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FOREWORD

The final report on work done under contract HO210017 between the Ohio

41 State University and the United States Burea'1 of Mines is in three parts as follows:
L 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
‘f of this research project.
The technical report summary is included in all three volumes of the
report,
_' R. S. Sandhu
Priacipal Investigator
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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 cf the opening and progressive fail-
ure. Plane strain conditions and two ditferent 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 Grifi..h 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.r These procedures are unsatisfactory, Assumption of isotropic elasticity assumes
that the principal divections of stress and strain coincide. In plasticity this is not tru:,
Also, rock behavior is characterirzed by a significant part cf deforination 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!
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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 natqre of crack development, leading to erroneous conclusions regarding
stresses around underground openinygs,

Accomplishments Under the Present Program

The research conducted under this contract has resulted in development of
computer programs based on more realistic simulation of material behavior. The
incremental theory of plastici’y has been nsed to characterize the stress-strain Lc-
havior of elastic-plastic rock, Role of Finematic constraint of plane strain in develop-
ment of residual stresses in rock has been .¥amined on the basis of Hill's theory,

New techniques have been developed for study of initiation and propagation of fracture
in rock following Griffith's theory ox 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 excuvalion (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 labora-
tory 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,
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The procedures dgvcloped provide uscful means for study of stability of under- {
ground excavations based on strcsses and’ deformations associated with the mining
operations, structural support evaluation, safety analyses of cpenings, study cf
blasting effeciiveness 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-

sram verification and case studies, Chapter I reviews previous efforts in the general

research area and deszribes 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,

E Chapter IV gives details of the analysis technique for isotropic 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

b
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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

initial stresses and design of the opening,




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,

e 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-

I

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

2151, telephone (703) 321-8517.
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CHAPTER I: NOTENS-- A Computer Program for Analysis
of Roek as a No-Tension Material

1.1. Purpose and Capability

This eomputer program is based on a modifieation of Zienkiewiez's approach

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

4 et i > %
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m is earried out to determine the regions of tensile stress. The tensions, wherever they
F i occur, are replaeed by equivalent nodal point loads and the tensile stresses in the corre-
sponding clements are neutralized. For these equivalent loads, the elastie analysis is
repeated, This iterative process is continued until all tensile stresses are liquidated,
The modifieation to the original approach is ciseussed in Part I; Technieal Report,

The progran: allows for an arbitrary initial stress field, gravity loads, eoncen-

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, Scrateh tapes are 1 and 2, Tapes 5 and 6

arc used for input/output respeectively. The listing in seetion 1,6 used double preeision

e

for real numbers, The program capaecity ean be altered by ehanging the dimension of

arrays AA and IA, These eorrespond to the total locations requirer! in real arrays and

integer arrays respeetively, NTOT, MTOT at lines MAIN 23, MAIiN 24 are set equal to
"'; ' the dimension of AA, IA respectively,

The program eonsists of the following units:

i a. Program MAIN

In this unit, the eontrol 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 INPT

This subroutine is called by the MAIN, [n this, informatior regarding
material properties; nodal point coordinates, loads, temperatures, boundary condi-
tions; element geometry, miterial and initial stresses is read in, Missing information
is jenerated, Information regarding boundary pressure is read in, Dimensions o the
matrix for solution of stiffness equations are defined and subroutine SOLVE is called
to complete the solution proeess,

¢. Subroutine SOLVE

Called by INPT atter reading in all data, this subroutine sets up the system
stiffness matrix in blocks. It ealls subroutines ONED and ELEMEN to obtain stiff-
ness properties for one-dimensional and two-dimensional elements respectively. The
stiffness is assembled by the direet stiffr.ess procedure and modified for specified bound-
ary displacements, The matrix is trisngularized by ealling SYMBAN (1), Subroutine
LOAD is called to recover the system load veetor. Reduetion of the load vector and
baek-substitution are aeeomplished by calling SYMBAN (2). The cumulative as well
as the ineremental 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 sequenee, the steps from calling LOAD to caleulation of stress
are repeated a preset number of times or until convergenee is obtained,

d, Subroutine ONED

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

dimensionzl element,

e
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e. Subroutine ELEMEN

Called by SOLVE, this subroutine ealeulates the stiffness matrix for two-
dimensional elements. These muybe triangular ciements or quadrilaterals made
up of four eonstant strain triangles. If other types of quadrilateral elements are
to be used, this subroutine has to e replaced, Linear isotropie elasticity
is assumed. l.oads due to initial stresses or temperature ehanges from a refer-

ence temperatiare, and gravity loads are caleulated in this subroutine,

f. Subroutine MODIFY

Called by SOLVE, this subroutine modifies the system stiffness matrix to
allow for preseribed displaeement boundary conditions,

g. Subroutine SYMBAN

This subroutine is ealled by SOLVE, Called with augment 1, it triangular-
izes the stiffness matrix and ealled with augment 2, it backsubstitutes to evaluate

the seclution for displacements for a given load vector,

h. Subroutine LOAD

This subroutine ealled by SOLVE, sets up the system load veetor ineluding
nodal point loads, distributed boundary pressure loads, as well as unbalaneed ele-

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

j. Subroutine STRESS

Stresses in X~y eoordinate system as well as principal stresses are ealcu-
lated in the STRESS subroutine called by SOLVE, The stresses are eheeked for

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

3
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to be transformed into load in the next cycle, A check on convergence of the iterative
scheme ic 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, Firs¢ Card, Job Title (18A4),

This card gives the descriptive identification of the job.

b, Second Card. Control Information (415, 2F10.2, I5, D15.4)

Information Columns
Total number of nodal points (NUMNP) 1-5
Total number of elements (NUMEL) 6-10
Number of different materials (NUMMAT) 11-15
Number of pressure bourdary cards (NUMPL) 16-20
Acceleration in x-direction (ACELR) 21-30
Acceleration in y-direction (ACELZ) 31-40
Reference (stress-free) temperature (Q) 41-50
Maximum number of approximations or iteratisns allowed (NP) 51-55
Tolerance for convergence of iterations (TOL) 56-70

c. Material Property Cards

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

i, First card (215, 1F10, 3, I5) gives the following information:
Material identification number (1 £ MTYPE < 10) 1-5

Numbe1 of temperature cards (NTC) 6-10

PP TR R ok Y &
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Mass density of the material (RO) 11-20

Material code (MTC): 1 for no-tension material 21-25
0 otherwise

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

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

the followinyg information (4F10.3):

Information Columns
Temperature 1-10
Elastic Modulus 11-20
Poisson's ratic 21-30
Cocfficient of thermal expansion (or eross-sectional area of 31-40

1-ID element)

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

Nodal point number (N) 1-5
Code of noda! point (CODE) 6-10
X-ordinate (R) 11-20
Y-ordinate (7) 21-30
UR 31-40
UZ 41-50
Temperature (7) 51-60
If the number in coluinns 6-10 is

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

5
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All loads are considered to be totai forces acting on an element of unit thick-

ness, Nodal point cards must be in numerical scquence, If cards arc omitted, the

omitted nodal points are generated at equal inte vals along a straight line between
the defincd nodal points, Similarly, the corresponding temperatures are determined

by linear intcrpolation, The codes (CODE) of thesc generated nodal points, as well as

UR and UZ, arc set equal to 0, -
e. Elemcnt cards .
i
i. Material type information of elements (16I5) i

Every5 columns of each data card give the material identification number
of cach clement in sequence. Each card contains 16 material idcutification
numbers (80 columns of 16 elements),

ii, Nodal puints and initial stresses (5I5, 5X, 3F10.0). One card for cach element,

Information Columns

Number of the element 1-5

Nodal r,0int I 6-10

Nodal point J 11-15

Nodal point K 16-20

Nodal point L 21-25 I'
Initial oy, 31-40 ‘
Initial Cyy 41-50 |
Initial Txy 51-60

Nodal points I, J, K, L are corncrs of each individual clement in a counter-

clockwise order for a right-handed system of co-ordinates, For 1-D clements,

£
¥
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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 numerieal sequenee, Any element cards omitted will be automatiecally
generated in the program by incrementing caeh of the I, J, K and L nodal
points by 1. The eorresponding initial strcsses of the generated elements
are caleulated 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 clement, which is subjected to a normal pressure,

will carry the following information:

Information Columns
Nodal point I (IBC) 1-5
Nodal point J (JBC) 6-10
Normal pressure at I (PR) 11-20
Normal pressurc at J (PR) 21-30
J

As shown in the sketeh, the boundary element must be on the left as one pro-
gresses counter-clockwise from Ito J. Surface tensile foree is input as a negative

pressure,
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1%4% Output Data

The following information is developed and printed by the program:

.
«

. Printing ol input (and gencrated )data

b, Ineremental 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 eyeles

to reach (his is printed,

1.5. Limitations

e

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 erack and
ar: relieved of tension simultaneously, This is unrealistic, Actually the process of
cracking will be sequential with eracking of each element influencing the stress dis-
tribution and eonsequently 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 mairix through-

out the iterative computation is lost because of the large number of iterations required,

;5'
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1,8, Fortran Listing

3o 2k K 0 KR T R K ok ok S 0t o o 0 o e RO R R o e kR e ok e
PRLGRAM NUOTENS

NU LENSION ANALYSIS FULR PLANE STRFSS AND PLANE SIRAIN,

LINEAR PKESSUFF LUUNDARY

PRUGRAMMED BY Re5«SANDHU, RoDGSINGH AND Ji.LlUe THE CHIU STATE
UNIVERSITYy CLLUMBUS.

THt FORMULATION 1S OGCUMENTED IN THo FINaL REPORT DATFR MARCH >l
1973y ON CONTRACT HOZI0C1T LFTWEEN (RE GHIUW STATE UNIVIRLITY AND
THE UNITED STAIES oUREAL OF MINES SUPPURILD 2Y THF ADVANCFD
RESLARCH PROJHLTS AGENCY. INSTRUCTIONS FUw USE UF TH: PROGKAM

ARKE CUNTAINLD IN PART 11l UF THRE REPURT.

AR K ok o KO KR R ok AR o Rk ok o ok e o KRR R ok ok o ok v RO Ok ROk BN OB ok

IMPLICIT REAL™E(A=Hy U~2)

CUMMUN AASLONUO),1A(L%00)
CUMMUN/ONEZACFLRyALELZy TEMP gurg TLULY VUL 9 NUMNP o NUMEL 4NUMMAT 4 NUMP L
*MTYPE o LLL yN ¢yMEAND yNUMBLEK g KK ¢ NCHECK g NP g NL ¢y NEQHFD(18) o NPT
COMMUN/THROZC{393) 3STL0Co LU S 1GLEY 9 PLE) 9STUS4310)yRRISI$Z2Z{5) 9 XL 9 YCy
HEELS) o LMUA) 2L (5949101 9RLEL0) yNTCHLLO) 4MTC{10)
CUMMON/THRFE/MTILT 4NTLT NI 1y Ma, 5T0P

KEAL{E91000) HLEDyNUMNP ¢ NUME L y NUMMAT ¢ NUMP L 4 ACELKF yACELZQoNPT0L
WRITE(692000)HED g NUMNP g NUMEL ¢ NUMMAT g NUMPC o ACE LR 9yACFLZ 9 QoNF o TUL
NIfIT=10000

MTCT=1500

NPC=NUMPC

1 INUMPC.FQ.UINPC=]

Nl=1

NZ=N1+NUMNP

N2 =NZ2+NUMNP

N4=NI+NUMNP

N> =Ng +NUMNP

Né= NHY+NUMNP

N7=N6+23NPC

N8=zNT7+&6¥NUMEL

NY=INE +NUMNP

N1U=N9+28NUMNP

NLL1=N10+2%NUMNP

Ml=]

MZ2=M1 +H8NUMLL

Mi=M2+NPC

M4=M3+NPC

NL U =2 ¥NUMNP

JJEML~-MTOT

IF{JJ.LEL. Q)G 10 100

WRITE(6,43000)JJ

CALL EXIT

CLONTINUE

CALL INPTCAAINL) 9 AA(NC) s AAIND) pAAINSG) gAAINE ) JABING) 2 AAINT)
$AA(NB) yAAING) JAAINLOY y LAIML) JAIM2) y IA(M3))

1600 FURMAT(18A4/41543F10a29154018.4)

9

A P ——

P

i




LR

i kLB AT
PEETT e

MAIN 51 2000 FURMAT {1H1 1AA4/

MAIN 52 1 300 NUMBER NF NUDAL PUINTS==—m== [3 /
MAIN 53 2 30HO NUMLER UF ELEMENTS=mmmememe—= |3 /
MAIN 54 3 30HO NUMKER GF DIFF. MATERIALS=== I3 /
MAIN 55 4 30HO NUMEER OF PRESSURE CARDS==== 3 /
MAIN 56 5 30HO X~ACCELERATIUN E12.4/
MAIN 57 6 3UHU Y-ACCELERATIOUN E12.4/
MAIN S8 T 30HO REFERENCE TEMPERATURE=mmmm=m E12.4/
MAIN 59 8 30HO NO. UF APPROXIMATIONS——=-—-= [5/
HAIN 60 9 30H0 TOLERANCE FUR CUNVERGENCE=-= E1Z.4)
MAIN 61 30u0 FORMAT (TOH PRDGRAM EXECUTION TERMINATED. REQUIRED CURE EXCEEDS NI
MAIN 62 *0V BY 1e)
HAIN 63 END

’.
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i |
? INPT 1 SUBKUUTINE INPI(R9ZyURGUZoToPRySIGE yCUDE by CUy 1Xp 15C g JEL) H
8 INPT 2 IMPLICIT REAL*B(A=H,(-7)
4 INPT 3 COMMON AA(10000),1A(1506C) R
i INPT & COMMUN/UNE/ACHLE g ACELZ ) TEMP Qo TUL VUL yNUMNP o NUMFL yNUMMA T y NUMPC , b
i INPT 5 #MTYPE ) LLL yNoMBAND JNUMBLK o KKKy NCHECK o NPy NL ¢ NEQyHEN (18 ) 4 NPC.
k INPT & COMMON/THO/C{293) 1SCLO91C) 9y SEGHE) yPEL) oS T{3410) yRRIS) 92705 ) 9 XC oy ¥( o
f INPT 7 BEEL3) o LM(4L1E(504910)4RUIIG) yNTC(1G) yMTC(10)
g INPT g COMMON/ THREE/MTUTWNTOToN114MébyS10P
; INPT 9 DIMENSION RENUMNP )y ZINUMNP ) UR (NUMNP ) yUZ (NUMNP ) , T (NUMNP) 4 PP (NPC 47 )
] INPT 10 *9SIGLINUMEL y6) 9 CODE (INUMNP ) 3 IX{NUMEL 3%) 4 TLCINPC) 4 JBC {NPL )
g INPT 11 DIMENSION B(NFC),CUINEG)
: INPT 12 DU 50 M=1,NUMMAT
INPT 13 READ (541001) MTYRE G NTCIMIYPE) JRUIMTYPE) yMTCIMTYPE) ¢
: INPT 14 WRITE(642001) MIYPEGNTCIMIYPF) ykCIMTYPE) JMTIC(MIYPE) 5
4 INPT 15 NUMTC=NTC(MIYPL)
INPT 16 READ (591002) ({1 {14JoMIYPL) yd=144) 121 WUMTC) A
i INPT 17 WRITE €692000) ((F(33deMIYPL) yd=1y4), 151 ,NUMTL) o
[ INPL 18 50 CONTINU( -
¥ INPT 19 WRITE (Ly2UL3)
£ INPY 20 L=0
INPT 21 60 KEAD  (SyL1uU3) NyCUDEIND g RN} 9 ZIN) gURIN) oUZ(N), T IN)
INPT 22 NL=L+1
g INPT 22 IFINJECL) U TU U
INPT 2w 2X=N-L
i INPT 25 DR=(R(N)=R{L)Y)/LX
g INPT 26 D2=(Z(N)=2(L}Y)/2X :
{ INPYT 27 DT=(T(N)-T(L))/2X i
g INPT 28 70 L=L+1 .
INPT 29 IFIN~L) 100,90, bb
i INPT 30 80 CODF{L)=vau
i INPT 31 RIL)=K{L=1)+DK '
INPT 32 Z(L)=2(L-1)+D7
i INPT 33 T(L)=TIL=-1)+01 |
INPT 34 UR{L) =G40 !
INPT 3% UZ({L)=0.0 I E
INPT 36 U TU 70 b
INPT 37 90 CUNTINUF i
INPT 38 1 (NUMNP=N) 100,1104t0 I 4
INPT 39 100 WRITE {b,:0L05) N [
INPI 40 CALL kXTI 14
INPT 41 L10 WRIFU (692004} 6 Ry CURL AR g KUK g ZUK) b URTRD UZURD 9 TR) ) oK=1 o NUMNP ) l
INPL 42 RLEADIS591007) (1X{Ng%) yN=1 oNUMEL) ;
INPT 43 WRITE (6,206C6) &
INPT 44 N=0 ,
INPT 45 130 RLAD (591004) Ma{IX{My1)y1=194) o(SI1GI(MyL)olz],4d) L
INPL 46 IF{Mafual) LO TO 14C E
INPT 47 2%=M=N |
INPT 48 DU 135 1=1y3 !
INPT 49 135 SIC(1) =(SIGLIMyI)=SIGTIN,TYY /7 2% |

INPT 50 140 N=iv+) b

11
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INPT 51 TF{MeLENIGG TU 170 ;

INPT 52 IXINs 1) =EX{N=1y1)4] !

INKT 53 IXCNg2)=1X{N=192) +1 ¥

INFT 44 IX(Ng3)SIX(N=1,5)+1 :

INPT 45 IX{Ny&)=IX(N~144)+] i

INFT 56 DO 160 1=1,3

INPT 57 166 SIGL(Ny1}=S1GI(N=1,1)+SIG(1)

INPT 58 170 IF(M.GT.N) LU TU l14C i

INP§ 59 1FINLLT.NUMEL)GU TUL30

INPT 60 WRITE(692007) (ANy (AXING 1) 9 1=195) 9 (SIGLIN, 1) y1=143))4N=1,NUMEL)

INPT 61 LF(NUMPC LEC.0) GD YO 310

INPT 62 290G WRITE (642008}

INPT 63 DU 300 L=1,NUMPC

INPT 64 READES ,1005) 1BCUL) yJBCIL)9PR{Ly1) 4PR(Ly2)

INPT 65 300 WRITE(6,2009) 1RL(L)JBCIL) yPR(Ly1)yPRIL,2)

INPT 66 310 CUNTINUE

INPT 67 Jd=0

INPT 68 DO 240 N=1,NUMEL !

INPT 69 DO 340 I=l,4

INPT 70 LU 325 L=ly4

INPT 71 KK=1ABS (L EX{Ny 1)~1X{(NyL})

INPT 72 IFIKKGTod) J=KK |

INPT 73 325 CONTINUE

INPT 74 340 CONTINUE }

INPT 785 MGAND=2% Je g

INPT 76 WRITE(643C00IMBAND

(NPT 77 NL=(NTOT=N1Jj+1) MBAND

INPT 78 NLL=NFQ+3 , ;

INPT 79 IF(NL.GT.NLL) NL=NLL

INPT 80 NL=NL/% g

INPT H1 NL=4%NL

INPT b2 NBAND=Z¥MBAND t

INPT b2 IF(NL.GE.NBAND LU TO 350 i

INPT 84 WREITE (644010)NLyMEANT

INPT 8% CALL EXIT

INPT 86 240 CONTINUE

INPT 87 N12=N11+NL*MBAND

INPT 88 Jd=N12-MTGT

INPT B9 IF(JJaLELOIGU TC 360

INPT 90 WRITE(643050) JJ

INPT 91 CALL EXIT

INPT 92 560 CONTINUE

INPT 93 WRITE(694000)NLZy M4

INPT 94 CALL SOLVE(R)ZyURyUZyTyPRySIGI yCONFyHoCUyAAINT] ) o 1X,

INPT 95 1R, JBC) i

INPT 96 RETURN

INPT 97 10UL1 FORMAT (21951F1C.3415)
INPT 98 1002 FORMAT (4F10.3)

INPT 99 1003 FURMAT (154F5.145F10.4)
INPTIUU 1004 FURMAT(515,49%X93F10U.0)
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INPT1O01
INPI102
INPT1O3
INPT104
INPTLOS
INPT106
INPT107
INPT108
INPT1109
INPT110
INPTI1L
INPT112
INPT113
INPT114
INPT115
INPT116
INPT117
INPT118
INPT119
INPT120
INPT121
INPT122
INPT123

INPT124
INPT125

1005 FORMAT(21592F1ves)

1007 FORMAT(1615)

2001 FURMAT (1THOMATERIAL NUMLER= 13, 3UH, NUMEER UE TEMPLR ATURL CAR! L.
1 13, 15Hy MASS DENSITY= Fl2.4y16Hy, MAT(RIAL CUDE= 1%)

2002 FORMAT (1%HU TEMPERATURL 10X SHL 9X 6HNU 1Ux SHALPHZ/
LIFLSe293E1ha%))

2003 FUKRMAT (1CHHINUDAL PUINT TYPE X URDIMATE Y CRDINALI X Lt
1AD OR DISPLACIMENT Y LOAD OR DISPLALEMENT TEMPERATUKE 1}

2004 FURMAY (1129FLliedocFl2eb 92t 24eTaFlead)

2005 FORMAT (26GHUNUDAL PUINT CARD EKRUR N= 1b)

2000 FURMAT(108+L1ELEMENT NU. 1 J [ MATLFIAL
181G XX S1GLYY S1LIXY )

2007 FURMAT (1113,41¢,101243F10.3)

2008 FORMAT(29HOPRESSURE LOUNDARY CONDITINNS/4OH PRESSLN
1€ | PRESSURE U}

2009 FURMAT(21642F1445)

3000 FORMAT(30H bBAND WIDTH 1)

3050 FURMAT (7GH PRUCRAM EXECUTICie TERMINATFN, REQUIRFD CORE EXCELEDRS NI
x0T bY 1)

4000 FURMAT (47h FUR THIS PROUGLRAM THE LOCATION USED N AA IG = 15y
*17H ANU IN JA 15 = 15)

4010 FURMAT (25HU NL 1S LESS THAN Z*MBAND
*5H0 NL=
*8HU MBAND=
END
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E suLV
SuLy
SoLV
SuLV
soLV
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SULV
SuLv
suLv
SOLV
soLv
SOLv
SOV
SULv
SuULv
Sy
suLv
soLv
soLv
S0Lv
SOLv
SULV
SuLv
SOLv
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soLv
SOLV
SULV
soLv
SULV
S0Lv
SULV
soLv
SOLV
SuLv
SULV
SOLV
SuLv
SoLv
SCLV
soL
SCLY
SliLv
S0LY
soLv
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43

10

20

0
60

65

95
100
110

130

SUBROUTINE SULVE(RgZyUR yUZ9T9PRSIGL gCOUDE 9b9CUsA9IX 2 IBCyJEC)
IMPLICIT KEAL®B(A~H,0-2)

COUMMUN AA(10000) 4 1AL1500)
CUMMUN/UNE/ACELRyACELZ » TEEP 9Qy TUL 9 VOL ¢yNUMNP ¢ NUMEL s NUMMAT e NUMPC
SMTYPE gLLL N gMBAND ¢ NUMBLK ¢ KKK ¢ NCHECK ¢ NPy NLyNFQoHED(1B) ¢ NPC
COMMUN/THO/ZC(293)19S¢10010) 9SIGIE) oP(B) 9ST(3910) yRRI5)2ZZ(5)4XCoYCy
*EE(3) gLMU4) gE(S 949 1U) yRUITUI¢NTCLIO0) yMTC(10)
COMMUN/THREE/MTGT ¢NTOToN11gM4,y STUFP

DIMENSION RENUMNP) 3 ZENUMNP) yUR ENUMNP ) sUZ ENUMNP )  TINIUMNP) g PRINPC 4 2)
*9SIGL{NUMELy6) 9 CONE (NUMNP ) o IXINUNFL 95) 9 16CINPC) y JBCINPC)
OIMENSIUN CU(NEU) »A(NL +MBANO) 4B (NEQ)

DO 1u N=1,NUMEL

00 10 l=4,46

SIGI(N,1)=0.

00 20 N=1,NUMNP

NN=2%N

CU(NN-1)=0,

CUINN) =0,

REWINO 2

ND2=NL

NO=NL/Z

NB=NO/2

STUP=0,.0

NUMBLK=0

DO 50 N=1,NDZ

0U 50 M=1,MBAND

A(N;M)=0,0

NUMBLK=NUMELK+1

NH=NB% (NUMBLK+1)

NM=NH=NB

NZeNM=NB+1

KSHIFTs28NZ =2

DU 210 N=1,NUMEL

NN=1X(Nyl)

DO 65 1=244

TFCIXEMe TP LTANN) NN=1X(Ny1)

COMTINUE

TF CINNJLToNZ) oUR INNLGTGNMI) GO TU 210
TFCIXING3)NFLIXING2)) GU T 9%

CALL ONED(R¢ZyUR9yUZsToPRySIGIoCOUEL 9CUsA9ByIXyoINBCyJBL)
MM=2

600 70 130

CALL ELEMEN (RyZ URyUZyTyPRySIGIyCUDFyCUsAyB,1%41BC4IBC)
IF(VOLGT.0)6U TU 110

WRITE(692000) N

STOUP=1.0

MM=4

TFCIXING3 ) oENaIXINg &) I MM=2

CONTINUVE

OU 14C 1=1,MM
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A

e

]

E.
3
N

StLv »
S0ULV 5
SuLvV Y
SuLV %
SULY 45
SOLV 56
SOGLV 57
SOLV 58
SULV %9
SULV 60
SULV 61
SOLV 62
SOLV o3
SULV 64
SULV 65
SOLV 66
SULY &7
SOLV 68
SOLV 69
SuLv 70
Stv 71
sSuLv 72
SOLY 73
SLLY 74
SOLvV 15
SULV 76
SULV 77
SULV 78
SULVY 79
SCLV 80
SULV 81
StLy 82
SULV b3
SULV 84
SOLV 85
SULV bo
SGLV 87
SOLV 88
SULV 8¢9
SULV 90
SCLV 9l
SULV 92
SULV 93
SO0LV 94
SULV 9%
SULV wé
SOLV 97
SOLv 96
LULV 99y
SIUILV100

T D S ST e P N BT A P )

140

1he

195

J1v

316

BNV
an
340

400
410

FS
ne
(=]

LMUD) =25 X(Ny1)=2

DO 200 IslyMM

DO 200 K=l,y&

FESLMUL) ¢K=KSHIFT
KK=2%]=24+K

PO 200 J=1,MM

LG 200 L=l
JI=LMIJ)+L=11+)=KSHIFT
LL=2%y=-2+L

IF{JJeLEW0) LU TU 200
FFANDLGE oJJ) L0 TU 19Y
WRITE (6,2001) N

STOP=1.0

GO 10 21u
ALL119Jdu)=AL1E9uu)+SLKKyLL)
CONTINUE

CUNTINUE

DU 400 M=NZ,NH
IF(MeGT.NUMNYP) GU TU 410
Nz=2¥M-]1 =K SHIFT

IF(CUDE(M)) 390,400,316
IF(CODE(M)oFuala)U TU 370
IFLCODE (M) otQa26)00L TU 390
0 TO 380

CALL MUDIFY(A,NDZyMBAND ¢N)
LU TU 400

LALL MODIFY(A¢ND2 MBAND ¢N )
CUNTINUE

N=N+]

CALL MUDIFY{AJNDZyMBAND 4N)
CUNTINUF

CONTINUE

WRITE(2) ((AINyM)4M=]1,MBAND) N=1,ND)
DU 420 N=1,ND

K=N+ND

DO 420 M=1,MBANU
AINyM)=AL{KyM)

AlKoM)=0,0

IFANMLT.NUMNE) 6L TU 60
IF(STOP  NELU)CALL EXIT
NCHECK=]

KKh=1

CALL SYMBAN(NDZ ¢Agb gNFQ ¢MLAND ¢ NUMELK oKKK )
KKK=2

DU =50 LLL=1,4NP

CALL LUAD(K'Z vUR'UZ'I'kabiGI 'CLDI"CU'A'li'lX'l[ﬂC'JRC,
CALL SYMEAN(NDZyAvBeNEQyMUAND g NUMLLK 4K KK )
DO 510 N=1,NUMNP

NN=2%N
CUUNN=1)=CUINN=1)+H (NN-1)

15
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suiviol
sOLv102
S0Lv103
SCLV104
SOLV105
SULVIGe
suLvio?
SOLVIUE
SOLV10Y
soLviio
SULVIL1
SOLvii2
SOLV1l3
S0LV1l4
SOLV11S
SOLV1le

550

(g
You
<000
2001
2010

<011
2013

-CUCNN)Y=CU(NN) +B (NN)

WRIIE (642013) LLL

WRITE(642010) (NoBUE2¥N=1) 4B(2%N) yCU(2¥N=T)sCU(2%N}y N = ] ,NUMNP)
CALL STRESSIRsZ¢URyUZsToPRySIGIyCODEsCU)AstigIXy IBCyJLC)
IF(NCHECK.EQ.0) GU 10O 600

CUNTINUE

U TU 990

AKITE (642011)LLL

RETURN

FORMAT (26HUNEGATIVE AREA ELEMENT NU. 14)

FORMAT (29HOBANL WIDTH EXCEEDS ALLOWABLE I4)

FORMAT(12HON. PoNUMBER 17X 3HDUX 17X 3HDUY I8X 2HUX 18X zHUY/

1(111244E20.7))

FORMAT(35H0 NUMBER UF CYCLES TL CONVERGENCLE = I5)
FORMAT(30HL RESULTS OF ITERATION NU.= 15/77)
END
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AP WD,

UNEDT L SUBKOUTINE UNI DGR g2 yUR ¢ UZ o ToPR ¢ STCE o0 L0 o Clighg g IXg 1T Ly d&L)
B UNLL ¢ IMPLICIT RLAL®B(A=HylL=2)

; ONFD 3 COMMUN AA(T0GOUD) 4 1A(1500) i
pi CNED & COMMUN/ZOUNL ZACLLR g AULLZ ¢ TEMP o0 o TOIL 9 VOIL o NUMME o NUMEL ¢ NUMMA T 9 NUMPC {
k', UNEL & *MTYPE g LLL yNyMEAND ¢y NUMBLKy KKK ¢ NCHECK ¢ NPy NLyNEQoHED (L E) g NPC H
e ONED 6 COMMOUNZTWOZCE393) o SELUYL0) 9SEGEO) aPIB) oSTU3310) o RRIL) 4 ZZIY) o XC oYy
2 UNED 7 et (3) g LM(4) gF(5444910) yKLEL0)4NTC(10) 4MTLI10D)

; CNEL 8 CUMMUNZ THREE/MTOT G NTUT NI LyMa, LTUP

ONED ¢ DIMENSTON K{NUMNP) o Z{NUMNP ) JUR INUMNP ) 3G 7 (NUMNP ) 3 TINUMNNP )  PRUMPC 40 )
ONED 10 %y STGEINUMEL 9&) 9 CLDE (NUMNP ) o EX CNUMEL %) o TEC(NPC) o JBL(NFC)
UNEL 11 ¢ i
UNED 12 C i
UNED 13 DU 1060 I=146
ONED 14 Pl)=CaC
UNED 15 DU 100 J=14¢k
ONFD 16 160 S(1ed)=0.¢
ONED 17 MIYPE=IX(N,%)
ONFD 18 I=IX(Ny1)
UNED 19 J=EiX(N.2)
ONED 20 NX=h(J)=K(1) :
CLNEDL 21 LY=2(J)-7(1)
UNEL 22 XL=USURT(DXA* +DY¥%2)
UNED 23 CLSA=DX/XL ,
UNED 24 SINASDY/ XL ol
UNED 2 CUMM=E (1 2y MTYPF)®E (Lo4oMTYPE) /XL
NNED &6 C
UNED 27 S{141)=COSAKCUSARCUMM
UNFU 26 5(192)=C0O5A*¢ INAKCUMM
ONLD 29 $(143)==5(1y )
ONED 30 S(1e4)==501y42)
C(NEO 31 SU241)=25(01,42)
ULNED 32 SUL 2 )=SINASS INAKLUMM
LNED 323 Slowsd==S(1,y2)
UNFD 2o S{zea)==5{cy<)
UNED 38 S{291)=S(145)
CNED 36 50392)=502y3) i
INtD 57 S0593)=501,1)
: GNEDY 3L SLI4a)=501,2)
g UNED 29 Slayh)=5{144)

S B LNED 40 Slhe2)250c0u)

il UNLL 4l S(ay3)=5(344) {

A UNED 42 SU4e4)=502ye) |
UNED 43 C
ONED 44 ( [
UNEU 45 Rt FURN !
UNED 46 C
UNED 47 ENC
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o

R

2cvess

ELEM
ELEN
FLEM
FLEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
LLEM
[LEM
ELEM
ELEM
ELEM
FLEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
ELEM
FLEM
ELEM

N 0= e 0t gt et 1t et e Pt s
DTN UPWLWAMCOONGVLIWN -

NN
~N -

23
24
25
26
27

(g

5D
60

80
90
100

10%
11D

120

T R e Sl R (R £ s At

SUBRUUT INE ELEHEN(R.Z.UR.UZ;l.PR.SlGl.CUDE.CU.A.B.lX.lBC.JBC)
IMPLICIT REAL*G(A=H,U~2)

COMMUN AA(LUUUG)Y 1A (15DD)
COHMUN/UNEIACLLR.ACELZ;IhNPoQ'TUL'VOL.NUHNP'NUHEL'NUMMAT.NUMPC.
‘HIVPEoLLL'NoHBANDoNUHBLK'KKK.NCHECK'NP.NL.NEQ.HED(18)9NPC
CUMMUNIIHUIC(393)oS(lD.lD)pSlG(b)pP(B).ST(B.ID),RR(S)'ZZ(S).XC.VC.
‘EE(3).LH(4).E(5.“.ID).R0(lD).NTC(IO).HTC(lo)
COMMUN/THREE/MTUTGNTOT¢NLL yMb, S TOP

DIMENSIDN R(NUHNP)QZ(NUMNP)oUR(NUMNP)'UZ(NUMNP).T(NUMNP).PR(NPC.?)
*'SIGI(NUMEva)QCUOE(NUMNP)'IX(NUHELob)olBC(NPC)vJBC(NPC)

DIMENSLDN CU(NEQ),A(NL,MBEAND) 48(NEQ)

DIMENSION U(3),V(3)

I=1X{Ny1)

J=1X(Ns2)

K=]1X(Ny3)

L=IX{Ns4)

MTYPE=]1X(Ny5)

VOL=0.
TEMPE(TUII+TUJI+TUIKI+T(L) /4.0
RATIO0=0,0

NUMTC=NTC (MTYPE)

IF (NUMTC.EQ.1) GO TU 100

DU 4D M=2,NUMTC

1F (E(MyloMTYPE)=TEMP) 5D,60460
CONTINUE

DEN=E (Mg 1 4MTYPE)~E (M=141yMTYPE )
1F(DEN.FQ.D.) GU TU 80O

RAT10=( TEMP~E (M=1414MTYPE )} Z/DEN
DC 90 KK=1,3
EE(KK)=E(H-1'KK01'MTYPE)+RATIU*(E(H,KK#IQHTVPE)-E(H-I'KKOI'MIVP[))
G0 TO 10

DO 105 KK=1,3

EE(KK)=E(1,KKe1 ,MTYPE)
COMM=EE(L)/(l.~FEE(2)%%2)
Cl141)=COMM

Clly2)=CUMMREE (2)

C(le3)=D,

Cl241)=C(1y2)

Clzy2)=Cl1,1)

Cl2,3)=0,

C(3'1)=0¢

Ci3,2)=0.
C(343)=,5%CUMM*(1.~EE(2))

DD 13D J=1,1D

DC 120 1=1,3

ST(14d)=0.

