAL   TO   THF   FRACTURF   PLANt                                 » 
IPIF   1b   C »   f fi,X-   ANOLE   f>^MFFN   P   AND   SIGN                                                                                       ♦ 
C.BIF    19   C ♦   f-tTA«   ANGLt   FLIWLEN   X-AXIS   AND   SIGN                                                                          * 
&RIF   20  C »  AN&LFi   ARF   POilTlVF   CnUNTERCLOCKUISE                                                                   ♦ 
CRIF   2i   0 ♦»»»♦»♦»♦»♦♦»«»»»»»»♦♦»♦♦♦♦»♦♦♦♦♦»♦*»**»»****»*»**»»******»»»**»i♦ 
ORIF   /2 MTAGl=MIA(.(N| 
GKIF   ^3 JNTl = JNT(r>l) 
GP1F   2* SUYY = Ü. 
ORIF   21) SI('.N=C, 
ORIF   ?t) 1F(MTA0(N) .LI.^)   00   TEi   6U0 
(.HIF   2 V HTAO(N)=0 
ORIF   2B JNT(NI=0 
CKIF   2V bfcIA(N)=0. 
ORIF   30 PP = l>10(f) 
OPIF   M W'SIOlbl 
GR1F   32 R=!IG(6) 
GklF   33 SIGT«TtNS(MTYPt) 
GR1F   3^ XN=XNU(MiYPL) 
ORIF   si) SUM=3.0»PF+0 
IRIF   it TPL-O.OCbmol 
OPIF   37 TLLL=rLL 
GklF   3Ü IFJJCK.FÜ.OI    1001=0. 
ORIF   ?S MD=MIU(MTYkt) 
ORIF   «O 1F((MTAGl.tw.2).AND.(JNFI.LT.HII   OU    TU   30 
GklF    41   0 OHILK    iNIHAL   WiAK   PLANE 

OPIF   Ai' IFlHO.tw.O)   0(1    TO   30 
ORIF   A3 WX = 2.*(E0U,MTYPF l-k/SV.^fc) 
GklF   A4 W=0.i>»WX 
ORIF   H'J X = Ct)i(WX) 

ORIF   46 PtAPOePP+Ü 
GFIF   47 PÜSUO=PP-0 
OPIF   4b SI0YV«0.5»(PWAÜft»PWSUb*X» 
ChlF   4V SU-l = (Ü(4fMTYPt ) 
OPIF   60 XN»tOli.M1YPel 
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GKIF 51 
GRIP i)2 
GKIf bZ 
GMIF b'. 
OPIF b\> 
GKIF bb 
GRIP 67 
t.RI<- bb 
Oklf bv 
Wlh 60 
{.»If- 61 C 
OR IF 62 C 
GRIf- 63 C 
(>RU 64 C 
GMIF tb 
GRIF f>6 
GKIF 67 
GRIF 66 
GRIF 6Sl 

GRIF 10 
GRIF n 
GRIF 72 
GRIF 73 
GRIF T, 
GRIF 75 
GRIF 76 
GRIF 77 
GRIF 78 C 
GRIF 79 C 
GKIF flG C 
GRIF Öl C 
GRI>- HZ 
GRJF 83 
GPIF 84 
GRIF 8S 
CRIF 116 
GRIF 0 1 
CRIF liH 
GRIF B9 
GRIF 90 
GKIF "l 
GRIF 92 
GRIF 9J 
GRIF 94 
:.RIF 9ti 

GRIF '»t 

GRIF 97 
GRIF 9H 
GRIF 99 
GHF1G0 

lF(SIGYY.Lt.O.I   GU   TCI   200 
Sir.N»SlGYY 
GU   TO   40 

30  CONTINUF 
IFISUM.LT.O.)   GH   IÜ   100 
iIGN»FP 

40 GUN11 NUE 
OSlGstlGN-SlGl 
IF(IJCK.tO.l) .ANn.(AaS(UäIGI.LT.TCLLI) 0(1 TO   bO 
IF(nSIG.LT.TnLL) GÜ TO 600 
***»v«******«**4****************************V****»******»********4 

♦ FKACTUKF PLANF GUINCIDFi WITH SIGI6) IF GRITICAL ANGLE IS ZERT ♦ 
♦ APPLY ORIGINAL GRIFFITH GKIItRION ♦ 

bD   CUNTINUb 
IFlMO.tt.O)   GO   1U   70 
IF((MTAGI.Eü.^).AND.(JNTI.LT.4))   GO   TO  70 
HTAGIN)*! 
JNTIN)=4 
etTA(NMtO(2tMTYPE) 
GO TO 320 

70   JN)(N)=1 
SIGN=PP 
SIGYY = Sir,N 
EPSX=0.0 
Gti TU 300 

100   GUNIINUF 

♦ CRITICAL   ANGLC    IS   NOT   IERCJ ♦ 
♦ APPLY THE ORIGINAL GRIFFITH IF THE INITIAL FLAW IS OPEN ♦ 
****************************************************************** 
PCADD«PP*0 
PGSUb»PP-t' 
X=-0.t)*PQSUb/P(jACiD 
SIGYY«0.6*(PÜADU+PgSUB*X) 
IFISIGYY.LT.O.I   GU   TU   200 
SIGN«-PUSUB*»//(G.*P(JADI)I 
OSIGESIGN-SIGI 

IF( (JCK.ECl.l) .ANIUlABSlOSIGl.LT.TOLD)   60   TD   150 
1F(USIG.LT.TULL I   i-U   TO   60(J 

150  CONTINUE 
WX-  ARCOSIX) 
W«0.5*WX 
JNT(N)c2 
Z^G/PP 
$1°   SIN(W) 
S2=S1«»2 
SS=   SIN(WX) 
ZZ/=Z*Z-1.0 
2 = Z-1.G 

I 
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(.Kit u i 
GRIF102 
(.PiF103 

(.RIFlOli 
(KlUot 
OMH07 
tKjHlOt 

(.«imci 
LKlf-111 
(.PI f-11 2 
OP IF 113 
KKiFll«! 
GRIFlli 
ORIHU^ 
ÜR1H117 
OflFllfr 
Ut-lFllS. 
(.KJF120 
I.RIF1Z1 
t,RIFli2 
t.MF123 
GRlFli^ 
0RIF126 
ChlFlüö 
i.RlFl27 
t KIF 12 8 
CRlFli«* 
t.PIFl3ü 
t.BlFJ3I 
GRIF132 
CKlFliS 

