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., COMPUTER CODE;



APPENDIX IV,

DEFINITION OF VARIABLES,

The major arrays =nd syuwbols used in the code are defined below,

Some temporary storage variables aré not defined here, but their

definitions are evident from the context,

AK
AREA

BODYF
BT

CB
CF

EL

FiC
IBAND
IEM I)

Agsemblage stiffness matrix.

_Area of triangular element,

Matrix (B), eduation (5.35a), for quadrilateral.

Nodal load contribution from TBODY,

Matrix (B), equation (5.35a), for triangle.

Stress-strain matrix. (C)

Matrix product (C) (B),

Common factor in the computation of stregs—-strazin matrix(C)
Hodulus of elagticity,B., In SIRESS, the strains at the
element centroid. .

Length of element slde where gurface traction is prescribed.
Factor for averaging element strains,

Semi-~band width of agsemblage eduationg, IBAND  MAXBW,
BElement 1dentii‘icatio;1 array. M is element numpber,l1 M NEL
I=1,2,344 denote corner nodes of the element, and I=5 denotes

MTYP f'or the elemeht. )

I5C,JSC Nodal numbers of nodes 1 and j for side on which surface

isToP

traction is prescribved,

Index used to count data errors.

I,d,K,L Indices of the four nodes of quadrilatersl in ®QUAD,

I1,J,K

Indices of the three nodes of triangular element in CS8T,

KODE (1) Index of displacement and concentrated load conditions at

node I.
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KRR In BalisL, indez desipgnating function t9 be performed.
B = 1 fop Srianguiogisation of ptiflfnsag, Hil=d fop
backward solution using trimnguiariged stiffness.

mnazny Baximug sord=band width allovsd hy atorege sliocation
declarationsg.

BATOR Hazimun degreng of frecdom, I%A:{r}&“ = SN0,

Bag # o

AL Hewtman nupher of olousnts sllowed by storage sllocetion

Weaa
39:

doclarationse
E%ﬁ:ﬁ%ﬁa?' Hariomum nusher of ma,wrialﬁ allowed hy astorage sllogation

doclarationse
MELE Meomirmra munhor of nodes 'allowed by gtoraze allocation
declorntionge.

MaX3ig Haxduun muhoer of gurface Eraction cards nsllowed by
storage allogstion declarationg.

i Hagimae hand width HDIK = Hapyd,
HeYr Hatorliasl type nuber 1 sl RHEAT,

naopy Option for body foree. BBOLY = 0 for no wmicht,AR0D¥=1 for

woight force in the negafive y direction.

DB Haximam degrees of freedom, NDIM = HAXDOY,

Hlk Hwher of olemsnta, HBL  HAKEL,

HiR Totel mushor of aequationg, B NI = Zeiyy  HAXDOF
WaaT Humber of dlfTersnt materisls, 1  WHAT HAEMAT,
HiP Humber of nodal yoine_zg?, WHE O AR

NOLINE In 5TRESH, index to limlt output to S50 lines por page.
{OPT Option for plono gtrain/stress,OFT = 1 £or plena gtraln,

HOPY = 4 for plane asbrass,
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HeRom Prohlem nuuber

HELG Humbor of surfece traction cords, WIG HAKL

PR Polgaonts ratio, V.

PRI} ,

wﬁ Hodal cmsrmutm;za of gurfage  tragtiong in x-diroction.

v¥3)

fﬁg Hodal contributions of surfage fLraetion in y-diraction

g ' Lopad vector of auadriiatersl elewent, In STREBS, the
aloment displacomend vechor,

35 atifineas zézatrix of quadrilateral eletz;&ntz.

34 hAggumbloge load vector, Alao computed displecensnts for
the aseamblage in Hald, BAEO mnd STHESS,

RO Welght density of material,

= Aeray for glressss,

S )
} % and y compononts of presceribed dlgtrimuted tractions,
FUTRY )

mny Total walght of triangular elemont,

™ Thi@mﬁss; Ko ,
PLPLE Arpay for title of the problem 72 slphsmumeric characters)
TH Stiffnessz natrix of teiangular element,

PILALA Total area of quadrilaterasl alopent,

U Presorihed displacemend in x or ¥y direction in GEDRMC,
ULZ{1)) Cuncansrated load or displacement in x and y directions
Py (1)3 at nada I,

Q)

} , :
)z and y coordinateg of node I,
X)) )
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n) _ Coordinates of the nodes of a Qquadrilateral or triangular
YQ% element,

(X3 (5) and W (5) are coordinates of centroid)

1=5 GUIDE FOR DATA INPUT

" T P T D WY " W D o S SO S S G S O W SO SO S A S S U S - - - o - -

Prob.No., Blank Format 3X, 948, One card per problem,

TITLE OF PROBLEM
1 5 8 80

Basic Parameters : Format 615,: One card per problem

NP NEL _ NMAT _NgIC___NOPT__ RBODY . ’

1 5 10 15 20 25 0 ' 80
Material Properties : Format 4B 10,3, NMAT cards per problem,
B PR RO TH

1 10 20 20 40 * 820
Nodal Point Data: Format 215, 48 10,3(see notes 3 & 4 below.