DO 130 1=1,10

S{lsd)=D.

DO 140 I=1,4
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S il s i g P DB s
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FEEE Lo i

tLEM b1
FLEM 52
ELEM £3
ELEM b4
LLEM 55
LLEM L6
LLEM 57
FLEM bb
LLEM 59
ELEM 6L
ELEM &1
ELEM 62
ELEM 62
FLEM 64
ELEM 65
ELEM 66
tLEM &7
ELEM 68
FLEM 69
FLEM 70
ELEM 71
tLEM T2
LLEM 73
LLEM 74
ELEM T5
ELLM 76
FLEM 77
ELEM 708
FLEM 79
FLEM 80
ELFM 81
ELEM 02
LLEM L3
FLEM b4
ELEM Db
tLEM Bo
tLEM AT
tLEM 6B
ELFM u@
ELEM ©0
FLEM 91
LLEM 92
ELFM 93
ELEM 94
FLEM oY
ELEM U6
FLEM v7
LLEM Y8
FLEM 99
FLEMLUG

140

150

16G

NPP=1X(Nyl)
RR{1)=R(NFP)

LL(1)=Z(NPP)
TFCLXINg3) ot e b XENgsb 30T TU 150
XL=(RROL)+KR{¢ V+RkR(3)+RKk(4) ) /4.
YO=(2Z(L)422(2)+22(3)+22(4)) /4.,
PR(L)=XC

«Z(5)=YC

-

v=1

1=4

LM(3) =y
NT=4
GU TUu 1lev

Ni=1

LM(3) =4

1=1

K=3

J=2

XC=(RR{L)I+RR(: )+RR(2)
YO=(ZZ(1)+Z22(c)+22(2)
RR{L)=RR(3)
22(%)=22(z2)

00O 200 NN=]1 N1
LM(l)=z¢*]~1
LM(J)=2%9~1
ULLI=Z2Z(J)=2Z2(K)
Ule)=22(K)1=-2211)
UEs)=272¢1)-721J)
V(1)=RR(K)=PP(J)
VIZ)=RR(1 =Rk (K)
V(2)=kR(J)I=KR(])
ARFAZ(RROJIFUTZ)+RROIIRL(LISRRIS )*ULS)) /. W

VOL=VIIL+ARFA

CUMM= o2 /ARFA

XNT=NT

LOM=2./7XNT

CUM=CUMR( (MM

DU 180 L=sl,Z

11=LM(L)

STCLel1)=LT(La1 1) +U(L) *CLM

ST (e 1141)3SH 02,1+ )+VIL)I*COM

CTU3,11)=5T(3,11)+V(L)*COM

ST(391141)=ST(5,11¢1)+U(L)*CUM

G 180 M=143

JJd=LM(M)
SE11edd)=SCLLadU)+(UILIRCLLyL)RGIMISVIL) #CLZ43)%V (M) ) RCUMM
SUILgdd+l )=SCRT 400+ +(ULI*C Ly 2 )R V(M)+VIL)I*®LI3,3)*U(M) ) (UMM
SUI1414JJ4L) =50 1041y dd+ 1) +(VILIRCOL 1) XVIMIFULLI*C (3,3 )%U(M) ) R(L MM
S(JI+ 111025011 ,400+1)

)/
)/

2
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tLEM1O0L 180 CUNTINUE

3 FLEM102 I=y
£ ELEMIGCS J=J+1
: ELEMLO4 200 CUNTINUE
; ELEM105 IFCIXING3)atlaIXINy4) )GE TD 250
i ELEM1UG6 0U240 1=1,2
L LLEMLOT Kk=10~-1
ELEM1OB DG 240 K=1,KK
ELEM109 CC=S(RK+1y KD /SIKK+L o KK+1)
ELEM110 00 230 J=13 ,
ELEMIL1L 230 ST(JyK)I=ST(JyK)=CCHST(JsKK+1)
ELEM112 DO 240 J=1,KK

ELEMLL13 240 S(J9KI=S(Jyk)=CL*S(JKK+1)
LLEMLl14 250 CONTINUE

T S B0
e VR b o o s S s o 8

FLEM11S IF(LLL.EG.L1) GU TU 400
E tLEML16 SIG(1)==SIGI(Nya)
b tLEMLL?7 SI16(2)==51GI(Nyb)
ELEM11H SIG(3)==S1GI(Nyo)
i ELEML1lY GO0 TU 500
i ELEM120 C * & % ¥ ¥ ¥k ¥ ¥ % ¥ % ¥ ¥ ¥ ¥ x ¥ ¥ ¥ ¥¥ ¥ % ¥ & ¥ ¥ ¥ & ¥ ¥ ¥ ¥
J i FLEMIZ1 C INITIAL STRESSES ADDED TO IHE CALCULATED STRESSES
s ELEM122 C * ok &k & %k ¥ ¥ ¥ k & & %k & & ¥k % & ¥ k k% ¥ % ¥ ¥k & & ¥ ¥ & & ¥ &
i ELEM123 400 DT=TEMP-C
@ i ELEM124 OX=tE(35)*DI
i ELEM12Y DY=FE (3)*DT
- ELEM126 C
e ELEM127 C INITIAL STRESSES CALCULATES TOTAL HEIGHT =48 FT. AND VALUF OF
”; i ELEMIZS C COEFFe KD =Ga2 ANO UN1l WEIGHT = 15GC FOK ALL MATERIALS

FLEM129 SIGI(Ns2)= ~I5C.0 * (8840 ~ YC)
ELEM130 SIGLINy1)= 0.2% SIGI(NyZ)
FLFM131 SIGI(Ny3)=0.u
g LLEM132 €
i ELEM123 SIC(1)==C(1y1)%DX~C(1;2)¥DY+S1GI(Ny1)
3 ELEM134 SIGIZ)==Cl2y 1) #LX=C (242 )#¥DY+SIGI (Ny2)
: ELFM135% S16(3)=S161(Ny3)
ELEM136 ¢
ELEM137 %00 DU 20 I=1,8
LLEMI 3B PUIV =00
ELEM159 DU 510 J=1,3
LLEML4U 510 P(ID=P{I)=ST(dyI11#51G(J)
ELEM141 520 P(I)=p(1)*vOL
ELEM142 IF(LLL.EGe1) GO TU 540
ELEM143 00 530 I=1,3
ELEM144 530 SIG(1)=0.0
ELEM145 GL TU 600
ELEM146 540 MM=4
! ELEM147 IFCIXUNG3)aEQIX(Nyu)) MM=3
E ELEM148 XMM=MM
o ; ELEM14Y DY=VUL*ACELZ*KD (MTYPE )/ XMM
% ELEM150 DX=VOL*ACELR*KU(MTYPE ) / XMM

20
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POR e

AT

LLEMES)
FLEMLG
ELEM1]
ELEML54
ELEMLSS

DU L5V I=lyMM

P21 Plan] ) oDy
950 Plo*i=1)=P(2%]1=-1)eDX
600 RETURN

LN

21
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K i
i 1 y
- 5
i STRS 1 SUBRUUTINE STRESS(LyZ o URyUZoTyPRySIGIyCODEeCUAyByIXs IBCyJBC) 1 f
] STRS 2 IMPLICIT REAL*8(A~H,0-2) >
4 S5TRS 3 COMMUN AA(10000),1A(1500) y b
E i STRS 4 CUMMON/ONEZACELKyACELZ y TEMP ¢ Qo TOL VOL y NUMNP y NUMEL ¢ NUMMAT s NUMPC o ? ol
3 5TRS 5 *MTYPE ¢ LLL oN yMBAND ¢ NUMBLK 9 K2K ¢ NCHECK ¢ NPy NL 4N FG oHED (1 6) ¢ NPC 4 t
STRS 6 COMMON/THWO/ZC(393) 9S(L0910)3SIGIE) 9PUB) pSTU3910)4RRISI$ZZIED 9XCoYCy 3
STRS 7 *EE(3) gLMI4) o E(594910) yROC10) JNTCULO) yMTC(10) 2
STRS 8 COMMON/ THREE/MIUT yNTOTyNLLyMay STOP 8
STRS 9 DIMENSION R{NUMNP) 4 ZINUMNP) o UR (NUMNP ) yUZ (NUMNP ) » TINUMNP) 4 PR INPC ;D)
STRS 10 *ySIGI(NUMEL y6) y CUDE (NUMNP )  IX{NUMEL ¢ 5) » IBCINPC)  JBC INPC)
STRS 11 DIMENSLON CU(NFU)y AINLyMBAND) 4 B(NEQ)
STRS 12 FOR = 0.0
STRS 13 MPRINT=0
STRS 14 D0 600 M=1,NUMEL
STRS 15 N=M i
STRS 16 MIYPE=IX(INyY) i
STRS 17 SIGI{Ny4)=0. -
STRS 18 SIGI(Ny5)=0. i P
STRS 19 SIGIINy6)=0. i
STRS 20 IFUIXINy3)oNELIX{Ny2))GO TO 90 -
STRS 21 ISIX{Ny1) i
STRS 22 J=IX{Ny 2) A
STRS 23 XC=(RIIV#RIJDI I/l 4
STRS 24 YC=(Z(I)+Z(J) V7240
STHS 25 DX=RUJ)=R(I) | ,
STRS 26 DY=21J)=Z(1) k.
STRS 27 XLEDSQRT(OX2%2+LY%%2)
STRS 28 OU=BI2%J-1)~B(2%]1~1)
STRS 29 LVeb(2%J)—B(2+])
STRS 30 DL=OV*DY/XL+DURLX /XL |
STRS 31 SIGIL)I=E(L a4y MTYPE)HRDL*E(T 92y MTYPE)ZXL+SIGLINyL)SE(L o4 MTYPE) |
5TRS 32 IE(SIG(1) «6T.0.) GO TO 100
STRS 33 SIGLING1)=SIG(1)
STRS 34 GO TO 500
STRS 35 100 SIGI(Ny4)=E(LyZoMTYPE)#DL/XL+SIGI(Ny1) i
STRY 36 SICEING LY =0,
STRS 37 GO TO 420 ! .
STRS 38 90 CALL ELEMEN(RZyURyUZyTyPRySIG1oCODEyCUy Ayl IXyIBL,JBC) | 8
STRS 39 MM=z4 | 4
STRY 40 IFCIX(N93) oNEIX{Ny4))GO TO 170 | o
LIRS 41 MM=3
SIRS 42 170 DO 180 I=1,3 | A
LIRS 43 RR(1)=U, B!
SIRS 44 DU 1BO J=14MM 4
STRS &b Il=zvd ! ;
STRS 406 JU=2%1X(NyJ)
STRS 47  1BC RROID=RROIDI+STOI II)RE(JIN+STLI, II-1)%E{JJ~1) o
STRS 48 DU 190 I=1y2 ! il
STRY 49 DO 18% J=1,3 ho

5TRS 50 185 SIG(1)=S1GLI)+C{I,J)*RR(J) i
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B I SRS
A $TRS

# STRS
SIRS
SIRS
e b STRS
K STRS
g3 SRS
STRS
STIRS
i STRS
i LIRS
A STRS
STRS
SIRS
STRS
STRS
STRS
STRS

RN

SIKS
STRS
STRY
5TRS

‘ LIRg
4 LIRS
! SIRS

STRS
STRS
STRS
- STRS
¥y STKS
b STRS
s STRS
39 STRS
SRS
STRS
S1RS
S TRS
STRS
STRS
STRS
SIRS
' STKS
‘A STRY
. SRS
2 STKS
STRY

T S

o B i

STRS

SIRS
j

v

94

STRS1I0U

190

19¢
19%

200

370

«00

“w20

%50
500

r
wn
o

S T S £

CUNTINUL

JIFELLLeFULL) LD TO 195

DG 192 12143
SIGi1)=SICCLII+SIGH{Ny L)
CONTINUE

CC=(S1GIL)+5LLIL) )/ L0
PR=(SIG{1)=S1u(2) ) /2.
CREDSURT(ILR¥RZ4510L(3) %)
516{4) =CC+CR

$16(5)=CC-CR

S16(6)=2,0
IF((BEEU . Gel e AND o SILI3) eFBal o)) GO TL 00
SIGL6)E2B . bub*DATANZ ' SIG(5) 4bB)
OX=0eU

SIGH(Ny1)=25161(1)
SIVL(Ny2)=516(2)
SIGLING3)=51013)
lF((SlG(h).Lf.OD.UR.(MTC(MIYPE)-EQ.OD) (u TL »C0
1E(S1G(5) «6LeLaUO0OL) GL TU 370
EPS=S1G(6)/57.296

CC=LLUSIEPS)

5S=OSIN(LPS)

(e=0C%CC

§2=55%58

5C=55%(LC

DX=FE(2)RSICL4)

SIGI{Ny&4)= SaUlu)*LeeDX*S2
SIGLINGS)Y= S1G(a}*S2+4DX*CL
SIGI(Ng6)=51014)*5C-DX#5C

GO 1L 400

SIGLINga) =10

SI6GHING5) =816 (2)

SIGI{NG6)=S1GEL)
SICEHING L) =SEL(L1)=S1GE{Nyw)

SIGEINg2) =51G(2)=STGCHINy I
STGHINY 3 =510 (32)=51G1(Ny)
DX=SIGL{Nya) *¥24SIGIINy5)x¥ +SIGLINy A )&%
DA=DSGRTLNX)

JF (DX eLEFURY GUL TU 450

LJk=N

FUR=DX

CCNT INUE

JFAMPRINT Nt ou) GG TO 550
WRITE(6,20L0U)

MPRINT=50

MERINT=MPRINI-1
th‘E‘bv?bLl)Nny'YC'(slb(l'vl=1'b"ox
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3 STRS101 600 CUNTLNUE

: STRS102 WRIVE (62002) FORy 1JK

' STRS103 1F (FORLLE.TOL) NCHECK = ©

4 STRS104 RETURN

£ STRS105 2000 FORMAT (THLEL.NC. 7X LHX 7X 1HY 4X BHX=-STRESS 4X BHY-STRESS 3X
STRS106 1 GHXY-STRESS zX 1OHMAX=SIRESS 2X 1OHMIN-5TRESS TH ANGLE 2X 17HUNF

{ STRS107 ZALANCED FURCF )

4 STRS1U8 2001 FORMAT (17,2FB.2y1PSEL24490PLFT4291PE20.4)

1 STRS109 2002 FORMAT(30HOMAXIMUM UNBALANCED FORCE =  t12.5916H IN FLEMENT NO.

b STRS110 1 15)

STRS111 END




A T

MLy
Many
LNy
MDY
MULY
MODY
MODY
MUDY
MLODY
MUnYy
MULDY
MODY
MUDLY
MODY

DDNC VPP e

10
11
12
13
14

Z30
¢35
24U
250

SUBFOUEINE MUEGEFY (A RNEQ ¢MEAND ¢ N}
IMPLICHT FLAL#E (A=HyU=2)
UDIMENSTUN A (NI QyMRAND )
DU 250 M= ¢MhAND

KEN=M4+)

TEARL (35452354250

E{KyM] = La0U

K=N+M=~]1

LEINEQ=K]) 25042404240
A(NyM) = 0.0

COUNTINUE

A{NyLl=1l.0

RETURN

ENUL
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LUAD
LUAD
LOAD
LuAL
LOAD
LOAD
LOUAD
LOAD
LOUAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LUAD
LUAD
LOAD
LUAD
LOAU
LOAD
LOab
LOAD
LOAD
LOAD
LOAD

LUAD ¢

LOAD
LOAD
LUAD
LUAD
LOAD
LOAD
LGAD
LUAD
LUAD
LOAD
LUAD
LOAD
LUAD
LOAD
LOIAD
LOAD
LOAD
LUAD
LUAD
LUAD
LUAC
LUAD
LNAn

P b Pt e B fut P b Pt s
CO"OCVPWN=COCTNCUTIHWNLO

WRNRNNR RN
OCL TNV —~C

w W
LN

32

34

50

L0
>00

320

330

SUBRUUTINL LUAUCR ¢Z oyURGUZ 9 ToPKeS1G19CUDE +CU9A 4By 11Xy 1BC,yJEC)
IMPLICIT REAL*B(A-H,0~2)

CUMMUN AA{10CLU},1A(15C0)
COMMUN/ONE/ZACLLRyACELZ o TEMP Qo TUL » VOL yNUMNP ¢ NUMEL ¢ NUMMAT o NUMPC o
¥MTYPE g LLL oN yMBAND  NUMBLK y KKK ¢y NCHECK ¢ NP ¢ NL ¢ NEU 9y HED { LB} ¢ MPC
CUMMUN/THO/C (3431 9S(10910) 451G(6),PL8B)45TI3910)9RRI5)$ZZ(5)4XCo Y,y
HEE(3) gLM(4) ot (D949l 0)9ROMLIC)(NTCLLO) 4MTL(IC)
COMMON/ZTHREE/MTOT¢NTOTyN1 Ly M&STOP

DIMENSION R{NUMNP) s ZINUMNP ) g UR {NUMNP ) yUZ (NUMNP ) s T{NUMNP } 4 PR{NPC 42)
*yS1G1(NUMEL +6) 9 CODE (NUMNP ) o IXINUMEL95) » ILR.{NPC) 4y JBC (11PC)
UIMENSION CU(NEQ) o AINLyMBANDY 4B INEQ)

DO 50 N=1,NUMNP

B{2#N<~1)=UR(N)

BI2*N)=UZ(N)

URIN)=0.

UZ(N)=0.

CUNTINUE

IFC(NUMPCsELsU) sUR(LLL&GTSL)) GU TU 300

DU 200 L=14NUMPC

I=1BC(L}

J=JdBC(L}

DR=Z(1}=2(J)

bZeER(J)=R(1)

PPE=(PR{Lo2}+FRIL1))/E.

PP1lePP2+PR{Ly1) /6.

PP2=PP2+PR(L,2) /6.

11=2%]

Jd=2%y

Bll1I=-1)=b(1l1l-1)+PPL*DK

BUIN=B(IT)+pPPL*0Z

B(JJ=11=B{JJ=1)+PP2*DR

REIJ)=B{JI) +PP2ZRDZ

CUNTINUF

UL 70U N=1,NUMEL

I=I&(Ny 1)

J=1AINy 2}

KeIXi{Ny3)

LeIX{Ny&)

MTYPE=IX{NyY)

IF(SIGIINy«) «NELOL) GL TO 3.0

IFESIGI(NgS}oNF O} LO TU 320

IF(SIGI(N,6)oNELOW) GU TU 320

IF(LLL.EQel) wU lu 220

GO TU 700

CONTINUE

IF(LLL.EQ.1) GO 1L 330

IFIMTC(MTYPE)}.FU.0} GO TU T00

IF(J.EQK) GU TO 500

CALL ELENSN(R9ZoUR9UZoToPRoSIGLICUDF9CLUsArBalXelRBCyIRC)
GU TCL 600

26




s, g SRR = S A g g"‘;..a .
o
= CALL UINED(Ry2ZyURyUZ 9 ToPRyS1G1yCODEZCUpAgby IXyIBCy IBL) i
4 LOAD b2 DX=R(J)=K(1) E
LOAD 53 oY=2(J)=z(1) E
LUAD 54 EP==S1GI(Ny4) 7L (142,MTYPL)
LUAD 55 OX=DX*EP |
LOAD 56 NY=DY *EP [
LOAD %7 PU1)=S(1e1)*¥DX+5(1s2) #DY
LOAD 58 Ple)=S(2y1)*UX+S(Zy2)%DY S
LUAD &9 P(3)==P(1) =i
LOAD 60 Pl4)==P(2) ;
LOAD 61 600 DO 620 1l=144
LUAD 62 620 LM(11)=2%1X(Ny11)=1 |
LOAD 63 D0 650 JJ=ly4 :
LUAD 64 11=LM{yd)
LOAD 65 BO11)=B(11) +P(L%90=-1)
LOAD 66 650 B(1142)=B(11+1)+p(244J) 8
LOAD 67 700 CONTINUE :
LUAD o8 DU 750 N=1,NUMNP
LUAD 69 IF(CODE(N) okWoGe) GO TU 750
- LUAD 70 IFC(CUDE(N) ok Uele } o ORo (CONE(N) sEQe34)) bB{2%N-1)=U.
4 LUAD 71 IF((CODE(N) eEveZe) oURICONE(N) sEQe3s)) B(2%¥N)=0.L .
& LUAD 72 750 CONTINUE 4
- LUAD 73 800 RETURN
i LOAD T4 END ! £
1
By
g
v
q £a
b
i
k1
2
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e

SYMB
SYMB
SyMB
SYMb
SyMB
SYMB
SYMB
SYMB
SYMB
SYMb
SYMB
SYMB
SYMB
SYMB
SyMs
SYMB
SYMB
SYMa
SYMB
SYMB
SyYMa
SYMB
SYMB
SYMB
SyMB
SYMB
SYMHB
SyMb
SYMB
SyMB
SYMB
SYMB
SYMB
SYMB
S5YMB
SYMB
$YMB
SYMB
SyMs
SYMb
s¥YMB
SYMB
SYMB
SYMB
SYMB
SYME
SYMb
SYMs
SYMB
SYME

e
SO0 OOV WA=

-
W

-
0 -y o

20

NN
AN

39
40
41
42
43
44
45
40
«“7
48
49
50

AR

[aX al

1000

100

125
c

150

200

250

275
300

2000

c
c

400

4eh

Y S e s

78 &
e

SUBROUTINE SYMBAN(NGy Ay by NEQ,MBAND g NUMELK y KKK )
IMPLICIT REAL#B(A~H,(=2)

DIMENSION A(NGyMBAND) B (NEQ)

NN&eNG/ 2

NL=NN+]

NH=NN+NN

REWIND 1

GU TO (1000,2000) yKKK
REWIND 2

NE=0

GU TO 150
NB=NB+1

DO 125 N=1,4NN
NM=NN+N

DO 125 M=1,MBAND
AINJMI=A{NM,M)
A(NMy,M)}=0,

IFINUMBLK=NB)} 150,200,150
READ (2} ((A(NyM)yM=1,MBAND)} yN=NL yNH)
IF(NB) 200,100,200

DO 300 N=1,NN
IFCAIN,1).EQ.0.)GU TO 300
NO 275 L=2,MBAND
IFCA(NyL}LEQaUs) GU TO 275
C=A(NyL)/A(N, 1)

I=N+L-1

J=0

DO 250 K=L,MBAND

J=Js+l

Allyd)=A{ I'J)-C*A(NQK)
A{N,L)=C

CONTINUE

CONTINYE

WRITE(LY ((A(NyM)} M=1,MBAND} yN=1,NN}
IF(NUMBLK.EQ.NBIGC TU 900
Gu TO 100

NQ=0

NB=0

GO TUu 450
NB=NB+1

DO 425 N=1,NN
NM=NN+N

DO 425 M=1,MBAND
A(NyMI=A(NM,M)
A(NMyM} =0,
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LEANUMBLKGEUSNBILL TL 500
RLAU (1) ((A(NyM) oM=L yMEAND) ¢N=NLyNH)
TRiNSEQeCILL TU 400

DO S50 N=1yNN

J=NY+N

DU Y40 LzgyMeAND

I=JeL~1

TFANEG=1) bHa5,5409540
LEDI=b ()l =A(N,L)*sB(J)
IFCAINy 1) ot0etia) B{Nyl):1l
B{I)=blJI)Z7Aa{Nys)

1r INUMBLK=Nb) 60U0s65Uy600
NCENC+NN

Gl 10«00

BACKSP. CF 1

DU 750G M=1,NN

N=NN+1-M

JENG+N

DU 750 L=Z2yMLAND
TFEAIN)L) cEQeUe JGU TU 75C
l=J+L=1

TFINEC.LTW 1)L TU TSU
bBlJ)=L{I)~AIN,L)*E(])
CONTINUF

NLU2NB-1

IFINRLFCL0) LU TU 900
BALKSPACE )

LU 400 N=]1 4NN

NM=NN+N

DU 8OC M=1lyMbAND
A(NM M) =A(NyM)

A{NyM)=0,
REAOELICCA(NyM) ¢M=]1 ¢MBANU) yM=1 ) NN)
CALKLPACE )

NL=NQ~NN
6L TG 700
RFTUKN
END
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CHAPTER II: ELPL - A Computer Program for Plane
Strain Analysis of Stresses, Dcformations and
Progressive I'ailurc in Flastic-Perfectly
Plastic Rock

2.1, Purposc and Capability

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

progressive failure in elastic-perfectly plastie material following gencralized Mohr-Coulomb

yield eriterion, and the incremental thecory of plasticity. Arbitrary initial stresses, arbi-
trary sequence of exeavation and construction, arbitrary history of load application can
be simulated, One-dimcnsional elements with preseribed prestress can be inetuded in the
analysié, The computer program is applicable to study of stability of underground or sur-
faee exeavations, cvaluation of alternative schemes for cxeavation, eomparative study of
support stresses and deformation,

Theoretical development ineorporated in the program is discussed in Part I-
Teehnical Report, of this report,

2.2, Program Organization

The computer program is in Fortran languagc., Tapes 1 and 2 are used as scraten
files. Tapes 5 and 6 are the input/output files. The listing in section 2.5 uses double
prceision for real numbers, The program capacity can be altered by changing the dimen-

sion of arrays AA and [A, These correspond to the total locations required in double pre-

eision real arrays and intcger arrays respecctively, NTOT, MTOT at lines MAIN 28, MAIN

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

The program eonsists of the following units,
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a, MAIN

In this unit, the control infor.mation 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. Subroutinc INPT

This subroutine is called by thc unit MAIN, The first step is to rcad in material
property data, for all the different materials that may participate in the system at any
stage. Also nodal point coordinates, loads and codc on boundary eonditions arc read
in or generated. Element geometry, initial stresses and element thickness is also rcad
in or generated, The initial stresscs 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 thc system stiffness
matrix are defincd, After defining these controls, the incremental structure is analyzed
in steps. For each step thc 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 clements added or changed in matcrial properties, the number of nodal points
removed or added to the system in the step considered, the thickness of clements added,

are read in. Additional information dcfines whether a step involves excavation or construe-

tion. At any step, several changes ean be simulatancously introduccd into a structure,




gl g

For example, addition of several sets of elements of differcnt materials, changes in
material properties of other elements, removal of certain clements can all be intro-
dueed simultancously if desired. Ior each step the boundary pressures are read in,
Aftcer all the information is assembled, the solution process is transferred to sub-
routine SOLVE,

e. Subroutinc SOLVE

This subroutine ealled by INPT is concerned with obtaining the strcsses and
deformations at a given stage of the incremental structurc allowing for progressive
failure, To trace the progressive failure, the solution process traces a sequenee of
elements reaching yicld under the loads applicd, This sequenec of yicld is associated
with a proportion of the load application and is described in the nutput as suecessive
approximations with inereasing 'stress ratio.' The proeedure 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 clement 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 preseribed displacement boundary conditions, Solu-
tion to the stiffness equations is obtained in subroutine BANSOL and subroutine STRESS
defines the stresses, the stress ratio, the sealing of stress increments and the control
for eontinuation of progressive failure analysis,

d. Subroutine ONED

This subroutine generates stiffness of one-dimensional elcments as wcll as the
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forces corresponding to the unbalanced stress dcfined by the difterenee in total load
application and the load taken by the system in the current approximation in progres-
sive failure analysis.

c. Subroutinc QUAD

This subroutine gencrates the stiffness for two-dimensional elements (quadri-
laterals or triangles), For the current load inerement, an element is cither elastic
or has rcached yicld and is plastic, Thc subroutine STRSTR is called to obtain the
stress-strain relationship, Gravity loads, and loads corresponding to unbalanced
stress arc generated in this subroutine,

f. Subroutine STRSTR

This subroutinc is called by QUAD and also by STRESS, It defines the stress-
strain rclationship for the clastic or plastic materials as the case may be, For the

elastie case the relationship is

oy 1 VI €x
E*
Ty = 2 v 1 0 éy
1 -y*
Txy 0 0 > ‘)'xy
and o, " V(0 + cry)
where Ex = Ez , V¥ = 2
1-v 1-v

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

elastic material, If anisotropy is to be considcred, the above rclationship ean be modi-

fied to refleet that property,
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For the plastic domain the stress-strain relation is
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K bulk modulus =
Jl‘ B Uy be, - first invariant of the strcss tensor

Jo = the second invariant of thc stress deviation tensor.

g. Subroutine MODITFY

This subreutinc is called by the subroutinc SOLVE to modify the stiffness matrix
for prescribed displacement boundary conditions. The modificd mairix is returned to
SOLVE.,

h. Subroutine BANSOL

This subroutinc callcd by the subroutine SOLVE solves the stiffness cquations
by gaussian climination using auxiliary storage files 1 and 2, Results are stored in
B array ana returncd to SOLVE,

i. Subroutine STRESS

This subroutine is called by the subroutinc SOLVE after displacemcnts corre-
sponding to a load increment have bcen computed,  As a first step the cntire load is
assumed to be applicd and the resulting stress state checked for possiblc excursion
beyond yicld, If the total load application shows an clement passing from the elastic
to the plastic stage, the stress ratio is computed as explained in Part I-Teclnical

Report, The minimum stress ratio of all clements corresponds to the least loadincrc-
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ment neeessary for at least one more element to pass from elastie to the plastie range.
The stress ratio also has to be sueh that elements previously on the yield surface do
not depart from this surface by more than the designed tolerance. To avoid unnecessarily
lengthy eomputation, the ratio is kept above a eertain minimum. Elements yielding with-
in a small fraetion of the load corresponding to the stress ratio are assumed also to have
become plastic for the purpose of subsequent eomputations,
The stiffness for elements in plastic range is stress dependent. Thus over an
inerement of load the stiffness will change. Noting that plastie yield is,in general,loecal
in eharaeter, it is reasonable to assume that the ehange in stiffness will affect the stress
without significantly altering the strains or displacements. An iterati\‘/: proecedure is :
included to allow for this, Also to determine whether elements initially in plastie vange
unload elastieally in a non-monntenie loading sequence, a pilot analysis is earried out,
assuming all elements to be elastie, whenever the strueture geometry is ehanged or a
new loading applied, Details of these proeedures are discussed in Part I-Technical Report, [
After evaluation of stress ratio, the correet stresses in all elements are ealeu- |
lated eorresponding to yield of the next group of elements. The difference between the

ineremental stress eorresponding to the total load inerement and the stress allowed by

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

iteration, E
A
2.3. Input Data 3

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

formual; i
2
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a. First Card. Job Title (18A4)
This eard carries a deseriptive title to identify the job,
b, Seeond Card, Control Information (415, 2F10,2, 3I5)

This eard earrics the control information for the problem being solved,

Information Columns
Total number of nodal points (NUMNP) 1-5
Total number of clements (NUMEL) 6-10
Number of different materials (NUMMAT) 11-15
Number of pressure eards (NUMPC) 16-20
Aeceeleration in X-direetion (ACELR) 21-30
Aceeleration in Y-direetion (ACELZ) 31-45
Total number of exeavation and construetion steps (NSTEP) 46-50
Code to designate whether initial stress is being fed as data 51-55

or will be evaluated before the first step (MCASE)

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

Maximum number of clements/nodal points removed or added 56-60
in any one step (NMR),

e. Material property eards
One set of eards will be provided for each material, Each set will consist of
the following cards:

i, Iirst Card (I5, ['10,0)

Information Columns
Material identification number (MTY PE) 1-5

Mass density of material (RO) 6-15




3 '
ii, Seeond Card (5F10,0) for two-dimensional element f J
] B
Information Columns
Elastic modulus 1-10
Poisson's ratio 11-20
E Cohesion 21-30 ‘
.'.' i ":
Angle of internal frietion in degrees 31-40 x
| o
g 1
i lif. Sceond card (5F10,0) for one-dimension.! clement ! ¢
14 § :‘:
3 Information Columns k-
g Elastie modulus 1-10 ,é
£ ;
t Poisson's ratio 11-20 3
! e
é Code = 1, if element is prestressed 21-30 ‘ :
i = 0, if element is not prestressed i )
Allowable eompressive strength of the material if the element 31-40 ;!
. has prestressing (eode = 1) ! b
il ("'
. Area of one-dimensional element 41-50 E
d. Nodal Point Data (I5, F5.0, 5 F10.0) § :
One card for each nodal point with the following information is provided. ! -
| 8
v Information Columns 3
'5; d‘ Nodal point number 1-5
;b
§ & Type of nodal point (CODE) 6-10
- | X-ordinate 11-20
3 5 i b
, 40 £
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Y-ordinate 21-30
X lcad or displacement (XR) , 31-40
Y load or displacement (XZ) 41-50

The code will be defined as follows:

CODE Implication

0.0 XR is the specificd X-load and XZ is the speceificd Y-load
1.0 XR is the specified X-displacement and XZ is the specificd 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-displaccment.