(.RIFIS'J 

CHIF136 
C.MF137 
LRlF13b 

OKIf l<(0 
(.ciFl^l 
GRiFl'tZ 
( RIFIO 
uRIFi.'.^ 
UKIFl'tS 
CI'll  iHfr 
I.Mf 1H7 
IClFiAb 
URiF149 
(klFlt-ü 

2CC 

22U 

;30 

2 40 

(Z2Z»S2*1.0)1/(0.&>Z»SS» 

2t0 

^70 

iOO 

AKl..= (7«it + l .0- 
tPSX= ATAN(ARC;)- 
CO TU 300 
CONTINUE 
»♦♦»»»♦»♦,»♦♦»»»♦»♦♦♦»♦»•♦»♦♦♦»♦♦*»»»»♦»♦»*»»*♦♦*♦»*♦♦♦•»♦♦♦**♦*♦♦ 
• APPLY 1HI HUOIFIED ORIFFITH IF IHt INIIIAL FLAW IS CLLSEO      « 
♦♦»,»»»**♦»«♦,♦,»♦«»»»»•♦»•••»»*»«*♦•*»♦♦»♦»»*»♦»♦»**»*»»*»*»•»»'♦ 
IFIMD.FCf.o) OC IU 240 
LHÜCK SHLAK SIRtNGTH 
^IONs',.5*(Pw!)UD»S(.RI(l.*XN**2l*PwArjD*XN) 

IF((JCK.fk..n .AND.(AKS(liSlG).LT.TÜLL)»   GC   TCI   22Ü 
IFIDSI6.LI.T0LLI   GU   TG   tOO 
■JIGM^.&^PUAüD 

TAU=.5*PUSU« 
IF ( lAU.t L.t. I    (.0   IU   600 
WXcATANUNI 
X=((SK.M+LIGT/XNI/TAUI+^INCWX) 
IF(X.GI.l.)   K-l. 
AX=ARblN(X) 
ftl=-.5»(AX+WX) 
B2=.b*(3.14l6+AX-WX) 
bW=.5*ATAN2(l.,XN) 
CHttK   (SOUNDS  L'F   ANGLl 
IFdbW.Cf.bl) .AND.IbH.Lf .02)1   GO   TU   230 
G(J   TO   600 
XN = XNUmYPH 
blGM=.2'. ♦(PCbUt»^Lkl(l.+XN**2)*PÜAÜD*XNl 
IF(SlGN.GF.SIi.H)   GO   TO   240 

GO   TU   270 
0UNT1NUF 
X=l.O/XN 
WX=   ATAN(X) 
blGYY=0.i»(PvAGü+Pl.SUb»   OOS(HX) ) 
lF(i.IGYY.Gt .L .1)   GU   ID   6CC 
W-0.6*WX 
SU.N=0.2i*( PLbtlb»   iORl ( i.*XN**2l+PQAD0«XM 
UbiG=blGN-SlGT 
IFKJCK.Eb.D.ANO.IAbSIDSlGI.LT.TOLLl)   00  TU  260 
1F(DSU .LT.1LI.LI   GO   TO   600 
CtiNTlNUF 
JNTtN)=3 
LIlMINUt 
EPbX«:0.7bl-4-W 
OCNTINUF 
MIAG(NI=1 
EFIA(N)=R/t7.dV0-FPSX 
ANG<B57.29t.»Lt IA(N) 
IF(ANG.GT.90.0)   bFTA(N)=r^ TA(N)-3.1416 
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CRJFlfX, 
(.R1F155 
GR1F1&6 
G«lf-lb7 
t.BIFl5B 
GBIFlbV 
(.KIF160 
1>RIF161 
CRIF162 
0KIF1O3 
GR1F164 
GRIF169 
GRIF166 
GR1F167 
GRIF16B 
GRIF16V 
GRIF170 
(iRIFl7i 
GR1F172 
GRIF17J 
GRIF17* 
GPIFl7i 
(.RIF176 
GkIF177 
GRIF17Ö 
0K1F17V 
CRIF180 
GRIFlfcl 
0RIFie2 
GRIF183 
GKIFlbt 
GRIF165 
GP1F1Ü6 
f.MF167 
GRIFlBb 
GRIH89 
GRIF190 
GRIF1VI 
(.PIF192 
GRIF193 
0RIF19A 
GR^F1V^ 
GRIFlVC 
GR|Fl'y7 

GR1F1V9 
GRIF2CI0 

320 
-VC.)   BlTA«N>=bFTA(N)«.3.1416 

340 

350 

400 

500 

520 

550 

1^60 

IKANG.LT.- 
CONIINUF 
IFCKCHlCK.tW.OJ   GU   TO   600 
• •♦•»*.»♦.♦♦♦.»»»»»»»♦*»,,♦,,, .M,^,,,,,,,^,,,^,,^^ 

♦ EVALUATE   STRESS   RATIO   FÜR   EACH   ELEMENT ! 

A0»SIGHN,ll*SIGltN,2»                                                                             "»...•♦.♦•»» 

B0«SlGnNill-SIüUN,2> 
Al«SlG<l)*SIG(i» 
Hl-SlGJD-SlGli) 
COeBÜ**2*'t.O*SIGI(M,3)»*2 
Cl=Bü»Bl*4.0*SlGi(N,3)*Slb{3) 
C2=Bl»*2+4.ü«SIG{i)«*2 
1JNTCJNT(N)+1 

GO TO lt>00,35u,<.OCi,500,340,bOO),lJNT 
C4=X**4 
C1=C1*C4 
C2=C2*C4 
SIGT2=2.«SU.I 
0S1GT-SIGI2-A0 
AAA=A1**2-C? 
BBr-Al«DSlGT-Cl 
tC«DSlGT»»2-Cü 
GO   TO   550 
CONTINUE 
AAA«C2 
BB«C1*4.Ü»SIGI*A1 
CC=U.0»SIGT«AO+L0 
GU   TU   550 
CONTINUE 
XN2=XN»*2 
RXN2«1.0*XN2 
AAA=RXN2»C2-XN; *A1**2 
IF(JNltNI.E0.3)   GO   TO   520 
BB=RXN2*Cl-XN2*Ai»AÜ*2.U*SltI»Al*XN 
CC = RXN2*Cü-XN2*AC»A0*4.0»SIGT*Aü*XN-  <f.0»SU r**2 
GO   TO   550 

