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DYNCOR: An uncertainty dynamic modal analysis program
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Abstract
DYNCOR is a computer program which is designed to perform uncertainty
dynamic modal anaysis of Linear elastic two-dimensional structures undergo-
ing small displacement response. DYNCOR uses finite element £echniques with
triangular plane strain or stress element. The Duhamel's integral fis
evaluated using Newmark's procedure. The uncertainty is introduced through
the physical parameters of the system and is measurec using a perturbation

technique.
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1. Introduction

This program handles the dynanic uncertainty anaiysis of linear elastic
two-dimensional structures undergoing small displacement response. the
medium is assumed to be a correlative field statically homogeneous and iso-
tropic £11. Thus the uncertainty is introduced through the following physi-
cal parameter: the modulus of Elasticity, the Poisson's ratic and the Den-
sity. Thir first and second statistical moment are assumed to be known and
provide the basis of the proposed uncertainty Finite Element modal analysis,
with which the equations of dynamic undamped equilibrium are solved.

In section 2 the algorithm is described. It leads to the evaluation of
the first and second statistical moment of the natural frequencies, the dis-
placements field and the stress field.

A comparison of the expected natural frequencies owtained by DYNCOR,

with other programs is given in (2].

2. Method Used

A two-dimensional Ritz-Galerkin procedure with linear triangular ele-
ments is used for the discretization of the cross section of interest.

The geometric boundaries are considered as known with certainty. The
input motion is prescribed at the boundary nodes either as uniform accelera-
tion in all base nodes or as a travelling acceleration with a given veloci-
ty.

To pursue an uncertainty dynamic analysis the following components of

the algoritm are needed.

i. Evaluation of the gquasistatic displacement veclor



i%. Evaluation of the natural frequencies and their coefficient of wvaria-
tion performing a modal analysis coupled with a perturbation scheme as

defined by Bolotin [£3]. The equations are given in Appendix 1.

ii9. Evaluation of the dynamic displtacement vector according to Newmark's

scheme, as well as its coefficient of variation.

jv. Evaluation of the stress vector and its coefficient of variation.

3. Required Input Data

Following is a description of the required format for the input data
and explanations of some of the input parameters. Als> an example problem
is shown in figure 1. It concerns the dynamic uncertainty analysis of a
[500 x 500] m square domain subjected to an input earthguake perturbation at
its boundary y = 0.- The boundaries y = 500, x = 0, and x = 500 are con-
siered free.

The acceleration signal of the earthquake has a maximum acceleration of
0.5 g (g = gravity) and the increment of time is 0.01 sec. The signal is
travelling at a velocity of 200 m/sec.

The physical parameters describing the geologic medium, namely the
modulus of Elasticity, the Poison's ratio, and the Density are given at each
node of the 6 x & mesh of the discretized region Q. Figure 2 dllustrates
the displacements computed by the program at two different time intervals.
The definition of the different variables is given at the beginning of the

listing. The data cards are the following:

1st card




Read title of the problem (12A6)

2nd card

Read codes as specified in listing (12I5)

3rd card

Read different options as specified in listing ¢1215)

4th card

Read number of elements, nodes, boundary nodes, and number of vibra-
tional modes (12I5)

READ INPUT DATA 25 FINITE ELEMENT ﬂESH

5th card

Read the nodes constituting an element (4I4)
6th card

Read the e«pected value and variance of the Modulus of Elasticity
(2F10.0)
7th card

Read the expected value and variance of Poisson’'s ratio (2F10.0)
8th card

Read the expected value and variance of the Densitvy (2F10.0)
$th card

Read the coordinates of each node (I4, 2F10.3)
10th card

Read Boundary nodes (2I5)



READ INPUT DATA OF DYNAMIC ANALYSIS

11th card

Read number of given accelerations, number of time steps, the increment
of time steps in which displcements are not printed, the time limit for the
computation of a run, the time interval, and the mean velocity of the trav-

eling perturbation (315, 3F10.0)

12th card

Read the given acceleration signal (8F9.6)

13th card

Read the damping value for each mode of vibraticn (2F10.0)

The eigenvalues and eigenvectors are computed using subroutine RSBEIG
which combines BANDR, TQLRAT, and TQL2 obtained from Argonne National La-

boratory as part of the EISPACK subroutine package.
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APPENDIX 1

The displacement field is decomposed into:

deo) = &® + ¢

Then the Syst. Eguation of the undamped motion is
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To uncouple the system of the differential equations, we assume the follow-

ing transformation to exist.
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where A matrix of eigenvector

We say that we transform the physical coordinates fto natural coordinates.

The equation of motion becomes

Ma+ka=0

where M, K are DIAGONAL MATRICES K =AkA
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where « : are the Coefficient of mass variabibity

for each vibration mode

Then
2 n 2 =2 2 .2
VART(M) = 3. VAR®(a.) * M = nLVAR"(a)+4"]
X = . A
vARZ () = nEVARz(B)'EZJ
Therefore
VARZ (M)
VAR () = L= = 12[%AR2(7)'V2 + UARz(V)(T)%]
M nM
. 1 VARZ(K) 1 > aE-z > 2K .
VARC(3) = = ——"— = __ |VARS(E) D) + VAR )* (=)
K 2
-~ n51

Assuming that the natural displacements are of the form

]mrt

The perturbed values are:



e
u
E |
-+
M:
_E
d
-,
i
Pl
£
m
U

=1
-
M w; 9;0.M9,
ey ST —=— ¢+ r=l..on
T
zﬂitl 9
r
K qigr531
“ri T T —
— T —
? w3930,

Finally, the variance of the frequency is:

2 n 2 M2 2 K
VAR L) = ) . o
Cw,) rg [\ma (@) * G % + VAR (s ) (mﬂ.)z]
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PROGRAM DYNLCDR C(INPUT,OUTPUT, TRPEL, PUNCH)

UERSION  DNDB??
DYNAMIC CORRELATIVE ANALYSIS

THIS PROGRAM PERFORMS A DYMAMIC MODAL ANALYSIS
FOR THE CASE OF A TRAVELING INPUT WAUE AT THE BOUNDARIES
OF THE DTSCRETIZED UNDER STUDY REGION .
IT IS BASED ON A FINITE ELEMENT METHOD AND USES N TRIANGULAR
PLANE STRAIN OR/ STRESS ELEMENT WITH SIX DEGREES 0 FREEDOM.
THE DUHAMEL S INTEGRAL IS EUALUATED USING NEHMARKS AND
WILSDN PROCEDURE .
THE PHYSICAL PROPERTIES OF THE MEDIUM ARE ASSUMED L INEAR
THE UNCERTAINTY IS HANDLED USING A PERTURBATICN “ECHNIGUE
ACCORDING TO A SCHEME SUGESTED BY BOLOTIN .
THE RPNDOM  PHYSICAL PROPERTIES OF THE MEDILM
BELONG TO A CORRELATIUE STATISTICAL FIELD

DESCRIPTION OF THE DIFFERENT POSSIBLE CODES THAT RRE
AUARILABLE IN THIS PROGRAM

ICODL =0 NO PRINT OF DEBUGING
=1 PRINT DEBUGING INFORMATION
IcoDe =0 COMPUTATIONS OF UIBRATION MODES
=1 READ MODES FROM INPUT DATA
ICOD3 1 PRINT DISPLACEMENTS DUE TO A UNIT
DISTURBANCE AT EACH BASE NODE
ICGD4 =1 SUPPRESS PRINT OF INPUT DATA
ICODS =10 INCLUSION OF INITIAL STRESSES
ICOBs =1 COHPUTATICN OF UIBRATIONAL MODES AND
CORRESPONDING FREQUENCIES ONLY
1IC0D7 =1 PUNCH VUIBRAT. MODES AND FREQUENCIES
=1 SUPPRESS PRINT OF UIBRAT., MODES + FREQ.

1CNDg

DESCRIPTION OF THE DIFFERENT OPTIONS AVAILABLE
TO PERFORM THE DYNAMIC ANALYSIS

IFLAGL = 0 PLANE STRAIN CONDITION

1 PLANE STRESS CONDITION
IFLAGE = 0  DYNRMIC RESFONCE ASSUMING A TRAUELIMG
PERTURBATION AT BOUNDARIES
DYNAMIC RESPONCE ASSUMING A UNIFORM
PERTURBATION AT BOUNDARIES

1]
—

IFLAS3 = 1 DYNAMIC PART OF THE RESPONCE ONLY
IFLAGY = 1 TOTAL DISPLACEMENTS (INERTIAL+OUASISTATIC)
AND TOTAL STRESSES
IFLAGS = 1 SUPPRESS UNCERTAINTY ANALYSIS
IFLAGE = ) BETA PARAMETER OF INTEGRAT. = 1.4
= 0 BETA PARAMETER OF INTEGRATION. = 1-E
=-1 BETA PARAMETER = isB
INPUT (DEFINETION OF VUARIABLES)
NELEM = NUMBER OF ELEMENTS
NNQDE = PNUMBER OF NODES
NODBC = MNUMBER OF NODES AT BOUNDARIES
NMODE = HNUMBER OF UIBRATIONAL MODES
K = ELEMENT MUMBER
NPI = NODAL POINT NUMBER 1
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€
lou
116
120
130
140
150
10,0
170
180
190
200
2in
del
230
240
250
250
270
280
290
300
310
320
330
340
350
360
370
3so
330
400
410
420
430
440
450
460
470
4B0
490
500
510
520
530
540
550
5E0
570
SB0
=80
600
610
620
B30
540
ES0
BED
B7Q
6860
g4
7an
7in
Fen
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NP2 = NODAL POINT NUMBER 2