' Nodal point cards must be in numeric.! 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 sct cqual to zero, The X, Y coordinates will be linearly inter-

polated,

g e. Element Data (615, 51'10.0)

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

‘ Information Columns
Element number 1-5
Nodal point I 6-10
Nodal point J 11-15
Nodal point K 16-20
Nodal point L 21-25
Material type 26-30

Nodal points are labelled I, J, K, L counter-clockwise,
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Initial stresses:

Component in X-dircetion

il Nl e i e T

Component in Y-direetion

S—

Shearing stress in X-Y plane

Component in Z-direction

Thiekness of element (TH)

following card should be included; otherwise proceed to g,

Initial Stress Evaluation

i, First eard (18A4)

ey

This eard gives the deseriptive title of the step,

W

ey

ii, Second card (415)
Information
Number of nodal points in this step

Number of elements in this step

Blank

- Number of pressure boundary eards

42

31-40

41-50

51-60

61-70

71-80

If the eolumns for thiekness are left blank, thickness will be taken as 1.0,
Elements omitted from the sequenee will be generated. The material type and

thickness for generated elements is the same as for the preeeding element,

f, If the initial stressces are to be evaluated (i.e. if MCASE = 0 in eard b), the

Columns

AR

LS

PR A N S (P
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g. Incremental Step Information 4

4 One set of cards wiil be provided for each step of construction or dismantling
as follows: 3
‘ i. First card (18A4) '
This eard will give a descriptive title of the step, .‘
‘ ii, Second ecard (101I5)
[
Information Columns (
Number of nodal points in this step 1-5
Number of elements in this step 6-10 ;
: , Number of elements removed/added 11-15 1
» Number of pressure boundary cards 16-20 1
3 Material type of new elements 21-25 ;_
Code = 0 for dismantling 26-30 _
‘. = 1 for construction .

: Number of nodal points removed/added 31-35 ,
] If in addition to adding/removing elements, it is desired to change the material 1
:" 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 4
If it is desired to add, remove two material types in one step, use columns 46-50, 7
KMORE = 1, another material is being added/removed 46-50

= 0, no other material is being added/removed, ;

! iii, Elements removed/added (1615) E
i 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 eolumns 11-15 in eard ii,
43 !
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iv, 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 vi,
vi, Pressure boundary cards (215, 2F10,0)

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

Information Columns
Nodal point I 1-5
Nodal point J 6-10
Total normal pressure at I 11-20
Total normal pressure at J 21-30
.
J

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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2,4, Output information

The following information is developed and printed by the program:

a,

b,

Reprint of the input data
Cumulative nodal point displacement after each step
Stresses at the center of each clement after each step

Stress ratios for elemeit= which can yield with full application of the
balance load

The strss ratio applicable for any iteration and the consideration leading
to its determination c,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,

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

The next group of clements reaching yield

The failure ratio for each element,




2.5, Fortrmm Losting

e S o S B R S A

MAIN 1 ¢C *  FINITE FLEMENT ANALYSIS OF ELASTIC-FERFECTLY PLASTIC *
MAIN 2 C *  MOHR-COULOME SULIDS UNDERP PLANE STRAIN. INCREMENTAL *
¥ MAIN 3 C *  CONSTRUCTION FXCAVATION AND INITIAL STRESSES ARF »
4 MAIN 4 C *  CONSIDEREN. A 4=-CST QUANRILATERAL FLFMENT 1S USFD. »
1 MAIN & C *  THE FURMULATION 1S DOCUMFNTEN IN THF FINAL RFPORT »
. MAIN 6 C ®» DN CONTRACT HO210017 BETWEEN THF OHIO STATE UNIVERSITY ..
: MAIN T C % AND THF UNITFD STATFS BURFAU OF MINFS SUPPORTED BY *
£ MAIN B C *  THF ADVANCED RESEARCH PRNJECTS AGENCY. *
; : MAIN 9 C *  PROGAMMFRS:  R.D.SINGH AND K.J.SINGH »
A MAIN 10 IMPLICIT REAL*B(A=H,0-7)
¥ ¢ MAIN 11 COMMON/TOTAL/ AA(30000), 1a(7000)
- MAIN 12 COMMON/ONF /NUMNP y NUMEL yNUMITAT yNUMP €y NPMAX g NELMAX y N o tiNi o KKK o KLK
i MAIN 13 . ISHIFTyMBAND s NRAND yNUMBLK yMTYPF yNCASF yMC ASF 4N MR oNL ¢NPP o NFD yNPC
& MAIN 14 3 s NP yNSTEP ¢NCUDF
MAIN 15 COMMON/THO/ PR (5) 3 22(5)3SE10410) 4P {10) ST(3410)4C(444)4SIG(T)4FF{4)
; MAIN 16 s yTITLE{18) ySR1,SR24XCyYCoACELRyACELZyBCELR,RCELZ,VNL
MAIN 17 COMMON/THREE/STOP yMTOT yNTOT N1 3,N14 M8
MAIN 18 C
MAIN 19 C ACELRyACELZ ARF RNDY FORCE INTENSITIFS. MCASFE IS INPUT A4S
MAIN 20 C ZFR0 IF INITIAL STRFSSFS HAVF TD RF COMPUTED AS PART OF
MAIN 21 C THE ANALYSIS.
MAIN 22 C
MAIN 23 READ(5,1000) TITLE oNUMNPyNUMEL yNUMMAT,NUMPC 4 ACFLR  ACFL2Z,y
MAIN 24 . NPyNSTEP,MCASF NMR
MAIN 25 WRITF (6,2000) TITLF yNUMNP ¢NUMFL 4 NUMMAT yNUMPC 4ACELR yACELZ 4NPy
MAIN 26 . NSTEP yNMR
MAIN 27 MTOT=T7000
MAIN 2R NTOT=30000
MAIN 29 NPC=NUMPC
{ “AIN 20 1F(NUMPC .£0.0) NPC=1
] PAIN 3t IF({NMR.FQ.0) NMR=1
! MEIN 32 NI=1
MAIN 32 N2 =N1+NUMNP
MAIN 34 N3=N2 +NUMNP
MAIN 25 N4=N3 +NUMNP
MAIN 36 N5 = N4+ NUMNP
MAIN 37 N6 =NS+NUMNP
MAIN 38 N7=N6+2KNUMNP
K, MAIN 39 NB=NT+S#NUMMA T
L MAIN 40 N9=NB+NUMMAT
k- MAIN 41 N10=NQ4+2%NPC
MAIN 42 N11=N104+E*NUMEL
MAIN 43 N12=N11+NUMFL
MAIN 44 N13=N12+NUMEL
MAIN 45 M1=1
MATN 4h M2EM1+5%NUMFL
MAIN 47 M3=M2+NUMF L
MAIN 48 M4=M2Z+NPC
MAIN 49 MS=M4+NPC
MAIN &0 M&=ME 4+ NMR




MALIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN ¢

MAIN
MAIN
MA TN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

H |
52
53
4
59
6

LY
59

60

&2
63
X
65
L&
67

69
70
71
12
73
T4
15
76
77

100

3000 FORMATIT70H

MT=M64+NMR

MA=M7+NMR

JJ=MR=MTOT
IF(JJ.LEL0) 6N 10 100
HRITFl64,200010)

CALL EX11
CONTINUF
NEO=2%NUMNP
CALL INPT  (AA(NII,AAINZ2) JAAIN3) JAAINGTAR(NA)JAAINA)JAAINT),
* AAINART AAING) JAAINIO) JAAINLL) JAAINIZT,y  TA(ML) o18(M21,
* TA(M2) 3 TAIMG) g TAIMS) s TA(ME) y TA(MT) ]

1000 FORMAT(1RA4/4]1%,2F10,244151

2000 FORMAT(1H1,18A4/
+AOHO  NUMBER 0OF NODAL POINTS 110/
+30HN  NUMRFR DNF FLFMENTS 110/
+30HO0 NUMPIR OF DIFF. MATERIALS 110/
<A0HO  NUMBFPR QF PRFESSURF CAPDS 110/
«29HN X~ACCFLERATION F1l.1/
«29H0  Y~ACCFLFPATION fFll.1/
+20HO  NUMBER OF APPROXIMATIONS 110/
«30HN  NUMRFR OF STFPS 1o/

J69H0  MAX. NN, DF NODAL POINTS NR ELEMUNTS ADDPD N9 REMAVED AT ANY

« STFP 15)

JLFFDS MTOT BY
STOP
ENDG
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INPT 1 SURROUTINFE INPT (R,Z,URyUZoCNDE 4BUFoR0PR 4 SIGI o THoER 4 IXMTAG,
INPT 2 * 18C 4 JBCoNUMR yNUMR 1y NNP)
INPT 3 IMPLICIT REAL*B(A-H,0-7)
INPT 4 COMMON/TOTAL/ AA(30000), [4(7000)
INPT & CNHAMON /ONF/NUMNP s NUMF L o NUMMAT o NUMPC  NPMAX yNFLMAX Ny NNN o KKK o KLK o
IN°T 6 b ISHIFTyMBANDoNRLND yNUMPLK yMTYPE yNCASE yMCASF yNMR o NL 4NPP yNEQ 4NPC
INPT 7 . +NP yNSTFP,NCODF
INPT 8 COMMON/ TWO/RR (514 ZZ(5)¢S{10,10)4P{10),ST{3,101sCl4s4) 4SIGIT) EFl4)
INPT 9 d s TITLECLIR)ySR14SR2yXC 9 YCoACFLRyACELZ RCFLR,BCFLZ,VOL
INPT 10 COMMON /THREE /STOP JMTOT yNTOT yN134N14y MR
INPT 11 DIMENSION R{NUMNP )¢ Z (NUMNP U7 (NUMNP ) o UZ (NUMNP) 4 CODE (NUMNP ) o
INPT 12 : BO(NEQ) 4E {5 NUMMAT } yRO(NUMMAT) 4PRINPC 421 4SIGI {NUMFL 81,
, INPT 13 5 THUNUMEL ) o FRINUMEL ) o IXUNUMEL 451 yMTAG {NUMEL ) 4 IRC (NPC}
. INPT 14 . JBCINPC ) yNUMR (NMR )y NUMR1 (NM® } o NNP {NMR))
; INPT 15 €
u INPT 16 C INPUT MATERIAL PROPERTIES !
: INPT 17 ¢
h INPT 18 DO 55 M=1,NUMMAT
£ INPT 19 RFAD (5,1001) MTYPF,RO(MTYPF)
b INPT 20 WRITE(6,2001) MTYPE,RQO(MTYPF)
i ] INPT 21 RFAD (5410021 (E(J4MTYPF),d=1,5) !
E | INPT 22 WPITE(6492002) (E{JWMTYPE) 4J=1,5)
b 0 INPY 23 55 CONTINUE
é INPT 24 C
3 INPT 25 € RFAD AND PRINT NUDAL POINT DATA
- INPT 26 C
. INPT 27 WRITE (6,2003) !
E & INPT 28 L=0
- INPT 29 60 READ  {5,1003) NyCODF{N)4R(N),2(N),UR (N}, UZ{N) ;
e b INPT 30 NL=L+1
A INPT 31 IF (N.FQ.1} G TP 70
INPT 32 IX=N-L '
: INPT 33 DR=(R{N)=R(L))/2ZX
: INPT 34 DZ={Z(N)=-Z(L}}/2X |
ol INPT 25 70 Lwl+1
E INPT 36 IF{N=L) 100,90,80 i
o ! INPT 37 80 CODE(L)=0.0
k- ¢ INPT 38 R(L)=R(L=1)+DP
E 1 INPT 30 Z(LI=Z(L-1)1+D2
7 INPT 40 UR(LI=0,0
. INPT 41 UziL)=0,0
3 INPT 42 G0 TO 70
] INPT 43 90 IF{NUMNP=N) 100,110,460
INPT 44 100 WRITF (6,2005) N
INPT 45 CALL FXIT
g INPT 46 110 WRITE (642006) ({KsCODFUK)yRIK) 9Z(K)oURIK)UZIK})oK=1,NUMNP)
- INPT 47 C ]
3 INPT 48 C °1AD AND PO INT FLFMFNT DATA
3 INPT 4o C §
INPT 50 WRITE (6,2006)

48
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] INPT 61 Ne( ] %
- INPI &2 130 RFAD (5,1004) Mo (1Y (Mgl)gI121,45) 3 (SIGTIMyT)g12104),THIM) 3
3 INPT 03 IF (TH(M).FN.0,) TH(M)=l,.0 b
; INPT &4 IX=M=N .
INPT &5 IF (N.EQ.U) 6N TO 140 i W
4 INPT 56 DO 135 Iriyb
8 INPT 57 135 SIG(1)=(SIGIIMeI)=SIGI (N, 1))/ 2X
INPT &R 140 N=N+1
INPT 59 IF(M,LF.N) &0 TO 170
INPT A0 IX{Ny 1) T IX(N=1,1) 41 §
INPT &1 IX{Ng2)=1Y(N-1,2)4+1 ¢ i
INFT 62 IXINe3)=IX(N=1,3)+1 i
3 INPT &3 IXUNg4 )= 1XIN=144) ¢} j A
i INPT 64 IX(NGS )= IX(N~1,%) i i
1 INPT 45 DO 160 Isly4 o
INPT A6 160 SIGI(Ng1)=SIGE(N=1,1)+SI1G(I) 4
INPT A7 THIN) =TH(N=1) g
INPT 6A 170 IF(M.GTN) GO TO 140 ,
(NP1 69 1F(NUMEL.GY.N) GO TO 130
INPT 70 WRITE(E+2007) (AN CIXINGT) o121 45) o (SIGIUNG1)gl=104)oTHIN)) JN=1 NUM |
INPT 71 . FL)
INPT 72 C
INPT 73 € INITIALIZATION OF UNBALANCED STRESSES AND CUMULATIVE
: INPT 74 C NISPLACFMFNTS
b INPT 75 C
INPT 76 NO 195 N=1,NUMFL
INPT 77 MTAGIN) =0
INPT 7R SIGI(Ny5)=0.
NPT 79 SIGIINSG)=D.
u INPT RO SIGI(N,7)=0, i
. INPT #1 195 SIGIINgB) =0,
: NP1 82 PO 200 N=1,NUMNP
] INPT R RO{2¥N=1)=0, i
INPT f4 200 BO(2*N)=0.
INPT RS
i INPT 86 C CALCULATE MAXIMUM BAND=WIDTH FOR THE INCRFMINTAL SYSTEM L
1 INPT RT C ]
5 INPT RA J=0 d
| INPT R9 NN 250 N=z1,NUMFL
4 INPT 90 DO 250 1=1,4
i INPT 91 DN 250 L=1,4 :
3 INPT ©2 KK=TAESCIXINGI)=1X(NyL)) i
) INPT 93 IF(KK.GToJ) J=KK 4
& INPT 94 250 CONTINUF
e INPT 95 NBANN=2% J+2
A INPT ©6 WRITE(6,3000) NBAND
1 INPT ©7 ¢
4 INPT 98 € CALCULATF BLNCKSIZF CONSISTFNT WITH AVAILARLF core
3 INPT wo ¢
. INPT1INQ MLEINTOT-N13+41) /(MNBAND+Y)
a9 )

a_.

g
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INPTIO NLL=NFQ+3

INPITOZ IFINLGTNLL) NL=NLL

INPTIN3 NL=NL/4

INPTIO4 NL=4*NL

INPT10S N14=N]3eNL

INPT106 NA=2#NPAND

INPTIOT NZ=NI3+NB+NEXNEAND -]

INPT 108 WRITE (644010) N2

INPTING IF{NZ .GT.NTOT) CALL EXIT

INPT110 IF (NL.LY.NE)} CALL FXIT

INPTlll 3 l........l..'l.'...l...l...ll..'..ll...l.lll......'.'l.....'.'.
INPTII2 o READ CONTROL INFORMATION FOR THE NEXT STFP IN INCREMFNTAL .
INPT113 o ANALYSIS
INPTII“ ll....l..ll.0........’..0...........l...lll.'....ill......'..l.
INPT115 NCASF=0

INPT116 IF(MCASE.NE.O) NCASE=1

INPT117 IF(MCASFE .NEL) MCASF=]

INPT118 300 READ(54100R) TITL?

INPT1I9 WRITF(6+2011) TITLF

INPT120 READ(S91009) NPMAX JNELMAX yNUMFR yNUMPC yMTYPF yNCNDE yNPMIS,
INPT121 . NUMFR1 yMTYPF1,KMOFF s THICK

INPTI22 IF(THICK.EQeDs) THICK:1,0

INPT123 IF(NUMFR.FQ.0) GO TO 310

INPT124 READ(S91007) (NUMR(N)y N= 1,NUMFR)

INPTI25 N1 305 I=1,NUMFR

INPT126 NUM=NUMR (1)

INPTI 27 TH(NUM) =TH1CK

INPT12R 20% CONTINUE

INPT129 310 IF(NPMIS.FQ.0) GO TO 320

INPT130 READ(5,1007) (NNP(M)y M = 1,NPM1S)

INPT13] 320 IF (NUMFR1.FQ.0) GO TO 330

INPTI32 READ(541007) ( NUMRL(N)N=1,NUMER1)

INPTI33

INPT134 DETERMINE BAND-WIDTH FOR THIS STEP

INPTI35

INPT136 330 J=0

INPT137 IF(KMORF.NF.0) GN TO 342

INPT138 DN 340 N = 1,NFLMAX

INPTI39 DO 340 I1=1,4

INPT140 DO 340 L=1y4

INPT141 KK=TABS(IX{Ny))=IX(NyL))

INPT142 IF(KK.GToJ) J=KK

INPTI43 340 CONTINUF

INPTI44 MBAND=2% 42

INPT145 242 JF(NPMIS.FQ.0) 6N TN 346

INPTY 4¢ NO 345 ! = |, NPMIS

INPTI4Y JENNP(])

INPT14R RO(2%4~1)=0,

INPTI4 BO(2%J) =0,

INPTIS0 345 CONTINUF
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INPTIS]
INPTIS2
INPT]S3
INPTIS4

PRINT CONTROL INFORMATINN FOR THE CURRENT STFP IN INCRFMENTAL i k'
ANALYSIS
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3 INPT155 346 IFINCODF.FQ.1) GO TU 410 o
& INPT156 IF(NUMFR,FQ.0) GOt TO 351
? INPTISTY WRITFL6 2017 INCASF ¢y NPMAX e NELMAX ¢ NUMPC o NPM IS MTYPE &
; INPTLSH . (NUMR (N) yN=1,NUMERT i
¥ INPT159 6N 10 352
g INPTIA0 2351 WRITE(6y2012INCASE yNPMAXyNELMAX ¢NUMPC yNPMIS,MTYPF | 4
: INPT161 352 IF(NPMIS.FC.O1 GO TD 420 - !
i i INPTI62 WRITE(642014) (NNP(M) M = 1,NPMISI ' i
5 INPT163 GO TO 420 i
; INPTI64 410 IF(NUMER,.EQ,0) GO TD 411 .
i INPT165 WRITE(692013)INCASFoNPMAX NELMAXy)NUMPC JNPMIS,MTYPF, A
i INPT166 . {NUMR (N) 9 N=1 yNUMER) 1
L 7 INPT167 6N TO 412 ;
A | INPT168 411 VRITE(692013INCASE s NPMAX o NFLMAX NUMPC (NPMIS MTYPE 3
INPT169  4]2 |F(NPMIS.FQ.0) 6O TO 420 $
INPT170 WYITE(6920141 (NNP(M) oM = 1,NPMIS) &0
INPTI71 420 CONTINUF B
INPT172 IF (NUMER1.EQ.0) 6O TO 440 k-
INPT173 WRITE (6420181 (NUMR1(N)yN=1,NUMFR11 :
INPT174 WRITF (642020) MTYPFI e
INPT175 440 IF (KMORF.NF.0) 6N TO 510
IMPT176 WPITF (6420251 MBAND E
INPT177 € 3
INPT178 € RFAD AND PRINT BOUNOARY PRFSSURFS, IF ANY
INPTIT9 C
INPTIRO IF(NUMPC.1Q.N) GO TO 510
INPTIR] WRITF (6420051
INPTIR2? N &S00 L=1,NUMPC
4 INPT18R3 RFAO(5,1005) JRCALIGJBCILTZPRILy11,PR(L,2)
; INPTIRG 600 WRITE(69200911RCIL) ¢JBCIL)4PRILy1) ¢PRUL 21 i
k- INPTIRE 510 CONTINUE \
! INPT1R6 C b
5 INPT187 € FOR FLEMFNTS PFMOVFD DR NFWLY ADDED IN THIS STFP o
4 INPTLRR C SFT INITIAL STRFSSES EQUAL TC ZFRN | ;.
i INPT189 C f 3
e INPT190 IF (NUMFR.FGQ.01 GO TO 601 :
o INPTI®] 00 €00 I1=1,NUMER !
: INPT19? NUM = NUMR(T)
§ INPT193 IX(NUM,5)=MTYPF | i
a INPT194 SIGIINUM,11=0,0 M
i INPTI95 SIGIINUM,21=0.0 ! -
i INPTI96 SIGIINUM,31=0.0 3
y INPTIOT SIGIINUM4) =6 .0 i b
INPT14R MTAC(NUM) =0 o
£ INPT199 600 CONTINUE | i
INPT200 601 IF (NUMFP1.FR.01 GD TN 610 ‘
51 £
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INPT201]
INPT202
INPT203
INPT204
INPT205
INRT20A
INRT207
INPT208
INPT209
INPT210
INPT211
INPT212
INPT213
INPT214
INPT215%
INPT216
INPT217
INPT218
INPT210
INPT220
INPT221
INPT222
INPT223
INPT224
INPT225
INPT226
INPT227
INPT?28
INPT220
INPT230
INPT231
INPT232
INPT 222
INPT234
INPT2235%
INP1236
INPT237
INPT?2H
INPT239
INPT240
INRT241
INPT242
INPT243
INPT244
INPT?45
INPT244
INPT247
INPT24R
INPT249
INPT250

i lalal

N0 606 1=1,NUMFR]
NUM=NUMR1(1}

fO06 IXINUM45)=MTYPE]

610 1F (KMORF NF.0) GO TO 300

EVERY ELEMENT IS ASSUMED ELASTIC AT THE START OF EACH STFP

SR1=1.0
SR2=0,0
NPP=NP
1F (NCASE.LT.I) NpPP=]
CALL SOLVE(P2Z UPoUZyCODE4BNWE yROGPRySIGIyTHyFRyAAINI3) JAA(NTIG),
* IXoMTAC, THC o JBC ¢NUMR 4 NUMR 1, NNP }
YFINCASF .LFNSTFP) GD TO 300
1001 FNRMAT (11%,1F10.0}
10072 FORMAT (6F10,0)
1006 FORMAT{AG)
1003 FORMAT (154F5.0,4F10,0)
1004 FORMATI6IS45F10,0)
1005 FORMAT (215,2F10.0)
1007 FOPMAT{1&15)
1008 FORMAT(18A4)
1009 FORMAT(1015,F10,.0)
2001 FOPMATY (1THOMATFRIAL NUMRFR= 13, 15H, MASS NENSITY= F12.4)
2002 FORMAT{16HOFLASTIC MODULUS 14X 2HNU 8X BHCOHFSION 2X 14HFRICTION A
oNGLF 2X 13HARFA FOR ONED /{2F16.543F14.5))
2003 FORMAT (I1IHINODAL POINT TYPE X DRDINATE Y NRDINATF X LD
«AQt OR DISPLACFMFNT Y LOAD O® DISPLACEMFNT PORF PRESSURF )}
2004 FORMAT (1124F12.242F12.342F24.T)
2005 FNRMAT (2AHONNDAL PNINT CARD FRROR N= I5)

2006 FORMAT{I09HIELFMENT NO. 1 J K L MATFRIAL X=<
«TRFSS Y=~STRESS XY=STPESS 2-STRESS THICKNFSS )

2007 FORPMAT(I124416,1112,5F12,3)

2008 FORMAT {(29HOPPFSSURF ROUNDARY CONDITIONS/ 40H 1 J PRFSS
«URF 1 PRESSURF )

2009 FORMAT (216,2F12.3)
201" FORMAT(1H] 18A4///7)

2072 FORMAT( SIHO RESULTS AFTER STFP NO. - 157
« 58H0 TOTAL NUMEFR OF NODAL POINTS IN SYSTFM AT THIS STFP==== 15/
o SRHO TOTAL NUMBER COF ELEMENTS IN SYSTFM AT THIS STFPece—me—= |5/
« 5BHO TOTAL NUMBFR OF PRFSSURF CARDS AT THIS STEP~mmcmmmmmmen ][5/
« 58HO TOTAL NUMRER OF NODAL POINTS MISSING AT THIS STEP~mm~—= 15/
« 5RHO MATFRIAL TYPF OF FLFMFNTS ADDED/REMOVED IN THIS STEP=—= 15/
« 58HO ELFEMENTS REMOVED IN THIS STEP ARF /
« (2015))

2013 FOPMAT{ SIHO RESULTS AFTER STEP NO,.~ 15/
« 58HO TOTAL MUMBFR OF MONDAL POINTS LN SYSTFM AT THIS STEP=w—= |5/
« 5AHO TOTAL NUMPER CF ELFMFNTS IN SYSTFM AT THIS STEP=e———m - 15/
« S5BHN TNTAL NUMBFR 0OF PRFSSURF CARDS AT TH)S STFPwmmemmeecene |5/
o 56HO TNTAL NUMEER NF NNDAL ROINTS MISSING AT THIS STFPmm—we~ [5/
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INPT251 . S8HO MATEPIAL TYPF BFING PUT IN THIS STFP 1=/
INPT252 » SAHN ELEMFNTS ADDLED IN THIS STFP ARF ececcecaccmcaa-a- /
INPT253 . (2015)1
INPT2S4 2014 FORMAT( S3HO NODAL PDINTS RFMOVED OR APNFN IN THIS STFP ARFm=-—
INPT255 o/(20151)
INPT256 2016 FORMAT(IRs2FR.241P4L12.490PLFR.S)
INPT?57 2017 FOOMAT(110,2F20,.7)
INPT258 2018 FNPMAT (52H0 FLEMENTS FOR WHICH MATFRIAL HAS BFFN CHANGFD ARFM-w
INPT 259 «/120151)
INPT260 2020 FORMAT (54H0 NFW MATERIAL TYPF OF THF ABOVF CHANGFD FLFMENTS | S~-
INPT261 . 151
INPT262 202% FORMAT(2TH HAND WIDTH FOR THIS STEP 15)
INPT263 3000 FORMAT(//12H BAND WIDTH 1%)
INPT264 4010 FORMAT( %M THE MINIMUM NDIMFNSION OF AA AND NTOT NFFRID FOR THIS P
INPT2A5 PDRLFM IS 110)
INPT266 RF TURN
INPT267 FND

£ TN S e I
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SURPOUTINF SOLVFE (P2 gURyUZ4CHONFyRO4FyROWPRySIGIsTHFRyPyAyIX,
* MTAG IBCy JRC yNUMR y NUMK1 s NNP )

IMPLICIT RFAL®AR(A-H,0-2)

COMMON/TOTEALS ALINONN), JALTONNO)

COMMON/NNF /NUMNP ¢NUMEL s NUMMAT o NUMPC y NPMAX g NFLMAX o N g NNN y KKK g KLK o
. ISHIFTyMBANN ¢ NEHAND ¢NUMBLK ¢yMTYPE yNCASE yMCASE ¢NMR yNL yNPP ¢JNFQyNPC
. s NP yNSTFP4NCONF

COMMON/TWO/RR (61922151 9S(10,10),P(120)4ST(3410),C(%44)4SIGIT) EF{4)
. s TITLF(18)4SR1ySR24XCyYCyACFLRyACFLZ yBCFLRyRCFLZ,VOL
COMMON/THRFEF/STNP yMTOT ¢NTOT 9 N13,N14yMR

DIMFNSION R(NUMNP) o Z(NUMNP) sUR (NUMNP) ,UZ (NUMNP ) 3 CODE (MUMNP }

. RO(NEQ) yE(SyNUMMAT) yRO(NUMMAT) yPRINPC  42),SIG] (NUMFL,8),
. THUNUMEL) o FRINUMEL ) y IX{NUMFL,5) yMTAG (NUMEL) 4 IRC (NPC),
. JEBCINPC ) yNUMR (NMR )y NUMR]1 {NMR ) y NNP {NMR )

DIMFNSION B{NL) 4A{NL NBAND)

DIMENS ION LM{4)

O DNV PE NN -

DO 750 NNN=1,NPP

KKK =0

REWIND 2

ND=NL /2

NB=ND/2

STOP=0.0

NUMALK=0

NO 50 M=1,NL

B{N)=0,.0

DD 50 M=1,MPAND
A{NyM)=0.0
IF{NCASF.GT.MCASF) GO TO &1
IF (NNN.GT.1) GO TO 51
BCELR =ACFLR

BCFLZ =ACFLZ

CONT INUF

IF (NNN.GT.1) GO TG &2
ACFLR =BCFLR

ACFLZ =BCELZ

60 10 S5

ACELR =0.0

ACELZ =0.0

NUMPC =0

CONTINUF
NUMBLK=NUMBLK+1

NH=NR* (NUMBLK+1)
NM=NH=-NB

NS=NM-NB+1
KSHIFT=?%NS=?

DO 210 N=1,NELMAX
IFCIXINGS),LF.0) GO 10O 210
MTYPE=IX(N,5)

IF (ROIMTYPF) .FQ.0.) GO TO 210
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LoLv
cnLv
sOLv
SOLY
oLV
eLy
snLy
SOLV
oLy
sPLY
soLv
SoLY
soLy
e RY
soLv
SoLv
SCLv
soLv
SCLv
soLv
SoLv
soLy
seLy
SoLy
soLv
oLV
SOLv
U RY
snLy
Ny RY
snLy
soLv
oLy
SoLv
<Ly
. LOLY
& oLV
s Ly
=5 i SOV
1 soLv
L soLv
' SoLv
coLv
MURY
SOLv
snLv
soLv
SOLv
soLv

SRSt et

T T

99

SALvVIno

BN s

L e

N0 RO I=z].4
IF{IXINyI)sLT.NSI GO TN 8N
IFUIXINyI)oLFE4NM) GO TO 90
40 CONTINUF
6o 10 210
9 IF{IXING2?)NF.IX(N,21) CO 1D 9%
CALL ONED {RoZoyUP ¢U2Z9yCNDF RN 4F yRNDGPR4SICT g THEP 4 IX MTAG,
* I8C o JRL  NUMP s NUMP 1 ¢ NNP )
IX{Ny5) ==1X{N,5)
MM= 2
GO 10 130
95 CALL QUAD (PyZUR UZ¢yCODEF 4BN4E yROgPRySIGI g THFRyIX,MTAG,
* TRC 9 JHC o NUMP g NUMP 1 4 NNP)
IX{Ny5)==1IX{Ny5)
IFf (VOL.GT.0.1 GO
WRITE(642000) N
STOP=] .0
MM=4
IF (IXUNg31FQaIX(Ny&)) MM=3
NO 140 I=14MM
LM{T) =2%IX(Ny1]=2
DO 200 I=14MM
DO 200 K=1,2
T1I=LM{])+K=-KSHIFT
KK=2%]~24K
BUIT)=BUI])+P(KK]
DO 200 J=1,MM
DO 200 L=1,2
JI=LMUJ) +L=1]1+1=-KSHIFT
LL=2%J=24L
IF{JJLELD) G TO 200
ALTToJJIeATl QU #SIKK G LLI*TH(N]
CONTINUF
CONT INUF
DU 220 M=NS,NM
IF (N.GT.NPMAX) GO TO 220
K=2oN=KSHIFT
B{K)=B(K)+UZ(N]
B{K~1)z=R(K=1)+UR(NI
CONTINUF

TC 110

110

130
140

200
210

IF (NUMPC.EN.N] GO TO 310
DO 300 L=1,NUMPC

I=16C (L)

J=gre L)

PR=Z(11=2(J1

02=R{J)=P(])
PP2=(PR{L42)+PRI(Ly1)) /4.
PP1=PP24PRILy1) /6.
PP2=FP24PP(Ly2) /6.
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=

e

A

Ay
2

SOSTR QS

1 s0LV101 11=2%1=KSHIET 4
3 sotvie? JJ=2%)=KSHIFT : 0
! SPLV103 TF({11.LE.0)NR.(LIT.GT.ND)) GO TD 265 ;
£ | SOLV104 B{IT=-1)=H{11-1)+PP1#DR i
: S0LV10S B{I1)=R(11)+PP1#DZ
3 SOLVI0G 265 TFI{JJeLF,01.0R.{JJ.GT.ND)} GO TO 300 i
3 soLviny fJI=1)=R(JU-1) +PP2#DR ]
! soLvios B{JJ)=B(JJ)+PP2*D2 1
SOLV109 300 CONTINUE ] 2
SOLVIIC 310 DD 400 M=NS,NH k
soLvild IFIM.GT.NPMAX) 6O TO 40N
soLvil2 U=UR(M) i :
SOLV113 N=24M=1-KSHIFT b
SoLV114 IF (CODFIM)) 390,400,316 g
SOLV11S 214 IF(CODE(M).EC.1.) GO TO 370 2 -
SOLVI16 IF(CONF (M) .EQ.24) GN TO 390 3
SOLV117 IF (CODF(M)=3.) 390,3R0,390 ? 7
SNLVILS 370 CALL MNDIFY(A,RoNL yMRANN,NRANN,N,U) B
sOLVILe 60 10 400 1 3
SOLVI20 380 CALL MNDIFY(AsB,NL yMBAND oNBAND,N,U) 3
SOLVIZ21 290 u=nZ{M) ]
soLvi22 N=N+1 g
sOLv123 CALL MODIFY(AyBoNL sMBAND ,NRAND,N,U) {
S0LV124 400 CONTINUE .
soLv12s WRITE (2) (PUN)y(AINyM)yM=1,MBANG) 4N=14ND) E
SOLV126 N0 420 N=1,ND
soLvi27 KE=N+NN 4
soLvi2s BIN)=B(K) 1 :
sOLV129 B(K)=0.0
soLv13o N0 420 M=1,MBAND {
foLvial BINyM)=A(K M) §
SOLY132 420 AlK,M}=0.0
SNLv13s IFINM.LT.NPMAX) 6D TC 60 i
b SOLV134 [F (STOPWNE.0.) CALL EXIT
% SNLV13s NG 600 N=1,NUMNP A
{ SoLv13e UZ(N) =0, k.
4 $OLV12T 600 UR(N) =0, :
SOLV13R N15=N14+24NUMNP A
: £0LV139 N16=N15+40NUMEL ;
il SALV140 N1T=N164+NUNFL
b SLV141 CALL RANSOL (NI oNEAND yMBAND yNUMRLK 484 A) 4
o SOLVI4?2 CALL STRFSS {RyZyURyUZyCONF4BOWFyPOPRySTIGT, THyFP B 4AA(NIS), it
. SOLV143 * AAINL6) JAAINLIT)y IX MTAG, IRCy JRC ) NUMR (NLIMR] yNNP) i,
4 SOLV144 DO 700 N=1,NPMAX
SO0LV14S NN=2¢N ]
SOLVI a6 BO(NN=1)=B0(NN=1)+R {NN=1) .
SOLV14T 700 RO(NN)=HO(NN)+E (NN)
SOLV14B ¢
S0LV149 C PRINT OUT CUMULATIVF DISPLACEMENTS
SOLVISO ¢
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1 [
i
%
sULV1S1 WRITF{6,2002) (N,BN{24N=1) 4B0OI2#*N} N=1,NUMNP) ;
SOLVIY g JFIKLK.EQ.l) GN TN TS0 ! G
SOLV1S3 IF{ (KKK <EQeD) MR, (SR2.GF414}) GO TO ROD ! B
€OLV1S4 750 CONTINUF
SOLV1S5 800 IFINUMER.GT.0) GO TO 850 ]
SOLV1S6 IF{NCASF .GT.0) GO TO 850 i b
SOLV1ST C | i
SOLV1SR C If INITIAL STRFSSFS ARE FVALUATFO IN THIS STFP INITIALIZE 8O 1
SOLVISY € *
SOLV160 DO 810 N=1,NEQ 3
SOLV1AL 810 PO{N)=N,
cOLV1A2 RSO NCASE=NCASE+]
| SOLV1a3 DN 900 N=1,NFLMAX #
SOLVIGSL 900 TFIFR(N).GT.1.) FR{N)=1.
sNLV1es RETURN
i SOLV166H 1000 FORMAT (1H1,60X,*LOAD MATRIX'/(10E13.4)) |
SOLV1AT 2000 FORMAT (26HONFGATIVF ARFA FLFMENT NO. 14}
SOLV16A 2002 FORMAT(12H1 N.P NUMRER 18X 2HUX 18X 2HUY /{112+2F20.7)) g
SOLV1H9 END 3
1
;|
i §
{