N,P,.NO, KODE X X TLX VLY
1 5 10 20 0 40 50 80

Element Data &% Format 615 {see notes 5& 6 below

"EL NO, 1 3 K i

1 10 15 20 25 0 80
Material Type

‘Surface Tractlons: Format 215, = 4B.10,.3(see note 7 below)

"N P.I N, P.J SURTRAX (L) GURTRX{d) GURIRL(1) _SURTRY (J)
1 5 10 20 0 40 50

80
Exigt Cards Format blank.

One Blank card at End of a Run Allowg Normsl BEXIT from Computer 5

7 : , 8

Notes on Input Data
1. Data cards must be in proper sequence,

2. Units must be consgistent,
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3 Usua;ly one card 1s needed for each node, However, if gome
nodes fall on s gtraight line and éreétmidisv.ténﬁ, data fo:é‘ only
the first and the last points of this group are needed, Intermediate%
nodal point data are automatically generated by linear interpolation.
4, Forces and/or displaceméﬁts prescribed at a node are

identified by KODE ag explained below:

KCDE Force/Dispi écement f!omdarjr Condition
0 ULX = Pregeribed Load in x direction
, VLY = Prescribed.;[.cad in y direction
1 ULX = Prescribe%}is.g X direction

VLY = Prescribed Disp in y direction

ULX = Prescribed Load in x direction

I\

]

VLY = Preserijoed Disp in y direction
3 fJLX = Prescribed Disp in x direction
VLY = Prescribed Diép in y direction
The sign of an  gpplied force or displacement follows the
gign of the coordinate directions. For ,instance; a force in the
positive x direction is positive, and so on. ffor the nodes automati-
-~cally generated as in Note 3, KODE = 0, ULX = 0 and VLY = O are
assigned for the generated nodes, |
5, I8 (M,I) ,IE{(M.2), IE(M.3) TE{M.4) denoté four corner
nodes, 1,J,K,L, of a quadrilateral element, M, The program also
permitgs use of triangular elements, which are indicated by repeating
the third node; that is, IE(M,3) = IEM,4), or K = L; For a right-
handed coordinate gystem the nodes must be input counter-clockwige
around the element, IE (1,5) denotes the type of material in the

element,



§
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(e)

The maximumn difference between number; of any two nodes
for a'given element must be less than MAXBW/Q, |

6. Usually one card is needed for each element, However, if.
some elements are on a line in such a wéy that their comer node
indlces each increase by one comaared to the previous element, onlyv
the data for the first element on the line need be input. However,
note that data for the last element of the assemblage must be input.
For éxample, in Bxercise 6-3, data for only elements 1,4,7,10 and 12
are needed. The omitted elemenl data is generated internally by the
computer, Tne gsme materisl type as the previously input element is
asgigned to all generated elements, ,

7 Surfaée traectiong must be gpecified between two adjacent
nodgs only, The three pogsible cages are shown in Fig,I~l, For case
(2) only SURTRX(I) and (J) are input, énd columsg 31-50 are left
blank, For czase (b) only SURTRY(I) and. (J) are input and columns ‘
11=30 are left blank, For hoth tractions all q&lumns.frgm 1 to 50
are input, For case (c) the usger may need to comﬁute the componentg
of tractions manually, Morecover, the uger mﬁst maltiply all surface
intengities by the thickness of the element before the intensities
are input in the computer,

The signs of tractions follow the dirsctions of coordinate

axes., & braction in the negative y direction is negabive, and so on,
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FLOW CHART

START
E2

Read, echo printy and I YES
check data
*

Are there data errors? M YES/)—> STOP

No
kN

Compute semi-band with
E2

Band wid%h too large? ‘»YES |

o
a3

For each element:

1,Further checks of data

2o Compute (C), (B), (K, Q)

3.Condenge in%ernal nodes

4, Store (C), (B) ,multipliers,
pivots, element centroid

5.Add (k) to (K) and@) to (R)

=

Apply kinematic congaints
{geometric boundary conditiong)

T

Are theze daii\%‘ errorgs ? |— YES

Compute and print nodal
displac%Lnents

For each element:

l.Recover (C), () ,multipliers,
pivotg,element centroids

2.Recover displacements at
internal nodes.

3.Compute straing,stresses,
and principal stresses,

4.Print centroldal coordinates,
gtresses, and principal stresses

2
GO TO NEXT

PROBLEM
~ sfop

> GO TO
NEXT
PROBLEM

= STOP



O 00N LN

(o M Bl

(g Ml

9999

=

TECS3),PR(S),RO(5),TH(5),1E(30,5),

SEND TO (ED,F
DUMP ON (PROG
OVERLAY PROGR
OVERLAY (1,1)
OVERLAY (1,2}
OVERLAY (2,1)
OVERLAY (2,2)
OVERLAY (2,3
OVERLAY (3,1)
OVERLAY (3,2)
INPUT 1 = CR7
QUTPUT 2 = (P

GENERAL LISTING (XRLP) 28/41/77

ORTRANPROGS)
RAM SECD)
AM(SECD)
DATAIN

QUAD

ST

STRESS
GEOMBC
BANSOL
ASEMBYL

7

CREATE 3 = MTO/(BLANKNAMEOOO)/51%2

END
MASTER JUG

EXAMPLE CODE (PROGRAM) FOR PLANE STRAIN/STRESS

DIMENSION TIT

LECD)

COMMON /B1/ NNP,NEL,NMAT,NSLC,NOPT,NBODY,MTYP,

2X(30) ,Y(30),ULX(30),VLY(30),KODE(30),18€6¢5),4SC(5),
3SURTRX(15,2),SURTRY(15,2)