BB=RXN2*Cl-XNi»Al»A0+4.U*SIGT*Ai*XN 
CC«=RXN2*Ce-XN2»A0'»A0+e.C*SIOT*A0*XN-16.0*SlL,T'M2 
CONTINUE 
DDx-BP*»2-AAA»CC 
IF(ÜD.GF.U.O)   GO   TCI   560 
GO   TO   600 
RUUI=   SURTIDO) 
RI=(-BB+RnOT)/AAA 
RJ=|-BB-RI10I)/AAA 
RATI0IN)«K1 

IMIRATIOCtO.LT.TOU   ) .ANIJ. (R J.Gt-.TOLl   ))   RArio(N)rPj 
IF((RATIU(N).I,I.I.).AK;).(HJ.LT.I.M RATIUCNI^RJ 

IF( ABS(L.-RAIIOIN)I.LE,T(ILI ) RAIIO(N)=1.0 
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CRll-20; 

LKlf ZU^ 
OR Ih20b 
OKlFi06 
t,Klh207 
l.kl^^Ott 
0^11-209 
tRIF21Ci 

If (RA1*( (N).LI.lULll   HAUU(N>«T0L1 
l^   (KATIltNl.l.l.l.)   kAllU(NI<l. 

am CUNIINUi 
•>ll.NM(NI«.i,iC,N 
IKMTAr.(N).NL .HlACll   JCMfCK^l 
IKM1ALl.fW.tl   MIAÜ(N)«2 
iKMTA&(N).Nl .1)   KAIiOCM^l.C 
RETURN 

f-Hb 
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iCAL I 
SLAL i 
iCAL 3 
SlAL tt 
ICAL 'J 
StAL ft 
^CAL / 
SCAL 8 
SCAL t 

bLAL 10 
SCAL U 
SCAL 12 
SCAL 1J 
iCAL !<♦ 

SCAL 15 
SCAL 16 
SCAL 17 
SCAL lb 
SCAL 19 
SCAL 20 
SCAL 21 
SCAL 22 
SCAL ^3 
SCAL 2< 
SCAL 25 
SCAL 2fr 
SCAL 27 
SCAL 28 
SCAL 2V 
SCAL 3Ü 
SCAL 31 
SCAL 32 
SCAL J3 
SCAL 34 
SLAL 35 
SCAL 3o 
SCAL 37 
SCAL 30 
SCAL 3V 
SCAL 40 
SCAL 41 
SCAL A2 
SCAL 43 
SCAL 44 
SCAL 45 
SCAL 46 
SCAL W 
SCAL '. 9 
SCAL 49 
SCAL 50 

SUbROUTINt   SCALKIX.MTAU.NTAG,   JNT.RAT Kl, Bt TA,SIC I, SICNM, tPSI ,CU, 
.   b.A) 

COMMUN/UNl/   NUMNP.NUMEL.NUMHAT.NUMPCtNfCtMbANn.NUMBLK.NL.MTVf-f fN, 
VOL.ACtLk,AClL/i(J,HEDU8l,sroP,SR,SRl,TDTAL,T0LiTC)LIfXC,YC , 
TtHPtSIGN.SIGUl.SIGOJ, 
LLLf It I, J,IJ, JCK.KCHECK.JCHtCK.NI'LANP.NUMI k^NCDDf ,JA,NI 0 
iNHAND,NCRACR,NSTtP»N15tM7tNT0T 

CUMHON/TWO/   C«3,3l,S(10,lü>,SI&(6l,P«8)fSm,10),RRt5l,?Z(5l, 
LM(4),(:f:(j),tPS{3) 

CUMMU.M/THRtt/      ttH,4,8l,tU(4,e(,ltNS(8),XNU18),Rü(8),EPSTf8)t 
MTC(fc-),NTCla)tMlD(K) 

ÜIhhNSION   IX(NUMtLf5),HTAG(NUHELIiNrAG(NUMEL)tJNT(NUM!:L;iRATI0(NUM 
.EL»,BETA(N(JMfL),SIGl(NUMFLifr»,SIGNM(NUMEL),f-PSHNUMEL,6),CU«NE0) 
DIMENSIÜN   B(NLIfA(NL»NBANOI 
DIMENSION   UX(8)tUY(a),F(4) 
KIK*0 
JCKel 
1CHK«1 
ICHbCK»0 
IF(III.GT.O)   tu  TO   360 
JCK*0 
KCHECK=1 
KKK"0 
SRR^l. 
SRlol.O 
WRlTE(6f2005)   LLL 
GO   TO   6ÜC 

100   CONTINUE 
NKT=0 
KKK=KKK*1 
SR-l.Ü 
00   200   M=l.NUHbL 

200   IF(RAT1U(M).LT.SR)    SKcRATIO(H) 
SR3»SR 
TOLL«0. 
DO   210   H>llNUHtL 
IF«MTAG(M).Nh.ll   00   TO   210 
MTYPfc=IX(M,5) 
TOLJ-0.005 
IüLKEAHS(RAIIU(H)-SR) 
IF( TOLK.GT.TlILJl   GO   TU   210 
1F( TULK.OT.TlilL)    1ULL = TCJLK 

..10   CDNTINUE 
1FISR3.LT.l.i   SR3=SR + rüLL 
IFtSR3.GT.l.)    SKi=1.0 
DO   220   H=1,NUPFL 

220   IFt    ABS(RATltMMI-SR).LE.TULJ   )   RAT10(M1=SR3 
SR=SR3 
IF(SR3.NE.1.0)   00   TO   240 

U6 
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SLAL 
;>LAL 
:,C AL 
L'AL 
^LAL 
ICAL 
SCAL 
LCAL 
SCAL 
SCAL 
:.(,AL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
SCAL 
:CAL 

SCAL 
MAL 
„CAL 
•l,AL 
S'.AL 

'ji 
53 
S*. 