3
ol
q
|
q )
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(NFD
ONED
UNED
ONFD
ONED
ONED
ONED
ONTD
ONED
ONFD
NNFD
ONFD
ONED
(ONED
ONFD
ONFD
ONED
ONFD
ONEO
ONED
ONED
ONFO
ONFD
ONFD
ONED
ONED
ONED
ONEO
ONFED
ONFD
ONFD
ONED
ONED
ONED
ONED
ONFD
ONFO
PNED
UNED
ONFED
ONED
ONFD
ONED
ONED
ONFD
ONFD
ONED
ONED
OUNFD
ONEO

OD NV N -

100

SUBROUTINF ONFO (ReZoUR U2y CUDF¢BOsFoRO¢PO,SIGI yTHoFR,IX,MTAG,
* IRCoJBC ¢ NUMR ¢ NUMR] ¢NNP )

IMPLICIT RFAL®B(A=H,0=-2)

COMMON/TOTAL/ AA{30000), 1A({700D0)

COMMON/ONF /NUMNP ¢ NUMF L ¢ NUMMAT ¢ NUMPC o NPMAX ¢ NFLMAX 9 N g NNN KKK KLK o

. ISHIFTyMBAND ¢ NRAND ¢ NUMBLK ¢ MTYPE ¢NCASF ¢4MCASE ¢NMR ¢NL ¢NPP ¢yNEQ oNPC
. oNP ¢NSTFP 4 NCODF

COMMON/TWO/RR(S) 9 2215)9SE10,10)4PL10)4STI3910),Clhys) 4SIG(T) +EE(L)
. e TITLE(18)¢SR14SR2yXCoYCoACFLRYACFL2,BC LR,ACFL2,VOL
COMMON/THREF/ZSTOP 4yMTOT 4yNTOT ¢N12,N14 M8

DIMENSION R{NUMNP ) 4 2(NUMNP ) fUR (NUMNP) UZ(NUMNP} 4 COOF (NUMNP) ,

. BOUNFQ) oF (59 NUMMAT) 4POINUMMAT ) yPRINPC  42)49S1G1 (NUMEL,8),

. THINUMEL) s FRINUMFL) g I X{NUMFL 45) 4MTAG (NUMFL) 4,1 BC (NPC),

. JBCINPC ) gNUMR (NMR ) ¢NUMR1 {NMR ) ¢ NNP {NMR )

DO 100 I=l,4k

PL1)=0,0

DA 100 J=!,B
S(1,J)=0.0
MTIYPE=IXIN,%)
I=IX(Ny1)

J=IX(N,2)
DX=P(J)=R(1])
Dy=Z2(J)=211)
XL=NDSORT(NDX*¥240Y %% 2)
COSA=DX/XL

SINA=DY /XL

COMM= F(14MTYPF)®F(5,MTYPF)/XL
S(1y1)=COSA%COSA*CNMM
S(142)=CDSAXSINARXCNMM
S{193)==S5(1,1)
S{le4)==S11,2)
S0241)=501,2)
S(242)=SINAS INARCOMM
S(243)==5(1,42)
S(244)==5(242)
S{2,1)=5(1,3)
S(342)25(2,3)
$(3,3)1=S5(1,1)
S(3¢4)2S5(1,42)
Sl4y1)=S(144)
S(442)=5(2,44)
S(4e2)=S(3,4)
S(ae4)xS(2,2)

11=4

IF{NNN,FQ.,1) 11=0
FP=SIGI(NyII+1)/FE{]1MTYPE)
DX=NX*EP

NY=DY*EP
P{1)=S(141)%DX+S({1,2)*DY

58
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ONED
ONED
ONFD
ONED
ONFD

51
52
52
54
55

PL2)=sS{2,1)%0X+S(2,2)*DY
P(3)=~P(1)

Pla)==P(2)

RFTURN

END
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Quan
QUAD
OQUAD
QUAD
QUAD
Cusn
QUAD
QUAN
QUAD
QUAD
Quan
QUAD
QUAD
QUAD
QUAD
GUAD
QUAD
QUAD
QUAD
CUAD
QUAD
GUAD
QUAD
QUAD
QUAD
QUAD
QUAD
QUAD
QUAD
QUAD
QUAD
CUAD
QUAD
QUAD
QUAD
QUAD
QuUAD
QUAD
QUAD
QUAD
QUAD
QUAD
QUAD
OUAD
QUAD
QUAD
OUAD
QUAD
QUAD

QUAD ¢

O ®™NC NN -

SULBROUTINF QUAD (Ry2yURUZyCODF¢BDEJROyPRySIGIsTHyFRyIXyMTAG,
* 18C o JRC ¢ NUIMP g NUMR] yNNP)

IMPLICIT RFAL*B(A-H,0-2)

COMMON/TDTAL/Z AA(2000D), 1A(T7000)

COMMON/DNF /NUMNP ¢y NUMFL ¢ NUMMAT y NUMPC g NPMAX g NFLMAX g Ny NNN g KKK ¢ KLKy

. ISHIFTyMBAND ¢NBAND gNUMBLK yMTYPE ¢ NCASE s MCASE yNMR ¢NL ¢NPPyNEQ NPC
. s NP GNSTEP JNCNNE

COMMON/TWO/RR (S)922(5) 9 SU10,1D),PL10)oSTI3910)9Cl4ed)sSIGITIEF(4)
. s TITLE(L1B) ySR14SR24XCoYCoACELRyACFLZBCFLR,ACFLZ,VNL
COMMON/THREF/STOP ¢yMTOT ¢NTOTyN134N14,M8

DIMFNSION R{NUMNP ), Z(NUMNP) 4UR (NUMNP) ,UZ (NUMNP) ,CODE (NUMNP},

. BOUNFQ) g {SyNUMMAT) yRDINUMMAT ) yPR{NPC 42),SIGI (NUMEL,R},

. THINUMFL) ¢FR{NUMFL) g IX{NUMEL5) yMTAGINUMEL) 4 I1BC(NPC),

. JBCUNPC ) g NUMR (NMR } o NUMRL (NMR ) ¢ NNP (NMR )

DIMENSION LM({4),U{23),V{3)

CALL STPSTR (Ry2ZyUPoUZyCODE RN+ yRO9PRySIGI ¢ THoFRyIXyMTAG
* 18C o JBC oy NUMR 9y NUMT 14 NNP)
DO 130 J=1,10
P{J)=0.
on 120 I=z1,3
120 ST{l,J)=0,
DO 130 I=1,10
170 S{14J)=0.
D0 140 I=1,4
NPNz X (N, 1)
RR{1)=R(NPN)

140 2Z(1)=Z(NPN)
XCE(RP(1)4PP(2)4RP(3)4RR(4) ) /4.
YCo(ZZ(1Y4Z2Z(2)V472(2)+22(4))/46.
RR{5)=XC
22(5)=YC
K=5
Jsl
1=4
LM{3)=c
NT=4
IFLIXINg3)NESIXING%)) GD TO 160
NT=1
LM(3)=s
1=1
K=32
J=2
XC=(RR{1)+RR{2)+RR{3))/3,
YC=(Z2(1)+422(2)+22(3))/3.
RR(5)=PR (3)
22(%)=22(3)

160 DO 200 NN=1,NT
LM(1)=2%]~]

LM(2)=2%)~]
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Luan sy UCI=22(J1=22(K)

wuan &2 Ul21=22(K¥-22(1)

Quan s2 Ul3)=2211)-2719)

NUAD 54 VI1)=RR(K)=RO{J)

wUaD 5% VI2)=RR(1}=RR (K

QUAN &é V(2)=RE(J)=-RR(])

CUAN 57 APFAS(RP(J)AU(2)+90 ([ )#UL1) 4R (R)#U(I))/2,
cuan sk VOL=VOL +AREARTH(N)

NUAD 59 COMM= , 25/ 2R¢ A

QUAD 60 XNT=NT

QUAD A1 COM=2,0/XNT

QUAD &2 COM=COM*COMM

GUAD 63 NX=ARFA*THIN)¥RO(MTYPE) /3,

QUAD 64 NY=DX*ACFL2

QUAD 45 NX=DX¥ACELR

UUAD 66 0N 18N L=1,3

QUAD &7 11=LM(L)

OuAD &R STULy11)=STU1,11)4U(L)*COM

oUAD 69 STU2,1141)=STI2,11+41)4V(L)%*COM

QUAD 70 STU3411)=ST(3,11)+VILI*COM

SUAD 71 ST(291141)=ST(3,11+1)+U(L)*CCOM

QUAD 72 PLIT)Y=P(1]1)+DX

QuAD 72 PUTI+I)=P11+1)+DY

QUAD 74 N0 160 M=1,3

CUAD 75 Jd=LMIM)

OUAD 76 SUTIpdII=SOTTodI)+UILI*CIT o1 )oUMI+VILISCI243)#VIMIeV(L)I*CI1,23)0L
CUAn 77 cUMISUILI*C U143 )RV (M) COMM

QuUAD 7R SUITTydd41)=SUTIT 4 JJ+1 )+ lUIL)RCET,2)#VIMISVIL)*C(3,43) *U(MI+V(L)*C(?,
QuUAD 79 SI)RVIMISULL)I*C 1,3 )3UIM) ) xCOMM

LuAD RO SUTI#L g JJ+1T=SUTT41,0041)+4VILI*C(2,2)#VMI4ULLI*CU3,3)4U(M)+ULL)#
wuanh 81 WCU293)2VIMISVILISC(243)%U(M)I*COMM

QUAN B2 SEJIH1411)=SUTT1400¢1)

NUAN 83 180 CONTINUF

QUAD Ré& 1=J

QUAD Aas J=Je]

QUAD 86 200 CONTINUF

QUAD A7 IFLIXIN,3).FOLIXINy4)} GO 1O 250

QUAD B8R no 26D 1=1,2

QUAD P9 KKz1N-] i
CUAD 60 NG 24D K=1,KK

QUAD 91 CC=SIKKAT 4K /S(KKA] KK +])

WUAD 97 PIK)EP(K)=-CC¥P (KK +])

ouan a3 NN 230 J=1,3

QUAD 94 230 STUJyKI=STIIoK)=CORST( I KK+T)

CUAD 95 ND 240 J=1,KK

QUAD 9¢ 24D SEJ9K)IZS(JeK)=CCHSTIyKK+1)
QUAD @7 250 CONTINUF

QUAD an I1=0
QuUAD 99 IF (NNN,GT,1) 11=4
ouanioo SIGI1)==SIGI(NyII+11
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CuUAD1O]
QUANLOD2
CUANLIN3
WUARIOYG
GJUAD10S
OUAD10A
GUADL1O07
QUAD1OR

CSIGE2)==SIGIINg1142)

SIGI3)I==SIG1{NyI1+3)

0o 9520 Isly8

DN 510 Jxl,3
510 PLIIEPI1I)+STId, 1) #SIGIUI*VOL
520 CONTINUF

RETURN

END
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SUPRNDUTINF STRSTR (RyZyUR,UJZyCODF ¢yBOyF9RNgPRySIG) s THyFR, IX o MTAG,

* )BC ¢ JBC o NUMR g NUMR ) 4 NNP )

JMPLIC)T RFAL#R(A-MH,0~2)

COMMDN/TOTAL/Z AA{30000), 1A(T7000)

COMMON/ONE /NUMNP ¢ NUMEL ¢ NUMMAT ¢ NUMPC ¢ NPMAX yNELHMAX ¢ Ny NNNy KKK g KLK

. YJSHIFT ¢MEAND ¢ NBAND ¢ NUMBLK yMTYPE ¢ NCASF ¢yMCASF ¢NMR ¢NL ¢y NPP ¢ NTQ4NPC.

. sNP ¢yNSTEPyNCONF

COMMON/TWO/RR{S) 9224509 S{10910)4PL10) ¢STU2910)9Cl444)4SIGIT)4EF(4)

. s TITLEC(IR) g SRy SR24XCy YO, ACELRYACFLZ yRCELR,ACFLZ,VOL

COMMON/THREF/STOP yMTOT 4yNTNT yN13,N14yMA

DIMFNS)ION RINUMNP )y Z(NUMNP ) o UR (NUMNP ) UZ{NUMNP) ,CONE (NUMNP)

. BOUNEQ) ¢E {5 ¢NUMMAT ) ¢y RO(INUMMAT ) yPRINPC  42)4SIGI{NUMFL,8),
TH{NUMEL) s FRINUMEL)  IX{NUMFL,5) yMTAG(NUMEL) ,)RC{NPC),
JRC{NPC ) ¢NUMR (NMR) ¢y NUMR] (NMR) ¢ NNP (NMP)

MTYPF)X{N,5)

voL=0.

Dr 50 KK=l,4
FE{KK)=F (KK MTYPF)
YJF{(NCASE.GT.1)ANDINNNEOL1)) GO TO 60
IF(MTAG(N).GT.0) GO TO 70
CC=FE(2)/(1.~FE{2))
BP=FF(1)/(1,~FF(?)*%2)
COMM=8R/{1.=-CC*%2)
C{ly1)=COMM
C(142)=CUMMACC

Cils3)=0,

Clly4)=0,

C{?41)=C{1,7)
Cl242)=Cl1,1)

C(2,43)=0,

Cl(244)=0,

C{3,1)=0,

C(342)=0,
Cl2,43)=.5%COMM*{]1,.~CC)
Cl3y4)= 0,

Clasll=e Cl1,42)

Cl4,y2)= Cl1,2)

({493)= 0O,

Clagl)s O,

CC= ?2.*¥DSIN(FF{4)/57.79¢)
RR= 1,732%{3,-DSIN(EE(4)/57.296))
PP=6,#DCOS(FF(4)/57.296)
EE{(4)=CC/HRB

FF{3)= FE(3)*PP/KR

60 TO 500

CC= 2.%DSIN{IF{4)/57,296)
AR= 1.732%{3.~DSIM(EE(4L)/5T.29¢))
PP=h ¥NCOS{FF{4)/57,294)
FE{a)=CC/0P
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SISV
STST
STIST

CIST

STST
STST
S1ST
STST
STST
STST
<TST
STST
STST
STST
STST
£TST
STST
STST
STST
STST
STST
STST
STST
STST
STST
STST
STST
STST
STST
STST
£1ST
STST
STST
STST

800

FE(2)= EE(3)*PP/EB

CCs2.%(1#[F(2))/(3.-6.%FF(2))
DO=SIGI(N,I)~SIGI(N,2)

FE=STGCI(No1)=SIGI(Ny&)

GG=SIG1(Ny2)=SIGI(Ny4)

RJ2= (DD**24FF#%24GG*%2)/6, +SI1GL1(Ny21%%2
RJ2zDSORT(BJ2)

BII=SIGI(Ny1)+SIGI(N¢2)+#SIGI(Ny4)

DO=BJ1/RJ2

HEB=]1.49.%(FE(4)%%2)%CC

CC=3,*FE(4)*CC~DD/3.

PD=FF (4)~DN/6.

Hl=,5%CC/(BR*RJ2)
H2=DD®CC/RB=FF(2)%EF(3) /(BRHBU2* (1.~ #FE(2)))
H3=,5/(BR*RJ2%BJ2)

BB=FFE(1)/(1.+EF(2))
Clly1)=BB¥{1o=H2=2.%H1*STGI(Ny 1) ~H3%(SIGI(N,1)%%2))
C(102)=-BB*(H2+H1*(S[G[(Nol)*SlGl(NvZ))+H3‘SlGl(Nol)‘SlGl(Nv2))
Cl193)=<BBE(HIASIGI (Ny3)+H3*SIGI(Ny1)*SIGI(Ny3))
C(l,4)=20,

Cl2,1)=C(1,2)

Cl292)=RBA(1o=H2=2 #HI*STIGI(Ny2)~HIX(SIGI(N,2)%%2))
C(2¢3)=-BB*(HI*SIGI(N¢3)4HI*STCIiN,2)*SIGI(N,3))
C(244)=0.

C{3,1)=2C(1,3)

C(2,2)=C(2,3)

C(3¢3)=08%(,5-H3*(SIGI(N,3)%%2))

C(3|4)=0-
C(4o1)=-BF*(H20H1*S[G[(N.1)+Hl*SlGlfNo4)+H3*SlGl(N'l)‘SlGl(Ny#))
C(Qo?)=-BB*(H24Hl*SlGl(NvZ)*Hl*SlGl(Nv4)+H3*SlGl(Nv2)*SlGl(Nc#))
Cl4y3)==BR%(HI*SIGI(Ny3)+HI*SIGT (NI I*SIGI (N,4))
Clays)=0,

RETURN

END
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MON
MOn g
MDY
MOD
mMun 1
MODT
MODI
Mon g
MOD]
MOD 1
Man 1
MOD
MCO1
MOD |
MOn g
MOD1
Mab 1
MOD1

O DI ANDWN -

10

12
12
14
15
16
17
18

250

SUBRRPOUTINE MODIFY (AgBoNL o+MRANDINBANDN,U)
IMPLICIT PFAL®A(A-H ,0~2)
DIMENSTION B(NL) A (NLoNBAND)

DD 250 M=2 MBAND
KeN=-Mel

IF(K.LELO) GO TO 23F
BIK)=B(K)~A(K M)*U
AlKM)=0,.0

KeNeM~1

IF(NL «LT.K) GO TG 250
F(K)=B(K)=A(NM)*U
A(NyM)=0,0

CONTINUF

A(N'l,=lon

rIN)=U

RETURN

END
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Rk

kil
3

£
ol
4
1 %
|

ke

HANS
HANS

3 FANS
% RANS
B BANS
15 RANS
B fANS
= RANS
HANS
AANS
BANS
HANS
BANS
KANS
FANS
BANS
[YANS
AANS
PANS
BANS
FANS
BANS
BANS
BANS
BANS
BANS
[FANS
BANS
RANS
RANMS
nAMS
FANS
FANS

RANS
RANS
PANS
P ANS
I*ANS
PANS
WANS
PANS
RANS
[ ANS
BANS
bANS
FANS
HANS
PANS

FRSRIT &

R T e o

FANS

100

400

425

450

SUGRDUTINF GANSOL (NDyNBAND MM ¢NUMBLK By A)
IMPLICIT REAL*B(A=H,0-2)
DIMFNSIDON R(ND) A (ND,NBRAND)

NN=ND/?

NL=NN+1

NH=NN+NN

REWIND |

REWIND 2

NR=Q

GO T0 1%0

NB=NR+1

DO 125 N=1,NN

NM=NN+N

A(N) =R (NM)

P(NM)=0,0

DO 12% M=]1,MM
AINJM)I=A(NM,M)

A(NMyM)=0,0
IF(NUMRLK,EQ.NR) GO TO 200
RFAD (2) (BUIN) (A (NgM)4M=]4MM) JN=NL yNH)
IF(NB.EQ.O) GO TC 100

00 300 N=1,NN
IF(A(NGI)LEQ.0O4) GO TO 200
BINI=B(N)/A(N,1)

DO 275 L=2.MM

IF (A(NsL).FQ.0.) GN TC 275
C=A(NsL)/A(N,1)

I=N+L=-1

J=0

NO 250 K=L,MM

J=J+1
AlT9d)=A(T4J)-C*A(N,K)
RET)=6(1)=A(N,LI*P(N)
A{N,L)=C

CONTINUF

CONTINUF

IFINUMRLK.EQ,NR) CO 10 400
WRITF (1) (PUN)y(A(NyM)4M=2,MM),N=1,NN)
G0 T0 100

DO 450 M=1,NN

N=NN+1=M

DO 425 K=2,MM

L=N+K-1
RIN)=BIN)=A(N¥IxL(L)
NM=N+NN

BINM)=B(N)

A(NMyNR)=BIN)

NB=NB-1

IF(NB,.FQ.0) GO TO 500
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FANS 51 RACKSPACE 1

E tANS 52 RFAND (1) (BIN) o (A(NyM) sM=2 o MM) ,NE1,NN)
& 1 RANS 63 RACKSPACFE 1
RANS %4 6D 10 400
PANS 55 500 K=0
LANS 56 NG 600 NB=1,NUMBLK
% BANS 57 PN &0OD NE1 NN
FANS &8 K=K el
v HANS 59 NM=N¢NN
" FANS 60 600 BI{K)zA(NM,NR)
- RANS &1 RETURN

3 BANS 62 FND
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STRF
STRF
STRF
STRF
STRF
STRE
STRF
STRF
STRF
STRE
STRF
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRF
STRE
STRE
STRE
STRE
STRF
STRE
STRF
STRE
STRF
STRE
STRE
STRE
STRE
STRE
STRF
STRE
STRE
STRF
STRE

bt et b Pt b Pt b ot s
VP ROVMPUWNE DL NT NSO -

NN YN NN
N>V WN= D

~
@

w N
90

SUBROUTINE STRAFSS (RyZyURyUZyCONFyBOWFyROWPRySIGIyTHyFRyBHEP,
* RATIO)NEWy I XyMTAGy IBCy JBCyNUMR yNUMR] yNNP)
IMPLICIT REAL*8(A-H,0=~2)
COMMON/TOTAL/ AA(30000), 1A{7000)
COMMON/ONE/NUMNP ¢ NUMEL ¢ NUMMAT g NUMPC s NPMAX ¢ NELMAX 9 Ny NNNo KKK g KLK o

. ISHIFTyMBANDyNBANOy NUMBLK yMTYPE ¢ NCASE yMCASE yNMR yNL yNPP ¢ NFQ¢NPC
. yNP yNSTEP yNCODE

COMMON/TWO/RR(5)922(5) ¢S{10410)4P(10)4ST{3410)yCl494)4SIG(T)yFEE(4)
. sTITLE({1B)ySR1ySR2¢yXCyYCyACELRyACELZ4BCELRyBCELZ,yVOL

COMMON/THREF/STOP yMTOTyNTOTWN134N14 M8

DIMENSION R{NUMNP) 42 {NUNP) yUR (NUMNP ) yUZ {NUMNP) 4 CODE ({NUMNP )

. BO(NEQ) yE{5,NUMMAT) ,RO(NUMMAT ) yPRINPC 421 ,SIGI (NUMEL,B),

. TH{NUMEL) yFR{NUMEL) ¢ IX{NUMFLy5} y MTAG (NUMEL) yIBC(NPC),
JBC(NPC ) ,NUMRINMR) ¢yNUMR] (NMR) ¢ NNP (NMR)

OIMENSION EP(NUMELy4) yRATIOINUMEL) yNEW(100} 4 TT(4)4TF(4)

DIMENSION B{NEQ)

TOLL=0.
SR=1,
SRATIOF1.0
NMY <=0
MPRINT=0
KK=0
NOPT=0
TOLLA=10,
KJK=0
KLK=0
IF((NCASF.LE+]1) OR.(NNN.GT.1)) GO TO 60
00 50 N=1,NFLMAX
IF (MTAGIN) ,GT,0} KJK=KJK+1
50 CONTINUF
60 CONTINUE
NO 300 N=1,NFLMAX
RATIO(N)=1,
IX{Ny5)=1ABS{IX(N,5))
MTYPE=IX(N:S)
IFC(RO(MTYPE) cEQeDe)eOR{IX{Ny3) ,FQ,IX(Ny2))) GO TO 300
CALL QUAO (RyZyURyUZyCOOE 4BOyE yRO4WPRySIGI g THyFRyIXyMTAG,
* 18Cy JRC ¢y NUMR yNUMR] y NNP)
MM=4
IF{IX(Ny3)oFQaIXINy4)) MM=3
DO 175 I=1,4
EP(Ny1) = 0.
NO 175 J=1yMM
IT=2%y
JU=2%IX(NyJ)
175 EP(N,I)=EP(NyI)+STUILI1)%B(JJ) + ST(I,11=-1)*R(JJ=~1)
00 190 I=ly4
SIG(I)=0.0
00 190 J=1,3
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cInf el 190 STOALE=SIGUI+C U1 JI*FPINLJ) ;
LIRF 8D DO 19% 1=1,4
STRE &3 11=14+4 :
CIRF %4 195 SICGLINGITI=SIGTINGT(+SIGIIL 2
STRF 55 PN=SIGIIN,S{-SIGIIN,&( [
STRF %6 FE=S1G1INGA)I=STGTIN,S) :
STRE 57 GG=SIGHINy5(~STCI(N,8) ;
SIRF SR AJ2= (DDHB24GORN2IFFRH2(/6.0 +SIGHIN,T)*¥2 3
sTRE 59 AJ2=DSORT(AJ2!
STRE 60 AJLI=STIGTINGSI+SIGIINs6)+SIGI(N,R)
CTOF 61 FAIL=AJ2+FE(4(%A)]
STRE 62 IF(MTAGINI.EQ.0) GO TN 200 g
STRF &3 IF (FF{3(.F0.0.( GO TO 300 3
STRE K4 IF ((NCASF.GT.1).AND.INNN.FR.1(( GO TO 198 k.
STRF &% NO=DARS (FATL=FF{2(( 1
STPE 66 CHECK =0,05%FC(3( 4
STRF 67 IF(POLLFL.CHECK) GO TO 300 .
CTRE &R KKK =1 4
SIRE 69 CR=CHECK/DD A
SIRF 70 IFICR.GELSR) GD TO 300 a
SIRF 71 SR=CR i
STRF 72 NOPT=1 -
LIPF 73 Juhd=N -
CIRF 74 £n 10 200 .
CTRE 7% 190 IF(FAILLOGTLFF(31( 60 TO 300
simf o 76 MIAGIN(=0 4
STRF 77 KJK=KJK~-1 ,]
1of 78 G0 TO 300 y
£, aF 79 P00 CONTINUF b
<TR™ A0 IF(FAIL.LT.FF(2)( CO TO 300 '
A LI KK=KK+1 !
SIRI RY DD=SIGI(Ny1)-SIGIIN,2) A
SIRF R3 FF=SIGII(N,1)1=-SIGI(Ny4! :
cTRF B4 GG=SIGIING2 (~SIGI(N,4) .
LTRF 85 AJ?= (NDEC24GORNP4FFRH2)/6.0 $C1GIIN,2) %2
SIRE B6 AJI=SIGIINGL(+SIGTING2)+SIGT(N &)
cTer A7 DD=SIGI(NG5)=SIGI (N6} g
STRF BR FF=SIGI(N,6)=-S1GIIN,R( k.
STRE RY GO=SIGIINGS(-SiGI(NsR) H
STRE ©0 BJ2= (DD®¥2/GE%%2+4FF%%21/6.0 +SIGIIN,TI#%2 d
STRE 91 BJI=SIGIINS)I+SIGI{N,6)+SIGI(N,B) i
STRE 92 COC=(SIGTI U I 1=STGI{NG2YIM(SIGIIN, S =SICTING6))+(SIGIING2(=SIGI(N, i
STRF 93 eI IR (SICI! 196 (=SIGI(NGRII4ISTSTENG4)=SIGIING1(I*(SIGI(N,RI-SIGI(N, i
sinf 94 .Sl
CIRF 95 CCC=CCC/6,04+ SIGTING3I*SIGIIN, T
STRP w6 ARZAJ2-(EE(al*AJL(*%2
L1pF 97 BR=RJ2~(EF(4(*RIL (%2
3 CYACT] CO=CCO-(FFLa(*FELAIXAILRP I
STRF 9o DD=FF (4 (*FE(2(*A)1 5
CIRF 100 FF=fELA(#FT(3(%bJ]
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STPEIN] GG=FF(3)*LE(3)

Al STRF10? AAAZAB4RE=2.%CL
A STRF101 BPA=AR=CC+NN-FF

. STRE 104 CCCx2,#NN=GG+AB i
4 STRF105 GGG=RPR®BPA~AMARC(C

i STRE 106 IF(GGCeLTe0.)  WRITE(A,4200R) &

E: SIRF107 IF(66G.LT.0.) CGG=NABS(GGG)

. STREL0A GGE=NSORT(GOR)

. & STRELN9 IF(AAACNE.OL} GO T0 220
e = STRE110 RATIN(N)=.5%CCC/BPR
B ¢ STREL11 (0 TN 300
E & STRF112 2720 «R=BRP/AAA
. STRF113 BB=NABS (GGG /AAA)

5 . STRFL14 RATIO(N)=AB~RD
. STRF115 IF(RATININ) LLT,0.) RATIO(N)=AB+BR i
E STREL1A IF(RATIO(N) ,GE.1.) RATI0(N)=,99690 !

3 STRE117 IF(RATIO(N).LT,0.) RATID(N}=O.

. STRE11R IF (KK.NEL1) GO TO 240 i

- CTRF119 WRITE (6,3000)

k. & STRF120 240 WRITE (643005) N,RATIO(N)

| STRE121 300 CONTINUE

S STREL122 IF(KK.EQ,0) SR=1,0
A STRF123 IF(KK.FQ.0) G0 TO 410

- & STRF 124 0D 350 N=1,NELMAX
. STRF125 IF(MTAGIN)LGT.0) €O 10 350
e A STRF126 MTYFEZIX(N,5)

E ¢ STRF127 IF (RD(MTYPE).FU.0.) GD TO 350

B i STRF128 DD=RATIDIN)

i STRE 179 IF(DDL.GELSR) GN 10 350
E £ STRE130 SR=DD

i S1RF131 NOPTe?