NPK = NODAL POINT NUMBER 3

EL } = HODULUS OF ELASTICITY IN KG-(CiD2
POIS( = POISSONS RATIO

DENC )= UNIT WEIGHT IN GR/ (CM)3

VE( ) = UARIANCE OF MODULUS OF ELASTICITY
UPDIS({ ) = UARIANCE OF PDISON S RATID

UDEN( ) = UARIANCE OF DENSITY
XORD( ) = X-ORDINATE IN METERS .
YORD( ) = Y-ORDINATE IN METERS

NNB ( ) = NUMBER OF NDDE AT BOUDARIES
NGAC = MUMBER OF GIUEN ACCELERATIONS

AT THE BOUNDARY NODES
NTSTEP = NUMBER OF TIME STEPS

NOTC = INCREMENT OF TIME STEPS 1IN WHICH
DISPLACEMENTS AND STRESSES ARE NOT PRINTED

TLIMIT = TIME LIMIT FOR THE COMPUTATION OF A RUN

DT = TIME INTERVAL FOR ACCELERATION UALUES SEC

RMUEL = MEBN UELOCITY OF THE TRAUELING
PERTURBATION AT THE BOUNDARIES

auTeuT

STATIC DISPLACEMENTS OF NODES

N - FIRST FREQUENCIES, AND CORRESPONDING MODE SHAPES
GROUND VELOCITY

TOTAL DISPLACEMENTS OF MODES

STRESSES AND THEIR PEAK VALUES

UARJANCE OF THE FREQUEMCY

UARTIANCE OF DISPLACEMENTS

UARTANCE OF STRESSES

COHMMON ~COD1~ ICOD1,ICOD2.1C0D3s I1C0ODY

COMMON ~COD2~ ICODS, I1CODG. ICOU7, ICODA

COMMON ~FLRG- IFLAGL, IFLAG2, IFLAG3, IFLAG4, IFLAGS, IFLACE

COMHMON ~#MESH/ NNODE, NELEM» NODBC, NN, NBAND

COMMON ~#DYNA- NMODE.KOUNT» FLAG, TIME, RMUEL . DT

EQMMON ~DYNAL- NTSTEP, NTDC,LK,NC, TLIMIT

COMHMON ~UOLH/ AREA

COMMON ~MXSTR/ SHAX(50),SMINCS0)» IMAX(SQ), IMINCSO), SMAXDIS0), SMTND
1¢30), INAXDB(S0) s IMINDCS0)

REAL 5T(100,£00),STIC100,20),5MRSSC100),BL100),R(260,10),LC(100),EU
1C1007,UCXX(50), UCYY(5Q)
INTEGER NEBC(40)

DIMENSION XORD(S0)» YORD(S0}, NNB(1S),» NPIC(S0)}, NPJ(30), NPK(50),
iEC(S0), POIS(S0)s AJIS0)s BJ(S0)s AK(S0), BK(S0)» DENCED)s ALCS,6)»
2 Bi(6,6)s S(6.E)» AEIG(100,15)y ACC(BOD), UCL1D), DISC100), YH(S0)
3, YU(50), DSX(50), DSY(S0)» BINF(15,15), MK(15), F(15%), C4(15), CS
4C13), ACCEL(15), UEL(15)s LHM(3),» DAMP(15), STRXI(S1}),» STRYI(S50)}, S
STRXYI(S50), DXZERD(100)

REAL UALFACS50).UBETA(S0),KST(50), OMECAM( 15, 15)» OMEGAK (15, 15), UHCES
12,U0L(50)

DIMENSTION TITLEC(12)

DIHENSIOI VEC100), UPGIS(100), UDENC100)

REAL UDM(15, 15),UD(15), UACH{15): UVACD(15) . UHOR (S0, VUER 50}, UDDC2ED
1,10),UDH(260,10), DSUX(50), DSUY(50)
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820
830
€40
850
860
870
880
830
900
10
320
930
940
950
360
gr0
SB0O
330
1g00
1010
1020
1030
1040
1050
1060
1070
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1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1180
1200
1210
1220
1230
1240
1250
1250
1270
1280
1290
1300
1310
1320
1330
1340
1350
1380
1370
1380
13390
1400
1410
1420
1430
1440
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READ 106, TITLE

READ 107, ICODL,ICOD2,1COD3,ICOD4, ICODS, ICODB. ICOD?, ICODE
READ 107, IFLAGL:IFLAG2» IFLAG3s IFLAGY, IFLAGS: IFLAGE

READ 107, NELEM, NNODE.NOBBC»NHODE

PRINY 108, TITLE.,NELEM,NNODE, NODBC, NMODE
PRINT 108, ICODI,ICODZ2,ICOD3,ICOD4,ICODS, ICODS, ICDD7, ICDDR

PRINT 110. IFLAG1.IFLAG2:IFLAG3s IFLAGY, IFLAGS, IFL.AGE

IDEBUG=ICOD1
NNODED=NNODE
NELEMD=NELEH
NODBCD=NODBC
NBCD=2#NODBC
NMODED=NMODE
NDGRF D=2*NHODE
NHDTHD=C0
NGACD=800
IDEBUG=1

CALL INPHMESH (NPIsNP.J»NPK,E.POIS.DEN.VE, UPOIS, UDEN, NNODED, XORDs YOR
1D, NNB, NODBCD, NELEMD)

CALL INPDYN (ACC,MNGACD, DAMP, STRXI» STRYI. STRXYI,» NELEMD, NMODED, UD)

NEV=NMORE
NN=2*RNODE

CALL HASS (NPI,NPJ»NPK»XORD» YORD: DENs AJs AK s BJ» BKs MSGOED: SMASS, NOGR
1FD. NELEMD, UOL, INEBUG)

CALL STIFF (E.POIS.COHH» NPI,NPJsNPKsAJs AK: BJ: BK, NNODED, ST, NDGRFD M
1WDTHD, NELEMD, NODBCD, IDEBUG)

CALL STATDIS (NNB.STI,ST.B, NBGRFD, NHDTHD, NODBCDs ILEBUG)

CALL MFREQ (NNB, NEBC,»NODBCD. ST»STI, NNODED: NHDTHD, £V, H- BINF,» NMODED,
1AE1G, NDGRF I, SHASS, R+ NBCB» VE» UDEN, E+ UM, UALF A, UBETA, KST, OMEGAM, OMEGA
2K, V0L, UBM, IDEBUG)

TIME SHIFTS OF BASE DEGREES OF FREEDOM

NTSTEPD=NTSTEP+3
IF (IFLAS2> 103,101,103

101 KK=NNB(1)

XD=XORD(KK)
B0 102 K=1,H0ODBC

HKK3=0
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DO OooOonn
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KK=NNB(K)
DIST=ABS(XORD(KK }-XD)
TK=DIST/RMUEI.
HHMK=TK-DOT

102 MK(KI=XMK
NC=MK (NODBC)
GO TO 165
103 DO 104 K=1,NDDBC
104 MK{K)=0
NC=1
105 LK=NC+1
LLKU=LK

CALL DYNDIS (HPI,HPJ:HPK;PUIS-COHH-E;STI'REIG-N'DQHP.BIHF-HCC.HHDD
lED.STRXIvSTRYI-STRXYI.HELEND-QJ»HK-BJ;BK-HHODED-HK;NTSTEPD»HDDBCD;
EHGQED-HDGRFD-HHDTHD»USX-DS?-UEL:C4.CS;F;ﬂCCEL;DXZERU'U,DIS'YH'YUpR
3-UOLsUH.UD;UE-UPDIS:UDEH:UDH.URCD:UQCH.UDD-UDH;UHOR.UUER-DSUX,DSUY
9, LLKU, UCRK, UCYY)

FORMAT STATEMENT
570P
106 FORMAT ¢12AB)

107 FORMAT (12I5)
108 FORMAT (1H112A6-//-+5X, S51H NUMBER OF ELEMENTS - --

1———=mm—mm e »13/,5% S51H  NUMBER OF NODAL POINTS--- ——-
@————m-—- +13/,5%, 51H NUMBER OF BASE NODEG-———-n-—m

3-—--- »137,5%, 51H  NUMBER OF UIBRATIONAL MDDES----—-~=-——mv o
4--,137)

108 FORMAT (5X, GBHCODL cConz2 COD3 COD4 Cops CJDE CON?Z COo
1D8 » 707X 12012, 5%))

110 FORMAT (SX: GOHIFLAGL IFLAG2 IFLAG3 IFLARG4 IFLAGS
1 IFLAGE, /7%y 12(12,5%))

END
SUBROUTINE INPMESH (NPI,NPJsNPK, €, POIS, DEN, UE, UPOIS, UDEN: NNODED, X0
1RD, YORD, iNB» NODBCD. NELEMD)

O B TE Wt NN T BN RN A ELIUD R R A EERAA

READ INPUT DATA OF FINITE ELEMENT HMESH

REAL E(HHDDED)-PDIS(HHGDED)pDEH(HHDDEDJ-UE(HHUDED):UDEY(HHUDEDJ-UP
10IS(NMODED) . XORD(NNODED} YORD (NNODED )
INTEGER NMHB(NODBCD), HPT(NELEMD) » NPJINELEMD ) » NFK (NELEMD)

COMMOl: #MESH~ NNODE, MELEM, NDDBC, NN» NDAND

PRINT 111

DO 101 H=1,NELEM
READ 112, Ky NPICHM),NPJC(H),NPK(H)
PRINT 115, KyNPICHM),NPJCH),NPK(M)

161 CONTINUE

B0 102 I=1.HNNODE

102 READ 108, E(I),UE(I)
D0 183 J=1,NNODE

103 READ 108, PBOIS(J).UPBIS(J)
B0 104 X=1,NNODE

104 READ 10B» NEN(K),» UDENCK)
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2le”

22t
2210
22
273
2240
2250
2280
22r0
c2eBo
2230
2300
2310
2320
2330
2340
2350
23E0
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2410
2420
2430
2440
2430
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
[0
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30
40
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B0
70
80
30
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
2ra
280
290
300
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105

106

107

108
103
110
111
112
113
114
115
116
117
118
118

10t

lo2

PRINT 108

D0 105 I=1.NNODE
PRINT 110, ECI),POISCI),DENCI)

FRINT 116

DO 106 M=1,NNDDE
READ 113, K.XORD(M),YORDC(M)
XORD(M)=XORD(M)I#*100.
YORDCM)=YORD(MI=100.