1

COMMON /B2/ QK(10,10),Q¢€10),B(3,10),C(3,3),BT(3.,6),XQ(5).YQ(5)

COMMON /B3/ IBAND.NEQ.,R(60),AK(60,32)

DATA MAXEL ,MAXNP . MAXMAT,MAXBUW,MAXSLC

/ 15,

32, 5,

32,

20/

PROBLEM IDENTIFICATION AND DESCRIPTION

READ(1,100)
TF(NPROB,LE.D

NPROB,(TITLE(]I),1=1,9)

) GO TO 999

WRITE(2,200) NPROB,(TITLEC(I),1=1,9)
CALL DATAIN (MAXEL,MAXNP,MAXMAT,.MAXSLC,18TO0P)

MAXDOF =2%MAX

COMPUTE MAX,
MAXDIF = ¢
DO 2 I=1,NEL
DO 1 J=1,4
DO 1 K=1,4

LL = TABSCIE(I,J)=TE(L,K))
IFCLL.GT.MAXDIF) MAXDIF=LL

CONTINUE
CONTINUE
IBAND= 2% (MAX
NEQ = 2%NNP

NP

NODAL DIFFERENCE AND SEMI-BANDWIDTH,

DIF +1)

IF(IBAND.GT ,MAXBUWY GO TOD 500

IF(ISTOP.GT.
CALL ASEMBL(!
1F{18T0P.GT.0

TRIANGULARIZE STIFFNESS MATRIX,

0) GO TO 939
STOP)
) 60 TO 999

EQ.

(2’2):

CALL BANSOL(¢1,AK,R,NEQ,1BAND ,MAXDOF,MAXBW)

SOLVE FOR DISPLACEMENTS CORRESP, TO LOAD VECTOR R, EQ;(Z%}).KKK=2
CALL BANSOL (2,AK.R,NEQ,IBAND,MAXDOF,MAXBW)

WRITE(2,300) (I1,R(2*1=13,R(2*1),1=1,NNP)

KKK=4

EQ,

(6=1)



58 CALL STRESS

59 C

60 GO TO 9999

61 900 WRITE(2,901) IBAND,MAXBW

62 GO TO 9999

63 100 FORMAT(15,3X,%A8)

A 200 FORMAT(1H , / 8H1PROBLEM, 15, 3H.. , 9A8/)

65 300 FORMAT(1H , 37H10UTPUT TABLE 1.. NODAL DISPLACEMENTS//
66 1 13X, 4HNODE, 9X, 11HU = X=DISP., 99X, 11HV = Y~DISP,/
67 2 (5X,112, 2E20.8))

68 901 FORMAT(1H ,/// 12H BANDWIDTH =, 14, 25H EXCEEDS MAX, ALLOWABLE =,
69 1 14// 30H GO ON TO NEXT PROBLEM )

70 999 S$TOP

71 END

72 SUBROUTINE DATAIN(MAXEL,MAXNP,MAXMAT,MAXSLC,1STOPR)
73 COMMON /B1/ NNP,NEL,NMAT,NSLC,NOPT,NRODY,MTYP,

74 1E(5),PR(5),RO(5) ,TH¢S5), 1E(30,5)., ‘
75 2X(30),Y(30),ULXC30),VLY(30),KODEC30),1SC(5),JS5C¢5),
76 3SURTRX(15,2),SURTRY(15,2)

77. c

78 1STOP=0

79 READ(1,1) NNP,NEL,NMAT,NSLC,NOPT,NBODY

80 c

81 WRITE(2,100) NNP,NEL,NMAT,NSLC,NOPT,NBODY

82 c

83 ¢ CHECKS TO BE SURE INPUT DATA DOES NOT EXCEED STORAGE CAPACITY
84 1F(NNP.LE.MAXNP) GO TO 201

8s 1STOP=ISTOP+1

86 WRITE(2,251) MAXNP

87 201 IF(NEL.LE.MAXEL) 60 TO 202

88 ISTOP = ISTOP +1

89 WRITE(2,252) MAXEL ‘
990 202 I1F(NMAT,.LE.MAXMAT) GO TO 203

94 ISTOP = ISTOP +9

92 WRITE(2,253%) MAXMAT

93 203 TF(NSLC.LE.MAXSLC) GO TO 204

9% 1STOP = ISTOP +1

95 WRITE(2,256) MAXSLC

9% 2064 1F(ISTOP.EQ.O) G0 TO 205

97 WRITE(2,255) ISTOP

98 STOP

99 c

100 205 READ(1:,2) (E(I),PRC1)Y,RO(ID,TH(I),I1=4,NMAT)
101 WRITE(2,101)
102 WRITEC2,51) (1,ECI),PRCID,RO(CI)TH(1),1=1,NMAT)
103 c
104 ¢ READ AND WRITE NODAL DATA (REF. 1)
105 WRITE(2,103)
106 N=1
107 5 READ(1,3) M,KODE(M),X(M),Y(M) , ULX(M), VLY (M)
108 IF(M=N) 4,6,7
109 4L WRITE(2,105) M