4 k STRF122 NMY =N {
L STRF133 KKKel

L : CTRF134 350 CONTINUF {
P E STRf 135 WRITF (6,3010) SR,SR2
o STPF136 IF(NNN,FQ,1) GO TO 382

¢ STRF137 NO= SR#*(1,0-5R?)

e STRF120 IF(NO.LT,0.,02) NOPT=2 %

B ¢ STRF13v IF(PN.LT,0,03) NN=0,03

3 STRF140 SR ON/(1.0~SR2) §

4 ST 141 NN+ SR#(1,0-5Rr2)

3 S19F 147 IFIDN.GT,0.10) NUPT=4 !
= ! S1UF143 IF(PD,GT4N,10) ND=0.10 i
& i STUF144 SReNN/(1,.~SR2) g

h 3 STRE 145 IF(SR.GT.1,0) SR=1,00

) STRE146 352 CONTINUE H

i i STREL4T SRATINESR i

3 STRE 148 IF (KJK.GT.0) SR=0, i

g STRF149 410 CONTINUF !

g STRF150 NO 420 N=1,NPMAX !
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: 4
g STRF15] 11=08N~] i
4 STRE152 ALII)=0(1]) ST

STRF1532 420 R(]11+41)=R(11+1)=SR
] SIRE1%4 WRITE (6,4010) NMY,SR,SR2 .
1 STRF15% NON=N g
. STRF16A FRMAX =0, i
E CTREIST DO 60N N=]1 ,NFLMAX i
3 STRF15A MIYPE=IX(N,5)
STREL1SQ 1IF (RO(MTYPL)LFLL0.) 6N TD 515
.. STRf1AN TECIXINGA) NFLIX{NG2)) GO T 430
] STRELL] €
3 STRF162 C CALCULATE STRESSES IN ONE DIMENSIONAL ELEMENTS -
i LTRE1A3 € 4
STRF164 121X(Ny 1) ;
STRE]AS J=IX(Ny2)
STRE166 XCx(R{1)4R{J))/2.0

i STRE 167 YC=(2(1)+2(0)) /2.0 |

X STRF 148 PX=R{J)=R(1) i
q STRF 149 NY=2(J)-2(1) B
7 sTer 170 XL=NSGRT (NX#924nYH%2)
; STRF171 DUER(249=1)~{2%]~]) 2
4 CTRE172 OV=R(29J)~E(24]) 4
o STRF173 DL=NVH DY /XL+DUSDX /XL

- C13F174 DO 422 1=1,7 g

- STRF175 422 SIG(1Y=0, o
- STRE176 DX=F (1 yMTYRE)#NL/XL i
. CTRF177 SIG(1)=nx+se :
k- STRE178 IFIF(34MTYPF).£Ge1.) 6N TO 425 o
S1RF179 SIG1(N,5) ==NX*¥(1=5R) i
STRC1AD SIGHING1)=SIGH1)I+SIGTIN,T) )
3 STRF1A] G0 TC 51% ‘
3 STOF1R? 425 S1G(5)==DX#(1.-5°) 3
j: <TRF183 SIC(1)=S1G1 (N, 1) +0X*SR &
b STRE1R4 NY=F(4yMTYPE)/(SIGI(Ny1)4TX) =1, 1
7 CIRF1RS 1F(DARSIDY) JLEL.05) GO TU 4289 4
u STPr 16 11=1
b STRE1RY TFINNNLGTL1) 11=5
e STRF 188 DZ=S1G1 N, 1) +DX
N STRE1RY DX=C1G]1(Ny]]1)+0X
A STRF190 DY=(F(44MTYPF)=DZ)*SIGI(N,T1T) /DX b
STRF191 SICI{NG1)=SIC(1)eDY I
L STRF10? S1GT(NyS)I=SIG(E)+DY s
: STRE193 KLK=1 o
4 CTRF194 SIGI5)=S161(N,5) ; i
4 STRE165 S1G(4)=S1G1(N,1) b
A STRF196 €0 10 51%
; STRELSY 428 SIGI{NG1)=S1G(1)
3 STRF19A SIGIHINGS)=SIGU5)
. LTe[ o0 6D TN &1F ;
i LTOF200 430 1=IX(N,1° 2
4 :-'
A N 4
1

.. ’ A

: §
i, b
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STRF 201
STRE202
STRE 203
STRF204
STRE20%
SIRF 206
STREZNT
STRF 208
STRF209
STRE210
g ;4 STRE211
. 1 STRE212Z
p STRF213

i B STRE214

E STRE215

g | STRF216
k. STRE217
B | STRF218
E | STRE219
- STRF220
b STRF221
STRE222

] STRF223
. L STRF224
L, STRE225
= STRE226
STRE227
i STRF228
g STRE229
: STRF230
E. STRE231
: CTRF232
? STRE233
b STRF234
b STRE235
STRF236
STRE23T
STRE?238
STRF239
STRE240

5 g STRF241
;- STRE242
®
¥

STRF?43
STRE244
A STRF245
STRE246
STRF247
3 . STRE?48
k. i STRF249
STRF250

2

I
A
g

WYLt S 35 IR ve: . - =

JEIX(Ny2)
KelIX({Nys3)
L=lIX{Ny&4)
MTYPFeIX(Ny5)
IF(K,FQeLl) 6N TO 440
XC={R{TI+R{J)AR(KI+R(L) /4,
YCe(Z(1)+2Z(J)+2(K)I+2(L)) /4,
GO TO 445
440 XC=(R(TI4R(JI+R(K)D/3,
YCe{Z(1)1+2(J)+Z(K))/3,
44% CONTINUE
XN=0,5
IF{NNN,EQ.1}) XN=1.0
IF{MTAG(N)LE.,O) XN=1,0
00 450 I=1,4
11=1+4
TT(I) = SIGLI(N, 1)
TE(I)=SIGIIN,II)
SIG{I)=SIGI(NyIIV-SIGI(N,I)}
SIGI(NyI11)=SIG(I)*(1,=-5R)
SIGIIN,111==SIGI(N,yI1)
SIGII)= XN*SIGUI)}*SR+SIGI(N,1)
450 SIGI(Ns1)=SIG(])
IF((NMY ,EQes0) sDRL (KJUKWGTL0)) GO TO 4BS
IF (MTAGIN)}.LE.O0) GO TO 481
1STOP=0
DO 470 JJ=1,5

CALL STRSTR (RyZyUR,UZoCONEBOWE yROWPRySIGLyTHyFR, IXyMTAG,

* IRCy JBCyNUMR yNUMR1 NNP)
DO 455 1I=144
1l=1+4
SIGHIN,II)=TT(1)
00 455 J=x1,3
455 SIGI(NyiI1)sSIGI(NyIT)+C(I4JI*EP(N,J)#SR

DO (SIGI(NyS)~SIGIIN,6) I*¥24(SICI{My6)~ SIGI(NyB) ) *¥24(SIGI(NyS)~

«SIGI(NyR))®e2
AJ2=DD/6.0+ SIGI(NyT7)%%2
AJ2=DSQRT(AJ2)
AJ1=SIGI(NySI+SIGI(Ny6)+SIGI(N,8)
FAIL=AJ2+FE(4)%AJL
IF(JJ.EQ.1) GO TO 460
D=DARS(FAIL-FAIL1)
TOL=0,005%FAIL
IF(DOLLF.TOL}) 1STOP=1
460 FAILY =FAIL
00 465 I=1,4
1l=1+4
SIG(I)=SIGI(N,II1)=TT(I])
465 SIGIIN,I1)=TT(I)+SIG(1)%XN
IF{N,NE.L) GO TO 451
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A SIRF251 WRITF(6,1000)  ISIGI(NgI),I21,R)
1 STREZ252 1000 FORMAT(ION LIGIINGL) / (0F12.4)) E
i j STRF253 451 CONTINUF 3
S1PE254 IFCISTOP.GTL0) L0 T0 478 .
STRF255 470 CONTINUS i
STRE256 475 DN 4RO I=1,4 i
- STRF257 1l=1+4 5
b STRE258 SIGI(Ny1)=SIGCIINyIT)
i STRF259 SICTING LIV =~ (TFUI}=SIGI(N,1}
5 STRE260 SIG(IN=SIGLINGIY
- STRF261 480 CONTINUE 4
- STRE262  4R1 TR=SRATICO i
3 STRF 243 TOL=0.05%TR ;
b SYRE264 IF(TR.GF.0.95) GO TO 485 2
E: , STRF265 IF(TOL.LT.0,0n5%) TOL=0,005
E. 3 STRF 266 IF(MTAGIN) (T.0) GO TO 48%
: STRF267 IF(RATIOIN) (LI o TR) €O TO 482
- SIPL268 DN=PATIN(N)=TF y
STRE2A9 IF(DD.GT.TAL)Y GO TU 485 :
STRE2TN  4R2 NON=NOMN+1 4
STRF271 NFWINGD) =N
STPF272 MTAG(N) =1 .
STRF273  4RS CONTINUF b
STRE274 N0 490 I=l44 i
¢ STRE27S% 490 FF{1)=F(1,MTYPF}) !
? STRE2T6 €C= 2.%DSIN(FE(4)/57,296) 9
STRF277 RA= 1.732%(3.=NSIN(FF(4)/57,296)) ;
STRF27A PP=6.*NCOS(FF(4)/57.29¢) 3
STRFDP79 EF(46)=CC/BR ¥
STRF2R0 EE()= EE(2)*PP/RA 3
S1pl 2p1 SIG(T1=S1GI{NyG) i
STRE2R? CC=(SIGIL)+SIG(2)) /2.
STRF2R3 RR=(SIGI11=51G(2)1/2,
STPE284 CR=NSQRT(PR*¥#24S16(3)#%2) g
3 STKF285 SIG(4)=CC4CR ‘
3 STRF2R6 SIG(5)=CC-CH i
b STRF2R7 SIGle)=n.0 4
' STREZRR IF ((BB.FQ.0.0).ANDL(SIG(3).FO.0.0)) GC TO &0 B
STPE2RG SIG(6)=2R,64K¥NATENZ(SIC(3),RR) g
STPF290 510 CONTINUF 8
STRF291 OD=(SIC(EI=SIG(2) ) #2924 (SICI2)=SIG(T) Y ¥*24(SIG(T)~SIC(1) )% i
STRF292 AJ2=ON/6. +SIG(3)#92 :
$TRE293 AJ2=DSWURT(AJ2) i
STRFZ94 AJI=SIG(1)4SIG(2)+SIG(T) !
CTRF 295 FAIL=FF(3)~FF(4)98J1 X
CTPE296 FR(N)=AJ2/FAIL 3
STRE2Q7 IF (MTAGIN).GT.0) GO TO 515 P
STRF29R IF (KJK.GT.0) GO TD 818
STRE 299 IF (FR{NY.GF.N,99) MTAGIN)=] g
STRF200 IF{MTAGINI.FO.0) GO TO 515 b
% -’.3:
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g y STRE301
] STRE302
3 STRF3063
STRE304
STRE305
STRE306
STRE307
STRE308
y STRE309
L STRE310
STRE311
STRE312
STRE313
STRE314
STRE315
- STRE316
7 STRE317
A STRE318
b STRE319
i STRE320

k. STRE321
4 STRE322
, STRE323
4 STRF324
; STRF325
STRE326
STRE327
STRE328
1 STRE329
g STRE330
STRE331
STRE332
STRE333
STRE334
STRE335
b STRE336
E STRE337
e | STRE338
A STRE339
4 STRE340
| STRE341
4 STRE342
e STRE343
STRF344

& STRE345
4 STRE346
STRE347

STRF348

: STRE349
- STRE350

515

550

555

556
557

570

600

620

705

710

NOO=NDOO+1

NEW(NOD) =N
IF(MPRINT.GT.0) GO TO 550
WRITE(642000) NNN

MPR INT=50
MPRINT=MPRINT~1
IE((IX(NG2)~IX(Ny3)),FQ.0) FR(N)=D,.0
IF(TH(N) oNEJ1.) SIG(T)=0.0

IF (RO(MTYPF) NF.0,) GO TO 555

WRITE (642010) N

GO TO 600

PRINT OUT STRESSES

IF(MTAG(N).LT.1) GO TO 556

WRITE(642011) NyXCoYCy(SIGUI) 4 I=147) '« fAGIN) FRIN),MTYPE
GO TO 557

HRITF(642001) NyXCyYCo(SIG(I)oI=147),MTAGIN)4FRIN),MTYPE
IF(IX{N32).EQ.IX(Ny3)) GO TO 600
IF((FR(N).GE.ls} CR.{FR{N),LT,FRMAX)) GO TO 570
FRMAX=FR (N)

NMAX=N

CONTINUE

DO=SIGI(NyS5)~SIGI(Ny6)
FFeSIGI(Ny&)=~SIGI(N,8)
GG=SIGI(Ny5)~SIGI(N,8)

BJ2= (OD*#24GGH¥2¢FF*¥2) /6,0 +SIGI(N,7)**2
BJ2=DSQRT(BJ2)

TOLL=TOLL+BJ2

CONTINUE

SR?= (SRI*SR) + SR?

SR1= (1,0~-SR) * SR1
WRITE(642002)TOLL ySRyNMY KK ,SR2
WRITE(645000) FRMAXNMAX

IF(NOOLFQ.0) GO TO 620

WRITE(642020) (NEW(I1)yI=1,4NOD)

KKK=1

IF{TOLL oLE.TOLLA) KKK=0D

NKT=NFLMAX/2

JCK=0

00 705 N=l,NFLMAX

IF(MTAG(N) «GT.0) JCK=JCK+1l

CONTINUF

IF{JCK.LT.NKT) GO TO 710

WRITF(6,2007)

CALL EXIT

CONTINUF

IF(NNN,FQ.I) GO 10 800

GO TN (750,7604770,780) 4NOPT

GO TO 80O
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Cefra £ LiCh o Dl Lok

LIRF2S]
STRF352
STRF353
STREANG
LTREA5A
STR:3%6
LTrrasy
SIRF358
STRF259
STRE 360
LIRF361
STRE362
STRF3IAD
STRF3¢4
5TRF365
STRF 366
STRFEALT
STRE2AB
STRE 269
STRE3T0
STRrF3T1
STRF3IT2
STRF373
STRFA74
CTIRI 375
STRE276
STRE3TT
sTer 378
STRERTO
STRF3R0O
STRF381
STRFIAR2
STRE 2R3
STRF3R4
STREIAS
STRF3BG
STRFART
STRE3RA
STRE3NQ
STRF390
STREAQ]
STRF392
LTRF 393
STKF394

y
-
{
+ 3

7%0 WRITF{4,2003) JJJ
GO 10 Aano
760 WRITF(642004)
GO TN ROO
770 WRITF(6,200%)
oo TN A00
780 WRILIF(6,2006)
BOO RETURN
2000 FORMAT(1IH1/
+36H STRESSLS AFTER ARPRNX(MATION NUMBFR 14////
«TH FL «NOs 7X THX 7X 1HY &X RHX=STPESS 4X BHY~STRFSS 3X SGHXY-STRESS
e 2% 10HMAY=STRFSS 2X IOMMIN~STRFSS TH ANGLF 4X 8HZ-STRFSS 3X 7HPL
«ASTIC 3X 4HFAIL 3X S5HMTYRT )
2001 FOOMAT (1792FEe291PSF12.4,0P1FTL241PF12,4y 1640P1F1143 4,16 1
2002 FORPMAT(39HOTHF UNRALANCFD LOAD AT THIS STAGF IS Fl4.57/
+4TH THE RATIO FOP CORRECTION NF STOREDN STRESSFS IS FI0W4//

«31H THF NFXT ELEMENT YIFLDING IS 14/

<O1H AND THE TOTAL NUMBER NF FLEMENTS THAT CAN YIFLD WITH THF LINFA

+R ANDITION OF TOTAL LDAN IS 14/

«50H LCAD UP TD THIS STAGF AS A FRACTION OF TOTAL IS F20.5 1
2003 FORMAT(TIOHNSTRESS RATID GOVFRNCSH BY STRFSS STATF BFING MORF THAN

5 PERCFNT QUTSINE YIELD SURFACE FOP ELEMENT NUMPER = 15)
2004 FNPMAT( 52H0 STRFSS RATIO GOVFRNED BY NEXT FLFMENT Y(FLNING )
2005 FORMAT( IOCHOSTRESS RAT(O GAVERNEN 8Y THE MINIMUM VALUE O0F SR FOR

« ANY CSTFP )
2006 FORMAT(LIIOHO STRFSS RATIO COVFRNED BY THE MAXIMUM VALUF OF STRTSS

« RPATID FLY ANY STER )
2007 FORMAT(64HO JNH TEOMINATFD AS HALF OF TOTAL ELEMFNTS YIFLD AT THIS

« STFP )
20080 FORMAL( 110H ARGUMFNT NEGATIVF IN THE EQUATION FNR CALCULATING

« THF VALUF OF STRFESS RATINO FOR FLFMENT NUMBFR = 151
2009 FORMAT(4KHO STRFSS RATIO SR FOR THIS CYCLE= F10.5)

2010 FNRMAT(I17,50H THIS ELEMFNT HAS RFFN REMOVED FROM THf ANALYSIS )
2011 FOPMAT (1742FR,PyIRSF1Z.44OPIFT,241PF1244y T6)0P1F1143 »1643Xy1H*)

2020 FORMAT(4RHO THF FOLLDWING NFW FLFMENTS YIFLD IN TH(S STFP /77
«20(5)

3000 FORMAT (35HO THF FOLLOWING TLFMFNTS CAN YF (LD /7
«34HO FLTMFNT NO. RATIO(N) )

3005 FORMAT ((10,F20.5)

3010 FORMAT( 17HN SP se2 /
« 2F10,5)

4010 FORMAT(AHN NMY=  ]5,2HSH=  F20,F, 4HSR2= E20,5 )

5000 FORMAT(ITHOMAXIMUM FAIL (S FhH.3,17H FOR FLEMENT NN, (5)
FND
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CHAPTER III: GRIFTH - A Computer Program for Two-Dimensional
Analysis of Progressive Failure of Rock Following
iriffith and Modified Griftith Theory

3. 1. DPurposc and Capability

This computer program is applieable to planc stress or planc strain analysis of
stresses, deformations and progressive fracture in elastic brittle roek following Griffith
and modificd Griffith theory, Arbitrary initial stresses, arbitrary sequence of construc-
tion or cxeavation, arbitrary history of load application ean be simulated, One dimensional
elements arc ineluded, The program is applieable to study of fraeture initiation and pro-
pagation in arbitrary elastic brittle strueture systems composed of several different
materials, Non-monotonic loading is considered,

Theoretical development ineorporated in the program is decumented in Part I-

Tcehnieal Report of this report,

3.2, Program Organization

The eomputer program is in Fortran language, Files 1 and 2 are used to store
s' ‘tem equations and element properties respectively, Tapes 5 and 6 are the input/
output files, The program capaeity can be altered by ehanging the dimensions of arrays
AA and IA, These eorrespond to the total loeations rcquired for real and integer arrays
rcspeetively, NTOT, MTOT at lines MAIN 29 , MAIN 30 are set equal to the dimensions
of AA and 1A,

The program consists of the following units:
a. MAIN

In this unit, the eontrol information 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 maxim ' number of clements removed or added to
the system at any stage is read in, This information is used to organizc the dimen-
sions of various arrays. This done, further processing of data is done in subroutine
INPT,

b, Subroutine INPT

This subroutinc is called by the unit MALN, 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 opcnings, if any, are read in or generated.
Maximum band width for the system is ealculated and dimensions of blocks for gencra-
tion and storage of system stiffness defined, After defining these controls, the incre-
mental structure is analyzcd in steps.  For each step the number of nodal points, the
number of elements, the number of elements and nodal points removed or adder, if any,
the number of boundary pressure cards and the material type of the elements added or
changes in material propertics arc read in. After the information is assembled the
solution process is transferrcd to subroutine SOLVE,

¢. Subroutine SOLVE

This subroutine called by INPT is concerned with obtaining stresses, deforma-
tions and seqgucnce of progressive fracture of clements in a g.ven step ot loading/con-
struction/cxcavation, To trace progressive fracture, the solution process traces a

sequencc of elements reaching fracture along with the effects of stress redistribution
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associated with fracture leadins to secondary fracturcs, The process consists of

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

3
‘IF
B % increment necded to ensurc ore element reaching fracture. Oncc an element frac-
# tures, thc associated stress redistribution will result in sccondary fraccures at the
] same total load, This is referred to as system stability iteration in the program,
?
4 The SOLVE subroutine calls ONED and QUAD to obtain element stiffness for
onc or two-dimensional elements respectively, This information is stored on File 2

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

obtained in subroutine BANSOL, Subroutine STRESS defines the stresses corresponding

= s

to a load application, This is rcferred to as the irnitial state for any load increment.
As scveral elements may crack during a load increment, it is necessary to scale it

; to pin-point thc sequential fracture phenomenon, This is accomplished in subroutine

SCALE,

d, Subroutine SCALE i

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

T AT Y

rom:

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

i intcrpolation (subroutinc INTER), Iterations to define a value of orientation of fracture S
are referred to as beta-stability iterations, After choosing the minimum stress ratio

ap; licable and the clement that next fractures, system stability iteration is accomplished

E | to define all secondary fractures associated with the primary fracture, This process is

illustrated in the flow chart as Figure III-1,

3.3. Input Data

a, Job Title (18A4), This card will give the descriptive identification for the job,
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b. Control Information (415, 3F10,2, 3I5)

R T S T

Information Coiumns

Maximum number of nodal points 1-5
; Maximum number of elements 6-10
g Number of different materials 11-156
% Maximum number of pressure cards 16-20
’ Body force in X-direction 21-30
: Body force in Y-direction 31-40
2 Referencc (stress-free) temperature 41-50
i

Number of initially open cracks 51-55
i Code to designate plane stress or plane strain 56-60
] NPLANE = 1 for plane stress

= 2 for plane strain
Total number of excovation & construction steps 61-65
¢. Material Froperty Cards, One sct of cards must be provided for each material.

In cach set;

i. First card (2I5, F10, 3, 2I5) will give the following information:

Y SR R TR0 WA LM AT SATIS TR

Information Columns
Material identification number 1-5
| Number of temperature cards (8 maximum) 6-10
Mass density of the material 11-20
',-'{‘ Material code to designate materials which will follow the 21-25

fracture criteria

code - 1 for materials which will follow the fracture criteria
- 0 for materials which will not fracture

Crafas i 2
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Material code to identify the initial anisotropy due to initial cracks 26-30
chde = 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)

T L i TR T

F Information Columns
z i Tensile strength 1-10
‘f g Internal frictional coefficient 11-20
‘ i Tolerance for crack closure 21-30
E 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
g Temperature 1-10
t Elastic modulus 11-20
E Poisson's ratio 21-30
Coefficient of thermal expansion 31-40
i iv. If columns 26-30 in card i is not zero, the follov/iing information must be
!
: providied (4¥12.4):
g Information Columns
\ Modulus ratio 1-10
Angle of fzult 11-2¢
Frictional coefficient 21-30
Shear strength 31-40
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d. Nodal Point Cards (I5, F5,0, 5F10.0). One card for each nodal point with the

following information:

Information Columns

Nodal point number 1-5

Type of nodal point

X-ordinate

Y-ordinate

XR

XZ

Temperature
If the number in columns 6-10 is:

0 - XR is the specified X-load and X7 it thc specified Y-load

1 = XR is the specified X-displacement and XZ is the specificd 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-displacement,
All loads arc considered to be total forces acting on an clement of unit thickness,
Nodal point cards must be in numerical scquence, If cards arc 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 typc of the nodal petat, as well as XR, XZ, are set cqual to zero,
Element Material Cards (1615). These cards shall carry the material type of all
the elements, Each card shall have material types for 16 clements 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
following data:
Information Columns
{ Number of element 1-5
Nodal point I 6-10
Nodal point J 11-15
Nodal point K 16-20
: Nodal point L 21-25
Initial stresses:
Component in X-direction 31-40
Component in Y-direction 41-50
Shearing stress on X-Y planes 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 ure omitted will be automatically gene-
rated in the program by incrzmenting each of the I, J, K and L nodal points by

one. The material type wiil 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 bz provided for each initial crack (215, F10.0).

Information Columns

Element number 1-5




b
i
Ly
]
8
b
3
i

2
3

Tag number 6-10
Crack Angle 11-20
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-clockwisc,
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. Sccond 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 elemenic 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 matcrial type for the elements added or climinated 21-25
Code to designatc addition to structurc of dismantling 26-30

Codc = 0 for dismantling
= 1 for construction
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Number of nodal points included in analysis but not part of 31-35
structure at this step

i iii,

iv,

Addition or Dismantling of Structure., One or more cards shall indicatc
the numbers of elements removed or added in the step under consiceration
(1615) .

The total number of clements included here must be the same as
indicated in columns 11-15 of card h-ii,
Nodal Points Included in Analysis but not Taking Any Load (16I5). One or
more cards shall indicate the numbers of the nodal points included in the
analysis at this step pbav 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. DPressurc Boundary Cards (215, 2¥10,0), If there are any boundary pres-
] sures for this step, then onc card for cach hounrary element which is sub-
jected to normal pressure will earry the following information:
Information Columns
Nodal Point I 1-5
Nodal Point J 6-10
Total Normal Pressure at I 11-20
Toutal Normal Pressure at J 21-30
J

P




.

As shown in the sketch, the boundary element must be on the leit as one
progresses from I to J, Surfacce tensile foree is input as a negative pressure,
Last Card (A6), The last card at the end of data deck is "stop' card, It earries

the characters STOP in columns 1 through 4,

3.4, Output Information

d.

Bg.

The following information is developed and printed by the program:
Print out of problem data, This ineludes information in material properties, mesh
layout, geometry and boundary conditions, loads and constraints, initial eracks, ete,
Initial stresses before any execavation or construction at the center of each clement,
The incremental as well as cumulative nodal point displacements and the stresses
after application of a load increment,
The stresses upon application of total load increment,
The stresses, crack orientation, type of crack, at the first clement eracking under
a lond increment,
The stresses, erack orientation, type ol criack for cach beta~iteration to define
the correct crack orientation,
The stresses, crack orientation, type of crack for each system stability iteration to
define sccondary fractures following the first fracture in a load inerement .,

The stress ratio as a proportion of total lozd at each stability iteration,

86




3.5,

MA TN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA N

MAIN ¢

MAIN
MAIN
MALN
MAIN
MAIN
MA LY

MAIN ¢

MALIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA'N
MAIN
MeIN

Fortran 7 lsting

o, E S I e LB S PR A

oA
46
o7
48

50

cooOCOCcCOCO oM

UEREERRRARRGARARRR KRR ER SRR AR R A RSB R R R AR RR AR R RS AR SRR AR AR RN D R R
* PRUGRAM IDENT FICATIUN: PROGRAM PFA

* PROCKAMMFK: So.¥- HUANGol.So.RAly THE GHIU STATE UNIVERSITY

* PURKUSE: PRUGRESSIVE FRACTURE ANALYSIS

* FAILURE CRITERIA: FRACTURE ACCORDING TO GRIFFITH ANU MODIFIFD
* GRIFELITH THEURIFS

* THE FUKMULATION 15 DUCUMENTED IN THt FINAL REPUKT DATED MARCH
*

»

*

»

*

- AR R

31919732y ON CONTRACT HG210017 BETWEEN THF OHIQ STATE UNIVFFSITvY»
AND THE UNII1tD STATES BUREAU OF MINES SUPPORTED bY THE ADVANCED
KESEAKCH PKOJFLTS AGENCY. INSTRUCTIDNS FUR USE Or THE PROCRAM  *
ARE CUNTAINED IN PART 11 UF THE REPORS. *
ARAEEABRL SRR AR A AR AR R AR AR ERR R AR R R AR AR SRR R AR KA SN R &

COMMON AATL16GUOTy1A{4500)

CUMMON/ONE/ NUMNP ¢ NUMEL yNUMMAT s NUMPC o NPC ¢ MBAND yNUMBLK yNL ¢y MTYPE o Ny
VUL 9 ACELR ¢ ACFLZ ¢QoHEDILE) ¢ STOP¢SRySRIZTOTALy TOL,TOLLWXCy YL,
TEMP oS IUNg S1GLDT 3 S16L Yy
LLLe11i9JJJsJCKoKCHECK g JCHECK ¢NPLANE ¢NUMER 9 NCIDE 9 JASNFQ
oNEANI gNCRACKyNSTEP ¢ N1 L MTHNTQT

COMMON/THU/ CI393) 95010101 4351G(6)9PIB) ¢STI3910)sRRISIZZZIS),
LM{&) o EFT3T 4kPS{3]

CUMMON/THREF/  E(By498) oEUT498) ¢ TENSIB) ¢ XNU(B) 4yRUIAT EPSTIB),
MTCUE) yNICIE)9yMID(8)

DEFINE FILE 1(1U0¢1500,UsNBK) 92151042304Uy1D)

CALL tRRSET(cUBy25b9=191l

REAU AND WRITF CONTROL INFORMATIUN FOR THF PROBLEM

NTUT=16000

MTUT=4500

TOLI=0.001

READ 159100GC) 'ebgNUMNP yNUMEL ¢NUMMAT ¢NUMPCyACELRyACELZyQeNCRACK
NPLANE ¢ NG (EP

1IFINPLANE.EG.]! WRITE(6,420001

IFINPLANESEQ.; ) WRITE(642005)

NEQU=2*NUMNF

WRITE 16420101 HLOyNUMNPoNUMEL ¢yNUMMAT oNUMPC o ACELR yACELZyQoyNSTHP

NPC=NUMPC

1F{NPC.EQ.OQ- NPC=1

N1=1

N2 =N14+NUMNP

N3=N2 +NUMN#

Na= N3+ NUMNP

NS=N4&+NEC

N6=NSHNEY

NT=N&+NEC

NE=NT+NEC

N9 =NB + NUMNP

NL1O=NY +6¥NUMEL

N11=N1G+&6#NUMEL
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|
|
E
s

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MrIN
MLLN
MalN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

41
52

56

N1lg=N1
N13=N1
N14=N1
MN1i=N1
Ml=!

t+ NUMLL
<+ NUMLL
3% NUMtL
“+ENPL

M2=M1+5eNUMLL

M3=M2+
M&4=M3+

NUMFL
NUME L

=ML +NUML L
M&E=MS+NPC
M7=M&+NPC

JIEMT -

IF(JJ.
WRITE
CALL &

MI01

LE.0) GL 10 LU0
(6y3000) JJ
xr

160 CONTINUE
NPT (AAINL) s AA(NZ) yAA(N3) JAA(NG) s AAIND) JAA(NE) yAAINT),
. AAINB)Y yAA[NY) g AAINLIO) g AAINLLIY JAAINLZ) yAAINL3)yAA(NLG) y1A(MY ),

CaLL |

g 1A(
SICP
1000 FNORMAT
2000 FOURMAT
2005 * QKMAT
2010 FURMAT
30HG
30HO
30HU
30HO
3UHO
30HO
30HU
t 30HU
2000 FUOKRMAT
«CT BY
END

~C U s wne—

~

Mc) s LAIM3) g LA M) yIAIMS ), 1AIMG))

(1BA4/4lby3F10e2,4315)
(1H1y* PLANE STRESS ANALYSIS')
(1H1y* PLANE STRAIN ANALYSIS')
(1HO LbA4/

NUMBER (F NUfIAL PUINTS=wwmaem 13 /
NUMICER UF ELEMENT Ymmme—e ——— 13/
NUMBER t'F DIFFs MATHRIALS===- 13 /
NUMEER LF PRESSURE CARDS == 13/
X~ACCFLFRATI(IN====~ ———————— - El2.4/
Y-ACCELLPAVIUNmom e e e -—— E12.4/
REFELRENCE 1FMPFRATURF==mceea E12.4/
NUMLER (F STEPS==mmaee ,————— 13 )

(70H PROGRAM FXECUTIUN TERMINATED. KEQUIRLD CUKE
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iNP 1 SUSKFOL TENG (N (ReZgLUDL yUUGCUGE L gl dy 1y S LLTGFPL Ly STCRNMyE L TA,
InP1 2 . RATIO PRy IXeMIAGWNTAG, INT 4 (BCyJbL)

Inkl BN

INPL o COMMUN AL{Lletub) A4S0 Y)

inel % CUMMUNZGNE 2 NUMNE ¢y NUMEL ¢ NUMMAT ¢NUMPC ¢ NPC s MBANG o NUMBLK o NL ¢ MTY e 3Ny
(NPT o e VULyACELKHyACTLZ g QyHEDTLE) gSTOP ¢SRySKRE G TOTALGTOLo(CL(oXCoY L,
INPT 7 . TEMPySTLNySTGDEySTGD Yy

iINP1 8 o LLLy LBy JJddyJOKyRCHECK g JCHECK yNFLANE ¢ NUMER Gy NCUDE g JAZNFY
(NPT 9 . oNLAND yNCRACK yNSTEP ¢ N1 Sy M74NTUT

INPFT 10U CUMMON/ZTHYZ C(293) oSUL002C) oSTGUED) yPLE) 9ST(23010)4RRI%) $7Z2(5),
INPT 11 e LMU4) yFE(3) 4EPS(2)

INPT 12 CUMMUN/Z THREEZ  t(osbeti) gL U4 eB) g TENSIB) ¢ XNU(E) 4PULL)9FREOTIL),
(NFIT 13 . MIL{B) (NICTH)yMIDIR)

(NP1 14 DIMENSIUN TITLECLE) ¢yNNP(200) ¢yMADI20C ) ¢NUMR(2GO)

(NPT 15 DIMENS{UN KINUMNP) 3 Z{NUMNP) ¢CUDE (NUMNP ) s UUINUMNP 3 21 ¢CUINEQ) o
INPT 16 o P INLG (NEL) o1 INUMNP ) o STGLINUMEL 9 6) 9 EPSLINUMEL 96 ) 9 SIGNM{NUMIL ),
INPL 17 etETA(NL JoRATIUINUMEL ) g PRINPC ¢ 2) ¢ )X INUMFL 45) yMIAG (NUMEL ),
(NPT 1H MNTAGENUR ) o JNTUNUMEL) ¢ (BCINPC) ¢ JBCINPC)

(NPT 19 DU 56 M=1MUMMAT

(NPT <0 RFAD (5¢10Lu) MIYPEGNTCIMTYPE) yRUIMTYPE) ¢MIZ(MIYPL) yMID(MTYPE )
INPT 21 WRITETIG32010) MIYPLGWNTCIMTIYPE) yRO(MIYPE) ¢MIC{MIYFF) JMIDIMTIYPE)
INPT 22 TH{MTC(MTYPL) . E0.C) CU TU 45

INPT 23 KEAD(S41015) TENSIMTYPE ) o XNUIMTYPE) yEPST(MTYPF)

(NPT 24 WRITE(64201%) TENS{MTYPE ) o XNU(MTYPLE ) ,EPSTAMIYPE)

INPT 25 45 CUNTINUE

INPT 26 NUMIC=NTC(MIYPE)

(NPT 27 RLAD (5910201 ((E{LoJsMTYPE)yd=1o4)yl=1,4NUMIC)

INP1 28 WRITE (6492020) ((ECL4JeMTIYPE) oJ=144),1=14NUMTC)

INPT (9 IF(MIDIMIYPE) swe0) GU 1D 50

INPT 3 REZD (S90022) (EUIKyMTIYRFT4K=144)

INPT 31 WRI 1E(642022) (EO(KyMIYPL) 4K=144)

INPT 32 PO 24MTYPED)=EN(24MTYPE) /5T .296

INe! 33 50 CUNTINYE

INPT 34 C

INP1 35 KEAD NUL AL PUINT DATA,GENERATE INTERMELIATE POINTS AND WRITE
(NPT 36 C

INPT 37 WRUTE (bycL2E)

(NFT 3& L=0¢

INPT 2 GG READ  (5¢10e%) NoCODE(N) ¢RIN) 9ZIN) UU(Ny1) yUUINSZ) o T(N)

INPT au IF(N.twel) CGU 1U 70

INFT 41} IXzN-L

INPT 42 DR=(R(ND)=-KRIL))/IX

INPT o3 PZ=(Z(N)=Z(L)I/7X

(NPT 44 ODV=(T(N)=T(L)D/ X

INFT 45 70 L=L+}

INP' 46 (FIN=-L) l0LUY04b0U

(NP 47 80 CLDE(L)=CLU

INPT 48 REL)=RIL=1)+itn

(NP 49 2{L)=2L-1)+0L

INFT 50 TiL)=14L=-1)+001
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INPT &)
INPI %2
INPT %3
INPT He
INPT %5
INPT 56
INPT 57
INPT %8
INPT 59
INPT 60
INPT 61
INPT 62
INPT 605
INPT 64
INPT 65
INPT 66
INPT &7
INPT 68
INPT 69
INPT 70
INPT 71
INPT 72
INPT 72
INPT 74
INPT 75
INPT 16
INFT 77
INPT 78
INPT 79
INPT 80O
INPT &1
INPT &2
INPT £83
INPT 86
INFT B5
INPT 86
INCPT 87
INPT &8
INPT &9
INPI 90
INPT 91
INPT 92
INPT 92
INPT 4
INPT 5
INPT 96
INPT w7
INPT 9
INPT v9
INPT]GC

oo

cece

1)
100

110

130
140

150

170

180
190

192
194

196

1986

ULy 1)=0.