'ib 
V. 
JI 
Sfc 
59 
60 
ft I 
62 
63 
f,^ 
6S 

n 

ov 
70 
71 
72 
73 
yt 
7t) 
76 
77 
78 
7V 
bU 
M 
P2 
bi 
b4 
PS 
B6 
y7 
to 
[i9 
vu 
Vl 

VJ 
94 
Vi 
46 
'.7 
vb 
V9 

LOO 

KCHfcCMU 
SHs-SR'Skl 
l.Ü   TU   älblj 

INUKHüLAIt   IM   fXTKAPULAIl    SCALING   FACTOR 

IHJf-f   JIXiMTACiJNTtRATIOtUTA,. 101 iS K.NM.t PS11 CUt [^ t A I t<.Li   CALL 
?&Ü   SRUSK 

DU   280   M^l.NUH, L 
IKMTAGCMI.GI.ll   UJ   TU   2öC 
l(-iMTAC(M) .H. .1)   NKT>NKT4l 
IHPATHMMI.Ft.SRjl   GO   TO   210 
iF(HTAG(M).LL.ll   NKT=NkT-l 
KATlü(M)«1.0 
BtIA(M)=Ü. 
JNTJM>=0 
MTAG(M)=0 

2bO   CttNTINUF 
IFiKCHFCK.NL.LI   GL   TO   JMO 

KKK=KKK-1 
Sk=SR*(l.-TOIAL) 
KIK = C 
1K (KKK.t.U.O.ANf . (SK.l '.l.) )    K1K=1 
tPITUfc,20061 
WRITe(t>t<:CC2)   LLL.SRiKKK 
i.O   TU   J50 

S'.S   WkITF{h,200?t   LLL.KKKfSf- 
IHSR.Gt.O.COCl)   GO   TO   300 
WRiTL16,2C'0'.»   SR 
SP.=0. 
P.t TURN 

3SU   SRR=SRl 
iF(lII.GT.O)   SKR=1.0 
GO   TU   600 

j'v    IF((ICHK.LU.0).AND.(KCHtCK.E0.1))   GO   TC   IOC 
l »»»»«♦»»»♦»v,»♦«»♦♦»♦»»»»*♦♦»♦»♦**»♦«»*»»»»»♦♦•♦*«**♦»»»♦♦»♦*»»»»< 
C *   SCALt   OOWN  OlSPLACtHENTS * 
C *»»«»*««*«««**«*«****»***«*****•*•**«**«***********************<<* 

IF((III.Eb.O).AND.(KCHECK.EQ.O)l   GU   TO  35.7 
GO   TU   Jt>t' 

357   TUTAL=IOTAL+SK 
IFt ( TOTAL.Gt-..49V).OR* (SR. tU.0.0)1    TC TAL = 1.0 

jSb   CONMNUr 
1F( (IlI.GT.UI.ANÜ.UChECK.fcU.O))   Gü   TU   SSu 
l^(K1K.IU.1I   oü   TO   3i9 
WP. lTb(6|2CO^ ) 
WPlTbU t200C) 

:-.a9   DO   bOO   K>-1,NUMNP 
N1=.»M-1 
N2 = M + l 
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I 

SCALICI 
'.(.ALU). 
SCALlOi 
SCALIÜ4 
SCAL105 
SCAL106 
SCAL107 
SCALlOe 
SCAL1ÜV 
SCALUb 
SCALU1 
SCAL112 
SCAL113 
SCAL1U 
SLALllt) 
SCAL116 
SCALU7 
bCALUB 
SCALUV 
SLAL120 
SCAL1?! 
SCALi22 
!>CALI23 
SCALl?<t 
SCAL12S 
SCALUb 
SCAL127 
SIALI28 
SCAL129 
SCALliO 
SCAL131 
SCAL132 
5CAL133 
SCAL13<. 
iCALI35 
SCALiJÖ 
SCAL137 
SCAL138 
SCAL13<* 
1.CAL140 
SLALltl 
SCAL142 
bCALU3 

bCALU^ 
SCALUb 
SCALl'i7 
SCALUb 
SCALKV 
SCALlbO 

360 

370 

bX=SRR*BtNl( 
BY=SRR»B(N2I 
IP(ICHECK.Eb.ll   GL   TO  360 
BXT=bX+CU(Nl) 
öYT=bY*CU(N2l 
GO   IU   370 
CLMNX)=CU(N1)*6X 
CU»N2»=CU(Ni)*bV 
bXT«LU(Nl» 
bYT=CU<N2l 
IF(KlK.fcÜ.l)   OÜ   TU   500 
WR1TE(6,1000)   M,bX,BY,BXT,BYI 

^00   CONTINUE 
KIK=0 

b&O   CONTINUh 
JCHK-0 
Ifdll.NL.OI   G(.i   (II   <*Ü0 
IKKCHtCK.tO.Ol   U    Tu   V00 
GU ru loo 

C ««♦•♦♦♦»»♦»»»»»♦»»»»»»»»♦.»»»♦♦v»»»»**»♦»♦»»»♦♦*«*♦»♦♦»»»»♦♦♦»♦*♦, 

C     ♦ SCALR DOWN SIR6SSES * 
C     ♦»♦»♦»♦***»»»♦»♦♦*»*»»»»♦♦»*♦«*»♦♦♦♦*♦♦♦«♦*♦♦»*«»♦»»♦-».♦*♦.>♦♦*♦*»** 

600 CONTINUE: 
SM=0. 
JCHFCK=0 
KCK=0 
1F( (KKK.GI.C) .ANÜ.(KCHf CK.M.'.l )) KCK=1 
IFI (KIK.EQ.ll.CK.IKCK.EC.m GO TO 605 
WR1IE(6,2001) 

605 CONTINUE 
DO BOO M=1,NUMEL 
ID=M 

c   »»«.••»♦»»»♦*»»««»»*»»♦»*♦»♦♦♦♦»*»**♦»♦»♦*»♦»♦♦♦*♦»♦♦■}♦♦»♦♦»♦»♦»■(■♦* 
C     ♦ KtAD ELEMLNI INFORMATION EROM EILE 2 * 
(, * ***W*A*t*** ************************************** *****4:»****»**^ 

READI2,1D>      ((CdiK,JJKI,JJK=lt3liEEIIIKItllK=l,3l 
1 iI(S(JJI.KKI),KKI=l,b),JJ1=1,L),l{SrjIKK,JKK),JKK=I,b),IKK=:,31 
2 i(RR(JII ItZZUIl l,JlI = l,'f),XC,YC,TbMP,VnL,MTYPfc.N 

DO   640    1=1,3 
6^0   SIGd)-SRR*iloI{M,l*3)*SIGI(M,1) 

1E(lX(Mt3).NE.lX(H,2)I   GO   TO   650 
DX»RRt2)-RRn) 
DY=Z7(2I-7Z(1) 
SIG(e)="yC. 
IF(DX.Nt.0.)   SIÜ(6l=57.296*AtAN2(DY,DX) 
SIG(<t)»SlG(ll 
SI&<5)=0. 
GO   TO   765 

650   CC = (SlG(l)*SlG(^M/i.O 
BB=(SlG(n-Sl(.(i) )/Ü.O 

■  I 
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iCALlt.1 
^tALl."'^' 