PRINT 117y K.XORD(M),YORDCM)
COMTINUE

PRINT 118
DO 107 K=1,NOBBC

READ 114, MsNNB{K)
PRINT 118, M.MNNB(K)

CONTINUE
RETURN

FORMAT (2F10.0)

FORMAT (~~5X, 22KHMOD.EL. POIS. DEN.s»#7)
FORMAT (5X,»3(E15.3.2X)}

FORHART (2X, 2BH ELEM.=I J K YeP]
FORMAT (414,3E12.4)

FORMAT (114.2F10.3)

FORMAT (115,115)

FORMAT (2X»414,3E12.4)

FORMAT (S¥, 25H NODE  X-0ORD Y<~ORD .,-7)
FORMAT (SX,14.2F10.3,2%)

FORMAT (5%, 32H NODAL POINTS ON THE BASE )
FORMAT (S5X.215)

END
SUBRDUTINE INPBYN {ACC.NGACD, DAMP, STRXI, STRYI, STRXYI, NELEMD, NHODED
1.UD)

LA A B L L2 2R T DT E L IR Y N R pgepegepn NEEANERARALRN AR S S ARSI AN R

READ INPUT DATA OF DYNAMIC ANALYSIS

REAL ﬂCC(HGRCD]-STRXI(HELEHD).STRYI(HELEHD};STRKY((HFLEND)-DRHP(HM
10DEN) ; VDCNMDDED)

COnMON ~CoD2~ ICODS, ICODG, ICOD7, ICODS

COMMON ~MESH~ NNODE. NELEM, NOGBC» NN» NBAND
COHMMON ~0YNA~ NHMODE: KOUNTs FLAG, TIME, RHMUEL, DT
COMMON ~DYNAL~ NTSTEPNDTC»LK,NCs TLINIT

FRINT 105

READ 106» NGAC,NTSTEP,NDTC, TLIMIT, DT, RMUEL
PRINT 110+ NGAC,NTSTEP.NDTC, TLIMIT, DT, RMUEL

READ 107. (ACC(J),J=1.NGAC)

DO 101 I=1.NGAC
ARCC(I)=ACC(I)*1000.
REAR 108, (DAMP(N)Y.UD(N},N=1.,NMODE)
PRIMT 111, (M»DAHP{N),N=1, NMODE)
OC 102 N=1,MELEM
STRXI(N)=0.
STRYIC(N)=Q.
STRXYI(I)=0.
IF (ICODS) 104,103, L04

.:“..—Jnnn"Jnnnnnnr‘:nnnnnnnnr"lnnt‘:nnnnnnmmmmmm:umtx:u:lu:lo:zu:lb:ln:lt:uu:lt:ummmmmmwmmwmmmmwmmmwwmm
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310
370

350
360
370
3B0
350
400
410
q20
430
440
4i50
450
470
480
490
Son
Hid
Se20
530
540
550
560
570
580
530
K00
gl0
620
B30
540
650
BB0
67D
680
630
700

i0

20

Jo

40

50

60

rdl)

B0

90
100
110
120
130
140
150
160
170
180
190
200
2l
220
230
240
250
2610
270
280
294
ann
a0
o



103 READ 109, (H,STRXT(N):STRYI(N):STRXYI(NY,N=1,NELEM)
104 PRINT Il12» (i, STRXI(N)»STRYI(N)sSTRXYI(N).N=1,NELED)

RETURN

105 FORMAT
106 FORMAT
107 FORMAT
108 FORMAT
109 FORMAT
110 FORMAT

(5Xs 3CHINPUT DATA OF DYNAMIC ANALYSIS,. )

(3I5:3F10.0)

(8F3.6)

(2F10.0)

(114.3F15.4)

(5%, 49H NGAC  NTSTEP  NDTC TLIMIT 0T  RMUEL,~

1,14%,315,3F10.4)

11t FORMAT
112 FORMAT

(35X, 16H MOOE DAMPING ,1X/, (IS, 1FB.S))
(SX» 18H INITIAL STRESSES,1X/» 47H ELEMENT X-STRESS

1 STRYRESS  XY-STRESS,~/,5X: (1110,3F15.4))

END

SUBROUTINE MASS (NPI1,NPJsNPK,XORDs YORD: DENyAJ» AKe B2y EXy NNODED. SHAS
15, NDGRFT)» NELEMD, UOL, IDEBUG)

Ooonon
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EUALUATION OF LUMPED MASSES AT NODES

COMHMON ~€0D1~ ICODL, ICOD2, ICOD3, ICOD4
COMMON /FLAG~ IFLAGLs IFLAG2s IFLAG3, IFLAG4, IFLAGS, IFLAGS
COMMOM ~#MESH~ NNDDE,» NELEM: NODBC » NN» NBAND

REAL XORDCNNODED), YORD(NNODED), DENCNNDDED) » AJ(NELEMD) , AK (NELEMD) , B
1JC(NELEMD) » BKCNELEMD) » SHASS(NDGRF DY » UOL (NNODED )
INTEGER NPICNELEMD)» NPJ(NELEMD)» NPK(NELEMD)

ao0o

CALCULATING HASSES

NN=2+NNODE

Do 101

I=1,MNN

101 SHASS(I)=0,

DD 104 N=1+MNELEM
I=NPI(N)
J=NPJ(N)
K=HNPK.{N)

DENS=(DEM(I)+DENT{J)+DEN(K))~3,
AJ(N)=XORD(J)Y~XORD(I)
AK(N)=XORD(K)~XORDCI)
BJ(N)=YDORD(J)-YORD(I)
BK(N)=YORD(K)-YORD(I)
AREA=(AJIN)#=BK (N)-BJ(N)*RK(N)) /2.
IF (AREA) 102,102,103

102 PRINT 108, N
GD TO 108

103 DL=AREA*LENS~3.
ROW=DL-/10000D.
11=2%1-1
JJ=a# -1
KK=2#K-1
SHASS(I1)=5MASS(LI)+RON
SHASS(JJ)Y=5MASS(JJI+ROM
SHASS KK )=5MASS (KK ) +R0OW

0 000

1

SHASS(Ii+1)=SMASS(II+1)+RON
SHASS(JJ+1)=5MASS(JJ+1)+R0OU
SMASS(KK+1)=5HASS{KK+1)+R0OW

facausEnr DNERBUS saaxum

IF (IDEBUG.EQ.1) GO TO 104

PRINT L07, SHASSC(II},SMASS(JI) . SMASS(KK),SMASSEI+] ), SMASS (JJ+1

3y SMASS5(KK+1)

104 CONTIRUE

DtﬂEJUtjC!UtjEJﬂEjtjt!c)dIﬂtﬂE:CJCJDtjEJU!SEJDtﬂC1UIJCJCJUtjt!EIUIjt!C!UtﬂCjCJUtﬂClUt:CJEJCJDtjtjrln(1(7r1r1n[1r10fﬁ(70[1r?n




Do

105 1=1,NMNODED
IT=Cwl-1

105 UOL(I)=SMASS(II)+*1000.-DENCI)
c

c 106 RETURN

107 FORMAT (SX.BE(FL0.3,2X)/)
108 FORMAT (2X, 37H Z2EROD OR NEGATIUE ARER,

OooOOoDn

0O ooon

101

EMD

SUBROUTINE STIFF (E,POIS,COMMsNPI,NPJ»NPK» AL AKs By BK. NNODED, ST+ ND
1GRFDy NHDTHR, NELEMD, IDERUS)

FEED S UM LA AL LR T BT LR ERIEEE YRy e k|

EvAa

REAL E(HHUDEDJ;POIS(HHUDED);QJ(HELEHD)-HK(HELEHD)-EJfHELEHDJ.BK(HE
LLEHD) » ST (NDGRFDs NHDTHD)

COH

LUATION OF STIFFNESS HATRIX

MON ~CODL- ICODI.ICOD2, 1COD3, ICOD4

EL.