110 WRITEC2,52) M,KODE(M) ¢ XCM) Y (M) JULXEM) VLY (M)

111 1STOP= ISTOP +1
112 GO TO 5
143 7 DF=M+1=N
114 RX=(X{M)=X(N=1))/DF
115 RY=(Y(M)=Y(N=1))/DF

16 B8 KODE(N) = 0



117 X{(N)= X(N=1) + RX

118 YE(NY= Y(N=1) + RY

119 ULX(N)Y=0.0

120 VLY(N) = 0.0

121 6 WRITE(2,52) N,KODECN) ,XEN) »YON) JULXIN) »VLY(N)

122 Nz=N+1

123 IF(M=N) 9,6,8

124 9 IF(N.LE.NNP) GO TO 5

125 c

126 C READ AND WRITE ELEMENT PROPERTIES, TABLE 6-4

127 WRITE(2,106)

128 13 L=0

129 14 READ(101S) M.(!E(M.I).Iﬂ.S)

130 16 L=i+1

131 TE(M=L)117,17,18

132 117 WRITE(2,118) M

133 WRITE(2,53) M, C1E(M,1),1=1,5)

134 ISTOP = ISTOP +4

135 GO TO 14

136 18 TE(L,1) = TE(L=1,1) +1

137 TE(L,2) = IE(L=9,2) +1

138 1ECLe3) = YEC(L=1,3) +1

139 JECL,4) = TECL=1,4) +1

160 TECL,S) = IECL=1,5)

141 17 WRITE(2,53) L, €IEC(L,1),1=1,5)

142 IE(M=1)20,20,16

143 20 IF(NEL=L)21,21,14

144 21 CONTINUE

145 c

146 c READ AND WRITE SURFACE LOADING (TRACTION) CARDS

147 IF(NSLC,EQ.0) GO TO 31

148 30 WRITE(2,108)

149 DO 40 L=1,NSLC :
150 READ(1,41) 1SCCL) »JSCCL) +SURTRXCLs 1) sSURTRXC(L+2)sSURTRYC(Ls1),
151 1SURTRY(L+2)

152 40 WRITEC(2,42) ISCEL)»JSCCL) ,SURTRXCLs1)sSURTRXCL+2),SURTRY (L),
153 1SURTRY(L,2)

154 31 IF(ISTOP.EQ.O) GO TO 999

155 WRITE(2,900) 18TQp A
156 1 FORMAT(615)

157 100 FORMAT(1H , 35H INPUT TABLE 1,. BASIC PARAMETERS //

158 1 SX, 40OH NUMBER OF NODEL POINTS. . . . . . . . .s15/
159 2 5%, 4LOH NUMBER OF ELEMENTS. . + + « & « « « o« <2157
160 3 SX, 40H NUMBER OF DIFFERENT MATERIALS . . . . .,15/
161 A SX, 40H NUMBER OF SURFACE LOAD CARDS. . . . . .,15/ (
162 5 5X, 40H 1 = PLANE STRAIN, 2 = PLANE STRESS. . .,15/
163 6 5X, 40H B0ODY FORCES(1 = IN=Y DIREC., 0 = NONE),I5)
164 251 FORMATC(1H ,///7/ 33H-TOO MANY NODAL POINTS, MAXIMUM =, I5)

165 252 FORMATC(MH ,//// 30H TOO MANY ELEMENTS, MAXIMUM = , I5)

166 253 FORMAT(MH ,//// 30H TOO MANY MATERIALS, MAXIMUM =, 15)

167 254 FORMAT(IH ,//// 4OH TOO MANY SURFACE LOAD CARDS, MAXIMUM = , I5)
168 255 FORMAT(IH ,////28H EXECUTION HALTED BECAUSE OF, 15,134 FATAL ERROR
169 187)

170 2 FORMAT(4E10.3)

1714 101 FORMAT(1H , 36H INPUT TABLE 2.. MATERIAL PROPERTIES//

172 1 10H MATERIAL,SX,10HMODULUS OF.6X,9HPDISSONYS, 7%,
173 2 BHMATERIAL, 7X, BHMATERIAL/

174 3 4X,6HNUMBER,5X,10HELASTICITY,8X,7H RATIO, BX, 7HDENSITY,6X,

175 4 IHTHICKNESS)



176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
19%
19%
19%
197
198

199

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

<3

[ o]

[ B

51 FORMAT(1H , 110, 4E15.4}
103 FORMAT(1H » 34HTINPUT TABLE 3.. NODAL POINT DATA //
1 5%, SHNODAL,48%, 7HX~DISP,, 8X, 7HY=DISP,/
25X SHPOINTEX,4BTYPE 14X THX 14X, THY,8X,7HOR LOAD.,8X,7HOR LOAD)
X FORMAT(215,4E15.4)
105 FORMAT(TH , SX,%7HERROR IN CARD NO,, I5/)
52 FORMAT(1H » 2110, 4E15.4)
106 FORMAT(1H , 34HYINPUT TABLE 4., ELEMENT DATA /7
1 11X, 31HGLOBAL INDICES OF ELEMENT NODES/3X,7HELEMENT,
2 TX AHY 700 1H2,7X s TH3,7X01H4,2X  BHMATERTAL)
108 FORMAT(1H , 37d41INPUT TABLE 5.,. SURFEACE LOADING DATA//
117X 33HSURFACE LOAD INTENSITIES AT NODES/
2 4X,6HNODE 1,4X,6HNODE J,10X,2HXE 10X 2HXJ 10X, 2HYT 10X,2HYS)
53 FORMAT(1H , 110, 418, 110)
15 FORMAT(6I®)
118 FORMAT(IH , 5%, 25HERROR IN ELEMENT CARD NO.,15)
41 FORMAT(215, 4E10.3)
42 FORMATC(1H , 2110, 4EV12.,4)
P00 FORMAT(1H ,/// &45H ASSEMBLY AND SOLUTION WILL NOT BE - PERFORMED,,
115, 21H FATAL CARD ERRORS )
999 RETURN