UU(Ly2)=0,

6t TU 70

TE(NUMNE=N) 1004110460
WRITE (64703%) N

CALL oXiT

WRITE(6,2030) (NyLUDEIN Dy RIN) s ZIN) JUU Ny 1)y UUING2) o TIN) ,N=] s NUMNP)

RFAD FLEMENT DATA 4 GENERAIE INTERMEDIATE

READ(S91030) (IX{Ny5),N=1,4NUMEL)
WK1Te (642040)

N=G

READ(541035) My(1X(My1)91=144)
N=N+1

IF (M=N) 17C4170y150
TX{Ny 1) =1X(N-141)¢1
IXUINy2)=1X{N=1,2)+1
1X{Ny3)=1X(N=1,3)+1
IX{Ny4)=1X{N=-144)+1

CUNTINUF

SIGI{N,1)=C.

SIGI(N,2)=0.

SIGI{N,3)=0,

MTAGIN) =C

INTIN)=0

BETL(N)=0,.

IF {M=N) 180,18Uy100

IF (NUMEL=N) 19C,1904130

WRITE (6492040) (Nyl iX?N.l).l=l.5).(SiGl(N.lhl=l.3).N=l.NUHEL)

TF(NCRACKET 0) GU T1, 194
WRITE(642050)

DO 192 M=1,NCRALK

READ 17%41040) NyMTAG(N) 4BETA(N)
WRITE(641060) NyMTAG(N) 48ETAIN)
BETA(N)eEFTAIN) /074296

CUNTINUF

INITIALLIZE STRAWNS

DU 196 N=1,NUMEL
NTAG(hi)=0

DC 19¢ 1=1,3
EPSI(Ny1)=0.0

INITIALIZE CUMULATIVE DISPLACEMENTS
CC 198 I=1,NL@

Cull)=0.0
JJds

80
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INPT101 U 1y I=1 g NUMEL

INPIlOL OGU 099 J= 4

INPTL03 DU 199 K=ly4

INPT1G4A KKz JAESCIXULod)=1X(1eK))
INPTIOS I (KK aGTadd) Jd=kk

INPTLIO& CUNTINUL

INFTL07 NEAND =, *JJ+¢

INPI1OUb NL=(NTUT=N1S+1)/(NBAND+1)
INPI10Y NLL=NIQ+3

INPT110 IF(NLeGTW4NLL) NL=NLL

INPTL11 NL=NL/ 4

INPTL12 NU=2#*NL

INPI113 NL=4#*NL

INPTL 14 JIF(ND G o NBAND) LU TO 209
INPI11S WRITE (644010 NLyNBAND
INPTL116 CALL FXIT

INPT117 N1&=N15+NL

INPT11bL NLIT=N16+NLENCANG

INPT119 JJ=N1T-NTUTY

INPT120 1IF(JJeLE0) GO TO 210

INPT121 WRITE (6,30C0) JJ

INPT122Z CALL #XIT

INPY1e3 é WRITE (&94000) N1ZyMToNLyNBAND
INPT124
INPTL12S
INPTlZG
INPTLI27
INFI 128
INPTl2Y
INPIlIU
INFTL1A]
INPTLE?
INPT152
INFT134 NCASF=G

INPT135 READ(S,1045) TITLL

INPTLZG WEITELE 20 Dh) TITLE

INPTLZ READ(S5,1050) NPMAX, NELMAX, NUMEKy NUMPCy¢ MTYPE, NCGDE JNPMIS,MAL(
INPT1 S LLL=1

INPT139 111=0

INPT140 JJd=0

INPT14l fCTAL=0.0

INPT142 LIGCUI=0.

INPT143 S1ebI=0.

INFT 140 4 1F (NUMEK.twe() GO TO O«

INPT145 REALL 59 1030) (NUMR{N)y N= 1,yNUMER)

INPT146 JF(NPMISHLLL) GL TU (06

INPT147 PEAD(S,y1030) (NNP(M}y M = 14eNPMIS)

INPT146 C

INPT149 L DETEFMINE wANDWI Tt

INPT150 C

KEAQ CUNTRUL INFURMATION HOR THE NEXT STEP IN L«CREMENTAL ANALY' IS

NUMBER UF NGDaL PLINTS MISSING NPMIS 14 INTRODUCED TC TAKE

LAKE CGF EmPIY NUDAL POINTS IN THE PREVIOUUS STEP AND NEW NODAL
PUINTS INTRUGOUCED AS A CONSEQUENCE OF CONSTRUCTION OR FXCAVATIDN
UOUNE DURING THIS LTEP. NPMIS 1S TAKEN AL THE SUM OF CMPTY NOUAI
PUINTS DUKING FREVIOUS STEP PLUS THE NODAL POINTS VALATED LR
AUDED INTHIS STEP UPTU  NPMAX .

OO0




INPT1S1 206 NUMEL=NE(MAX

INPTL1S2 NUMNP=NPMAX .
INPT153 J=0 b
7 INPTLS4 00 ¢0H N=s1yNUMEL
INPT155 D0 z(b I=ly4
i INPT156 00 208 Lely4
: INPT157 KK=TABS LAXINy 1) =1X(NyL))
INPTLSE IF (KK=J) 20bs2U84207

INPTLSY 07 JEKK
INFI160 <086 CLONTINUE

INPTL61 MBAND=Z*Jez

INPT162 IE (NPMIS.EQ.U) GU TU 215
LwTles DU 212 1 = 1y NPMIS
INPT 164 J = NNPLTD ;
INPT165 CUterd-1) = U, k.
INPTLI6E 212 CULZ*J) = 0. :

3 INPT167 C

3 INPT168 C PRINT OUY CONTROL INFORMATION FOR THE CURRENT STEP IN INCREMENTAL

$ INPT169 C ANALYSIS

i INPT170 ¢

b INPTLITL 215 IF(NCUDELEQ.1) LU TU 240

3 INPT172 1F(NUMER.EQ.0) GO TL 220 4
INPTL73 WRITE(692060)NCASE gNPMAX o NELMAX ¢ NUMPC yNPMES s (NUMR (N) ¢N=1 ¢NUMER ) ke

INPT174 GO0 TU 230 .
INPTLTS 220 WRLITE (69200U0) NUASESNPMAXINELM/AXgNU'TCoNPMIS ;
INPT1T6 230 JF(NPMIS.EW.0) GO 0 270 [
INPT1T7 WRITE(64200651 (NNP{M) o4t = 14NPMIS) i

INPT178 G0 10 270

INPT179 240 LIF(NUMER.EQ.O) GU 10 2 )

INPT180 WRITE (692070)NCASE o NPMAK,NELMAX,NUMPC yNPM1S s (NUMR(N) g NZ1 o NUMER )

INPT181 GO TD 260

INPTLE2 250 WRITE(692070) NCASEyNPMAXoNELMAX s NUMPC \NPMIS

INPT1B3 260 LF(NPMIS.EQ.0) GU TO 270 1
3 INPT184 WR1TE(692065) INNP(M) oM = [ NPM1S) :
} INPT18Y C
. INOT1E6 C IF THERE ARE ANY BOUNDARY PRESSURES FOR THIS STEP READ AND PRINT
& | INPT187 C THIS DATA
E 3 INPT188 C
E INPTL8Y 270 IF (NUMPC) 29043109290

: INPTI9C 290 WRITE (542075)
INPT191 [0 300 L=1,NUMPC
INPT19Z RE/D(591060) 16CIL) 9JBCIL)oPRILy 1) PRIL,2)

g INPT193 300 WRITE(62080) IB6LIL)oJBCULYyPRILyLI4PRILy2;
1 INPTI94 310 CONTINUE

! INPTL9S C
| INPT1YE C CHANGF MAIERIAL TYPF FOR ORIGINAL ELEMENTS :
" INPTL1YT C ,
INPTLY8 IF(MADD L G) GO TO 336 4
; INPT199 WRITE(6,2082) 7
- INPT 200 REAN( 5y 1030) (MADCI)IX{MAD(L) ¢5) ¢ I=14MADD) E
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INPI UL
INPT202
INPIZ203
INPT2UG
INPT205
INPT 206
INPTZLTY
INPTZUE
INPT20Y
INPT210
INPT2IL
INPTZL12
INPTZ13
INPT214
INPT215
INPTZ16
INPT217
INPTZ21H
INPT2LY
INPI220
INPT221
INPT222
INPTZ223
INPT224
INFT22%
INPT 226
INPT227
INFTZH
INPT229
INPT230
INPT231
INPT232
INPT233
INPTZ 34
INPT235
INPT236
INPT237
INPT238
INPT 239
INPT240
INPT 241
INPT242
INPI243
INPTZ2G4
INPTZ245
INPT 246
INPT 247
INP1243
INPT 249
INPTCS0

[aXsNaRaRaNaRal e

WHITLCE 2uba) C4ALEY) o IX(MADLTL) ¢5) 9 l=] 4MAND)
DU 33% 1s14MALD
N=MAD(1)
DO 335 Jzles
SILIINGU)=U,
235 (PSIINyJdI=0.
536 CONITINUE

It INITIAL SIKESS CUNDITIUN IS TU BE ANALYSED INSTEAD OF INPUT,
USF NUMER = O ANDL DIKECTLY PROCEED TO STIFF,

CLRRECT MA(EKIAL TYPE FCR ELEMTNTS REMOVED OR ADDED. SFT INITIAL
STRESSFS FQUAL TOU 2ERO

If INUMEK.Fv.0) GO TO 340
DU 330 I=1¢NUMER
NUM = NUMK(1)
IXINUM 5 ) =MTYPE
DO 330 J=le3
SIGIINUM,J) = 0.
330 EPSIINUMyJ)=0.0
340 SR=0.
345 CONTINUE
UG 350 N=lyNUMLL
550 RATIOIN)}=1.0

0

FURM STIFENESS MATRIX IN BLOCKS FOR THIS STEp

CALL SOLVE (ReZyCODEsUUCU9BI By ToSIGIVEPS19SIGNM,BETA,
. RATIGyPReAAINLL) yAAINLG) o IX ¢MTAGYNTAGJNToIBCoJBC)
IFISTOP.FR.le) CALL EXIT

SOLVE MATRIX tQUATIUNS
CALL bANSIIL (AA(NLS)9AAINIG) ¢MBAND ¢ NBAND yNUMBLKyNL e JA)

CAaLL STRESS(ReZyCUUEgUUSCU9BL 9 BI9ToSIGIoEPST9SIGNMyBETA,
. RATIU»PReAAINLS) oAAINIG) o IXyMTAGYNTAGyJNT,IBC,JBC)

CALL SCALF (IXeMIAGNTALy INTyRATIUGBETA¢SIGI¢SIUNMoEPSTCU,y
. AAINLS) ¢ AAINLG))

JJJ=1

IF{JCHECK At Ga0) GU TU 400
I1I=111+1

WRITE(be2084) LLLyI1I
NKT=0

NML=NUMEL/2




.

i, ” 3
M7 T PR ISR

(114 5
INPT252
INPT 252
INPT254
INPT255
INPTZ256
INPT257
INPTZ58
INPT LY
INPT260
INPT261
INPT262
INPT263
INPTcé4
INPT 265
INPT266
INPT267
INPT268
INPT269
INPT270C
INPT271
INPT272
INPIR2T3
INPT274
INPT275
INPT276
INPT 277
INPT278
INPT279
INPT280
INFT2U1
INPT282
INPT283
INPT284
INPT285
INPT2HGO
INPT267
INPT2088
INPT289
INPT2Y%0
INPT29]
INPT292
INPT293
INPT¢9¢
INPT295
INPT296
INPT297
INPT 298
INPI 299
INPT2uL

oX¥aNaNal

DU 380 N=1,NUMEL
IFIMTAGIN}«GTo2) NXT=NKTel
IF(NKT.LT.NML) GU TO 380
WRITE(642085%) NKToNML
CALL FEX1TY

380 CONTINUE
GU TO 345

400 IF(TUTAL.EQ.10 ) GU TU 600
LLL=LLLe+]
111=0

«50 GO TO 345

600 CONTINUE
IFINCASE.GEL1) LU TU H0OO

1F THE INITIAL STRESSES ARE EVALUATED IN TH1S STEP
1INLITIALIZE CU

DO 750 1 = 14NEU
750 CUCl) = 0.0
BO0 NCASE = NCASE + 1
IFINCASELELNGTEP) GU TOU 200

1010 FORMAT (215,1F1ue39215)
RETURN

1015 FORMAT(3F10.3)

1020 FORMAT(F1Ue39E10eU22F10.4)

1022 FORMAT(4F10e4)

1025 FORMAT (1LyF5.145r1G.%)

1030 FORMATL(1615)

1035 FORMAT(515)

1040 FURMAT(Z159:F10eb)

1045 FURMATU18A4)

1050 FORMAT(815)

1055 FORMAT (161%)

1060 FORMAT(21542F10.3)

2010 FURMAT ()THOMATERIAL NUMBER= 13, 30Hy NUHBEF OF TEMPERATURE CARDL=
1 13y 15He MASS DENSITY= EJ244y16Hy MATERIAL CODE= 13
2v16Hy MATERIAL 1.De= 13)

2015 FORMAT(1BHOTULNSILE STRENGTH=E)Z2.4921Hy COEFF. OF FRICTION=E12.4
*,19Hy INITIAL CPENING = Elz.4)

2020 FORMAT (15HO TEMPERATURE 10X 5HE 9X 6HNU 5X  8HALPHA /
®(F15.293E15.3))

2022 FORMAT(15HO MUDULUS RATIU+15H ANGLE UF FAULT,15H FRICTION COEF.,
*15H SHFAR STRENGTH J/(4E1b.3))

2025 FURMAT (1UBHINUDAL PUINT TYPE X ORDINATE Y ORDINATE X LD
1AD UR DISPLACFMENT Y LUAD CR DISPLACEMENT TEMPERATURE )

030 FORMAT (1124F12.242F124592E24474F12.3)

2035 FURMAT (26HUNUDAL PUINT CAPD FRROR N= 15)

2040 FORMAT(12CHLIELEMENT NU. 1 J K L MATERIAL
151G1X Slolyy S16IXY )

2045 FOPMAT (113,416911243F1243)
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Sy rtesamerionn

rmp———_

INPI3V]
- INPTAC2
- ] INPT1303

i INFTZ04
INPT 305
INPl3UG

v INPTLO?

3 INPT308

INPLLOY

INPT210

INPT 311

INPTALL

INPYIZL13

INPTS14A

INPI315

INPT316

INPISLY

, INP131l6
4 INPT319

INPT1320

INPT 321

iINPT S22

g B INPF32S

L INP1324

INPT3Y¢5
INPT326
INPT327
INPT 228
INPT349
INPT33U
INPT331

. INPTO5Z

o INPI333

INPT234

! INPT335

I INPL26

i -

7050 FUKMAT(IMU,* INITIALLY CRACKED ELEMENIS'/,* EL. MTAG BLTAY/)

LUSY FOURMATULHL LuAa//1Y)

2060 FUKMATL ' RELULTS AFTER 5TEP NOW Yot/
I' 10FAL NUMLL K GF NODAL POGINTS IN SYSTEM AT THIS STFPe=—==e=ty it/
' TOTAL NUMBER OF ELEMENTS IN SYSTFM AT THIS STEP=—==——- Yylt/

4% JOTAL NUMbLIF UF PRESSURE CARDS AT THIS 4TEP ccccccccmem-a=t, |/
4% TUTAL NUMREK UF NODAL PUINTS MISSING AT THIS SiEP-emem=m==t,}!/
St ELFMENTS REMOVED IN THIS STEP ARE ' /{2i15))

JLuGS FURMATE '  NUMHERS OF NODAL PUINTS MISUING LIy THIS STHRP ARE M/
112ul5))

2070 FOPMAT{ * RESULTS AFTER STEP NO. S Yolt/
1' JUTAL NUMbLP OF NOUDAL PUINTS IN SYSTEM AT THIS STEP—==-- —=%it/
2% TUTAL NUMBbEK OF ELEMENTS IN SYSTEM AT THRS STEP===-=—=1,1'/
2% TOTAL NUMBEK UF PRESSURE CARDS AT THIS STLP =——eo—wm———w=st,jt/
4t TOTAL NUMBER OF NODAL PUINTS MISSING AT THIS STEF=w——w==== LR &4
5S¢ ELEMENTS ADDED IN THIS STEP ARE ' /(2015))

2075 FURMAT(Z9HUMRLSSURL EOUNDARY CONDITIONS/4UH 1 J PRESLU

1€ 1 PRESSURE J)
2080 FURMAT{2164cFl4e3)
2062 FORMAT{///% MATERIAL TYPES CHANGEZ AT THIS STEP'//' ElL. MTYPE')
2083 FURMAT{215/7)
20b4 FURMAT{1Hl,® SIAKT ITERATION TO U6T#IN SYSTEM STABILITY UNDER 1ML
SLLAD INCREMENT NUL'y 13/
*0 SYSTEM STALILITY ITERATION NU.'413//7)
ZUBS FUKMAT(® NUMBLEK UF ELEMUNTS CRACKED =",14,'~ KEACHES THF LIMITI=',1
Wiy %= PRULKESSIVE FRACTURE 15 LEADING THE SYSTEM TU TUTAL FAILURL®)
2000 FURMAT {70M PRUGRAM EXECUTIUN TERHMINATED. REQUIRED CORE EXCEFDYL M1

ST LY 114)
4000 FORMAY {47H FUR THIS PROLRAM THE LOCATION USED IN AA IS = ib,
. 1TH AND IN 1A IS = 15/
18H MAX ulLOCK SIZE = 15/
. 18K MaX BAND WIDTH = 15/ )
401y FURMAT (c5HU NL IS LESS THAN 2*MbLAND /
. S5HG NL= 15/
. GHO MBAND= 15)
FND
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NURY
SuLy
SuLv
soLy
SOLY
SuLv
SULV
soLv
SOLV
SOLv
AR
SOLV
SOLV
SOLV
soLv
SoLv
SULV
S0LYV
SOLV
SULV
SV
SULV
SOLY
SULY
SOLVY
SULV
soLv
soLv
sOLV
SULV
LOLV
SULV
SoLv
SoLv
SULV
SoLv
Loy
SOLV
soLv
SULV
SULV
SOLV
SOLV
SuLv
SOLV
SuLvV
SOLV
SOLV
SCeLv
SOLV

S gt g
N=O & DG e

13

P 00 9= 0t s 90 Pt
(=3RRI

[ SEL
W N

NN
-~ O w S

28
9
3o
31
32
33
34
35
36
7
3
39
40
6l

43
hé

46
&7
“8

L0

50
60

65

70
80

90

SUBROUTINE SULVE (RyZoCUDEUUGCUWBIyBUyTySIGIZEPSTySIGNM,BETS,
. RATIUyPRyB o A9 IXyMTAGyNTAGy UNT¢IBC,JBC)

CUMMCIN/ZONt /7 NUMNP o NUMEL ¢NUMMAT ¢NUMPC ¢NPC ¢yMBANDoNUMBLK ¢yNL ¢ MTYPE YN,
o VULoACHLRyALFLZ ¢ QoHEDI18) g STOPySRySRYLy TUTALyTOLoTOLIyXCyYCy

S TEMPySIOGNSIGDL 4 SIGD Y,

o LLLg Il JdJ 9 JOUK o KCHECK o JCHECK ¢ NPLANE o NUMER ¢yNCODE y JAZNEQ

o oNEANDyNCRACK o NSTIPoN1S M7y NTOT

COMMON/TNLZ C(393)ySH10,10),SIGIE),PIB),STI3,10),RR{5)422(5),

» LM{4) ot E(3) 9EPSE3)

COMMUN/ THREE/Z E(59498) ot0(4,8) o TENSIB) o XNU(B)yRU(B)yEPST(B),

. MICIB8) yNTC(B)yMID(B)

DIMENSION RINUMNP) y ZINUMNP) y CODE {NUMNP ) y UU{NUMNP 9 2) yCUINED )y
dRIINEU) g BJINEQ) o TINUKNP ) o SIGLINUMEL y6) yEPSI(HUMEL y6) » SIGHMINUMEL )
oBETAINUMEL) yRATIOINUMEL )y PRINPC2) p IXINUMFL$5) yMTAG UIsUMEL )y
oNTAGINUMEL) y INT(NUMEL ) » IBCINPC) yJBCINPC)

DIMENSION B(NL) oA(NL,NBAND)

NB=NL/4

NDz28NH

ND2=2&ND

STOP=0,. 0

NUMBLK=D

NBK=1

JAEND * (MBAND+}))/1500+]1

DO %0 N=1l,ND2

B(N)=D.0

DO 50 M=]1yMBAND

A{NyM)=0.D

NUMELK=NUMBLK+1

NH=NB® (NUMBLK+])

NM=NH=NB

HLLsNM=NB+]

KSHIFT=28NLL~-2

00 210 N=1l,NUMEL

MTAGL=MTAG(IN) i
ICHECK=0 i
LCHECK=]

ID=N

MM=4

IFCIXINY3)aFQIXINy&)) [M=3

IFCIX{N3)oFQ.IXINy2)) MM=2 i
IF (IX(Ny5)) 210,210,465

DD 80 1=1y6

IF CIXINgI)=NLL) B8U470o70

IF (IXINyI)=NM) 90y90,80
CONTNUE

G0 10 210

IFINTAGIN) JEQ.1) GU TU 92

IFIMTAGIN) «GT.2) L9 TC 99
JFUOLLLWGTa1) sAND . (MTAGIN)4EQ.C)) GO TOD 99
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SOLV &

SULy
LuLv
NER
wev
Sty

S0Lv ¢

SeLy
seLv
Sukv
LCLv
LLLy
SOLv
Ly
LULV
N RY
MHRY
Sty
suLy
LULV
soLv
SOLV
Loy
sov

SOLV
sSULy

seLv
SuLv

stiLv

SLLy
suLv
suLv
LCLY
SOLY
SOLV
soLv
suLv
sOLv
ey
NUR
MURY
SuLy
LULV
SuLv
SULY
sSLLv
stLv
Lo
Ly

(74

4“0
Y1
Ye

[}
-

Y4
TH
Yo
vi
ug
94

LUV

ue

TrQ(ll) et ioaU) ANG (MYAGIN) FQ.0)) GU 10 99
TFCIXINg3)=IX{Ny2)) 95905495

a5 CALL ONED  (RoZyCUDEWUUW (U Bl obJyToSIGLsEPSLSICNMybETA,

KAV LUsPR o B e A g IXgMTAG JNTAGy UNTHIBC,JEC)
GEOIU vE

Y5 CALL ELEMENCR 9 Z9yCUNE yUUyCUpBLyBIy ToS1GL9EPSTySIOGNMEETA,

v8

1

Fd

RATIO¢PR o9 Ag s XoMTAGWNTAGyINT,, 1BCyJBL)

NTAG(N)=0

ICHECK=1
1222 R 22222333222 223122122 182 132041222 2222222 22222222222 Rty
* WRITEL ELEMENT INFURMATIUN ON FILE & *
22 R ST SRR TR R SR 222212 RSt R 22222222 2222222ty
WRITF(ZYID) ((COLIKgJJIKD 9 JJK=193)4EECLIK) 4 11K=143)

v (USTIILIWKKL) gKKI=19B)gJJ1=198) g ((STUIKKyJKK) yIKK=L96) g lKK=1y2)

o (RROJLILY 9228011 ) 0 Jl1=1ya)yXCyYCy iFMPoVOLyMTYPELN

Y9 IX(Ny5)==IX{(Ny5)

100

-
-

TFOLLLGTa1) o ORI TebTu)) GO TU 1CL
IF(VUL) 10041004101
WRITE(E&42000) N
STUP=1 .0
22123 2T SRR R 2223272332322 2 3322222222232 222222222
* CALCULATE NUDAL PUINT FORCES *
LIRS RS RS RS2 £ 2 2221 232 2221233 i3ttt R)
Ir((LLL b Qe 1) 6 ANCA(11]1EC.0)) GO TO 145
IFCICHECKSLLLL) GO TO 105
READECPIU)  ((CULIKpJUK D)9 JIK=193) gk LULIK)911K=193)
pCESTIIL o KKI ) gKKI=1yB) g dJ1=198) g (ESTUIKKyJKK) g JKK=14E) 9 1KK=1412)
wIRREJLLY 9 ZZCILE) g J1I=194) g XCgYCHTEMPy VUL MTYPEZN
GO TH 16

LVALUATE STRo5S TRANSFORMATION MATRIX AND STRESSES TU BF RELEASID
FUR NEWLY FRACTURED ELEMENT UNLY

IFCIXEING2) e FReIXING3)) GO 10O 166
DO 106 1=143
IF(SIGLI(Ngl)oNLOG) LU TUL 21U
CONTINUL

LCHECK=C

L TU 154

IF (M)AGIN) .0ELU) GU TUL 111
L1601 )=C.

SI6R) =0,

S10(3)=0.

CU 10 1%4

TEAMTAGIND oNF o4 ) (U TU 112

DG o112 I=1,3
S16(1)==S)GLIN, L)
SICHINg L) =0,

o Tv 154

FrLX=Bt YaiN)




M{Y101
SLvio?
LaLv1o3
SULV104
s0LV10S
SULV1oe
sSuLv1o?
S0Lv108
SULV109
saOLv1lo
SULvV1lL
SULV112
SOLV113
S0Lv1le
SOLV11S
SOLv1le
LoLviIlY
SOLV1ls
SOLV1lY
soLvizo
soLvizal
MYR'S P
s0Lvi1Zg3
SULV124
SOLvV125
SOLV126
sOLvi1Z27
suLvizs
soLvize
SOLv130
SOLv13l
SOLv13e
SOLv133
SOLV134
SULV13s
SULV13é
SULV137
SoLvias
SOLv1ae
3ULV140
SULV14l
S0LV142
SOLV143
SOLV14e4
S0LV14S
SULV 146
SULVI&?
SULV]1ab
SMILV149
SULVILO

C
C
C

144

145

154

155
160

163

165
166
167
168

CC=CUSLEPIX)

SS=SINLEPSX)

52=85%L5

LesiCeeC

$C=55»CC

SCe=d.D*35C

CsD=C2-52
SIGXX=C2%SIGI(Ng1)¢S28SIGL(Ny 2 )+SC2%SIGIIN,3)
SIGYY=S28SIGLINY 1) +C28S16] (Mg 2)-SC2*SIGI(N,3)
SIGXY==SCH(SIGI(Ny1)=~SIGIINy2))+CSO*SIGI(N,3)
OX=EE(c)*SIGXX
SIGLL1)=C28SIGXX+S 2 #DX~SC2%S1GXY

SIG(2)=52#S IGXX+C2¥DX+SC2#SIGXY
SIG(3)=SCH{SILXX=DX)+CSDESLILXY

D0 144 I=1,3

SIGIH(NSIY=SIGLINy1}=SIG(I)

SIG(IY==-51G(1)

<O JU 154

CALCULATE TEMPERATURE STRESSES oFOR LLL=l ANOD [[]=D ONLY

DY=TEMP~Q

DXeEE(3)%LY
SIGILY==(Cl1lol)+C(1,2))R0X4SIGIINGL)
SlG‘Z)“(C‘ZQZ"C(lQZ’)‘DXOSIGI(N'Z)
SIGI3)ESIGIING3)
TFCIXUING2) e EQe IXINy 3)) GU TU 166

00 160 I=l,8

P(1)=0.0

IF(LCHECK.EW.0) GO TO 160

DL 155 J=1,3
PILIRP(1)~STLI1)%SIG(J)
PlL)=p(l)svVOL
IFU(LLLoGT 1) (ORe(1I1e6T.0)) GO TO 166

CALCULATE BUDY FURCES, FOR LLL=1 AND 1J1=0 GNLY

XMM=MM
DY=VOL®ACELZ#RU(MYYPE ) /MM
DX=VOL*ACELR®RU(MTYPE )/ XMM
DU 165 [=1,MM
Pl2%])=p(2#%]1)+DY
Pl2e]-1)=P(2%]1-1)+DX
CONTINUE

DO 168 J=]l,MM
LMY =28 XNy 1) -2

DO 200 [=lyMM

DU 200 K=l,2

LI=LM(1) +K~KSHIFT
KKz2% | ~2+X
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StLvisl
SULV1S2
LULVLSS
SLLV1Sa
SeLv1SnS
LuLvlue
SULVLLT
SULVL1Se
LLLV1be
LnoLvieo
suLvlel
LULV1eLZ
SuLV1eld
LULV164
S0LV16ES
SULV1GS
LOLVLET
SULvles
SULV16Y
SuLv17C
SOLvITL
SULv1Te
seLvlis
SULVL1 74
SCLVL1TS
SULVLTe
soLver?
SULVLTL
sSuLv1ie
SOLVLEQ
STLVIEl
suLvlee
LLAvLE:
LuLvlbe
LLLvleS
SLLV1ES
suLvin?
SLLvlng
LeLvle9
tLLvilvt
SLLV1Yl
‘frLvlve
LoLvivl
LLLV1ve
LLLVLYS
SOLvViYe
LoLv1vy
TiLvivs
SOHLvV1Ive
sSpLveuo

172

l1ib
18U

19%
200
210

3t
240

dE5
270
1
300
301

302
303

IF(ICHELK B U) GL TO 1772
BOIIY = (1 1) +P (KK)

NG 20C J=1yMM

DU 200 L=yl
JJ=LM{J)+L~11+1-K5H1ET
LL=d®)=c+l

fF(ad) LUOp'(('l"l"b

IF (ND=JJ) 180,1959195
WRITE (642C0L) N
LTLP=1.0

60O Tu 210
AlTTgJdd)=A114dJ)+S(KKyLL)
CUNTINUE

CONTINUE
TF{(LLLGTe1).CR(11146T.0)) GU TU 301
00 220 N=NLLoNM
IFIN-N_MNP) 21L92159220
K=2oN-KSHIF 1
A(K)I=BIK)I+UL(Ny <)
Blrh=1l)=R(K=11+UU(N,1)
CUNTINUF

IF(NUMPC) 22493019225

DC 30C L=1y4NUMPC

I=16C (L)

J=JdbL (L)

OR=Z2(1)=2(J)
DZ=R{J)=K{1i)
PPZz(PR(Ly2)+PR(Ls1)I/6.
PPL=PPZ4PR(Ly 1) /6
PP2=PP2+PRILyZ) /b,
fl=.%1=-KSHIFT
JJz29J=KSHIFT

IF(LL) 2655200 93l
TF{I1=NU) 240424049205
sl1)=11=b6(11=1)+PPL1%DhK
BOID)=6(11)+PPL*D2
1F(JJ) 30043004270
1F(JJ=ND) 27592754300
E(JI=1)=b (JJ=-1) +PP2*DF
BlJJI=B(II) +FP DL
CUNTINUF

CUNTINUE

11=NO» (NUMELK=-1)+1
JJI=NDHNUMBLK

kKk=(

IF(IT1.NEL.O) LU TU 203
DO 202 N=11,JJ

BJIN)I=C.
TFC(LLLFLWl) oAND G TITLFUL0)) GO TIY 305
Lo oTe 313
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SuLvaol
Sulv2o2z
SOLVeO3
StLvZue
s0Llveces
SULveus
SuLv207
suLvzoa
SULV20¢9
SOLv21¢
Sulvell
suLvel2
stLvell
S0LV214
soLvals
Sulvile
suLva21y
sSuLv21s
soLvaly
soLva22o
sSoLvazl
soLvee2
suLv223
SuLvaze
soLvaesy
suLva2é
soLveza?
stLvzzae
stLva29
SULVZ30
s0Lvasl
soLvas2
SoLv233
SULva3e
suLvass
suLva3le
SOLv2si
SOLV23E
SuLvase
L0LvV2éeu
SuLvVZe)
SULVZ42
SOLVZ24s
SOLVZ44

c
C
c

3us
306

I3

k] £
30

315
316
N7
s
370
e
390

400

480

2000
2001

U0 306 N=1l4Jdd

KKsKK+ ]

RI(N)I=B(KK)

60l Yu 310

FACIOR=SR

TIF('T1e:Ge0) FALTUREL .=TUTAL

IF(LL! -FQel) FALTURZTUTAL

DU 314 { 1) 444

KK=KK+}

BJINI=BJI(N)*B (KK )

B(KK)=FACTORSEBL(N)+bLJ(N)

DU 400 M=NLLyNH

1F (M~NUMNP) 315,315,400

UsUU(M,14

N=2%M=]1=KSHIFT

IF (CODE(NI) 3904400,316

IF (CODF(M)=1,) 3174370,317

IF (CDE(M)=2.) 316,390,316

IF (CUDE(M)=3,) 390,380,390

CALL MODIFY(A¢ByNDZyMBAND yNBANDy Ny U}

GO TO 400

CALL MODIFY (A28 9ND2 gMBAND yNHANDN,U)
U=UU(M,2)

N=N+]

CALL MOUDIFY (Agk yNU2 ¢MBAND yNEANDy Ny U)
CONTINUE

bt t i b d it L T R s L L L LT T T rpur P
* WRITE BLOCK INFORMATION OUN FILE 1 *
ibthinhtdhindstitll 2L LTI L T e T N
HRITE(l'NBKl(h(N)'(A(N.H).H=l.HBAND).NBI.ND)
NBK=NBK+JA

DO 420 N=zl,ND

K=N+ND

BIN)=B(K)

B(K)=0,0

DU 420 M=],MEAND

AN M) =A(KoM)