NO.

v 174)

CONHON ~FLAG- IFLAGL, IFLAGZ, IFLAG3, IFLAGY: IFLAGS, IFLAGE

COHMON ~MESH/ NNODE, NELEM, NODBC,» NN» NBAND

cor
REA

INTEGER NPICHELEMD)+NPJC(NELEMD), NPK(NELEMD), LM(3)

STI
oo

MON ~JOLMs AREA
L AI(6+6))BL(B+B),»S(6:B)

FFNESS MATRIX
107 N=1,NELEH

I=NPI(N}

J=NPJ(N)

K=NPK(HN)

EMOD=(EC(I)+ECJI+E(K) ) /3,
POISR=(POIS(I)+POIS(J)+POIS(K) )3,

IF (IFLAGL1.GT.0) GO TO 101
EMOD=EMOD/(1.-FPOISR*#2)
POISR=PQISR-/(1.-POISR)
CONTINUE

RREA=(AJC(NI¥BK(N)~AK(N)*BJ(N) )}*,5
COMM=,25=EMOD~ ( (1, -POISR#**2)*AREAR)
ALC1y 1)=BI(N)-BK(N)
Al(l,2)=0,
Al(1l,3)=BK(N)
RLCl,4)=0.
AL(1.5)=-BJ(N)
AL(1,6)=0.
Al(2.1)=0.
Al(2,2)=AK(N)-AJ(N)
Al(2,3)=0.
AL(2,4)=-AK(N)
Al(2,5)=0.
AL(2,8)=AJ(N)

Al (3, 1)=AK(N) ~AJ(N)
A1(3,2)=BJC(N)~BK{N)
AL(3, 3)=—AK(N)
A1(3,4)=BK(N)
Al(3.5)=AJ(N)
AL(3,B)=-RJ(N)
Bl(1l.1)=COMM
B1(1,2)=COMM=*POISR
B1{1.3)=0.

Bl(2, 1)=COMM*POISR
Bl(2.2)=COHH

Bl (2,3)=0.
B1(3,1)=0,
B1(3.2)=0.

mmmmmmmmrﬂrﬂmmmmmmmmmmmmmr'1r'1rr1rnrl1r'1mrﬂmmmmmmrﬂmrﬂmmmmmmr'1rr1rl1mmmmmmmmmmmmmucuucucuuu

S7D
=1
5i6G
60
E10
620
B30
640
650
BEO
10
20

30 -

40

30

g0

70

80

30
100
110
120
130
140
150
160
ir70
[B0
1390
200
210
220
230
240
250
[={=1i]
270
280
230
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
430
460
470
480
430
500
510
520
530
540
550
SE0
570
580
500
600
610
Bz20
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104

105
106
107

108

103
110

111

Bi(3:,3)=COMM#*(1.-POISR)*.5

oo 102 J=1.8
oo 102 I1=1.3
S(I,1)=0.
DD 102 K=1.3
S(I+JI=5(I,Jy+BlC(E,K)®Al (K, )
D0 103 J=i,6
DO 103 I=1,3
Bl(Js1)=S(I, )
00 104 J=1,6
DO 104 I=1.8
S5(I,J)=0.
DD 104 K=1,3
SCIyJ)=5C1» D+BICI,KI#AL(K, J)

LMC{L)=NPI(N)
LH(2)=NPJ(N)
LH{3)=NPK(N)
00 107 L=1,3
I=2ul M(L)-1
II1=gal -]
DO 107 HM=1,3
IF (LMCL).GT.LMCM)) GO TD 107
J=2= (L MM ~LM(L) ) +]
Ju=2aM-1
STC(I, J)=ST(I, J)+S(II, D)
STC(Ts J+1)=5T(L, J41)+S(II, JU+1)
IF (L-M) 105,105,105
STOI+1,J-1)=5T(I+1, J=1)+5(II+1,]J)
STCI+1. J)=ST(I+L, DI+SCIT+1, JU+1)
CONTINUE

DETERMINATION OF THE HALF BAND WIDTH

NB=2
DO 110 N=I,NELEM
I=IABS (NPI(N)-NPJ(N))
J=IABS(NPI{N)-NPK(N)}
K=LRES(NPJ(NY=-NPK(N))
Ml=MAX0(I,J,K)
IF (N1-153 103,108,108
PRINT 115, N
GO TO 113
IF (N1.GT.MNB) NB=N1
CONTINUE

NBAND=2#NB+2
MM=NBAND
FRINT 118, NBAND

IF (ICOD2) 113.111.113
REHUIND 1
HRITE (1) ((ST(I,JY, E=15NN),J=1,NBAND)

tatnne QEBUGC w»m#%axn

112

113
114

IF (JDEBUG.EQ@.1) GD TO 113

DO 112 I=i,NN
PRINT 114, (ST(I,»J).J=1,NBAND)

PUNCH 20, (STC(I.d)s J4= 1, NBAND )
CONTINUE

PUNCH 20, ( SMASS(I)s I = 1.NR )
RETURN

FORMAT (2Xs8¢(F10.3.2X))
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115
116

101

lo2

103

104
105

166

FORMAT (2X» 37H HALF BAND WIDTH TOO LARGE EL. =41I3)
FOGRMAT (2X, 36H HALF BAND WIDTH IS EQUAL TO $ 113

EMND

SUBROUTINE STATDIS (HHB-STIvST:Bv”ﬂGRFDvHHDTHDoHDDBCDnIDEHUG)

bbbl bbb A LR L BT L2 T T P TR ey apargn L L TR T FET YT P STy Li 2 L T

EVALUATION OF STATIC DISPLACEMENTS
REAL STI(HDGRFD-HHDTHD)rST(HDGRFD;HHDTHD).B(HDGRFDJ

COMMON ~COD1- ICODL. ICOD2, I1COD3, ICOD4
COMMON ~COD2~7 ICODS, ICODS, ICOD?, ICODS
COMMDN /FLAG/ IFLﬁEl.IFLRGE-IFLHG3-IFLﬂG4-IFLﬂGS'IFLQGE
COMMON ~MESH~ NNODE, NELEM, NODBC » NN, NBAND

IMTEGER NNB(NOBBCD)

STATIC DISPLACEMENT  MATRIX STIC(N,K)

DO 105 K=1,NDDBC

D0 101 I=1.NN
STI(I.K)=D.

KK=2#aNNB(K)-1
L1=KK
IF (KK.GT.NBAND) L1=NBAND
na luz I=1,L1
IT=KK-I+1
STI(II.K)=-ST(IIL,1)
ST(II+1,I)=0.
IF (L1.LT.NBAND) ST(II.I
ST(11.,I)=0.

L2=NBAND
JU=NN-KK+1
IF (JJ.LT.NBAND) L2=J4J

D0 103 i=2,L2
IT=KK+I-1
STICIT+K)=—ST(KK» I)
ST(KK+1,13=0,

STC(KK, I1)=0.

ST(KK,1)=1,

ST(KK+1,1)=1,

00 104 L=1,NDDBC
IT=2*NNB(L)-1
STICII.K)=0,

STI(II+1,K)=0,

STI(KK.K)=1.

NUHMERD=NDGRFD

+11=0.

CALL SOLVE (1,5T,Bs NUMEGQD, NADT

HD)

DO 108 K=1,NODBC
D0 10B I=1.nNM
B(I)=STI(I.K)

E
E
E
E
£
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

=

.
r

=
7
130
10
2A
30
50
B0
7a
BO
30
100
l]o
120
130
140
150
150
170
180
190
200
210
220
230
240
250
2E0
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
48Q0
S00
510
520
530
540
S50
360
570
580
530
600
610
620
630
G40
GL0
GEU
670
6RO
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DD 107 I=1,NM
107 STI(I,K)=B(I)
108 CONTINUE

IF (ICOp3> 1049,111.109

103 DO 11D K=1,NODBC
PRINT 112, K
PRINT 113
No 110 N=1,NNODE
Hl=2sN-1
110 PRINT .14s NsSTIC(NL+K)»STIC(N1+1,K)
111 RETURN

112 FORMAT (2X, 91H STATIC DISPL. DUE TO R
1 BASE NODE ORODERED NUMBER =,113~)

113 FORMAT (2%, 23H NP X-ORD  Y-ORD )

114 FORHAT (2X.11B,2E20.8)

END
SUBROUTINE SOLVE (KKKsAs B NUMEQD, NWUDTHD)

LUNTT DISPL. AT

PPN D TE R E O E R NI G RN N T IR N

SOLUTION OF LINEAR SYSTEM OF EQUATIONS
REAL ACNUMERD, NWOTHD) « B(NUMEQD)
COMMON ~HESH~ HNODE, NELEH. NODBC» NN+ NBAND

MM=NBAND
IF (KKK.EQ.2) GO TO 104
MHM=NBAND
IF (KKK.EQ.2) GO 70 104

NRS=NN-1
NR=NN
IF (KKK-1) 101,101,104
101 BO 103 M=1.MRS
H=H-1
HR=HTNO (MM, NR-H)
PIVOT=A{N: 1)
DO 103 L=2.MR
C=R(N.L)-PIVOT
I=M+L
J=0
DO 102 K=L.,HMR
J=Jd+l
102 ACE, J)=ACI, J)+C*ACNLK)
103 A(N.LI=C
GO 70 107
104 DO 105 M=1,NRS
M=N-1
MR=MINOCHM. NR-M)
C=B(N)
B(N>=C/AC(N, 1)
Do 105 L=2.MR
I=M+L
105 B(I)=B(I)-A(N,L)*C
B(NR)=B(NR)~“A(NR, 1)
DO 106 I=1+NRS
N=HR~1I
M=N-1
MR=MINO(MM, NR-M}
A0 106 K=2,HR
L=M+K
L0& BIN)=B{N)-A(N.K)=B(L)
107 RETURN

SRl il I e e T s T N Tl R L R L ey Rl E R R R R N S T R T R T E T A A P

€30
7no

3
f-:JU
735

voe
L

780
733
arn
g10
820
830
840
850
BE0
B7O0
RED
_JJ"J
10
20
30
40
S0
B0
70
BU
Q0
10Q
110
120
130
120
130
140
150
160
170
180
130
200
21n
220
230
240
250
2b0
270
280
290
300
310
320
330
340
350
k(=)
370
3Bo
390
400
410
420
430
440
450
4G0
470
480
490
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SUBRGCUTINE MFREQ (NMBsNEBC, NODBCD.ST.STI»NNODED, NWDTHDs EUe We BINF, N
1MODED, AE IGs NDGRFD» SHASS, Ry HBCDs VE. UDEN, E,» UM, UALFA, UBETA, KST» OHEGAH
2> OHEGAK, VOL, VDM, IDEBUG )