END

SUBROUTINE ASEMBL(ISTOPR)

COMMON/BY/ NNP,NELSNMAT,NSLC,NOPT,NBODY,MYTP,
TECS),PR(5)Y,RO(5),TH(S5),1E(30,5),
2XC30),Y(30),ULXC30),VLY¢30),KODE(303,180(5),45¢C¢5),
ISURTRX(15:2%sSURTRY(15,2)

COMMON/B2/ QK(10,10),0¢10),B(3,10),€¢3,3),BT(3,6),XQ¢5),YQ(S)

COMMON /B3/ IBAND.NEQ,RC60),AK{(60,32)

DIMENSION LP(8)

INITIALIZE
1STOP= O
REWIND 3
INITIALIZE PARTS OF MATRICES C AND BT
BT(1,4) =

BT(1,5)
BT(1,6)
BT¢(2,1)
BT(2,2)
BT(2:.3)
C{1:3)

(2.3

(3,1

€(3,2)

SO0 OO OO0OO0OO0O 0O

s » & s+ e« ® =& » a
SOOCOOODODOOO0

LI LI ¢ O L N (O R

INITIALYIZE OVERALL STIFFNESS MATRIX AKX AND OVERALL LOAD VECTOR R
Do 2 I = 1,NEQ
R(13Y= 0,0
Do 2 J =1
2 AK(1+d) = 0.0
COMPUTE ELEMENT STIFFNESSES AND LOADS ONE BY ONE
po 10 M = 1,NEL
IFCIE(M,5).6T.0) 6O TO 11
ISTOP = ISTOP + 1
G070 10
11 CALL QUAD(M,AREA)
IF(AREA.GT.0.0) GO TO 16



235 ISTOP = 1STOP + 1

236 WRITE(2,20)M

237 c ,

238 c CONDENSE ELEMENT STIFF. FROM 10%10 TO 8%8, EQ. ¢5~64),AND ELEMENT
239 c LOADS FROM 10*9 TO 8%1, EQ. (5,64D). (REF.2}

240 16 IF(IE(M,3) . EQ.IE(M,4)) GO TO 26

241 PO 31 J4=1,2

242 14210=4J

243 1K=1J+1

244 PIVOT = QK(IK,IK)

245 DO 32 K=1,1J

246 F= QK(IK,K)/PIVOT

247 QKC(IK, K)=F

248 b0 33 I=K,1J

249 QK(IsK)= QK(I,K)= F*QK(I,IK)

250 33 QK(K,1)=QK(I,K)

251 32 Q(K)= QEK)«QK(IK,KY*Q{1K)

252 31 QCIK)= QCIK)/PIVOT

253 c

254 c STORE MULTIPLIERS,PIVOTS,CONDENSED LOADS,STRAIN=DISP, AND STRESS=
255 c STRAIN MATRICES ON SCRATCH TAPE NO., 1 (TO BE USED LATER TO BOMPUTE
256 ¢ STRAINS AND STRESSES )

257 26 WRITE(3) ((QK(1,4),J=1,10),1=9,10),Q¢9),.Q¢10),

258 TCBCI I pd=1010),121,3) 0 C(CCT,d)sd=143),121:3),X0¢5),YQ(5)
259 c

260 ¢ ASSEMBLE STIFF, AND LOADS , DIRECT STIFF. METHOD, SEC. 6-5.
261 ¢

262 LIM=8

263 IFCIE(M,3) EQ.IE(M,4)) LIMz6

264 bO 40 1=2,L1M,2

265 14= 1/2

266 LP(1=1) = 2%IE(M,1J) =~ 1

267 40 LP(I) = 2%YE(M,1J)

268 DO 50 tiL=1,L1M

269 I= LP(LL)

270 RCI)= ROI) +Q(LL)

274 DO 50 MM=1,LIM

272 JSLP (MM) =] +1

273 IF(J,LE.O) GO TO 50

274 AKCI, )= AKCTI,J) + QK(LL,MM)

275 50 CONTINUE

276 10 CONTINUE

277 c

278 e ADD EXTERNALLY APPL. CONC. NODAL LOADS TO R

279 DO 55 Ns1,NNP

280 TF(KODE(N) .EQ.3)YGO TO 55

281 K=2%N

282 IF(KODE(N).EQ.1) GO TO 57

283 REK=1) =R(K=1) + ULX(N)

284 1F(KODE(N).NE.O) GO TO 55

285 57 R(K) = R(K) +VLY(N)

286 55 CONTINUE

287 c

288 c CONVERT LINEARLY VARYING SURFACE TRACTIONS TO STATIC EQUIVALENTS.
289 ¢ AND ADD TO OVERALL LOAD VECTOR R, EQ. (4=61A).