AlKyM)=0,0

IF (NM=NUMNP)} 60yabUsab(

CONTINUE

RETURN

FORMAT (26HCONLGATIVE ARLA ELFMENT NO. 14)
FORMAT (29HUBAND WIDTH EXCEEDS ALLOWABLE 14}
END
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pd i T A T T TTE iy D n L o8 e
PN 1 SUBKOUTING ONe L (ReZoClOE gUU (gl ot de T oSIG gt PLL o SICNMytib T2,
uNey & . PATIGYPR yLig Ay IXyMFAGINTAGyINTHIBCyJLC)
UNEUL 3 CUMMONZUNE/Z NUMNP ¢NUMEL JNUMMA T yNUMPC ¢NPC ¢ MBAPD g NUMHLK ¢ NL e MTYPE 3 Ny
LNED o . VUL g ALELK 9 ALELZ 9y QyHED (1A ) gy STUPy LRy SKL 2 TO ALy TULy TULL 9 XCy YLy
CNED 5 . TEMPySIGN L IUDI ¢ SIGD Iy
UNED ¢ . LLLy "I 19 JdJIJd e JCR e KCHE CK ¢ JCHECK ¢ NPLANE ¢ NUMER yNCOUDE 9 JAYNEC
ENED 7 . fNLAVDGNLKACK NSTLP o NL Yy M Ty NTOT
uUNtD B COMMUN/ZTWU/Z CU293) 9501000 0) 9516(6)4PLB)STU3910)4RRIE)$Z2(5),
LNLL 9 . LM(&) yFE(3) 4EPS(3)
(NED 10 CUMMUNZTHREEZ  [UB,498) 3t U0(498) 9 TENSIB) 9 XNU(B) yRULE) 4EPSTIE)
UNEO 11 . MTCLE) «NTIC L)y MiIDLG)
CNEDN 12 DIMENSIUN K INUMNP) 9 Z{NUMNP ) o CUDE INUMN™ ) yUUINUMNP,2) yCUINER)
CNLD 12 CETINEQ) gy BIINE W) o TINUMNP )y SIGLIINUMEL 96 ) 9 EPSL INUMEL o6 ) 9 SIGNMINLMEL )+
UNEU 14 CEETAINUMEL) yKATIUINUMEL ) 9 PRINPC2) o IXINUMEL »5) o MTAG INUMEL )y
UNED 15 SNTAGINUMEL ) s UNTINUMEL) 3 IGCINPC) 9 IBCINPC)
CNLD 16 DIMENSICN BUINL) gAUNLyNBAND)
CNED 1T C
(NED 1B LL 300 I=148
UNED 19 PLLI)=0.0
(NED 20 0 1C0 J=1y8
CNFD 2 160 S(1,4)=0,v
UNLD 22 MIYPE=LIXIN, D)
UNED 23 I=IX{N,1)
UNLD 2 J=IX(Ny2) 4
INED % DX=R{J)=R(I) e
CNED 26 by=2(Jd)=21(1) y
LNED 27 XL= SURTINX¥¥»+LiyR*Z) L
UNLU ¢8 LLSAsLX/XL i
(NLD 29 SINA=DY/ZXL
ONFD 30 EF(1)=k(le2yMIYPE)
UNED 31 tEL)sb 1y 24MIYPE) B
UNFD 32 COMM=LE (L) *EF(2Z2) /XL 1
(NED 33 S(191)=CUSAXLUSA*COMM e
UNED 54 S{192)=CULA*S INARLOMM
(NLD 35 Sll93)==5(141)
UNFD 30 slya)==4u11se)
UNED 37 C1241)=801,2)
UNED 30 SU292)=SINARL INARLUMM L
UNLD 39 SU293)2=50142) 3
(INED 40 S{eb)==S1242) y
CNLG vl Stael)=50192)
UNFD 42 S13,2)=5(242)
ONLU 43 $0343)=S{1is1)
UNED 44 S5(3y4)=501,y2) R
UNLD 4% 51491 )=8(1ya) L
UNED 46 S5(as2)=Sleet)
UNL L &7 Stus3)=S{544)
CNFL 46 Slaya)=5(242)
UNED 49 EP=b{lyayMIYPL)*L (1y14MTYPL) &
UNED 50 DX=hx*t ¢
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UNED
UNED
(NLD
UNLD
NLU
UNFD
UNED
tiNFD
(INLD
UNED
UNED
ONED
UNF(
ONED
UNED
UNED
UNELD
UNED
ONFD
CNLD
UNED
(NED