ELER LIRSS bR Rl Al LIRS NIl NIRRT aESNESESTTEE S

EVALUATION OF UIBRATIONAL MODES

COMHMON ~COD1~ ICOD1,ICOD2, ICOD3, ICOD4

comiadN ~COD2- ICODS. ICODE, ICOD7, ICODB

COMMON ~#FLAG~ IFLAGL:IFLAG2, IFLAG3, IFLAGA. IFLAGCS, IFL.AGE
COMMOM ~HESH- NMODE. NELEM, NOOBC. NN« NBAND

COMMON ~DYNR< NMODEs KOUNTs FLAG, TIMEs RMUEL, DT

COMHON ~UOLH~ AREA

X O DL N IS OO T VO N

REAL STICNDGRFD,NHDTHD), EU(NHMODED), W(NMODED)Y , AEIG(NDGRF D, NMODED),» B
L INF (NHODED, NODBCD ) » SHASS(NDGRFD Y, KST (NDGRFD)» ST (NDERD, NWDTHD) » RN

2DGRFE, NHDTHD ) » E(NHODED ) » VE (NNODED) » UDEN(NNODED ) » UL/ (NMNQDED) » UALFA (N
3NODED 3 » UBETACNNODED ¥ » OMEGAH (NMODED» HMODED ) » OMEGAK ¢i{MNDED » NHODED) » U
40L (NMODED) » UDM(NMODE D, NDDBCD }

161

102

103

104

i05

106
197
108

103

INTEGER NNB(NDDBCD), NEBC(NBCD)

COMPUTE AND PRINT FREQUENCIES

RN ZAUEARAE RS EFRD AR RAAEER AN ER AN EEF EEREE D RNFENL AN

IF (ICONZ2) 110,101,110

CONTTINUE

DO 102 I=1,NODBC
II=2wl-1
NEBCCII)=2*NNB(I}-1

MEBCCIT+1)=NEBC(II)+1

REHIND 1
READ (1) C(STCI+J2,I=1,8N)sJ=1,NBAND)

CALL BEING (AEIG,ST¥.R»H,SHMASS, EV, NMODED, NOGRF I NHDTHL, NEEC. MBCH, 1D
1EBUG)

PRINT 122

DO 103 .J=1,HMODE
EU(J)=ABS(EU(J))
H(=SART(EU(U))

PRINT 123, JsH(J)

IF (ICOD8) 106,104,108
oD 105 N=1.NMODE
PRINT 124, N,H(M)
PRINT 129
0O 105 H=1,NMNODE
KK=2#*M-1
PRINT 125, M,AEIG(KK,H)» AEIG(KK+1,N)

PUNCH OF FREQUENCIES AND HMHODE SHAPES

IF (ICOD?Y) 107,112,107
DO 108 r=1,NMODE
PUNCH 126» N-H(N)
D 109 N=1,NMGDE
DO 109 H=!,»HNODE
KK=2xM-1
PUNCH 127y M, AEIG(KKs N}, AEIG(KK+1,N)
GO TO 112

iII:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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-

10

21

2

1Al

G

(=11

70

gn

[0
110
120
130
149
150
160
ivo
180
190
200
el
22i
230
2490
250
260
ern
280
230
300
310
320
330
340
350
360
370
3BD
390
400
410
420
430
410
450
450
470
480
490
500
510
520
530
540
550
S5E0
570
5480
590
800
610
620
B30
640
£50
660
EYD
E10
non
o0
710
7an
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READ FREQUENCIES AND MODE SHAPES

110 READ 121, C(W(M)»N=1,NMODE)
DD 111 N=1.NHMQDE
DO 111 M=1.NNDDE
KK=2#%M-1
111 READ 127, KyAEIG(KK»N)Y, AEIGC(KK+1, N}
IF (ICOD8) 112.104,112

112 IF (ICODB) 120,113,120
INFLUENCE COEFFICIENT MATRIX ACNIK)

113 DG 114 N=1,NHODE
DO 114 K=1,NODBC
114 BINF(N,K)=0.
B0 116 N=1,NMODE
DD 1iB K=1,NODBC
TERM=0.
uT=0.
DO 115 L=1.NN

UT=UT+AREIG(L NI #STIC(L,K)
115 TPART=TPART+AEIG(Ly N)#SMASS (LI#STI(L,K)
UDM (N, K)=UT

116 BINF(N,K)=TPART

IF (ICOD3) 117.120,117
117 PRINT 128

DG 118 HN=1.NHMDDE
118 PRINT 130, (BINF(N,K),K=1,NDDBC)

D0 119 N=1,NHODE
113 PRINT 130, (UDMC(N,K),K=1,NODBC)

CALL EIGUNCR (SMASS, REIG, ST+ DMEGAH, OMEGAK s Wy KST . UE: UDEN. UL, NDGRF D,

INWOTHD,» NNODED, NMODED, UALFAs UBETA, E, UL, IDEBUG)

120 CONTINUE
RETURMN

121 FORMAT (12X.F15.8)
122 FORMAT (2X. 29H MODE NO  FREQUENCY)
123 FORMAT (2X,1112,1F15.5)

124 FORMAT (2X, 29H THE FREQUENCY OF MODE NUMBER, Id, vH 15 =yFl10.4,

1)
1235 FORMAT (BX,»11182,2E15.6)
126 FORMAT (1112,1F15.8)
187 FORMAT (1112,2E15.6)
128 FORNMAT (2X, 40H PARTICIPATION COEFFICIENTS ACK,N) S
123 FORMAT (2X, 43H NODAL POINT X-EIGEN COORD Y-EIGEN CGORD )
130 FORMAT (2X,BF15.8)

END

SUBROUTINE BEING (AEIG, Ry R+ Hs SMASS, £V, NMODED, NDGRE 3 NHDTHD, NEBC » NB

1€D. IDEBUG)

LA AR LRSI PR T TS EY TR TN ey LA A A s Rl gl iR RN YAy T AT Y

EVALUATION OF THE NATURAL FREQUENCIES

REAL SHASS (NDGRF D), AETG(NDGRF D, NMODED) » EVC(NMODED) « ICHOGRF D) » RCNDGR

1FDy NKDTHD ), A CNTOGRF D« NDGRF D)
€OMMON ~1ESH- NNOUE . NELEM. NDDBCs NNy NBAND

IIIIIIIIIIIIIIIIIIIIIIIII
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730
Tar
=14
750
7’79
78J
790
Bo¢
Bla
820
830
840
850
8GO
B70
880
B30
300
a10
920
330
340
950
350
370
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
12t0
1220
1230
1240
1250
1260
1270
1280
1230
1300
1310
1320
1330
10
en
30
40
50
6o

B0
40
1ov
110
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101
102

103

104

105

106

107

COMMON #DYNA~- NMODE, KQUNT. FLAG, TIME, RMUEL, DT
INTEGER NEBC(NBCD)

INITIALIZE

MHM=NBAND
IFLAG=0
NEU=NHODE

EIGENUALUE PROBLEM

TRACE=0.

Do 102 I=1.NN
TRACE=TRACE+ABS(AC(I,1))
®=5MASS(I)

IF (X.6T.0.) GO TO 101
PRINT 116, I

IFLAG=1

CO TQ lo2
SMASS(I)=1./5GRT(X)

CONTINUE

IF (IFLAG.NE.C) STOP

DO 103 I=1,HNN
L=I-1
MR=MIND (MM, NN-T+1}

B0 103 J=1,HR
K=L+J

ACL, J)=ACI, 1) *SHASS (I )=SHASS(K)

IMPOSE BOUNDARY CONDITIONS ON A

IF (NBCD.LE.0) GD TO 115
DO 104 N=1,NBCH
I=NEHC(M)
AC(I, L }=100,#TRACE
DO 104 J=2,HH
ACT.J)=0.
L=I-J+1
IF (L.LE.0) GO TO 104
AL, J)=0.
CONTINUE

#hokuum [OEBUG wamwnn
IF (IDEBUG.EQ.1)> GO TO 106
D0 10S T=1,NN
PRINT 117, (ACI+J)ed=1,01H)
CONTINUE
MATRIX IN SYMETRIC HODE
00 107 J=1,MH
Ni=0
DO 107 T=MM-J+1,NN
RCI»d)=AC14N1, HM-J+1)

NI=M1+1
CONTINUE

srsxan TEHUIL manzan
IF (IDEBUG.EQ.1) GO TO 1039
DO 10B I=I,NN

120
I

1.0
150
180
t70
18n
132
200
210
220
230
249
250
260
270
2B0
290
360
310
320
330
340
350
360
370
380
330
400
4910
420
430
440
450
460
473
430
490
500
518
520
530
240
S50
S&0
570
SB0
530
&G0
ELlD
620
620
640
ES0
BE0
670
680
B30
700
710
220
730
740
730
760
770
780
750
800
810
820
830
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PRINT 117, (RCIyJ)sd=1.MD

108 CONTINUE
109 CONTINUE

HH#

110

111
112

113

114
115

116
117

IND=2
NHM=NDGRFD

CALL RSBEIG (MM, NM:MMsRs INDsW,A)

nun [IEHUC #awxnx
IF (IDESUG.ER.1) GO TO 112

DO 110 I=1.NN
PRINT » #H=#,H(I)

Do 111 I=1.hN
PRINT 117, (A{I»J)»J=1sNN)