;.CALir.4 
iCALlt/b 
StALli.6 
lCALli.7 
i-CALl^S 
SCALl^V 
iCALlfcO 
ICALlfcl 
SCALU? 
ILAL163 
!»CAL164 
^LALlfrS 
SLAL166 
.SCAL167 
iC.ALl6H 
i.CAL16V 
SCAL17C' 
iCALlTl 
iCAL172 
SCAL173 
SCAL17'* 
LCAi.l7i 
SC,AL176 
:i.AL177 
StALl/u 
StALW 
StALlHO 
SCALlt-1 
StALl»'^ 
SLALXtj 

SCALlHt 
iLAHH6 
iLALlb7 
5 ( ALlbt« 
iCAUl'9 
-LALIVO 
^CALlVl 
LCALlVi' 

;,LAL1V^ 
iLALlVO 
iLALlVfc 
LLAL197 
bCALlSiH 
LCAL19SI 
ILAL200 

66C 

CR = 
Si(. 
SIG 
Sl(. 
IK 
SIC, 
MTV 
IF« 
IM 
IK 
IK 
IK 
CAL 
(.Ü 
criN 
IF( 
IK 
JK 
IK( 
tAL 
SN- 
IK 
IK 
SN = 
IK 
It- I 
IK 
IK 
ANl. 
WR] 

*f iN 
hCO tCN 

ll-( 
JF( 
IF( 

ijb 

Yt.7 
7^5 

Y7U 

SL'Klltlb»* 
U)=COCR 
(5)=CC-Ck 
(IS) =0.0 
(bB.Fb.O.) 
(b »=2b.t)t(i 
PF=lX(M,bt 
NICtHTYPEI 
III.EL.ü) 
(MIAbtMl.i 
MTAUMI.fi. 
MTAC.(Ml.iI| 
L bK 

TlNUf 
KCHtCK.lU. 
(MIAGtMl.1 
(MIAG(H) .E 
MTA(.(r').(.T 
L Ok 
0. 
KCHfcCK.Lk,. 
(MTAC(M),t 
Sir,NM(M)/l 
SloNMIM).b 
KCK.tl.'.l( 
(SN.GE.l.l 
K1K.K.. 1) 
B57.*9t.*bt 
ret6flooii 

I1NUF 
lll.NL.O) 
KCHfcCK.NI , 
JJJ.NL.O) 

TfcNSiMTYP.: )))     HTAC.<H> = i 

♦SIG(3)»»2» 

.AND.U1&I Jt.EU.O.) I   GO   TO   660 
»   ATAN2(&ir.(3)»BBI 

.FO.OI   Gli   10   76i> 
C-L   It   756 
W.3) .AND. (Sll.(4}.GT. 
.21    JLHfCK-1 
.^•1   CO   TO   701) 
IF1H   ;MTAG,JNTlRATlU(bFTAtSIGItSIGNM) 

11   Oil   TO   7ti7 
,'.:-) .ANO.I SUCJ.01. ierj£(MIYPF))l      hTAG(Ml=i' 
..l).0k.(MlA(.(M>.E0.2l I   JCHtCK=l 
.21   OU   10   76^ 
1FTH   (MTAG,JN1,RATI0,bETA,SIGifbIGNM) 

1)   GO   U   770 
w.0).0R.(MTAG(M).GT.2))   GU   TO   77C 
LNS(MTYPfc) 
T.SM)   iM=SIoNM(M) 
uO   TO'   600 
.(».(RATIÜtMI.GT.l.))   RATin(M)=l. 
01     10   bOO 
IA(MI 
«.XLtYCCi-lGi lit 1 = 1,6 ),MTA&(M»,JNT(H(fANG1,RATILi(M) 

.0   III   fSO 
0)   GO   TO   8.b 
ou   lo bi'o 

•♦♦*•*♦♦♦»♦»•*»♦»♦♦»♦♦♦»♦♦♦*•♦♦♦♦»»♦♦*♦•••♦•♦♦•♦♦•♦♦♦♦♦»«♦♦♦»*♦»♦» 
»   CHECK   LRALK   LLL'.'.Ukt   WHt M    11 Is0,KCHt tK = 0   C   JJJ = 0      . » 

MklTEl6t^0l71 
OU   Hi'7   N=l,NUMtL 
|Ftf»TA0(M.L1.3)   oU   TO   l.4'7 
IK IX(N,?).1'J.1X(N,J))   GO   TO   827 
in=N 

ir(IX(N,l).Fv.lX(N,t))   MM=3 
KND(2'10) 
K1AO=0 
00   802    1=1,MM 
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SC*Li01 
SCALi02 
iCAL^03 
SCAL204 
SCAL^Üb 
SCAL2Ü6 
SCAL20/ 
SCAL208 
SCAL2U9 
SCAL210 
SCAL211 
SCAL212 
SCAL213 
SCAL214 
SCAL2li> 
StAL21<. 
SCAL217 
S(AL2ie 
SCAL21<» 
$CAL22Ü 
SCAL221 
StAL222 
SCAL223 
SCAL224 
SCAL22Ö 
SCAL226 
SCAL227 
SCAU22e 
SCAL22Sr 
SCAL230 
SCAL231 
SCAL232 
SCAL233 
SLAL23'» 
$CAU235 
SCAL23b 
SCAL237 
SLAL23EI 
1(AL2JV 
SI.AL240 
SCALZ^l 
S^AL242 
SCALiitS 
SCALi.^'. 
ICALi'f'j 
!>CAL2^6 
SCAL24V 
i.LAL?'.e 
SCAL249 
SCAL250 

UX( n^o. 
fcU2   UY(11=0. 

RtAlJ(2,lli)      ( (CltlKfJJKIiJJK'ltdttEEdlKltllKcltSI 
I    .!('. (JJlfKKl),KKl-l,a),JJ|-I,8)t((b)IIKK,JKK)iJKKcl,B)tIKK=l,3) 
?   ilRRIJiDiZZIJIl ltJU«l,'.l,XC|YC,TEMPfVOL,MTYPE,N 

ICKeO 
HPTrf-HSriMTYPf I 

OfCUMPCm   JUINt   ÜI'VMNG   INTO   X   AND  Y  COHPCiNh NTS 

fPSX=1.570H*öHA(NI 
lF(fcPSX.Gt.l.t>7üt))   tPSX = i.iö 

dü*r   SLnPFsIANCEPSX) 
DU   806   1=1,MM 

806   F(l) = SLÜPe*(ftB(l)-XC)-(2Z(n-YCl 
EPSX=afcTA(N) 
IF (BETA (N). LT.0.1   EPSX = 3.1^,16 +FiPSX 
IF(KTAG.EÖ.l)    bP!>X=EPSX-1.67ü8 
t)UX=FPT»CnS«t:PSXl 
DUY=FPT»S1N{FP$X) 
ÜÜ   HOb   1=1,MM 
IF(F( II.LT.O.)   Gü   10  808 