290 IF(NSLC.EQ.D0) GO TO 60

294 DO 61 L=1,NSLC

292 1=18c(L)

29% J= JSC(L)



29%
295
29%
297
298
299
300
301

303
304
305
306
307
308
309
310
311
312
313
394
315
316
317
318

319

320
321
322
323
324
3258
326
327
328
329
330
331
332
333
334
335
336
337
338

339

340
341
342
343
344
345
346
347
348
349
350
- 351
3352

[y ]

[ NeNeNel

61

60

72

71
70

20

T1=2%1

JJs2*]

DX= X(J) ~X(Y)

DY= Y{(J) =¥Y(I)

EL= SAQRT(DX*DX+DY*DY)

PX1 = SURTRX(L,1) * EL

PXJ = SURTRX(L,2} * EL

PY! = SURTRY(L,1) * EL

PYJd = SURTRY(1L,2) *» EL

R¢I1=1) = R{I1=1) + PXI/3,0 + PXJ/6.0
B(JJ=1) = R{JIJI=1) + PX1/6.0 + PXJ/3.0
RCITD = R(11) + PYI/3,0 + pYJ/6.0
R(JJD = R{JJ) + PY1/6.0 + pPYJ/3.0
CONTINUE

INTRODUCE KINEMATIC CONSTRAINTS (GEOMETRIC BOUNDRY EONDITIONS),
EQ. (6=18), REF.1,

po 70 M = 1,NNP
IF(KODE(M) ,GE.O0,AND.KODE(M) . LE.3) GO To 72
1ST0P = ISTOP + 1

60 70 70

IF(KODE(M)  EQ.0) 60 T0 70
IF(KODE(M) ,EQ.2) GO T0 71
CALL GEOMBCCULX(M),2%M=1)
TF(KOOR(M) EQ. 1) G0 T0 70
CALL GEOMBCCVLY(M),2*M)
CONTINUE

ENDFILE 3

IF(ISTOP.EQ.D) GO TO 81
WRITE(Z2,100) 1STOP
FORMAT(1H .,/ 5X, 17H AREA OF ELEMENT ,I15,14H IS NEGATIVE /)

100 FORMAT(1H ,//// 42H SOLUTION WILL NOT BE PERFORMED BECAUSE OF,15,

81

115H DATA ERRORS /)

RETURN

END

SUBROUTINE QUAD(M,TOTALA)

COMMON /B1/ NNP,NEL,NMAT,NSLC,NOPT,NBODY,MTYP,

TE(S) PRSI ROC(S5Y,TH(5) +1E(30,5),

2X(30) ,Y(30),ULXC30),vLY(30),KODEC30),18C¢5),48C¢5),
3SURTRX(15,2) ,SURTRY(15,2)

COMMON /B2/ @K(10,10),Q¢10),8¢(3,10),C(3,3),BT(3,6),XQ(5),YQ(5)
COMMON /B3/ I1BAND,NEQ,R(60),AK(60,32)

1 = 1E(M,1)
J = JE(M,2)
K = 1E(M,3)
L = TE(M.4)

MTYP = 1E(M,5)
TOTALA = 0.0

CONSTRUCT STRESS=STRAIN MATRIX C, EQ.(3=16C). FOR PLANE STRAIN
NOPT=1 ,AND FOR PLAIN STRESS NOPT=2 , PRESENT CODE IS FOR ISOTROP-
»I1C MATERIALS
LF(NMAT,EQ.1.AND.M.GT.1) GO TO 5

IF(NOPT.EQ.2) GO TO 2
CF= E(MTYP)/C(1.0+PR(MTYP)II*(].022.0%PR(MTYP)Y))

C(1¢4) = CF*x(1.0-PR{MTYP))
€C(1+2) = CE*PR(MTYP)
(2,1 = €(1,2)

C(ZIZ) = 1.1



35%
354
355
354
357
358

359

360
361
362
363
364
365
366
367
368

369

370
371
372
373
374
375
376

377

378

379

380
384
382
383
384
385
386
387
388
389
390
394
392
393
39%
395
39%
397
398
399
400
401
402
403
404
405
406

407

408

409

440
491

(o]

[ e |

10

13

15

999

€C(3,3) = CF*(1.0=2.0%PR(MTYP)) /2.0

GO TO 5
CFRE(MTYPRP)/(1.0mPR(MTYP)*PR(MTYP))
C(1:1) = CF

CC142) = PR(MTYP)I*CF

£€2+1) = C(1.42)

6(212) = CF

€(3,3) = CFx(1.0=PR(MTYP))/2.0
LIM = 4

TF(K.EQ,L) LIM = 3

X@(5¥= 0.0

¥YQ(s)= 0,0

DO 10 N=1,LIM

NN= TE(M,N)

XQIN) = X(NND

YR{N) = Y(NN)

XQCS52 = XQ(5) + X(NN)/FLOAT(LIM)
Ya{S) = YG(5) + Y(NNY/ZFLOATOLIM)

INITIALIZE QUAD, STIFFNESS, LOAD VECTYOR AND STRAIN=BISPLACEMENT
VECTOR

DO 13 11=1.,10

Q(I1) = 0.0

0O 12 J4d=1,10

QK(It,JdJd) = 0.0

DO 13 JJ=1.3

B(JJS11) = 0.0

IF(K.NE,L) GO TO 15

CALL CST(1,2,3,TOTALA)

GO TO 999

CALL CST(1,2.5,AREA)

TOTALA = TOTALA + AREA

CALL CST(2,3,5,AREA)

TOTALA = TOTALA + AREA

CALL CST(3,4,5,AREA)

TOTALA = TOTALA + AREA

CALL CST(4.1,5,AREA)