CONTINUE
DO 113 J=1,NEV
EUCSY = H(J+NBD)

EUCJI=H(J)
CONTINUE

0o 114 I=1.NN
X=5MASS(I)
SMASS(I)=1,/Xmu2

D0 114 J=1.NEV

AEIGC(I,» J}=A(I. JIuX

RETURM

FORMAT (2X, 28H ONEG. OR ZERO MASS EQUATION, IS)
FORMAT (2X,10(F10.3,2X))

END

SUBRDUTINE DYNDIS (MPI,NPJ, NPK,POIS,COMM.E.STI,PEIGsHe DAMP» BINF, AC
1C, NHODED: STRXI+STRY L. STRXYI» NELEHD: AJy AK, BJs BK+ NNODED, MK NTSTEPD) N
20DBCDs NGACD. NDGRFB, NHDTHD, DSX. DSY,»UEL, C4,CS, F+ ACCEL » DXZERD, U, IS, ¥
3H» YU, Ry UOL,» UM, UD, UE, VPOISs UDEN, VDM VACDs UACH. UND, VD, VHOR» UUER, DSU
4, DSUY, _LKU, UCKX, UCYY)

LFZ LTI ISR SIS R R R YL iRY ARl LSS EERRESIEESER LS LS L L}

EUALUATION OF DYNAMIC DBISPLACEMENTS

COMMON /FLARG- IFLAGL:IFLAG2s IFLAG3s IFLAGY» IFLAGS, TFLAGE

COMMON ~MESH~ NNDDE.,NELEM, NODBC. MN. NBAND

COMMON ~DY™A~ NMODE, KOUNT. FLRG. TIME, RHVEL, DT

COHMMOMN ~DYNAL» NTSTEP,NDTC,LK,NC, TLIMIT

COMMON /MXSTR~ SHAX(50)+SMIN(S0)» IMAX{S0),, IHIN(S0)» SMAXD (50, SHIND
1(50), IMAXDC(S0) , IHINDCSO)

REAL AJ(NELEMD),» AK(NELEMD),» BJ(NELEMD) . BACNELEMD) , E(NELEMD) , PDISCNN
10BED ) STRXI(NELEMD), STRYI(NELEMD),» STRXY I (NELEND), DSX(NNDDED) » DSY (N
2NODEDY,» ACC{NGACD}, DRMP(NMODED) » BINF (NHODED, NODBCT ) » AEIGCNDGRF D, MMO
3DED) . H(NMODED) » VEL (NHODED) » C4 (NMODED ) » CS(NMODED ), F (NMODED ) » ACCEL (N
4MODED), DXZERO(NTSTEPT ) UCNTSTEPD), DISCNTSTEPD) » STLNOGRFD, NHDTHDJ »
SYH(HNODED ) YU(NNODED) » R(LLKV, SMDDED)Y » UOL (NNDDED ) » UDENCNHORED) » UPDI
ES(NNODED ), VE (NNDOED) » U (NMODED) » VD(NMODED ) » VDM (NMODC D, MONBRCR)Y » UACD
7 (NMODED) » VARCHC(NMODED ) » UDDC(LLKU, NHODED) » UDW(LLKU HMOTED ) » UHOR (RODE
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B840
870
&
orou
B840
820
300
910
9z0
330
940
850
980
870
aBo
3930
1000
1010
1620
1330
11010
1650
1060
1670
1080
1830
1100
1110
1120
113¢
1140
1130
1180
1170
11EQ
1180
1200
1210
12240
1230
1240
1250
12s0
1270
1280
1230
10
20
30
40
30
B0
70
80
a0
100
L10
120
130
L40
150
160
170
180
190
200
210
220
230
240
50
260
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102

103

104

105

106

8D), UVER(NNODED)» DSUX (NNODED ) » DSUY{NNDDED)
DIMENSION UCXX(NNODEDR), UCYY(NNODED)
INTEGER NPI(NELEMD), NPJCNELEMD), NPK (NELEMDY, MK (NMODLD)

INTEGRATION OF GROUND DISPLACEMENT USING SIMPSON RU-E

*IIINII*I*H***KII**li**l**ll*lli****ﬂl*i*i*li**ﬂi*l**

PRINT 150, DT
PRINT 153, (ACCCI}sI=1,NTSTEP)
IF (IFLAG2) 105,101,105
DT2=DT-2.
LIM=NT3TEP+2
UC1)=DT72#(ACC(L)+ACC(2))
DD 102 I=2,LIN
UCI)=U(I-1)+DT2*(ACCC(T)+ACCCI+1))
FRINT 154. DT
PRIMNT 153. (U(CI),I=1,NTSTEP)
D713=DT-3.
DIS(1)=DT3»U(1)
Do 103 I1=3,LIM,2

L=(I+1)/2
DISCL)=DIS(L-1)+DT3#(UCI-2)+4,#U(I-13+U(I))
LMAX=L-1
DO to4 I=1,LHA¥

II=T#2-1

DXZEROCIT)=DISC(I)
DXZEROCIT+1)=(DISCI)+DIS(I+1))-2.
PRINT 155. DT
PRINT 153s (DXZERQCI)s I=1.NTSTEP)
CONTINUE

KOUNT=0¢
KPRINT=0

CALCULATING RESPONSES OF NORMAL VUIBRATIONAL MOVES
MATRIX R

iII***IIII*****!I******ilﬂl**ii*lil***'i***ﬂ*!IE**lii

I0 106 I=1,LK

10 106 .I=1,NMODE
RCIsJ)=0.

IND=0

Ci=DT-2.
BETR=1.,6.
C2=BETA*[T#a2
C3=(.5-BETA)»DT=x=2

CASE OF TRAUVELING BOUNDARY CONDITIONS

B0 108 N=1,NHODE

CA4(NI=H(N) %2

C3(N)=2.=DAMP (N> #LI(N)

FIR)}=1.+C1%CS(N)+C2%C4(N)

UVEL (NJ)=0.

ACCEL (N)=-ACC(L)

¥=6. .

DO 197 NN=1,LK
AR=UEL (N) +C1#*ACCEL(N)
BE=Y+DT#UEL (N)+C3#ACCEL(N)
ACCEL (N)=(-ACC(NN+1)-CS(N)*AA-C4 (NI *BB) /F (N)
VEL (N)=AR+C1#ACCEL (N)

UACD(N)=-((CS(NI#AR) DANP(N) ) /F () #»2

UACHC(N)=(-C(CS(N) #AA) AH(NY ) —(2. #CANY ZH(N) Y*BD) /F (N} wx2

UDD(NN, N)=C2#UACN(N)
VDH (NN, NY=C2*UACH(N)

L.LE_L.L.Lt_L.L.L[_L_L.LE_L.L.L(_L_L.L.LE_L.L.L(_L.L.LE_L.L.Lt_L.L(_L.L.L(_L.L(_L.L.L!_L_L(_L_L(_L.L.LC_L_L.L.LE_C_L_L.LEHL.L

27n
2.0
410
A
33

34
350
360
3ro
380
390
400
4i0
920
430
440
450
450
170
480
490
504
510
520
530
540
550
SE0
S7n
5840
590
600
5i0D
620
B30
640
650
BEND
670
630
€90
700
710
720
730
740
750
760
770
780
790
8oo
810
820
830
840
850
860
870
880
890
300
910
920
930
940
859
960
970
S80
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ior
108

109

110
111

112

113

114

115

116
117

Y=BB+CA=*ACCEL(N)
RCNNM)=Y
CONTINUE

KOUNT=KOUNT+1
KPRINT=KPRINT+1

IF (KOUNT-NC) 113,113,110
CASE OF NON TRAVELING BOUDARY CONDITIONS

DO 111 I=1.NC

DG 111 J=1+NMODE

R(I,JI=R(I+[,J)

DO 112 N=I1,NMODE
AA=VEL (N)+C1#ACCEL (H)
BB=R(NC,N)+DT=UEL (M) +C3*ACCEL(N)
ACCEL (N)=(-ACC(KDUNT+1)-CS(N}*AR-C4(NI*BB)/F(N)
VEL(N)=pA+C1*ACCEL(N)

R(NC+1,N)=BB+C2%ACCEL(N)

IND=IND+1

CALCULATION  TOTAL DISPLACEMENT DF MODAL POINTS
IKOUNT=KOUNT-IND

IF (KPRINT-NDTC) 139,114,114
KPRIMNT=0
BO 117 KK=1,NNODE

N=2%KK-1

L=N+1

YH(KK)=0.

YU(KK)=0,

UHOR(KK)=0.
VUER (KK)=0.