UNED

UNLD

AT A
L C - PN

>0 0
LS

~~~wT*O>rO>CQCOOO>
AN=O DTNV

- -
E N

136

140

200

300

400

ny=nyse p
PLLISS(1e1)*D et 192)0DY
PlZlebtdel) ¥ KeS( 2 2)5DY
Fid)e=p (1]

Pla)zs=p (el

ViiLel,.

DO 1eG Inlea

NPP=IX(Nsl)

RR(1)=R{NPPI

2Z{1)=Z (NPP)

XU LB (RRULI*kKEc) ]
YC=0.5%{ZZ0 I+22¢21)

00 200 1lsled

DU 200 J=l4b

ST(lyJ)=0.u

DO 300 I=1,3

L0 300 Jd=1,3

Cllyd)=0.0

00 400 [=1e3
EE())=L(1el+1 o MIYPE)

RETURN

END
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SUFRUUTINE tLLMEN(R$Z o CUNFoUUSCULBI oBJdy ToSIC T 4f PS1ySICNMyBETE,

. p“TIO""'0('0“9]X'H'AG'NTAG'JNT'IHC'JbC)

CUMMUNZUNE/Z NUMNP yNUMEL yNUMMA T JNUMPC o NPC yMEAND g NUMBLK 4 NL o MTYFE o Ny
VOLeACS L'\'ALELZ'Q'HFD( 18).5'UP'SR 'SRL'TUTAL'T“L'TULI'X(.0VCO
TEMESSTUN, LIGDT o SIUD Uy
LLL el 119 dJJsJORgKCHLCK ¢ JCHECK ¢NPLANE ¢ NUMERGNCLOL 9 JAGNL D
oNBAND ¢NCH ALK ¢y NSTEP 9N1S4MToNTOT

LUMMUNZTWOZ (15 93) oSUL100L0Y o STGLO) 9P IE)9STI39 10V 9WRRIS)$ZZI5),

. LMUG) ot F (3] 4kPS(3)

CUMMUN/THREEZ  EfLaapB) U4y B)y TENSTA) o XNU(B) 4RO(B],EPSTIB),

- MICLB) yNTC (L] 4MID(8)

UIMENSTON KINUMNP) o ZINUMNP ) 4 CODF (NUMNP ) UUINUMNP ¢2) s CU(NFQ)

S LINEQ) gBIINF Q) g TINUMNP ) o STGIINUME L ¢6) oFPSTINUMEL 36 ) 9 STGNMINUMLL )

LETAINUMEL) oK ATIUINUMEL ) o PRINPC 42} o IXINUMEL 5 )y MTAGINUMEL D,

oNTAGINUME L) g JNTINUMLEY ) T CINPC) 9 JBLINPC)

DIMENSTUN BINL) sA(NLyNBAND)
DIMENSTUN U(2),vI3)

-
-
.
.

LT T

sExzULULLCGL

1= IX{Ny11

JEIXIN2)

K= IX{Nys)

L=IX{Ny&)

MIYPEZIXINGS)

VUL=U,

TEMEs(I (I (I +TIKI+TIL) ) /4.0

RAT=0.0

NUMTC=NTCIMTYPL)

IF (NUMTICJELa]) GO TO 100

DL S0 M2 yNUMIC

16 (E(Myl yMTYPEDI=TFMF) bHU,e60e60

LUNTINUL

UEN=E(Mel yMTYE, )=F (M=1,41,MTYPL)

TF(GENY 70480470

PAT  =(TLMP=t(M=1414MTYPE))/DEN

DA 90 KK=1,43

EL(KK)ISF(M=1okK+1 gMTYPE)I+KAT *® (L {MyKK*1 MTYPE)=E(M=-]14kK+14MTYPI))
LO TU a6

DO 105 KK=143

FFIKK)=E(]l gKK+14MTYPL)

CONT UL

HLERL AR YRR RN R AR RS R AR R R AR R >
% CALCULATE LETHOTROPIC FLASTICITY MATRIX FCR MTAG=04142 »
EO SRR R RO R RN R R R A R R R R R R Rk
KKK=MTAG(N)+]

GU T0C (11741074 108) oKKK

CUNT.NUE

MIAG=1




ELEM EX=EEX

tLEM EY=1,

ELEM 60 T 109

tLEM CUNTINUE

FLEM ¢

LLEM MTAG=?

tLEM

tLEM EXsLEX

FLEM tY=LEX

LLtM CUNTINUE

ELFM GU TO (11Cs111)4NPLANE
ELEM &/ CONTINUE

ELEM

LLEM PLANE STRESS

ELEM

tLEM tE1=EEL1)*EX

ELEM EE2=tE(1)*EY

ELEM EEN=FE(2)*EY

LLEM COMM= (Lo~(EEL/EEZ) 4(EEN®%2})
LLEM Cli=EE1/CUMM

ELFM Clz=EENWC1]

LLEM C21=C12

LLEM C22=LE2/COMM

ELEM GU TO 115

ELFM CONTINUE

ELLM

FLEM PLANt STRAIN

LLEM

HLLM LELlset (1) obX

ELEM EE2wEF (1Y) EY

ELEM 4 EN1=tE () *EX

ELEM ENZ=LE(2)2FY

ELEM ENosEE(2)

LLEM XAe] o ~LNI®LNG

tLEM XBele=ENZELND

ELLM XCxl,+tN3

FLEM XD=EN2*XC

ELEM Xtekt2/EE]

tLEM COMM= ( XESXASXL~(ENZ*$2 ) XC*$2)) /EL2
tLEM C11=XB/CUMM

ELEM C12=XD/COMM

FLEM C21=C1:

LLEM C22aXE#XA/CUMM

LLEM CUNTINUE

ELEM EPSX=BETA(N)

FLeM rLK=0

ELEM IH(MIDIMTYPE) «£04C) GU TU 112
ELEM EPSX=EU(24MTYPE)

ELEM IF(MTAG(N)oNE.C) FPSX=EPSX~BETA(N)
ELEM10GO 112 CONTINUE
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tLsMlul
tLtmlGe
PLEMLGZ
tLeEMLI( &
ELEMICS
tLtMlce
oMl
X cLlM108
k LLEMICY
] LLEMlLO
tLEMLLL
tikMllye
: tLEMLL3
¢ FLEM]1 14
L tLEMLLS
¢ lLEMLlE
LLEMLLT

tLtmlle

tLEMILY

3 LLEMLZU
ELEML2)

FLEMl

tLtMlel

LLLML

bLrMled

ELeMlle

tLEMY 2T

LM Ok

FLEM1:Y

t LEM] 30

tLemlosl

EleMsd

btk L3R

ELtM] 54

rLYMLLY

tLEM1Z6

thtM137

4 P LEML Lt

! Ll MY
FLYMi4aU

tLFM)4]

FLr MLl

PLiMLlwS

LLtM]l4d

LLtMia®

thtMlao

tLeMia?

Pl -Mlgk

A PLLML4AG
E | PLEMIsG

115

Ce=ClaL]
Clul=Cl*5]

cLe=emie
L4=(2%%,

Lm0 ¥5,
DAa=Cll+(ve
bb-CYl-t1s
DLaCee-L1Y
D=2 dC2Lo® ],
CllyldoLudCllef[+54%L 20
Cl o )=Laesd*B+ (Cutba)ari]l,
Cl143)=CL81*(L2*0b=52%0C)
Clog2)=basL11+0D+( 0% 2
Ll 3)=LLSIxtoo»nb=Ce*D0)
Cl2e3)=Clbz¥ b+
TFECMIDIMTY?E JatQeO) oPRO(KCRGEWL1)}) LU TL
TFCTAGIN) oNEWU) KCK=1
(CZUSHEEL/ (Lot (LXS22)2EL L)
EPSX=2.%1 PLX

SI=SINGEPSX)

Cl=COS(EPSX)

fL=51%C1
L1=51%5]
Cl=(1%C]
Cl1l=6*L1
Cles=C11
Clo==LASL
(¢e=Cl]
Cdus=Cly
L33=G#L]

Clle1)=Cl1,410+C1]
Cely2)=Ctly )+ 1y
Cllysd=Clls20+C 10
Clewe d=Clewe b+l dc
Clegd)=lloyd)+Cse
Clow2)=Clayud et
VRIKCKSEGLU) GOt 1)e
EX=tEX

Ly=1,

TFAMTLGIN) ebwed) LO TU 313
EY=tEX

CONTINGEL

Cll=tXeC(1l,y1)
Clz=FxX*L(ly)
Coe=tY*L(ly)

Cel=Clc

EPSX=Eb TA(N)

o



FLEMLSE cu Tu 132
LLEMLIS? 116 CONTINUL

ELEMLS3 C241)5CH142)
ELEM1S4 Cl3,2)5C1cy3)
FLEM155 Cl2,1)=C(143)
ELEM156 1F(MTAGIN) LEQ.U) 6O TC 11
i FLEM1ST MTAG(N)EMTAG(N) +2
: FLEMLSS 6C TU 118
- ELEMIS9 117 CONTINUE
3 FLEM160 IFC(MID(MTYPE) JEV.0) LORL(EDILyMIYPE) (EQ.1.)) GO TD 155
ELEMLG] EX=EQO (L MTYPE)
FLEMLEZ EV=1.0
ELEM163 60 TO 109

ELEM164 125 CONTINUE

[LEM16S C XS ERR AR RERERRAR R AR AR BA R IR B ARRARBF R LR R R RR AR FE RN RY TR R BH® 3
] ELEML66 C * CALCULATE L1SOUTROPIC ELASTICITY MATRIX .
i LLEML6T C AEEBEFR AR RR RN ARFR AP RS A ABAR AR AR BAR AR RRABR AR AR B H R AN %
. tLEMLAY Ezl=LE(L)

E tLEMléY tte=tE(2)
. ELEMLTO 1+ (NPLANE .FQel) GU TU 119
ELEMLT7] EfletEl/(LlemFEQO%,)
(LEMLY: thombfF2/(le=LLe)
FLEM1T3 119 CUNTINUE
FLEM1T4 CUMMSL L1/ (1 o~LEreey)
ELEMLTS C(1y1)=COMM
ELEMLT6 ClLly2)=CUMMSFEL
f ELEMLTY C(ly3)=0.
ELEMLTS Cl2y1)=C(142)
4 LLEMLTS C(z2e2)=C(1y 1)
) ELEMLEO C(2,3)=0,.
3 ELEM1B1 C(341)=0,
: FLEMLbZ C(342)=C,
ELEM1B3 C(393)=e5%CLMMS (1. ~EE2)
¢ FLEMLB4 118 CONTINUE
F FLEMLBS DO 130 J=lylu
i tLEMLB6 DU 120 1I=1,23
y ELEMIET 120 ST(1,4)=0.
S FLEMLbE 00 130 I=1,10
| ELEM1B9 130 S(1,J)=0.
! tLEMIYU 135 CUNTINUF
tiLEML1S] D0 140 1=1,4
ol FLEML9C NPP=IX(Ny 1)
s LLEMLY3 RR{L)=R(NPP)
r FLEML94 140 ZZ2(1)=L(NPP)
A ELEM1YY TFOLX(Ng3)=IX(Nya)) 14591509145
- tLEML96 145 XC=(KROL)+RR(Z)+RR(3)+RR(4)) /4,
; ELEMLIY T YC=(ZZ(L)422(2)+Z2(5)422(4)) /4.
i FLEM19E KR(5)=XC
k- LLEMLYY 12(5)=YC
= LLEMZ20O Kb

| 108
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tLeM20ul

tLemeC,

4 LLEMZOS
] ELEM204
tLEM20S

FLEM20G

ELEM2CTY

ELEM2CU

tLEMP0Y

i ELEM210
\ tLEMZ21]

tLEM212

: LLEM213
1 tLEMZ 14
FLEMZLS

LLtM216

o PLEMZLYT
b LtLtM218

- | FLEMZ]Y
o . bLIMZ2U
tLIMZz]

F. tLEM22Z
A tLFEM223
: LLEMZ24

i FLEMZ2ZY
3 LLEM2E o
FLEM227
tLEM22H
FLENGSY
FLEMZAU
tLEMe 5]
tLIMc32
LLEtMed3
ELIMZ 34
h tLtMe Y
g FLEMZ30
ELLMzLY
LLEM23AN
4 tLEM 3y
) tLEM240
FLEMZ4])

LLleMeae

tLEM24 s

tLEMZ44

FLEMeoE

tLEMZwe

LLtMeaT

ELEM24b

tLEMZ 4y

tLLMZS L

.
g

150

160

180

J=1

=4

LMis) =Yy

Niz«

GL TU 116G

Ni=1

LMEdy=5

=1

K=
XCa(KR{1)+HR(2)I+RR(2)) /5.
YCSULZA1)+20(2)422(3)) /5.
RE(E)=RR(3)
C2AN)Y=22(3)

e e NN=1,NT
LM({1)=2#%]~]
LM(l)=2%0-1
Ul1)=22(J)=22(K)
Ulz)=22(K)=-221(1)
Ll3)=2701)=-77(J)
VEE)=RPIK)=FE (Y)
VIZY=rRE1)-RRK)
VI2)=KREJ)~SR LT

AREAS(RROIIPULZI#RRILI*LILI+RR(S)#ULS) )/ 0w

VUL=VOL+AKLEA

CUMM= o cH/7AREA

XNT=NT

CLM=2 o/ XNI

CUeM=CUMBC UMM

Ce 160 L=l

Pi=LtM(L)
STUleil)=Si(le 1) eULL)®LUM

Stleeid#+))=STUZ2,1i41)+VIL)*CLLM

STloe il )=l i)V IL)* (UM

STUOe1141)=00(2yLi+l)+UL)*LLM

DO L8C M=
JJ=LMIM)

SULLwdu)solideydd )+ (0L 1IRUIL)RUIM)I+CLLo 2R (VIL)*UIMI+UIL)*V(M))
¥ 40 (3493)*VIL)I2VM))*CUMM
SUEEedJd+1)=5011 341D+ (ULLIRICTL,2)#VIMIHC I 3)3UIMI)I4VILIH(CIZ,. )

BVIMI+L{Zy 2 )%UIM) ) )HCUMM

SULI#LydJ+1)=5 00140 JJ+ 1)+ {CHZ 42)RVILI#VIMIHCII 3 )% (UCL)I*VIMI+VIL)
* FU(M)I+LU3,2)3%UlL)*U(M))*CUMM

S{JJ+1,i1)=8(11430+1)
CONTINUL

i=J

JEJ+l

00 CUNTINUE
T CIX NS )= 0X(Nya)) 2204c%Usd2U
U DRI 240 l=14¢
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ELEMZS ]
FLEM2Y2
tLEM253
LLEM254
BLEMZDS
ELEMZS56
ELEM257
ELLM258
ELEM259
FL-M260
ELEM26]
FLEMZ02

230

240
250

KK=10=1

DO 240 K=xl,4KK

IF(SUKK®1yKK®1) ot heOe) SUKK+]4KK¢1)=,000C01
CC=5(KK01.K)/MKK01.KK#I)

D0 230 J=le3

STC(JaK)IEST(I9K)=CCRSTLIoKKS1)

DO 2640 J=]lyKK

SEIeKI=SUIeK) =COAS{JoKK+2)

CONTINUE

RETURN

END
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SRS
LIRS
SIRS
STPS
STRS
SRS
STKRS
STRS
STKS
STRS
$TRS
STRS
SIRS
STRS
STRS
STRS
SIHS
STRS
LTRS
STRS
LTRSS
LIRS
SIKS
LIRS
SIRS
$TRS
STRS
STRS
STKS
LTRS
LIRL
STRS
5P
5IKS
Wik
LIRS
GIRS
LIRS
SIPY
GIKS
LIy
LIRS
STKRS
STIRS
STRS
YIRS
CTRS
STRS
STRS
SRS

128
[aNaNal

w
N
aEalaNel

ou

10

SUBROUTINL STRESSIReZeLUDE sUUsCU Bl QJsT 9 STCGCTEPSE s SIGNM,BFTA,

. RATIUgPR yhy Ag I Xy MTAGYNTAGY INTy1EC,.IBC)

LUMMONZUNLZ NUMNP yNUMEL yNUMMAT ¢ NUMPC 1PC g MBAND yNUMBLK ¢ NLoMTYPE givy
VOL g ACELKeACELZ 9 CoHEDTL1E) ¢ STUP 9SSRy SR« TOTALWTOL o TOLI ¢XCyYC,y
[CMP o SIGNy LIGD Ty 10Dy
LLE o ET 1y JIJy JCKyKCHECK ¢ JCHECK ¢yNPLANE gNUMER ¢yNCDDE ¢ JA9NEQ
o NEAND yNCRACKyNSTEP o NLE ¢MT yNTOT

CCMMUNZIWGZ CU393)9ST10910)4S1GIE)4PIB)ySTU3,10),RR(5)22(5),

. LM{4) 4 FE(S) gtPS(3)

COMMON/ZTHREEZ E(Coael) ot (l4yet ) yTENSIB) ¢ XNUIB) JRDEB) $FPST(E)

. MTCIE)GNICIB)oMIDIG)

DIMENSIUN KINUMNP) ¢ ZENUMN ) oCUDE {NUMNP ) yUU(NUMN! 4 2)  CUINEQ)

SELINEW) gbJINLG) g TINUMNP ) g STGEINUMEL 9 6) 9 EPSTINUMEL 96 ) 3 SIGNMINUMEL ) 4

SBLTA(NUMEL) yRATIUINUMEL ) o PRINPLy2) g IXINUMEL »5) ¢yMTAG INUMEL]

SNTAGINUMLL) ¢ UNT{NUMEL) 4 IBCINPC) yJBLINPC)

DIMENSION BINL) 9AUNLyNEAND)

LU 60J M=1yNUMEL
10=M

FINDI2'ID)
IXIMy5)I=EABSTEIX(My5))

00 50 I=146
SIGHE)=0.0
R ROK % 208 o A0 KKK R K KK R oK oK KRR KK R ok KK ook 3% KKK R KR R R S R
* KZAD ELLMENT INFORMATION FROM FILE 2 *

33 o o o ok O 2 ook K ok ok ok ok kol ook okok ok akok ok ok ok ok ook ok koo R ool dokoRoRRoR K ok ok R R xR
FFAGI271D)  ({CHHIKyJIK) 9 JJK=192) gt ECEEIK) 91 1K=143)

1 o (USTIIEGKRE) o KKI=198) 9JJI=198) 9 ( (STOIKKyJKK) gJKK=1o8) 0 IKK=1y2)
2 s URRIJIID 92l (I11 9 J1E=194) o XC oYLy TEMPoVOLWMIYPEGN
IFCIXING2)=1XINy2Z)) 90,460,490

o oo % oK R o KOK oK OKOR K K KRR KK R R R KKK KKK K A K R R XK
» UNE=0IMENS IJUNAL FLEMENT #
o ROR R OR Ok ok kKK K KR KRR K KKK sk KRk oKy ~OKkokok kR R R %
FF{MIAGIN) JFlian) GO TU 70

I=1X(Nyl)

J=1X{Ny2)

Nx=RR{2)=hR (1)

ny=72(2)-7211)

XL= SQRT(DXexc 40y *%7)

DusBlcxd-1)=b le*i=1)

OV=Blz*J)-Bl.*])

UL=DVRDY/XL+NURNX/XL

SIGEE)=DL*EL{E) /XL

IF(EE(C)othele) SIGIL)=C

SICEINga)=51G(1)

SIGE{NGS)=0.

SIGHINy6) =0,

6L 1L €U0

op ok R K B oK 2w e ook oK 3ok AR R R K R KK K K R K KKK A R KR KRR R R R X
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] STRS

STRS 3

SRS
STRS
STRS
STRS
STRS
STRS
STIRS
STRS
>iRS
SRS
STRS
STRS
SIRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
STRS
: | STRS
\ STRS
: STRS
SIRS
SIRS
5TRS
STRS
STRS
STRS
ST1RS
STRS
STRS
STIRS
STRS

180

190

191

192
600

* TWU=DIMENS IUNAL ELLMENT »
(22 AR R 2R RER 2R RIS R R R R R R bR 222 PRI LAST IR R Y 2]
MNE&

TFCIXINGI)abUelXiNga)) MM=3

DO 180 I=l,2

RR{1)=0,

D0 180 J=14MN

I1=2%y

JUE291X(NyJ)
RRELY=RRETI4STIL 11 )9BIII)eSTUL,11=-1)%B(J3-1)
DO 190 1=1,3

DO 190 .i=1,43

SIGII)=SIG(T)+C(I,J)*RR(JY)

IE(MTAGIN) +EQ.4) SIGII)=0.

CONTINUE

IF(NTAGIN) «NE.3) 6O TO 191

EPSX=BFTA(N)

CC=COS(EPSX)

55=SIN(EPSX)

§2=55%5S

C2=CC*{C

SC=S5#CC

SC2&=2.#5C

Csp=C2~52
SIGXX=C2%SIGI 1) +52%51G(2)+5C2%51G(3)
SIGYY=S29SIGIL)+C2#SIG(2)-SC2#S51G(3)
SIGXYE~SC*(SIGIL)~516(2))+CSD*S1IG(3)

DX=EF(2) *S1GXX
SIGIL)=SIGIL) ~(C2eS ILXX+S2*DX-5SL2%S16XY)
S16(2)8S1G(2)={S2*SIOGXX4L29DX+SC29SIGXY )
SIGI3)=SIGI3) ~ (5L (SIGXX-DX )+CSD*SIGXY)
CONTINUE

DU 192 I=1,3

SIGL(NyI+3)=S1GLL)

EPSL(Ny142)=RV(])

CONTINUE

CONTINUE

RE TURN

END



LRIE ] SUIKOUTING WREFTH (MTAG o JNToRATIONHETAYS1G1sSIGNM)

CRIF 2 L

LRIF 3 CUMMUNZUNS 7 NUMNP y NUMFL JNUMMAT yNUMPC 4 NPC ¢MEZ ND o NUMGLK s NL o MTYEE 4 Ny

GLKRIF o e VULJACTLAGALELZyGoHED(LB) g STUP SRy SKLy TOTALSTUL TULT W XCy YL,

LRIF b o TEMPySICNy LEGDT 4 S1GDY,

CRIF & e LLLy 115 3d30J0Ky KCHECK g JURECK g NPLANL s NUMLR ¢NCUDE s JASNL G

LRI 7 o INUANDGNCEACKyNSTEP N1 5o MToNTUT

CRIF b LCMMONZTHCZ L3931 950109100 4ST1GM6) 4PIBILS1{39 101 RRISE72UE),

LRIF 9 o LMUG)RE(2)4FPLL3)

GRIF 10 CUMMUN/ZTHRES /  E{Py4o BT FUL4 BT, TENSIBI,XNU(H) RO (6) 4 EPSTIE),

GRIF 11 o MTCLEDNICHE) o MID ()

CRIF 12 NIMENSTUN MTAGINUMEL) ¢ JNTINUMEL) yRATIUINUMEL) ybETA(NUMEL),

GRIF 13 o SIGL(NUMEL+€)ySIGNMINUMLLI

CHIF de C RIS SRR 22 RSt 222222222 22202 22222 222222 2Rt d )]

GRIF 15 ® XNU,XN= LUtF. GF FRICTIUN FUK THE MODIFItU GRIFFITh CRITERICN »
1 GRIF 16 C * TENS,SILT= TENSILY STRFNGTH UF THE MATIRIAL '
: LRIF 17 C * LIGN= STRESS CUMPUNENT NUKMAL TU THE FRACTURE PLANt *

CRIF 18 C * FpsXz ANULLT BETWEEN P OAND SICN ’

GRIF 19 C * FLTA= ANGL: ELTWELEN X~AXIS AND SIGN *

GRIF 20 C * ANGLFS AKE POSITIVE COUNTERCLOCKWISK *

CRIF 21 L LRSS S22 IR 2222222 2222 R 222 2 R 2222 R R R 222t R Rt s Al s

GRIF 22 MTAGT=MTALIN)

CKIF & INTL=JINTN)

GRIF 264 S1CYY=0.

GRIF 25 SIGN=C.

GRIF 26 LFIMTAGIND oLT 2 LU TD 6UC

GRIF 217 MTAL(N) =t

LRIF 28 INTAND =(

CRIF 2v BETAIN) =0,

GRIF 30 PP=SIG(4)

' ! LPIF 31 C=S1L(Y)

GRIF 32 R=$16(6)

GKIF 33 SIGT=TENSIMTYRL)

GYIF 34 XN=XNUCMIYPL)

CRIF 25 SUM=3 LUsPP+0

CRIE 36 TOL=0.LO5*S10T

GRIF 37 TLLL=TLL

GRIF 34 TFLJCKEQeC) TULL=U,

LRIF 29 MD=MIDIMTYPE)

GRIF 40 LFOIMTAGEGE a2 ) o ANDLEINTT T4 T L0 Tu S0

CKIF 41 L LHELK INITIAL WildK PLANE

LRIF 42 IF(MD.Ev.U) GO 1D 30

LRIF 43 WX22 ok (ELLL W MTYPE I=K /57 .296)

LKIF 44 W0 WX

CKIE b X=CUS {WX)

LVLE 4b PLANDZPPAQ

GHIF 47 PUSLLEPP-b

GRPIF &b SILYY=0. 5% (PULDI+PUSUB*XI ;

CRIF 49 SICI=tOlayMIYPE] 3

GRIF 50 XN=cU Lz MIYPED :
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GR1F
GRIF
GRIF
GRIF
GPIF
GRIF
LRIF
GRI*
LRIF
GRIF
LRIF
GRIF
GRIF
GR1F
GRIF
URIF
GRI1F
GRIF
GK1F
GR1F
GRIF
GRIF
GRIF
GRIF
GR1F
GRIF
CRIF
GRI1F
GRIF
GRI1F
GRIF
CRI1F
GRIF
GRIF
GRIF
GRIF
GRIF
CRIF
GRIF
GRIF
UKRIF
GRI1F
LRI1#
GRIF
LRIF
GRIF
GRIF
GRIF
GRIF

9y

GFIF100

aNalsNal

[a X aNalal

30

&0

50

70

100

150

IF(SIGYY.LEWOL) LO TU 200

SIGN=S1GYY

GU T 40

CONTINUE

IF{SUMLT.0.) GU TU 100

SIGN=PP

CONTINUE

DS16=S1GN=S 1061

TFUUCKoEQel) c AND L (ABSIUSIG) L TTOLLY) €U TT 50

IFINS1G.LTTOLL) GO TN 600

AR SRR RS R RSS2SR 2SR R A IR PSR L R LSRRI R IR S22 R R 22 R Y S s
¢ FRACTURF PLANE CUINCIDFY WITH SIG(S) 1IF CRITICAL ANGLE 1S ZER( =
* APPLY ORIGINAL GRIFFITH CRITERION %
EERREARR AR SRR SRR AR R A AR AR R RN AR RS RS SRR RS AR F AR AR R R
CUNTINUE

1IFIMD.EC.O) LD TU 70

1F(IMTAGLEVe) o AND(UNT1 L To4)) GO TO 70

MTAGIN) =1

JNTIN) =4

BETAIN)=LO(2,MTYPE)

GC TU 320

INT(IN)=1

SIGN=PP

SIGYY=SIGN

EPSX=0.0

GU Tu 300

CUNCINUE '

L2 2 R R R TR RS R R 22 TR R IR R e PR RT3 10 220323 ¢
* CRITICAL ANGLE 1S NOT ZERU *
* APPLY THE CRIGINAL GRIFFITH IF THE INITIAL FLAW 1S OPEN L
AEEEEE S AR R AR R R R AR NE G E R R RN G RSN RGN AR Nk Rk &
PQADD=PP+Q

PUSUb2PP=~C

X==U0s H¥PQSUL/PUADD

SIGYY=EQ 5% (PQADD+PQLUB%X)

IFISIGYY.LT.04) GL TU 200

SIGN==-PQSURS® ./ / (L *PQADD)

DS1G=SIGN=$1G1

JTFEGJCKECa1) c ANDLLABSIDS 1G)LTLTOLL)) 6O TO 150

1IF(O0S1LeLTLTULL) LU TU 6LV

CUNTINUE

WXz ARCOS(X)

Wz0eH*WX

JNTIN) =2

=zu/vpP

Sl= SINiw)

$2=51%%2

$S= SIN(WX)

217=2%2~1.0

2=2-140
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CkItlcl
GRIF1GZ
GRIF103
URIF1US
(RIFL105
(rIFLUE
vkHIFLGT
CRIF1GL
GUHIFLOW
GRIFTILO
CRIFL1L
GFIFLL1Z
GFIFLL1S
GHiFLl4
GRIFL1S
GRIF116
GRIFYL?
GEIFLLE
LFIFLlY
GRIF120
GRIFL121
LRIF122
CRIF123
GRIF124
CRIF125
GKIF126
GRIF127
CKIFlz8
GRIFL12Y
GRIFI30
CRIFI31
GRIF132
GKIFL133
CRIF134
GRIFI3%
CRIF1326
GRIFL137
CRIFL138
GRIFLla9
LRI% 140
CFIFL141
GRIF142
(R1F1a3
LHILF 144
LRIF145
(L la6
NI Y]
LklFLab
LPIF149
(RIF150

[N alal

<2C0

eV

«30

¢ 40

256

atu

ARGE(Z8SE4lou= LLRT(227%52+41.0))1/7(0e532%55)
EFSX= ATANCAFC) =W

GO TU 500

CONTINUE

RESRRRANREE AR AR SRR R AR RERR R R AR R AR RRER BB AR BB B R R R BRI RBRR B SRR DR R
* APPLY THE MUDIFIED GRIFFITH IF THE INLIIAL FLAW 1S CLCSED -

FERRRNRBRARIARA R SRR AR AR AR B SRRSO RB RS RRR RS RR SR ER SRR B R RSB ARR SN2
IFIMOLFQ.C) GO TU 240

CHECK SHLAR STRENGTH

STONST, 93 (PGOUDRSLRT( 1, ¢XN#%2) +PQALDRXN)
US106=SEuN=-SIuLT
LFE(JCKebLol) s ANDL{AESINSIG) JLT.TULL)) GU TO 220
IF(DSIG.LILTOLL) GU TU €00

S51GMz S*PLALD

TAU=,.5%PUSUYB

IF(YAULEGL0e) GU TU 600

WXx=ATAN(XN)
X=((SIGMeSICT/XNY/TAUY .SINEWX)
IF(XeGlals) X=1o

AX=ARSIN(X)

Bl==o08 (AX+WX)

BZ=.b%(3,14]64AX-WX)

BW= o S*ATANZ (149 XN)

CHECLK BCUNLS CF ANGLE
IF({bWCEabl) sANDs (BWsLFaB2)) GO TO 230G
GU TO 6Lu

XN=XNU(MTYPE)

SIGM= o2 B (PCSUERLLRTI 1. ¢XN®%2 ) +POADD®XN)
IF(SIGNLGFSILM) GO TO 240G

JNT(N)=5

GO T0 27C

CUNTINUE

X=1.0/XN

WX= ATAN(X)

SILYY=0 5% ( PLALUCPUSUB® CUS(WX))
TF(SIOCYYLLEWLLL) GU TO &CL

WzUs5#WX

STONSU 253 (PLSULR SURT( L. +XN*#2)+PQADDRXN)
DSLIG=5TUN=-S1GT
TFC(JCKeEGL) o ANDL(ABSIDSIG)LLTLTOLL)) LU TU 250
IF(DSICLLTLICLL) WL TO 600

CUNTINUE

JNTIN)=3

CONTINUE

EPSX=U.TbLG-W

CONTINUF

MTAGIN) =1

EETAIN)=R/ETocY0-EPEX

ANG=ST, 2900 |A(N)

IFCANGLGTo90.0) BETA(IN) =t TAIND-3,1416
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LRIFL1L] 1FCANG. LT . =y0, ) BETA(N)=HETA(N)+3,1416
GRIF152 320 CONTINUF

GRIF153 IF (KCHECKotUe0) GU TO 6060
CRIFl&Y4 C ##‘tt..##t#.##ttt#t‘t#tt‘tt#‘t#*#t#tt“t#t"t.ttt#t##t#t#t####t#tt
GRIF15% ( * EVALLATE STRESS RATIO FUR EACH ELEMENT *
GRIF15%6 C t#tt##.#####t###tt####t###.#“#t#‘#tt‘#tt‘.#‘.*‘#‘t#.####‘#t#'l‘#t#
GRIF157 AO=SIGI(Ny 1) ¢SIGIINg2)
GRIFLSH BOESIGI(NYL}=S1ILI(Ny2)
GRIF159 AL=SIGIL)+S5IG(2)
GRIFl60 Bl=SI6(1)=SIGIZ)
GRIFl61 CO=BU**244,0%S1C1 (Ny3)*
GRIFl62 CleBO*Ble4.0%SIGI(Ny3)*SIG( 3)
GRIFle3 CR=BL**244,0%SIG(5) **2
GRIFl64 LINT=JINT (N} +1
GRIF165 GO TU (6004350,400,5009340,500), 1JINT
GRIF166 340 C4=X%%4
GRIF167 Cl=C1*Cs
GKIFl68 C2=C2%(4
GRIFl6Y 350 S1012=2.#%51G1
GRIF170¢ DS16T=51612-A0
GRIF171 AAA=AL®%y—C2
GRIF172 BBE-A1%DSIGLT-C)
GRIF173 CCeDSIGT**2~(y
GRIF174 G0 1IN 5%0
GPIFL175 400 CUNTINUE
GRIF176 AAAEC2
GKIFL177 BBeCle4,0%S1GT*A]
GRIF178 CC=U.0*SIGT*AUSLO
CRIF1T9 GU TO 550
GRIF1BOU 500 CUNTINUE
GRIF1lEl XN2=XN#**2
“ GRIF182 RXNZ=],04XN?
1 GRIF183 AAA=RXN2#CZ-XNZ#A L *%2
GRIFl84 IFCINTIN) LEC.3) GO TO 520
GRIF185 BBERXNZSCI-XNZ*AL*A0O+2 ,0%SICT#AL*XN
GPIFlBe CC=RXNZ*CO-XN2*ACKAO+4, (* SIGT*AQ*XN~ 4e0%S1(Tw*2
GRIF167 GO TO 550
GRIF18bH 520 BBERXN2*CI=XN.*AL*A0+4,0% SIGT*AL*XN
! GRIF189 CC=RXN2*CC-XN£‘AO‘A0*8.0‘Sle‘AO*XN-lb.O‘SlGT**Z
4 GRIF190 550 CONTINUE
; GRIF191 DD= BB *x*Z-AAA(C
GRIF192 LF(UD.GF.Ua0) GO TO 560
GRIF193 GU TO 600
CRIF194 Y60 RUUT= SURT(DD)
GRIF19S R1=(~BB+ROOT)/AAA
GRIFL194 Rd=(~BR~RNOT)/AAA
GRIFlYy7 RATIC(N)=Kk1
GRIF19b IF((RATIO(N).LT.TOL) ) oANDG(RILGEHLTOLL )} RATIO(N)=PY
GRIF199 IFC(RATIOIN) GTole) o AND o (HJelT ol o)) RATIU(N} =Ry
GRIFZ200 IF( ABS(L1.~RATIOIN)}LLE TOLL ) RATIQO(N)=1.0
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s —— TS T P -}F.J—JH‘_W‘WM

B e

URIFcUI
GHIF2OUL
GRIFZUD
LPLi 204
GRIF205
URIFZ06
LRIF20UT
LRIF<OY
GRIF20Y
GRIF210

600

FFARATACIND LTS TULIL RATIUINY=TOLI
CUNTINUTE

SIONMANY=S LGN

I (MTAGIN) oNL oMTAGE) JOHECK=1
JE(MIACT stwec ] MIAGIN) =2
IF(MTAGINTIWNE o1} RATIUGIN}=1.C
KETURN

END
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!
k
i
¢

LCAL
SCAL
SCAL
SUAL
LCAL
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
SLAL
SCAL
SLAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL

-
N C 00U S R

13
14
15
16
17
ls
19
20
el
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
a7
38
3y
49
41
by
43
bé
45
46
«7
“o
49
50

100

200

<10

220

SUBRUUTINE SCALE(IXoMTAGYNTAG, JUNT,RATIUGBETA,SIGISIGNM,EPST,CU,

« BeA)

COMMUN/UNE/ NUMNP 4 NUMEL JNUMMAT JNUMPC ¢NPC ¢MBANN o NUMBLK 4 NL ¢4 MTYFE 4N,
VOL yACELRoACELZ yQoHED(18) 4 STUPySRoSR1oTOTALTOL 9 TOLT 4XCo¥YC o

TEMP ¢ SIGNy SIGDI,SIGD Y,

L]
. LLLoL1TyJJJeJCKyKCHECK o JCHECK ¢ NPLANE o NUME K ¢yNCODE  JA 4NEQ
. ¢+NBAND ¢yNCRACKJNSTEPyN15oMT4NTOT

CUMMON/TWO/ C(3+13)95(10410) ¢SIGIE) 4P(B)¢STI3910) 4RR(5)4Z22(5),

. LMI4) o EE(3)4LPS(3)

LOMMUN/THREE/ £ 8949B) ob0(4oB) o TENS(8) o XNU(B) 4RD(B) EPSTIR),

. MIC(E)4NTC(B)4MID(8)

OIMENSION IX(NUMELyS) ¢MTAGINUMEL ) yNTAGINUMEL) ¢ UNT(NUMFL; 4RATIO (NUM
«EL) ¢BETA(NUMEL) oSIGI(NUMEL¢6) o SIGNMINUMEL ) s FPST{NUMEL 46) 4CUINEQ)

DIMENSIUN B(NL)sA(NLoNBAND)
DIMENS ION UX(8) 4UY(8)4F(4)
KlK=0

JCK=1

1CHK=1

1CHECK=0Q

IF(II1.0TL0) CU TU 350
JCK=U

KCHECK=1

KKK =0

SRR=1,

SR1=1.0

WRITE(6,2005) LLL

GO TO 60C

CONTINUE

NKT=0

KKK=KKK+1

SR=1.0

D0 200 M=1,NUMLL
LF(RAT10(M).LT.5R) SR=RATIO(M)
SR3=SR

TOLL=0.

DU 210 M=1,NuMLL
IF(MTAG(M)(NELL) LU TC 210
MTYPE=IX(Myb)

TOLJ=GL. 00
TOLKsABS(RATIG(M)~SR)
IFCTULKGTTULY) GO TU 210
IF{TULKLGTLTULL) TULL=TOULK
CONTINUE

IF(SR3.LTele) SR3=SR+TOLL
IF(SR3.6T.1e) SR3=1.0

DO 22U M=1,NUMEL

IF( ABS(RATIO(M)-SR).LESTULY ) RATIO(M)=SR3

SR=SR3
IF{SR3.NE.1.0) LO TG 240




RCHECK=U
SH=LR*SK]
GU TO <50

INVERKPULATE LR FXTRAPULARL SCALING FACTUR

CALL INTER (IXeMTAGoINToRATIOWEETA9 Y GIoSIGNMEPSTgCULeA)
SR1z4K

DU 2B0 M=l NUM L

IF(MTAGIM) 4GTol) LU TU 280G

IF(MTAGIM)atG ol ) NKT=NKT+1

IF(RATIOD(M) JFLeSRS) GO TU 2tu

IF(MTAGIM) atuel) NKT=NKT-1

KATIO(M)=1,.0U

BETA(M)=0,.

INT(M)=0

MTAG(M) =0

CONTINUE

IF(KCHECK oNEoL) GL TO 345

KKK=EKKK=~1

SK=SR#*(1,-TUTAL)

KIK=G

JFUIKKKoEQeC) AND o (SRoF (el a)) KIK=1
VRITE(69c006)

WRITE(69cUCZ) LLLoSPoKKEK

ol T0 550

WRITE(6,2003) LLL ¢KKKySH

IF(LReLELOLGLUCL) LU TU 350

WRITE(£42004) SR

SP=0.

PETURN

SRR=SK1

IF(111.GT40) SRK=1,0

GO TU 600

IFCUICHK et Ua) e AND o (KCHECKEQ.L)) GO TC 100
P332 RS S T YR IR SRS R S FR L3 221 E 3PS Rttt ittt il sl s ety
* SCALE DUWN UISPLACEMENTS ¥
BRSNS R R R R R R R R R X R
JFCUII T oFwe0) s AND.(KCHECK.EQ.0)) GU TU 357
ol TU 450

TCTAL=IOTAL+SK
JFU(TUTALGHee999) dUR (P EUe040)) TOTAL=LL0
COUNTINUF

IFC(LI1.6Ta0)oANDL (ICHECK 4EVLB)) GO TO 550
IF(KIKotQal) LU TG 359

WRITE(6420L0€)

WRITE (€ 2000)

DU 500 MelyNUMNP

Nl=,*M~]

N2=N1+]1




! SCALLU) BX=SRREH(N] )
seallug BY=SRR#B (N2) L
SCALL1O3 I+ ICHECKECLY) GL TU 360 A
SCAL104 BXT=BX+CU(NI)
SCALIOS BYT=BY+CU(NZ)
SCAL106 60 TV 370
SCAL107 360 CUIN1)=CUINL)+EX
SCALOB CUIN2 )=CU(NZ)+BY
SCAL10Y BXT=CU(NL)
SCALLIO BYT=CU(N2) 9
SCALLI1Yl 370 IF(KIK.EQs1) GO TUL 500 B
SCALIL2 WRITE(6,1000) MyBXyBY,BXT4BYI ;
. SCAL113 500 CUNTINUE
| SCALLl4 KIK=0 L
] SCALLLS 550 CONTINUE
A SCALLLG ICHK=0 i
SCALLL? IFCII1.NELO) GU O w00 3
SCALLIS IF(KCHECK oEQaU) GL TO 900 ;
SCAL11Y Gu fu 100 A
i SCALL120 C A O I ok o o o o o o o oo g o o o gk g R ’
o SCAL121 € * SCALFE DOWN STRESSES *
i SCALLY22 C o0 o o g o o oo o e R o
SCAL123 600 CONTINUE k-
SCAL124 SM=0, E
SCALI2S JCHFCK=0 )
] SCALL26 KCK=0
: SCAL127 IFU(KKK oG Ta0) o AND o (KCHECK 4EQ41)) KCK=1 1
scaLl28 IF({KIK<EQel)eCRe (KCKoEQal)) GU TD 605 k-
2 SCALLZ9 WRITE(642001)
- SCAL130 605 CONTINUE
SCALI3) DO EGO M=1,NUMEL
SCALL2Z 1D=M ]
SCALI33 C A0 o o o a0 ol o o o o o o e oo o o o o o o o g g gk 1
SCALI3G C * KEAD ELEMUNI INFURMATION FRUM FILE 2 * ]
SCALYI3S C o o a0 e oo e o o o e a0 o o oo g o o R ok R b
SCAL136 READ(27ID)  ((C(LIKgJJIK) g JIK=193)oEE(IIK) 41 IK=1,43)
SCAL13? 1 g (USUIIToKKI) o KK 1= 98) 9 JJ1=yb) o ((STOIKK g JKK ) g JKK=148) g IKK=]y3) e
SCALI38 2 o(RRUJITIoZZ(JI1) 4 JI1xlga) oXCoYCoyTEMPoVOLoMTYPE N B
SCAL139 DU 640 I=1,3 :
SCALLI40 640 SIG(1)=SRRES(UGI(My1+3)+S1G1(My1) k.
1 SCALl4l TECIXEMy3) oNELIX{Me2)) GO TU 650 y
3 SCALIA2 DX=RR(2)}=RR(1)
i SCALI43 DY=27(2)-2Z(1)
4 SCALY 44 SIGlo)=90.
- SCAL L&Y IF(DXoNELOW) SILI6)=5T.296%ATANZ(DY,DX) ‘
3 SCALI«6 $1G(4)=S1G(1) -
E SCALI47 $16(5)=0.
SCAL &S 60 TO 765 i
s SCALY4Y 650 CC=(S1LI1)+S1GIc))/e.0 3
b SCALLSO BB=(S1G(1)-SIGIL))/2a0
&
118 i
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SCALLSL (R= SQRT(obs® +S1G{3)e%g)

LCALI e $S1GL4)=CC+CR

SCALLS $16(5)=CC~-Lk

SCALLLS Slb)=0.0

SCALLYS TFU(BBaFOaU) e ANDL (S1GI3) oEQaCa) ) GO TO 660

SCALLY6 SIG(oV=2beban? ATANZ(SIG(Z),88)

LCALLST &6C MTYPE=1X(My5)

SCALLLSE JFIMICIMIYPE) o FUL0) OL U Tob

SCALLSY JFU1IT.ECaL) GL TL 755

SCALLGU IFOIMTAGIM) Ll Wa3) o 2ND (SEGL(4) . GT TENS(MTYPL))) MYAG(MI=.
LCALlG1L IFIMTAGIM) JFC o) JLHECK=1

LCALLG?2 TF(MTAGIM)L)e2) GU TO Tob

LLALLE3 CaLL GRK1FTH (MTAGyUNTyRATIU,BETASIGI SIGNM)

SLAL 164 GO TL o d65

LLAL LGS 705 CONTINUE

SLALLGbS 1F(KCHECK EQeL) Lll TU 757

SCALLle7 TR OIMTAGIM) ot Qo 2) dANDL U BIL (4) . 06T TENS(MIYPED)D) MTAG(MI=2
S(ALLeH IFCMMTAGIM) £ <el)oURaIMIAGIMILEQa2) ) JCHECK=]

SCALLGS TFAMTAGIM) GTo2 ) LU 0 765

SCALLTC 97 LALL CKIFTH (MTAG o INTyRATIUyBETASIGLy SIGNM)

SCALLIT] 165 SN=0G.

SCALLY2 IF(KCHECK st wel) GC TL 770

SCAL173 JFUIMTAG(M) ot we0) eOR. (MTAGIM)GTL2)) GU TC T77C

SCALL T4 SN=SIGNM (M) /TLNS(MTYPE)

LCALLTY TFUSIONMIM) oLTo5M) SM=S TLNM(M)

SLELLTA TT7C JF(KCK.EQel) ol TU 80O

CCALLT? TFOESNLGEele) oOKo(RATIO(M) o6Tola)) RATIN(MI=]1.

SULALLTu 1F(K1Ke€GCal) GO 10 &GO

SCALLTY ANG=5T o290 LETA (M)

SLALLAU WRITELO691001) MaXUoYCop (S1GU1) g I=2y6) yMTAGIM) g INTIM) yANGoRATIU(M)
sLaLlel *yUN

SUAL ke 660 LUNTINUE

SLALLES IFCl11eNLLO) W0 Tu £30

SCALLB4S IF(KCHECKNE L) GU TU Biu

SCALLHS JFUJJJeNLLG) LU TU B2

SLAL1H6

SLALIBLT ¢ BN AR R K e R R R K R OK O R R R R R R R R Rk S
SCaLlul * (HECK C(RACK LLULUKE WHEM 111=0,KCHECK=0 & JJJ=0 . »
LLALLEY I ARAR AR RS2 RS R 2t R R R R PR R R R R R R R R IR P TR E R RN
<LALLIYO

SLALLYL WK1TE(by20UT)

SLALLYY Ut B2 T N=1yeNUMEL

MWA R L) IFAMTAGIN)GLTL2) vU TU L2T

LLALLYS TFCIXING2) ot W el XINg3)) GU TU B27

SLALLYS In=N

SLALLYe MM=4

LLALL9Y TFCIXUINg L) e FUoIX(Ng4)) MM=3

SCALL1GK FIND(2'1L)

LCAL19Y KTAL=0

LLALZGO 0L 802 1=1.MM




i
E
%

‘:n.
f
)
t SCALZO1 Ux(l)=o,
SCALZ02  bUZ UY(D)=U,
SCAL203 READIZ2PIU)  ((CCLIK9JIK) 9 JUK=193) g EECTIN) o1 IK=143)
o | SCAL204 1 l((S(JJI'KKl)'KKl=l'8)'JJl=l'U)l((5l(lKK'JKK)lJKK‘lpB)'lKK=l|3)
f SCALZOS ¢ 2(RRUJIT) G ZZUJIL) 9 JII2)94) o XCoYC o TEMPyVOL yMTIYPE,N
SCAL206 1CK=0
SCAL207 EPTeERST(MTYPE)
SCAL208 €
SCAL2UY € DECUMPOSE JOINT OP:NING INTO X AND Y COMPOUNENTS
SCAL210 €
3 SCAL211 EPSXE).5TOR+BFTAIN)
1 SCAL212 LF{EPSXeGEL1e5T06) EPSX=1leb0
E 1 SCAL213 804 SLOPE=TAN{EPSX)
1 SCALZ1& DU 6806 IclyMM
3 SCAL215  BU6 FI)=SLOPER(RR(I)=-XC)-{ZZ(1)~YC)
‘ SLAL216 EPSX=BETA{N)
1 SCAL21T IF(BETAIN) oLT.04) EPSX=3.1416+EPSX
: s(aL21e IF(KTAGLEQal) EPSA=EPSX=1.5708
1 SCAL21Y DUX=FPT*COS(EPSX)
1 SCAL220 DUY=FPT*SINIEPSX)
3 SCAL221 DO BOb I=1,MM
“ SLAL22Z IF(F(I).LT.0.) GU TO 808
4 SCALZ23 UX 1) suXx (1) +Dux
3 SCAL224 UY(I)=uY(1)+buy
5 SCAL225  80B CUNTINUE
| SCAL226 IF(KTAC EQe1) GU TO 810
: SCAL227 IF{MTAGIN) 4 EQ.2) GO TO bl2
SCALZ28 KTAG=1
SCAL22Y EPSX=BETAIN)
SCAL230 60 TO B804
SCAL231 810 EPSX=EPSX+l..704
SCAL232 812 CONTINUE
. SCAL233 C
3 SCAL234 € EVALUATE EQUIVALENT STRAINS
2 SCAL235 ¢
: SCAL236 DU 816 [rl,3
R | SCAL237 RR{1)=0.0
F SCALZ38 DU 816 Jrl oMM
E | LCAL23Y Ke2%J
E SLAL24U 816 RRUID=RRUL)+ST(I4K)I®UY(I)¢ST(I,K=1)%UX(I)
. SCAL241 817 CONTINUE
SuAL242 C1=CUS(EPSX)
SCALZ43 S1=SINCEPSX)
SCALC4G SC=Cl#s51
LCALZGY Cl=C1%C])
SCAL246 S1=31%s81
SCAL247 IFCICK.ELa]) GU TU &18
SCAL246 DP=5C*RR(3)
4 SCAL249 EPTIcABS(CL*RR (1) +S1%RR(2) +DF)
F SCAL250 EPT2=ABS(S1*RR(1)+C12RR(2)-DP)
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SCALASL
GCALZ ¢
SCALZ253
SCALL LG
LLALZ2YS
SCALZ2ES
SCALZLT
LCAL2YSE
LLALZDY
SLALZLO
SLALZ61
LCALZG2
SCALZ2b5
SCAL2¢ S
CLALZMS
SCALLGS
SCAL26T
SCALZGE
SCALZGY
SLALZT0
SCAL2171
SCALe72
SCAL?Td
SCALZ2T4
LLAL2TS
SCALLYVO
SCAL2 77
SCALZ2TH
LLAL2TY
SLALZ2BO
SLALcb)
LCAL2EBe
SCAL282
CLALZ20 G
LLALZUS
L(ALzBL
LLALRLT
LLALZLE
LCALZUY
LLALZ2YO
Llal2yl
LUALS 92
CLALLYS
SCALZ2Yw4a
SLALZ2YH
LLALZYO
CCALeYwT
SUALZ2YWE
SLAL YWY
SCAL LU

13

he4

0?7
Hedb

i

IF(BFTAIN) oGt o0e) GU TU HlL
LESX=RETAIN)

1CK=1

oL IC bi7

LVALUATE tLEMENE PRINCIPAL STRALNSy CHFCK CLUSUKE POSS1IBILLTY

EPSUL)=SRRAEEFSIINQG)+EPSLIN,L)
tPS(2)=SRR*EPST(NgS)I+EPST(N,2)
FPSI3)=SREREPSLI(NGE)+EPLI(Ny3)
LP=SCPEPSIS)

FPLI=LL®EPSTLI+S1#EPS(2)+IP
LPL2=S1EPSIL)+CI¥EPLL2)-DP

Cl=EPT1+FPS1

Sl=tPTestPle

TF(LL16TL00) L0 TU BZa

JFES1.GTo0e) GO TO 823

MTAGIN)=U

L U beo

MTAGIN) =MTALIN) =5

TFAMTACINDLEGL0) GL TO et
teTA(N)I=hETAIN)+15T0Y

IFOBE CAIND oGt o 1o5708) HELAIN)=BETA(N)=3,.1410
ot TU Bee

IFE81.0Te0e) LU TU bed?

JRIMTAGIN) ot o2) GO TU v

MTAG(N)=1

JUHECK=1

NTAGIN) =1

ANGL=LT.290% Lt TAIN)

WhITE(E22015)

WRITE(E 20 20) NoMTAGIN) oANGoEPTot PTLoEPTZyEFS1oEPS2,C 1051
CUNTINUF

1F(I0TAL, . wele) LICHECK=L
IFOIKCHECK ot L oG ) e ANDL (NKT o LELO)) TCHECK=1
GO TO 84C

CLARCH FLY MAX. SIGNM

00 bst N=] o NUNEL

JEE MIAGIN) L1 2) GO Tu 8353
DN=ARS{SLIGNMIN) =SM)
IF(DN.LF.ICL)Y GU (U B82S
TFIMTAGIN) NLe2) LU TU F3a
MTAGIN)=3

LA=1e5T00

IF(LE JAIN) oGl oo} DA==DA
FLTAUN)=EETAIN) «UA

[T F U

MTAGIN) =0
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- 1

FATH

SCLAL3GL
LCAL3LZ
SCAL303
LCALIO4
SCALS0Y
SCAL30¢
SCAL3LY
SCAL308B
SCAL30Y
SCAL310
SCAL31)
SCAL312
SCAL313
SCAL314
LCAL3LYS
SCAL3Le
SCAL317
SCAL31s
SCAL319
SCAL320V
LCALS2)
SCAL322
SCAL323
SCAL324
SCAL325
SCAL3Z6
SCLAL327
SCAL328
SCAL329
SCAL33U
5CAL331
$CAL332
SCAL33s
SCAL334
SCAL33Y
SCAL336
SCAL337

JNT(N)=0
HETAIN) =0,
RATIO(N)=).
635 1CHECK=]
L40 JFLJCHECK LCa1) TCHECK=(
I#{1CHECK.EL eI ) GO TO 850
O D 352
850 DU BLO M=) ¢NUMFL
U R6U 151,43
S1G1{My1)=SRRES1GIIMI43)+S1GIIM;1)
FPSI(My1)=SRR*FPS1{My1+5)+FPSI{M,1)
B60 CONTINUE
60 TO 352
900 CONTINUF
WR1TE(6,2010) TUTAL
RE TURN
1000 FNRMATII1244E20.7)
1001 FORMAT(1742FB8.231PYE12eagUPLFTo292159F T2 01X o FTokegF7.2)
2000 FORMAT(L12HUONSP e NUMBER 417X ¢3HDUX g1 7X ¢ 3HDUY 418X ¢ 2HUX ¢ 18X 4 2HUY)
2001 FORMAT (T7HOEL.NO. 7X LHX X L1HY 4X B8HX=STRESS 4X BHY-STRESS 3X
1 IHXY=STRESS ¢ 2X s IUHMAX~STRESS ¢ 2X ¢ 1CHMIN=-STRFSSy7H ANGLE
ColXgoHMTAG X g SHUNT ¢ 3X ¢ 4HBETA G 2X ¢ SHRATIU 2X ¢ SHSIGNM)
2002 FCRMATU/Z ' LULAD INCREMENT NDo' o154/ ' LDAD APPLIED AS A FRACTION D
*F TOTAL LOAD ='4F%.5%¢/' NUMBFR UOF BETA STABILITY 1TERATIUNG='415/)
2G03 FURMAT(L1HO,* LOAD INCREMENT NN, 15, STABILITY 1TERATION NC.',
* 13,0 SCALING FACYOR ='4Gl0.4)
2006 FORMAT(//* SR=%,G10e4' CALL EXI1TY)
2005 FORMAVT{iHle"' INMTIAL STATF FUR LUAD INCREMENT?,15%)
<006 FORMAT{1H1)
2007 FORMAT(// * CHFYCK CRACK UPFNING STRAINS ')
2010 FORMAT(1HU,* LOAD ACCUMULATED AS A FRACTICN OF THE TUTAL 1S?',Gl%.5
“//)
c015 FURMAT(ILHOs* N TAGY 48X "RETAY 48Xy " EPTVBXyYEPTL Y UXy "EPT2?,8X,
RIEPS)LY By FEPSC Y g IXy'DFFS1Y 3 TX o 'DFPS2Y)
cC20 FLOMAT(134150Fllecobblled)
2025 FURMAT(1842F10.443E12.5%)
ENL
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iNIR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INIR
INIR
IN)R
INTR
INTR
INTR
INTE
INTR
INTK
INTR
INTR
INTh
INTR
INIK

INIR 3
INTR :
INIR

INTK
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTK
INTR
INIR
INTR
INTR

L gl - -BEN Ik U RN PO N

o

219

100

200
300

SUBRUUTINE INTEK CIXgMTAGy INTYRATIOZEETAPSIGE9SIGNM)

CLOMMON/ZONF Y/ NUMNP.NUHFL.NUHHAT.NUHPC;NPC.HBAND.NUHBLK.NL.HTVPE.N,
VLL-AC&LR-ACELZvaHED(18)'5TUvaRvSR1.TUTAL-TUL-TOLI-XC-YC.

LLL.lll.JJJ.JCK.KCﬁE(K'JCHECK.NPLANtpNUHFR.NCODE-JA-NEO

B TEMPySIUN, 1601 4SIGDJ,
. NBAND 9 NCRACK o NSTEP9yNL SyMT74,NTOT

COMMON/TWO/ CU293) 95109100 9SIGE6)4PB) 9ST(2410),RR{%),22(5),

. LM{a)gLE(3)yLPS(3)

CUMMON/THREE/ E4Er49B) ot 0(49B)y TENSIE) yXNUIB) JRU(E) 4yEPSTIE),

. MTICI{B)yNICL{b)yMID(B)

DIMENSION lX(NuMEL-S)-HIAG(NUMEL)vJNT(NuHFL).RAIIO(NUMFL).
. EEIA(NUMLL ) y SIGIINUMEL y6) 9 SIGNM{NUMEL )
Jlk=]

SRE=SK1

1924=0

D0 200 N=i o NUMEL

IF(RATLIUIN) NI 4SR) LU T 200

SK3=RATILIN)

FLTAI=bFTA(N)

MTAGI=MTAGLIN)

JNTI=UNT(N)

SR=SR#5R 1

MTYPE=ZIX{N,5)

SIGT=TENS{MIYI’E)

IFUIXINGZ) o tCo IXINY3)) GO TN 20O

CONTINUL

DU 100 I=1,3
blG(l):SRk#Slbl(N-l*3)+Slbl(N.l)
CC=US1GL1)+SI0L2) ) /2.0
LO=(SIG(1)~51C(2)) /2.0

CR= SQNT(LE**2+5)0(3)*%2)

5I1G{4)=CC+CR

S I -3 XN Y

SIGL6)=0.L
TFUIBBECe0e) dANU S ISTGE 2) ok Qale) ) LU T ihG
SIGL6)=28eta8% ATANZ(SIGIL) b8 )

LUNT INUE

CALL GRIFTH (MTAG yUNTYRATIUBETAS Tul 9 S IGNM)
IFCIJJGLlaU) LU TC 30U

SILDI=SIGN=5]1CT

SRR=SR

JEUSRRLTLTCLE) SPR=TULI

1yu=1

GN TU 50

CUNTINUE

CONTINUE

IF (IXINy2) eteia IXIN,3)) GU TO 40O
RATIO(N)=4R L

BLTA(N)=LETAL
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C

MIAGIN)=MTAGI

JNI(N)=JNTI

SIGDI=SIGN=-SIGT

IFCC ABS(SIODI) «LLoTOL ) URe( ABS(SIGDJ)LF.TOL )} GO TO 350
SR (SRL1*SIGDI-SK*STCDT) /(516DJ-SIGDI)
60O TU 400

CONTINUE

IF( ABS(SIGDI).GT.TOL ) GO TO 370
SR=Sk1l

GU TO 390

IF( ABS(SIGDJ) GT.TOL )} GO TO 400
SR=5RR

CONTINUE

CONTINUE

IF(SRebEe0e99 ) SR=1.0
IF(SRLTL0.001) SR=0.001
IF(SReEUa1.0) KCHECK=O

TULJ=0.01

DA=SR-SRFE

DB=5R=SR1
IF{(ABS(DA} ol EoTULJ) oURL(ABS(DB) sLELTOLJY)) KCHECK=0
WRITE(691000s SR1ySRRySR

RETURN

1000 FORMAT(//' OLD SR='yGClé o4y ® NEW SK='9Gléeby 10Xe' INTERPULATED

%0 ,Glaeul//)

END

Sk=




B S 0T U0 000010t 1SR4 RPN et B = R —— — e L ST T P L S S o R

MLDE ] SUBRUUTEINT MLUTEY (A gbyNEwsMEAND ¢y NEAND g Ny U )
MOl o
MLD] 3 C

f MLLY 4 DIMENSION E (N G ) g ALNE Gy NEAND)

i MLDI 4 [ 290 M=, yMEAND

[- MDD 6 K=N=M+]

W MDDl 7 1FIK)Y ¢3%923.9240

t MDD & 220 LIKISB{K)=A(K, M)%U

v MUDE & AlKyMI=0.U

i MUUL 1u 235 K=N+M-l

f MUDI 11 JEINEQ=K) 25U, cal 440

MULI 12 hG BIKDISBIK)I=A(NM)*U

f MIDL 13 AINYN =0 C

¥ MLDL 14 250 CONTINUE

: MLLL IS A(Ngl)=1.0
MOLI 16 LIN)sY

. MOLE 17 KFTURN
¢ Mubl 18 FND




P

BANS 1 SUBROUTENE BANSCL (1 g AgMMNBANE yNUMBLK,NLL y JA)
BANS 2 L i
tANS 3
UANS 4 DIMENSEOR BONLL) o ACNLL y NSAND )
BANS 4 NNENLL /¢
HANS 0 NLENN+] g
LANS 7 NHz N/ v NN ‘
LANS & Nbz(
tANS 9 NEK =1
hANS 1U FIND(L'1)
LANS 11 60 10 150
BANS 12 100 NB=NB+1 '
bANS 13 DO 125 N=1,NN 3
LANS 14 NM=NN+N
BANS 15 B(N)=£ (NM)
BANS 16 BANM)=0.0
BANS 17 PU 125 M=l,MM
HANS 1b A(NMIZA(NMoM)

f LANS 19 125 A(NMyM)=0.0
LANS 20 IF (NUMBLK=NB) 150,200y 15C 3
HANS 2 150 READ (1'NBK) (BUN)y (A(NyM) yM=1 M) yN=NL 4 NH) :
BANS 2z NNK=NBK

4 bANS 243 NBK=NBK+JA
LANS 24 If (NB) 200,100,200 ;
BANS £5 200 DU 300 N=14NN i
t-ANS 76 IF (AUNG1)) 225,30Cy22% !
BANS 27 225 R(N)=BIN)ZAIN, 1) j
LANS 28 DO 275 Lz2yMM i
EANS 29 1IF (AUNGL)) 23Cy2754230
RANS 2 230 C=A(NsLIZA(N,1)
LANS 31 1N+l =]
BANS 32 J=0
BANS 33 DU 50 KzLyMM
HANS 34 J=Jd+l
LANS 35 250 A(Lyd)=A01,d) =LA INGK) !
LANS JS6 BOL)=b (1) =A(NSL)*E (N)
LANS 37 A(NyL)=C

| BANS 28 715 CONVINUE
BANS 3y 300 CUNTINUE

BANS 40 NE K=NNK=JA .
‘ BANS 41 IF(NUMBLK FQCNET GU TU 4lC 3
g LANS o WRITE (LPNBK) (LUND o (A(N M) gM=roMM) 4N=1,NN) )
; BANS 43 NEK=NNK +JA
BANS 44 GO TU 100
tANS 45 410 DO 450 M=1,NN ;
BANS 46 N=NN+1-M E
t ANS 47 DO 425 K=2 MW
‘ BANS «b L=N+K~-1
e BANS 49 425 B(NI=B(N)I=A(N,K)®i (L)
EANS L0 NM=N+¢ NN
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R TR

e

N R TR N RGNS

BANS
LANS
HANS
I ANS
t*ANS
LANS
haNS
s ANS
11 ANS
t ANS
LANS
BANS
b ANS
BANS
bANS
L ANS

€00

LINM)sh(N)
A(NMgNB )Y =R (N)

Nte=Mi=1

FH(NBLLULO) L TG 500
KEAD  (1ONLK) (LOND) o (A(NGM) gME 2o MM) gN=14NN)
NBK eNBK=-JA

¢ Tu el

KzQ

DU 600G NB =] o NUMBLK

DO 600 N=1 4NN

NM=NeNN

KeK+]

BIRIEA(NMGNE)

Rt TURN

LND
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