TOTALA = TOTALA + AREA
RETURM

END

SUBROUTINE CST(1.J.,K,+AREA)
COMMON /B1/ NNP,NEL,NMAT,NSLC,NOPT,NBODY,MTYP,
1E(5),PR(5),RO(5),TH(5),1E(30,5),
2X(303,Y(30),ULX(30),VLY(30),KODE¢30),1S6(¢(5),4SC(5),
3SURTRX(15,2),SURTRY (15,2)

COMMON /B2/ QK(10.10),0¢10),B(3,10),C(3,3),BT(3,6),%Q(5),YQ¢(5)
COMMON /B3/ IBAND.NEQ.R(60),AK(60,32)

DIMENSION CB(3,6),LC(6)LT(3),TK(6,6)

LT(1) = 1
LT(2) = J
LT3 = K

COMPUTE STRAIN~DISPLACEMENT MATRIX B FOR TRIANGLE, EQ. (5=35A)

BT(1,1) = vYa¢d) - va(x)
BT(1.2) = YQ(K) = yva(1)
BT(1:,3) = vQ(1) = vaod(J)
BT(2.4) = XQ(K) - XatJd)
BT(2,5) = XQ(1) = XQ({K)



412
413
414
415
AT
417
418
19
420
421
422
423
424
425
426 10
427
428
429
430
434
432
433 12
434
435
436
437
438
439
460 15
441

4472

443

INNA

445

446

447 20
448

449 30
450 C

451 c

45?2

453

454

455

4564

457 35
458 999
459

460

461

462

463

464

465

Lb6

L67

468 c

469

470

<y Oy

[ B 2

[or B ae 2R o B}

BT(2,6) = XQ(J) = XQ(1)
BT(3,1) = BT(2,4)
BT(3,2) = BT(2,5)
BT(3,3) = BT(2,6)
BY(3:4) = BT(1,1)
BT(3:5) = BY(1,2)
BT(3,:,6) = BT¢1.,3)

AREA = (BT(2+,4)*BT(1,3)=BT(2,6)*BT(1:133/2.0

COMPUTE C+8

bo 10 1T = 1,3
po 10 JJ o= 146
€8(Il,dd) = 0.0

Do 10 KK = 1,3
CRIIT,JJ) = CB(1

Tedd) + CCIT,KK) * BT(KK,Jd)

COMPUTE (BwxT)YX(xB, EQ.(5«45A)

po 12 I1 = 1,6

po 12 JJ = 1,6

TK(IY,dd) = 0.0

DO 12 KK 1:3

TKCIT,dd) = TKCIT,dd) + BT(KK,I1)*CB(KK,JJ)

i

ADD TRIANGLE STIFFNESS 70O QUADRILATERAL STIFFNESS, EQ, (6~2)

ADD TRIANGLE STRAIN=DISPLACEMENT MATRIX TO QUADRILATERAL STRAIN=-
DISPLACEMENT MATRIX

po 15 11T = 1,3

LCCITI)Y = 2%LT(11)~1

LCCTII#3)= 2+LT(I D)

DO 30 IT = 1,5%

LL = LC(IT)

FX = 1.0/(6.0%AREA)

F8 = 2,0%FK

Do 20 dJ = 1.6

MM = LCCJd)

QKCLLsMM) = QKCLL/MM) + TK(I1,Jd) * TH(MTYP) * Fk
bo 30 Jd = 1,3

BCJJoLLY = BOJJoLL) + BT(JJ,11)%FB

DEVELOPE BODY FORCE VECTDR, EQ,(5=618)
IF(NBODY,.EQ,0) 60 TO 999

TBODYF = AREA *RO(MTYP) * TH(MTYP)
BODYF = - TBODYF/3.0 !

DO 35 IT = 1.3

4d = 2xLT(ID)

QU4 = Q(JJ) + BODYF

RETURN

END

SUBROUTINE STRESS
COMMON /B1/ NNP,NEL,NMAT,NSLC,NOPT,NBODY,MTYD,

1E(S5) PR(5)Y,RO(5),TH(5),1E(30,5),
2XL30).Y¢30),ULX¢30),VLY(30),KODEf30),ISE(5),J8C(58).,
BSURTRX(15,2)sSURTRY{15,2)

COMMON /B2/ QK(10,10),8¢10),B(3+10):C(3.,3):BT7(3,6),XQ(5)YQ(5)
COMMON /B3/ IBAND.NEQ,R(60),AK(60,32)
DIMENSION SI16(6)

REWIND 3
WRITE(2.300)



471 NOLINE = 47

L7? C .

473 e RETRIEVE MULTIPLIERS,PIVOTS,MATRICES B AND C, AND CENTROIDAL COORD
L74 ¢ FOR ELEMENT

475 8996 0O 5 M = 1,NEL

L76 READ (3) CCaKCl Jd)sd=21,10)121:2) Q090 C10),

‘77 1 ((B(InJ):Jaq010)013113)1((C(IDJ)1J$1I3)013113)0X63YC

478 o

479 c SELECT NODAL DISPLACEMENT FOR THE ELEMENT

4LBO LIM 2 4

481 IFCIE(M,3) ,EQ.IE(M,4)) LIM = 3

482 po 190 1 = 1,LIM

483 11 z 2%}

&8¢ JJ = 2*%1E(M,1)

L85 Q(Il=1) = R(JI=1)

486 10 Q1LY 2 RCJJ)

487 c .