UY(n=UY(l)+DUY 
808   CUNTINUE 

IF(KTAC.EU.l)   GÜ   10   blü 
IF(.SrAG<N).t0.3)   GO   TU   612 
KTAG=1 
EPSX«6tTA(N) 
GO   TO  804 

810   EPi,X=tPSX*l.l70ö 
812   CONTINUE 

EVALUATE   EQUIVALENT   STRAINS 

DU   816   1=1,3 
RRt l)=C.0 
DO   816   J=1,MM 
K«2*J 

816 RR(I)=RR(1)*SI(l,K)»UY(1)+Sr(l,K- 
817 CONTINUf 

C1=CÜSHPSX) 
Sl=SlN(tPSX) 
SC=C1»S1 
Cl=Cl*tl 
S1«SI«S1 
IF( ICK.H-.I) GO re 818 
DP=SC»RR{3I 
EPTUAbS(Cl^RR(l)+Sl*RR(2)+ÜP» 
tPT2=ABS(Sl*RR(l)+Cl»RR(i')-DP) 

^0 

n»UX(l ) 

■ 
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LCALibl 
LCAL.'bi 
StAL<!53 
SCALib'. 
^LAL2it> 
SCAL216 
IXAL^^V 
iCAL2tb 
rLAL<;5V 
iLAL<!bO 
SLAL.'fcl 
LCAL^fc? 
hCAL^bJ 
SCAL?^ 
S(.AL<;r.b 
SCALit.6 
i,CAL267 

SCAL2t.V 
SCAL2Y0 
!>CAL2n 
SLALi'Ti: 
iCALr/J 
SCAL274 
UtAL27b 
'^LALtV«. 
;,CAL277 
i,(.AL27ü 
LI.AL27V 
StAL^Bü 
iLAL<:bl 
lCAL2fci: 
bCAL2B3 
SCAL284 

i.CAL286 
SUU2t7 
5,UUl-8 
ur.ALiii'y 
'JLAL2Sir 
LCALZ1»! 
K.Airv? 

SCALi'V't 
SLAL2,VC) 
:.CAL2V0 
UALiV7 
blAL^ve 
HAL."'1* 
iCALJtO 

I tu 

1123 

hH 

oS7 

IK tirTA(N) .(1  .0.»   &U   IU   «lb 
LI-jXsl'.l U(N) 
ICK = 1 
öL  rt hi7 

LVALUAU   tLlMLNI   HMNC1PAL   S1RA1NS,   CHFCK   CLUSUftf   POSSlhlLHY 

I Fid ) = SRK*tHSl (N»4)«(:P2>l(Nttl 
tPS(2)=SKh»K'il(N,b)+fcPM(N,2) 
FHi(3)-Sf ^»1 fi l(N.6)*tPi,l(Ni31 
l,P = .SC*fcPbi(j) 
I P^l = (,l»f:PSU ) + Sl*tPS(2) + r P 
lPi,2 = Sl*LPitn+Cl»tPl(2)-DP 
LUtPTl + fPSl 
i,l = l-Pri:*f Pi.^ 
IKLl.'.T.O. )   t-L'   TU   Öi«« 
IP( i.1 .OT.O. )  i.o io e:-3 
MIAC,(N»=0 
GU   IU   b26 
M1A0(N)=MlAl (NJ)-3 
II- (HTAClNl.tU.O)   CLi   Tt   t2e 
l.t rA(N)'(.( IA(NI*1.570ä 
IKbt; IA(NI.(.t .1.570»)   HUAiNl^btTAjNI-S.i'.lb 
OU   IU   Wit, 
Ih(SI.01.0.I   OU   TU   bi7 
IKM1Al..(N).l i .3)   OCI   TU   U2 ? 
HTAG(NI=1 
JChtCK=l 
NTAC.(N') = 1 
ANb=;>7.29t.ft( rA(N) 
w^lTb(fct^o^J) 
WRlTi:|6i202ü)   NiMTAO(N) tAMOtEPTttPIX .EPT2»Ef,Slf EPS2tCliSl 
CUNTINUf 
IK ICIAL..w.l.l    ICHttK = l 
IK {KLH!:l.K.tL.C).AND.(NKT.LF.O)(    ICHtCK-1 
Of)   TO   SiO 

LLAPCH   FL"   MAX.   bIGNM 

i-iO   'id   biJ   N=l »NljKfcL 
IK   M1AG<N>.0T.2)   GCl  IU  835 
DN=ABS(SIbNM(N)-SHI 
IKCiN.LF.fLL)   GU   IU   b2t> 
IF (MTAbiN) .ML ./ I   GU   III   I 3'. 
MUG(NI=3 
liA = l.i.7(iU 
IF ll'.t JA(NI .01 .0.)   nA=-CiA 
K. TA(N)=e.t)A<N)+IIA 
on   Hi  l;3t 

UAH   MUG(N)=0 
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I 

SLAL3Ü3 
tCALJC 
SCALJU'j 
SCAL30f 
StAL3l/7 
!>LAL30B 
SCALSOV 
SCAL31U 
SCAL3X1 
SCAL31? 
SCAL313 
SCAL314 
SCAL315 
bCAL3l6 
SCAL31/ 
SCAL31b 
SCAL31V 
SCAL320 
^CAL32l 
SCAL32Z 
SCAL323 
;>CAL32'. 
.M.AL325 
SCALi^h 
itAL327 
SCAL326 
SCAL329 
SCAL3äO 
iLAL331 
SCAL332 
bLAL333 
itAL33't 
SCAL33ii 
SCALJ36 
StAL337 

JNI(N(=U 
Hf-TA(N)=(J. 
«Al UJ(N) = i. 