00 116 K=1.,MNODBC
IF (KOUNT-MKC(K)) 117.117.115
MR=IKOUNT-MK(K)

N0 1168 MI=1,MMODE
HM=UDM(NI, K)*AETG (M. NI } ¥R ({1M. NI )
HU=BINF(NI,K)®AEIG(Ns NI )*UD.ICHM, NT )
HD=BINF (NI, K)*REIG (M, NI )}=UDD(MM, HI)
URHM=UDMN(NI,K)#AEIG{L, NI) ®R (MM, NI}

URW=BINF (NI»K)*AEIG(Ls NI )#UDH(MM, NI)
URD=BINF(NI,K)®AEIG(L, NI)=UDD(MM, NT)

UDX=Ht1*u2#UOL (KK ) #UDEN(KK) +H{a r2# UL (NI ) +HD= 2% UDB (NI )
UDY=URifa#2xU0L (KK ) *UDENCKK ) +URW* 2 2x UL (NI Y+URD ¥ a2 kYD (NI )

UHOR (KK )=UHOR (KK ) +UD¥%
VUER(KK)=UVER (KK )+UDY
HT=BINF (NI, K)*AEIG (N« NI Y#R (MM, NI)
YHOKK Y=YH(KK ) +HT
UT=BINF(NI1.KY*AEIGCL,NI)®R (MM, NT )
YUCKK)=YUCKI+UT
CONTINUE
D0 118 N=i,HNODE

DSUM MY =UHEIZ 1)
BSUYIIH3-UHLE (i)

DHACI = vHON)

e

1.
igan
1070
1n4ag
1556
0Ty
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1559
103¢
1100
1110
1120
1130
1140
1150
1160
1170
..En
1130
1c 00
1210
1220
1230
1240
1250
1260
l2ra
1282
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1330
1400
1410
1420
1439
1449
1350
138N
14710
1440
1480
1500
1510
1520
1530
15490
1550
1560
15v0
1580
1530
1800
1610

640
1650
1060
1L70
li,ein
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118

118
120
121
122
123

124

125

126

127

128

123

130

131

132
133

134

135

136

137 CALL STRESS (NPTI.NPJ.NPKsNELEMD.AJ» AKs BJs BK. E, POIS, COItM. NNDDED, STR
1XI«STRYI,STRXYI, DSX,DSY,VUE, U UPOIS, BSUX, DSUY, NMOCED)

DSY (RI=YU(N)

CONTINUE

FLAG=0

IF (FLAG) 120,128,120

IF (IFLLAG3) 137,121,137

IF (IFLAG4) 123,122,123

PRINT 158

DO 126 N=1,NNODE

DG 125 K=1,NODBC

TF (KOUNT-MK(K)) 126.126.124
HI=KOUNT-MK(K)

YH(N)=STL(2%N-1,K)*DXZERD(MI)
YUCN)=STI(2%N: KI*DXZERD(MI)

DSX(N)=DSX{MNI+YH(N)
DSY (N)=DSY(NJ+YU(N)
CONTINUE

Do 127 I=1,NMNODE
UCXX(I)=SERT(ABS(DSUX{I)) ) DSKX(I)
VLYY (I)=SERT{ABS(DSUY(I)))-DSY{I)

CONTINUE

GO TO 130

EN=KOUNT

TIHE=EN*DT

IF (TIME~-TLIMIT} 129,128,137
PRINT 157, TIME

IF (IFLAG4) 137,130,137
CONTINUE
IF (FLAG) 142,131,133

PRINT 143

PRINT 144

PRINT 1353

DO 132 1=1,NNODE

PRINT 158, I.DSX(I),DSY(I)

CONTINUE

PRINT 145

PRINT 144

PRINT 1589

00 134 I=1.NNODE

PRINT 158. I,DSX(I),DSY(I)

PRINT 148

IO 135 I=1sNNODE

FRINT 147, I,DSUX(I),DSUY(I)
FRINT 148

DO 136 J=1,NNODE

PRINT 147, JeUCKX(J),UCYY(D)

IF (FLAGY 137,138,137

GO TO 139

138 FLAG=1

GO TO 113

139 IF (XOUNT-NTSTEP)} 108,140,140

LSSy Ny Sy N SR AN SN N N Y S A S S S S N R U G S S A AN AN AR R RGN N N N N SN AN SN AN SN SN SN RN SN SN SN SN SN N N N SN N N AN N O A G A A A A 2

1710
irae
i
Ty
1 ?‘_10
17G0
177N
L7845
1750
1800
1810
1820
1830
1840
1EG0
1860
1870
1BED
1830
1900
1510
1820
1930
1940
1950
1360
197cC
1980
1330
2000
20190
2020
2030
2040
2050
2080
2070
2080
2050
2100
2110
2120
2130
2140
2150
2lEn
2170
21B4
2130
2200
2210
2220
2230
2240
2250
2260
cero
2280
2230
2300
2310
2320
2330
2340
2330
2360
2370
2380
23390
2400
2410

2420
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PRINTING ENVELOPE ©OF ELEMENT STRESSES

140 PRINT 149

PRINT 151, (M, IMAX(N)»SHAX(NYs IMIN(NI » SHIN(M) » N=1+ NELEM)

IF (IFLAG4) 142.141, 142
141 PRINT 1532

PRINT 151, (N, IMAXD(M)»SMAXDCN)» IMINDCN) « SHIFNGCHD o (=1, NELEHD
142 RETURN

143 FORMAT (SK. 37HINERTIAL COMPONENT OF DISPLACEMENTS:/}
144 FORMAT (2¥s 108BH=======zc================z:s==c==z=m=m==—===Ss—-co-==z====

== ) ==== oo oosoram=z ESESEED, /)

145 FORMAT (SX. 36H TOTAL DISPLACEMENTS AND STRESSES, )

146 FORMAT (SX, S52H [ODE XUARIANCE YURAR T9HCE OF DIS
1P. 7}

147 FORMAT (2X,»1I12.2E14)

148 FORMAT (5%, 52H MNGDE “-C.UAR. Y--IUNE, OF DIS
1Py 72

149 FGRMAT (2X, SQIHCYCLES OF TIME INTERUALS AT WHICH MAX COFF. OF uAR
1. OCCUR IN b AND Y DIRECTION.-11%. 391 EL. CYCL HRAL
2-CU. X CYCL HMAX-CU.Ys/,)

150 FORHAT (2%, 46H GROUND ACCELERATION WITH TIME INTEPUAL = , IF5.
13-)

151 FORHATI (2%,2I10+F11.3,I110,FL1.3)

152 FORMAT (2X, 99H CYCLES OF TIME INTERUALS AT HHICH HAEX. AND MIN.
1 STRESSES QOCCUR IN EACH INDIVIDUAL ELEMEMT, 1X~, 43H EL. CY
2L  HAX-STRESS CYCLE MIN-STRESS )

133 FORMAT (2%, B(FL1S.G, 1X))

154 FUORMAT (2X» 418 GROUND UELOCITY WHITH TIME INTERURL = . L1FG6.3-)

155 FORMAT (2%, -i3H GROUND DISPLACEMENT HITH TIME IMTESVAL = ,1F6.3-)

156 rORMAT C1HL1)

157 FORMAT (2%:. BH TIME = ,1F10.57)

158 FORMAT (2¥.1112.2F17.6)

158 FORNAT (5X. 32H NODE ®-DISPL Y-DIiSPL)

EFMD
SUBROUTINE STRESS (NPI.MPJsNPK.NELEMD>AJs AKy BJy 5K, S5 PDIS. COMM, NNOD
LEH, STRXI:STRYI, STRXYL, DSX, DSY, UE, UHy UPD IS, BSUX, DSUY, NMODED)

BEEREREE R RE AN AR ER AN NN R EANR AT R D NR A RN A R R A NN EN AR AN E

EVALUATION OF STRESSES

COMMON ~MESH~ NNODE. NELEM, NODBC, NN» NBAND
COMMON ~DYNA- NMODE, KOUMT. FLAG: TIME. RHUEL, DT
COMMON ~DYNALl.- NTSTEP»NDTC,LK,NC» TLIMIT
COMMHON ~U0LHM- AREA

REAL AJ(NELEHND), AK(NELEMD) , BJ(NELEMD)» BK (NELEMD ), ECHNODED ) » FOIS (NN
LOPED) » STRXKI(NELEMD) » STRYI CNELEMDY, STRXYI (NELEMD?Y» 0SX(MSCLEDRY s DSY (H
2NODED) » VEC(NNMODED ) » UH(NMODED ) » UPOIS(NNDDED) » BSUXCNNODED ) » DSUY (NHODE
30

COMMON 7MX{STR SMAX{50).SHIN(S0), IMAX(S0), IMIN(S0), SMAADCSA . SHIND
1¢(50), IHAXD(S0)» IMIND(S0)

INTEGER NPICNELENMD)»NPJCNELEMD) » NPK(NELEHT)

ELEMENT STRESSES FROM NODAL POINT DISPLACEMENT
PRINT 113
INITIATING TIME RECORD INDICES FOR STRESSES
DD D1 N=1,NELEM

CENT=(5TRXI(N)+5TRYI(N))- 2.

IF (CC.ED.D.) GO TO 101

RAD=SART (( (STRYI(M)~STRXI(N) }/2. y#42+5TRXYI(N)#naD)

| S N SN SN SN Y NN NN NN Y SN S Y N N S
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AT AART

24730
21

P!
2ol
P47 G
31,0
Lo

1

IEFINE
acen
2330
25940
2550
J5en
2l
2280
2390
2691
2510
cl =
cl
2500
“EIY
2L
PItrary
2E30
2591
2ril
2rie
2F50
2730
2ran
231
2rLi
770
2780
10
20
30
40
Si;
EQ
n
20
90
100
110
120
L30
140
150
19
170
180
130
200
210
220
230
240
250
260
arn
280
2930
390
310
320
330
340
350
360
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SHAX (N)=CENT+RAD
SMINCN)=CENT-RAD
SMAXD(N)=SMAX(N)
SHINDC(N)I=5MINCN)

101 CONTINUE

FUH=0.
R0 o2 I=1,NMODE

102 FUH=FUH+UK(I)

103

DO 111 N=1,NELEHM

I=NPICN)
J=NPJ(M)
K=NPK (M)

EMOD=(E(I)+ECJII+E(K) ) 3.
POISR=(POIS(I)+POIS(J)+POIS(K) ) /3.
FUE=(UE(T)+UE(J)+UE(K) )73,
FUPQIS=(UPDIS(I)+UPDISC(J)I+UPRIS(K) )3,