488 I RECOVER CONDENSED DISPLACEMENT FOR THE QUADRILATERAL, EQ, (5=64G)
489 IF(LIM,EQ. 3 GO TO 16

4990 DO 15 K = 1,2

499 JK = K + 8

L52 1K = JK = 1

493 po- 15 L = 1,1K

49% 15 QEdK) = QUEJK) = QK(K,LI*Q(L)

495 C ’

L9%6 ¢ COMPUTE ELEMENT STRAINS, EQ, (5=35Aa)

497 LIM = 10

498 FAC = 0,25

499 GO0 TO 17

500 16 LIM = 6

501 FAC =1,00

502 17 b0 20 1 = 1,3

503 ECI) = 0,0

504 po 20 J = 1,L1IM .

505 20 E(I) = ECI) ® B(l,J)*QCJ)*FAC

506 C

507 C. COMPUTE ELEMENT STRESSES, EQ.(5=358)

508 po 30 I =1,3

509 SIG(1) = 0.0

5190 po 30 J = 1,3

511 30 SIG(I) 2 SIGCI) + C€1,Jd) *E(J)

542 c COMPUTE PRINCIPAL STRESSFS AND THE ANGLE WITH THE POSITIVE X AXIS
513 Sep = (816¢1) + S1G(2))/2.0

514 SM z (SIGC1) = S1G6¢(2))/72.0

545 DS = SQRT(SM*SM+SIG(3)*SIG(3))

5964 S16€4) = Sp +- DS

517 §1G(5) = 8p =~ DS

518 S16(6Y = 0.0

519 IF(SIG(3)  NE.O.O0.AND.SM.NE.O.0) SIG(6)=28 64B*ATAN2(SIG(3),8M)
520 C PRINTY STRESSES, 50 LINES pER PAGE

521 IF(NOLINE.GT.0) GO TO 54

522 WRITE(2,1000)

523 NOLINE = 49

524 54 NOLINE = NDLINE=1

525 S WRITE(249010) MaXCYCL (SIG(Y),121:6)

526 ENDFILE 3

527 300 FORMAT(1H,47H10UTPUT TABLE 2,. STRESSES AT ELEMENT CENTROIDS//
528 19X, ZHELEMENT 9N, THX, 9K, THY ,4X,BHSIGMA(XY , 64X, BHSIGMALY) . 4 X,

529 28HTAUCX,Y) ,4X,8HSTGMA(T) ,4X,8BHSTGMA(2) ,7X,SHANGLE)
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1000
1010

50

100

110
120

200

220

FORMATC(IH , TH1,7HELEMENT, 9X,THX,9X,THY,4X,BHSIGMACX) ,4X,BHSTIGMA(
1Y) 24X BHTAUCX,Y) s 4 X, BHSTGMAC(1) , 4X,BHSIGMA(2) , 7X,SHANGLE)

FORMAT (18, 2F10.,2, 6E12.4)

RETURN

END

SUBROUTINE GEOMBCC(U,N)

COMMON /B3/ IBAND,NEQ,R€60),AK(60,32)

THIS SUBROUTINE MODIFIES THE ASSEMBLAGE STIFFNESS AND LOADS FOR
THE PRESCRIBED DISPLACEMENT U AT DEGREE OF FREEDOM N, EQ.(6=188).
(REF,1)

D0 100 M = 2,1BAND

K = N=M+1

IF(K.LE.D) GO TO 50

RCKD = RCK) = AK(K,M)+*U
AK({K,M) = 0,0

K = N+Me1
1F(K.GT.NEG) 60 T0 100
RLK) = R{K) = AK(N,M)*U
AKC(N.,M)Y = 0.0

CONTINUE

AK(N,:1) = 1.0

R(N) = |

RETURN

END

SUBROUTINE BANSOL(KKK,AK,R,NEQ,YBAND,NDIM,MDIM)
SYMMETRIC BAND MATRIX EQUATION SOLVER, (REF,2)

KKK = 1 TRIANGULERIZES THE BAND MATRIX AK, EQ.(2=2)
KKK = 2 SOLVES FOR RIGHT HAND SIDE R, SOLUTION RETURNS IN R,
EQ.(2=3)

DIMENSION AK(60,32),R(1)
NRS = NEQ=1

NR = NEQ

FFCKKK.EQ.2) GO TO 200

DO 120 N = 1,NRS

M = N»1

MR = MINOCIBAND,NR=M)
pIVoTY = AK(N,1)

po 120 L = 2/,MR

o = AK(N,L)/PIVOT

1 = M o+ |

J z

Do 110 K = L,MR

J = g + 1

AKCI J) = AKCI4d) = CP*AK(IN,K)
AK(N,L) = CpP

60 TO 400

Do 220 N = 1INRS

M = N = 1

MR = MINOCIBAND,MNR=M)
ce = R(N)

R(N) = CP/AK(N,T)

Do 220 L = 2,MR

1 = M 4+ L

R(1D s RCI) = AX(N.L)*CP
R(NR)} = R{(NR)/AK(NR,1)

DD 320 1 = 1,NRS

N = NR = 1



589 M = N =1

590 MR = MINOCIBAND,NR=M)

594 DO 320 K = 2,MR

592 L = M 4+ K

59% c STORE COMPUTED DISPLACEMENTS IN LOAD VEETOR R
594 320 R(N) = REN) = AK(N,KI*R(L)

595 400 RETURN

59% END

597 FINISH