;r'(JCHF.CK.tU.l)    ILHtCK« 
IM 1CHLCK.LL.1 )   Gfl   10  8 
CO    tU   3!>2 
DU  boo  M"l»NUMFL 
I>U   P6\j   1 = 1,3 
SIGl(M,n=5RR*Slbl (M,l* 
f:PSl(M,I)=SRR»FPSIlM,l + 
tONHNUe 
GO   TO   J52 
CÜNTINUF 
WRlTb(6,2010)    TOTAL 
RKTURN 
FnRMAT(ll2,*t20.7) 
FUPMAK17,2F8 ,2,lP^tl2. 
F0RMAT(12HCiN.P.NUMUfcR    , 
FORMAT (7HübL.NÜ. 7X 1 

I 9HXY-STRFi,S,2X,10HMAX- 
^tlX.^HMTAGtiX.iHJNT.SX, 

2002 FORMAT!/   '   LCAD   INCRFMt 
♦ F   TOTAL   LOAD   B«fF9,Ji,/« 

2003 FORMAT!IHO,«   LOAU   INCRE 
• I Si« SCALING   FACTOR 

200«.   FORMAT!//»   i)R = • ,G10.4, • 

U5U 

860 

900 

1000 
1001 
2000 
2001 

c 
51 

J)*S1GI(M,1) 
J)+FPS1(M.ll 

2005 FOkMArilMl,' INITIAL ST 
2006 F0RMAT11H1» 
2U07 FORMAT!//  ' CHFCK CRAG 
2010 FORMATllHO,« LOAD ACCOM 

*//) 
LÜ15 fUKMAHlHÜ, • N  TAG»,AX 

•'FPSl«,aX,,FPS2,,/X,,nF 
<.C20 FCMATI 13,Ii.,F12.i,btl2 
2Ü25 FO,<MATI Ib,2FlU.'i,3fcl2.5> 

END 

'.,0PlF7.2,215tF7.2,lX,F7.-i.,F7.2l 
17X,3HDUX,17X,3HÜUY,18X,2H0X,18X,2HUV) 
HX IX.   1HY 4X SHX-STRESS 4X ÖHY-STRESS 3X 
STRESS,2X,1CHMIN-SIRFSS,7H  ANGLE 
AHbETA,2X,5HRAT10,2X,5HSIGNMl 
NT NO.Sib,/ « LOAP APPLIED AS A FRACTION D 
NUMBER OF BETA STABILITY ITER AT lON.'^« t IV) 

MfcNT NO.SIS,«   STABILITY IIERATION NO.', 
= '^10.41 

CALL tXJl») 
ATF FUR LOAD 1NCPtMENT•,16 ) 

K OPENING STRAINS ') 
ULATtP AS A FRACTION OF THE TCTAL IS«,Gib.5 

,• BETA«,flX,« EPT',eX,,EPTl»,«X,"fPT2»,8X, 
PS1,,7X,»DFPS2,I 
• A) 
) 
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tNIR 
IhJR 
INTK 
iNrR 
1NTR 
INTR 
INTK 
1NTR 
IMP 
1NTR 10 
1WTR 11 
INTK 12 
INTR Ij 
INT« 1^ 
INTR IS 
INTK 10 
INTK 17 
INTR 18 
INTR l* 
1N1R iO 
JNIP 21 
1NIK 22 
INTK ^3 
INTR 24 
INTK 2!. 
INTR Zt. 
INIR 27 
1NIK 2B 
INTR ^9 
INTR JO 
INTK il 
INTR 32 
INIK 33 
INIK 3<* 
INTK 3& 
INIK 36 
INIK il 
INIK JÖ 
INTK 39 
INTR 40 
INTR ^,1 
INTR 42 
INTR 43 
INTR 44 
INTR ',5 
INTK <t6 
INIR t7 
INIK 4B 
INTR 49 
INTR   bO 

SUBROUTINE    IMtR   ( IX.MTAG, JNT.RATUi, tF. lA.SICi »SIGNMI 

COMMON/ONr/   NUMNPfNUHfL,NUHHAT,NUHPC,NPC,MBAND,NUMBLK,NL,MTYPE,N, 
ytL,ACtLR,ACELZ,Q,HEÜ(18ltsn)P,SR,SRl,T0TAL,YUL,T!:iLI,XC,YCf 
TEMP.SlüN.'ilNül.SIGDJ, 

LLL.III.JJJ.JCK.KCriKCK.JCHfCK.NPLANf ,NUMFR,NCODt.JA.NEO 
fNbANt),NC^<ACK,^STEP,Nl^,M7tNT0T 

COMMON/TWO/ CI3,3»fSClÜ,lÜ»,SIG(6),Pj8),ST(3,l0»,RR|3),ZZ«5J, 
LMI^I.LE(3)itPS(3» 

CUMMON/THKtK/      ( (b,4,Ü) ,t0(4,8),TENS!6),XNUI8),R0(a),FPST(8), 
MTC(8»,NIL(b),MlD(BI 

01 Mt NS ION   lX(NUMtL,6l,*IAC(NUHEU,JNTINllHFLI,RAU0(NUMm, 
EEIA(NUMLL),ii01(NUME:L,6),ilGNM<NlJHEL> 

JCK = 1 
$RP=SK1 
IJJ^O 
Uli   200   N-1,NUMEL 
1F(KAT1U(N).NF.SR)   uü  Til  ^00 
bK3=RATlL(N) 
H.TAI = ul-TA(N) 
MTA01-MTAKN) 
JNT1=JNT(NI 
SK = SK*SRl 
MIYPE=IX(N,b) 
SIC.T=TENS(hlYPEI 
IFJlX(Nf2).Lt.IX(N,ä)I   tO   TO   200 

"iC   CONTINUL 
[>U   TOO   1 = 1,3 

100   !»lGmsSRK*SIOllN»I«3HSlGHN,I| 
CC=:(ilG(l)*ilo(2) 1/2.0 
iC. = (Sl&m-l,lC(2) )/2.0 
CR=   $gKT(liP»*2+-5,10(3)*»2) 
iI0(4l=CC*CR 
' II (b)=tt-tK 
iir.(6l=0.0 
»MtBfl,F0.0.).AN().IS16l,i».fc0.0.n   (.1!   Id   IM, 
i.l(:-(6)=2tJ.f 4o*   ATAN2(blC (^l.tibl 

11)0   LUNTINUt 

CALL CRll-TH   (MrAO,JNT,RAIUl,t(fclA,ili.I,SIGNH» 
IK IJJ.r.I.o)   L,tl   Tl    300 
SIODl^SlUN-ilCT 
!>RR = SK 
IFISRR.LT.TCLl)   SPk=TULI 
IJJ = 1 
GO IÜ 50 

200 CUNTiNUE 
300   CtiMlNUE 

IF   (IX(N,2) .hVj.lXIN.Jl)   U:   Tu   400 
KATIU(N»=LR^ 
FLIA(N)=KITA1 
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1NIK •JI 

1NTR 52 
1NTR i3 
INTR i>4 
INTK it 
INTR 56 
1NTP 57 350 
INIR 5e 
INTR 59 
INTR 60 
INTR u 370 
INTR 6Z 
JNTR 63 390 
'NIR 64 A 00 
INTR 65 
INTR 66 
INTR fr7 
INTR 6b 
INTR 6V 
INTR 70 
INTR 71 
INTR 72 
INTR 7i 
INTP r^ 1000 
INTk 75 
INTR 76 C 
INTR 77 

)i   GO   TO   350 

HIACINIKHTAOI 
JNI(N)*JNT1 
SIf.DJ = SI&N-SU.T 
IF((   AHS(blüDII.LL. TUL      ).i)k.(   ARS( S1GDJ I .LF .TOL 
SKt(SRl»SIGDJ-&K»blCDI)/(bI&DJ-SIGDn 
GO  TU  400 
CONTINUE 
IF(   AbS(SItDIl.GT.TOL      )   GO  TO   370 
SR = SK1 
GO   TO   390 
IM   ABSISIGDJI.OT.TOL      )   GO   TO   400 
SR = !>RR 
CflNIINUt 
CONTINUt 
IF(SR.GE.0.99   )   SK=1.0 
IF^R.LT.0.001)   SH=0.001 
IF(SR.fcÜ.l.O)   KCHtCK=0 
TULJ»=0.01 
OAISR-SRR 
DB=iR-SRl 
IF((A8S(DA».lt.lÜLJ».ÜR.(ABS(DÖ).LE.TOLJ)»   KCHECK=0 
WRITfc(6tlü0Oi   LRlfSRRtSR 
RETURN 
FORMAT!//'   ULD   SR=',G14.4,»   NEW   SR='.G14.4,   lOXt'    INTFRPULATFD   Ik: 

♦,t&14.4//) 

END 
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ML 01 1 
MMIil »   C. 
MUCH ^ c 
MLOl 4 
MIDI t 

Hum b 
Html * 
MI n i e 
Mdt'i V 
MUUI n. 
Mill) I ii 
MUOl 12 
Mem 13 
MUM u 
Ml.l'l 15 
HUbl 16 
MÜÜ1 1 / 
MUD1 18 

SUBROUTIM    M(.liUy (AibfNlUfMeANtifNbANh.N.l'» 

:  (-   C'l,A(NfWtNI AN[>) 
tM' ANIr 

UIMINS1UN 
f'Ll /'bl M= 
K=N-M*1 
IF(K>  <;3t<,^J..|4:JU 

230   t.(KI«l)(K(-A(K,M)»U 
A(KtM|--0.t 

2jt>   K=:N*M-1 
IF(Ntü-K»    2iiO,itOtä'tO 

ZhO   b(KMbtK)-A(N,MI*U 
A(N,h'=ü.C 

S^O   CCNMNUt 
A(N(1I=1.0 
b(NI=U 
CFIUKN 

i 
\ 
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HAMS 1 
hMS 2   L 
bANS 3   L 
1 ANS '. 
bAN^ i 

HAN^ >• 
l.ANS 1 
l ANS ti 
l ANS V 
HANS U 
1 ANS 11 
bANS li 
t.ANS 13 
LANS 1'* 
HANS 15 
bANS 16 
ii ANS 1 I 
HANS lb 
tANS IV 
L.ANS 2(1 
HAN5 21 
bANS t £ 

bANS a 
bANS u 
bANS rt 
bANS 26 
HANS .'7 
bANS 20 
I ANS 2V 
HANS 3b 
bANS Jl 
HANS 32 
bANS 33 
bANS j*. 

bANS 35 
bANS 36 
bANS 37 
HANS 36 
bANS 3V 
bANS «o 
HANS -tl 

bANS Mi 

bANS A3 
HANS 44 
CANS <»i 
HANS Mb 

l ANS «./ 
HANS Mb 

HANS 4V 
bANS 5ü 

SUBKÜUriNt.    bANSl.L    ( I-, A.MM.NbANI  , NUMRLK , NLl. i JA I 

I'IMINSK N   RJNLDtAJNLLiNUANUI 
NN = NLl t, 
NL'NN+1 
NHcN'ivNN 
Nticc 
NBK=1 

FIND!I'll 
GO   1(J   ISO 

100   Nb=Nb+l 
HO   \Zb   N=1,NN 
NM-NN+N 
B(N)=B(NM) 
B(NH)=U.O 
PU   121>   M=l tMM 
A(N,M)=A(NM,M) 

125   A(NM,M)=O.U 
IF   (NUMBLK-Nb)    r.L,2LC,l'i( 

150   RtAO    (I'NbKI    ( H (N ) , ( A ( N,M ) ,M = 1 ,CiM) ,N = NL ,NH) 
NNKCNüK 

NBK=NbK+JA 
If-    (NBl   200flOO»2oO 

<;00   DU   3ÜÜ   N=lfNN 
IF   (A(N,1))    2^^t3(.C,22b 

225   H(N)=b(N)/A(N,l) 
Of)   275   L»2fMM 
iK   (A(N,L)I   230|275,2JO 

230   C«A(N,LI/AtN,1) 
1=N*L-1 
J«0 
DU   25Ü   K=L,MM 
J = J + 1 

250   A(l,J)=A(1,J)-C»A(N,KI 
H( 1 » = l I ll-A(N,LI*t (Nl 
A(N,L)=C 

2 75 CONIINUt 
300   CUNT1NUF 

Nf-K=NNK-JA 
If(NUMHLK.bt.Nb)   bO   TO   Mlb 
WRIIt    (1'NBKI    lb(N),(A(N,M)fM=,,MMI ,N=1,NN) 
NbK=NNK+JA 
GO   TU   100 

410   DO   A5ü   M=l,NN 
N=NN*1-M 
DO   425   K^.MK 
L'N+K-1 

425   b(Nl=b(N)-A(N,K1*1(L) 
NM=N»NN 
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■ 

hANS M 1 (NHUIUN) 
bANb b2 «bO AINH,Nh)»KN) 
hANS b'j Nl-MH-1 
(ANS '.'t It-nB.lU.Cp)   (.L    TU 
l'ANS bb K-.!>      (l'N-M    (I (N 
l« ANS it NH(C"NI>K-JA 
hANS b7 UU   TU   «»iü 
1 ANS 5b '-OU (l»0 
CANS ■>v ttU   60D   Ne = l,NUMbLK 
l ANS 6U DO   6C0   NBI.NN 
LANS 61 NM=N*NN 
RANS 6^ K=K + 1 
t AIMS 63 600 bUI«A(NP,Nb-l 
HANS b* RLTtRN 
hANS 63   C 
LANS 66 tND 

too 
(l.'(N),IA(NlH)tM'^tHM)lN-ltNN) 
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