EPSTLX=(BJ({N)-BK(N) )*BSX(I)+BK(N}»*DSX(J)-BJ(NI#DSL(K)
EPSILY=(AK(N)-AJC(N) I*DSY (I)-AK(N)*0SY (1) +AJ(N) *DSY(K)

GAMA=CAK (NI -AJ{N) ) »DEX(I)-AK(N) *DSX (J)+AJ(N) *D3SX(K)+(BJ(NY-BK (N
) I#DSY (I)+BK{N)#*DSY (J)-BJ(NI*DPSY(K)

COMM=ENDD- ( (1.-POISR*»*2) % (AJINY*BK (N)—AK(N)®BJ(N) D)

STRX=COMH* (EFSILX+PDISR*EPSILY )+STRXI(N)

STRY=COMH* (EPSILY+PBISR*EPSILX)}+STRYIC(N)
STPXY=COMM»*GAMA*(1.~-POISR)#, SESTRHXYI(N)

EVALUATION OF STATISTICAL CHARACTERISTICS OF STRESSES

EXH=(BJ(N)—BK(H) »»DSUX(I)+BK(N)=*DSUX(J)-BJ(N)I*DSUKXIK)
EYH=(AK(M)-AJ(N) )=DSUY (T)-AK NI #DSUY (JI+AJCNI #DSUY K )
GH=(RK(N)-AJ(N) )*DSUX (1) -AK (NI *DSUX{ J)+AJ (NI #DSUH K+ (BJCNI-BK (
N2 )*D5UY(TI+BK (N)#DSUY (JI)=-BJ(N)#DSUY(K)

SXH=COMM¥ (EXH+POISR*EYW)
SYH=COHMM» (EYH+POISR#*EXH)
SKYH=COMM=GL=(1,-POISR)*.5

SXE=COMM#» (EPSILX+POISR#EPSILY)~EHOD
SYE=COHH# (EPSTLY+POISR=EPSIL®)~EHOD
SHYE=COMM=GAMA* (] . ~POLSR) =, 5/EMOD

DCOM=(1.~POISR)»2.#AREA
SXN=COMM=EPSILY+(EPSILX+POISRUEPSILY )% (EMOD#*2. #AREN*2. *POISR) /D
COMwa2
SYN=COMM*EPSILX+(EPSILY+POISR*EPSILX)*(EMOD*2. #ARPEN*2,#POISR) #D
COH#x2
SXYMN=—COHM*GAMA*, 5~CAMA*POISR# (EMOD*2. *AREA%2. «POISR ) /DCOM=»*2

USTX=(FUH#®SXH#*2)+(FUE*SXE®*2) + (FUPQIS«SXNux2)
USTYs(FURNSYL=u2)+ (FUERSYE*#2)+(FUPDIS*SYN##2)
USTXY={FULI»SXY*R2 ) + (FUEMSKYE##2 )+ (FUPDIS*SKYHms2)

CENT=(STRX+5TRY)-2.

RAD=SART( ( (STRY~STRX) /2. ) #%2+STRXY*%2)
SIGMAX=CENT+RAD

S5IGHMIN=CENT-RAD
TAUMAX=(SIGMAX-5IGMIN) 2.

IF (TIME~-TLIMIT) 103,103,111

CONTINUE
COFSTX=SORT(ABS(USTX))/STRA

KK?{KRKKRKKKKKKKKK?Q?’:KW?‘:KF"':'K?'(NK?“'K?‘KKKK?':7':7§?’€7<7§72KKKKKKKKKKKKKKKKKKKK?‘Rxxxﬂ?ﬁﬂﬂ?ﬁ

370
38"
39}
400
410
420
a0
441
450
460
470
480
480
500
510
520
530
540
550
560
57
S80
59y
600
610
620
630
640
650
660
670
680
630
700
710
720
730
740
750
760
770
780
790
800
810
820
230
B4D
B850
BED
870
880
830
900
910
920
930
840
950
950
370
980
930
1000
1010
1020
1030
1040
1050
1060
1070
1080
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COFSY=SOGRT(ABS(USTY))/STRY

PRINT 114, MN)»STRX:STRY,STRXY,SIGMAX, SIGMIN, TAUMAY

PRINT 112, USTXsUSTY

IF (FLAG> 104,111,104
104 IF (SMAXD(N)-SIGHAX) 105,106,106
105 SMAXKD (N)=SIGHMAX

IMAXD(N) =KOUNT
106 If (SMIND(N)-S5IGMIN) 111,111,107
107 SHIND(N)=SIGMIN

IMIND(N)=KOUNT

IF (SMAX(N)-COFSTX) 108,109,109
108 SHAX(N)=CDFSTX

IMAX(N)Y=KOUNT
108 IF (SMINCN)-COFSY) 110,111,111
110 SMINC(N)=COFSY

IMINCN)=KOUNT
111 CONTINUE

RETURN

112 FORMAT (2X. 10HUARIANCE ,3E14)

113 FORMAT (5X.103H ELEMENT X-5TRESS Y-S5TRESS  XY-STRESS
1 MAX-STRESS  HMIN-STRESS  MAX-SHEAR )

114 FORMAT (585X, 1I10,3F15.4,5%,4F15.2)

END
SUBROUTINE EIGUNCRE (SMASS»AEIG.ST» OMEGAMs OMEGAK s We KST UE, UDEN, UKy N
1OGRFD: NLDTHD, NNODED, NMDDED. VALF A, UBETA, E, UOL, IDEBUG)

TN B3 N B 3E N OF W AE TN 0 BF W o 3E 6 T

UMCERTAINTY ANALYSIS OF HMNATURAL FREGUENCIES

CaMMDON ~MESH~ NNODE, NELEM, NODBLC, NN, NBAND
COMHMON ~DYNA-/ NMODE, KOUNT.FLAG, TIME, RMUEL, DT

REAL SMASS(NDGRFD).AEIG(NDGRFD» NMODED) » ST(NDGRFD, NHTTHD ), H(NMODED)
1, VECNNODED) » VDEN(NNOGDED) » U (NHODEDY » UALFACNNODED 3, UBETACHHODED Y« KS
gTEHDgEFD).UHEGﬂH(HHDDED-HHUDEDJ-UHEGQK(HHDDED.HHDDED).E(HHUDED).UU

L CHNODED?

REAL NUMERM, NUMERK
STIFNESS + HMASS TERMS

REHIND 1
READ (1) ((ST(IsJd)» I=1,NN)+J=1,NBAND)

D0 10l I=1.,NNODED
IT=Ix2-1

KST(I)=5T(II:1>
101 CONTINUE

bo io2 J=1,NHODE
L=asJ-1
L2=2#J

AA=2 .~ (NMODE#SHASS(L)==2)
AZ2=2./ (NMODE#SMASS(L2)»=2)
UALFACL)=AA=UDEN(J)#(UDL (J)*=2)
UALFACLZ2)=A2+UDEN(J)*(UOL (J)==2)

BB=2./(NMODE®KST (L) #»2)

Be=2./(NMODE#KST (L2 )*»2)

UBETA(L)=BB#UE(J)#(KST(L)-E(J) )=n2

UBETACL2)>=B2rUE(JI)m{KST(L2)/E(J) ) #a2=10000000.
102 CONTINUE
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1090
1174
iz
1120
1130
11490
1150
1180
1170
1180
1190
100
1210
1220
1230
1240
1250
1260
lera
1287
13ui
13190
L320
1330
1340
1350
10
20
30
40
50
BC
7o
gc
90
LoG
Lig
129
130
140
150
160
170
180
190
200
210
220
230
240
230
260
270
280
2390
300
310
320
330
340
350
260
3ra
380
390
4900
410
q20
430
440
450
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103

104

105

106

107

108

108

110
111

112

COEF=0.
DD 103 I=1,NMODE
DO 103 J=1,NMORE
COEF=COEF+(AEIG(Js I)®w2)®SMASS(J)

CONTINUE

Kl=1
IF (K!.GT.NMDDE) GO TO 106

D0 105 1=1,NMODE

NUMERM=-(AEIG(I.K1)®a2)#SHMASS(KLI#H(KL)
DENOMM=2. =CDEF

OMEGAMCK1, 1)=NUMERM-DENOMM

NUMERK=—(AEIG(I,K1)#=2)*KST(K1)
NENCHMK=2. »H(K1)*COEF

OHEGAK (K 1, I )=NUMERK-DENOMK
CONTiNUE

K1=KI+1
GO TO 104
CONTINUE

UMASS=0.
USTIF=0.
UKl=0,
NHM=NMOLE~2

DO 108 II=1.MNMH
I=2%11-1
DO 107 JJ=1.NMH
Jeg#J)-1
UHH=UWH+(ONEGAM( Ty J) w*2#UALFA(J)+OMEGAK( I, J) %220 UBETACJ) )

UMASS=UMASS+(OMEGAMC T, J) we2aURLFACY) )
USTIF=USTIF+(OMEGAK(I, J)=a2%UBETA(J))

CONTINUE
PRINT , #UMASS,USTIF=, UMASS,USTIF
UL (I =ULW

CONTINUE

o En JEBUG™ M mnx

IF (IDERUG.EQ.1) GO TO 111
PRINT » =DMEGAM=

PO 109 T=1,NHODE

PRINT 112, (OMEGAMCI,J),J=1.,NMODE)
PRINT s =OHEGAK#

DO 110 I=1,NMODE

PRINT 112, (OMEGAK(I,»J),.J=1,NMODE)
CONT INUE

PRINT , #UARIANCECQFEIGENUALUES#
PRINT 112, (UHC(I),.I=1,NHMODE)

STOP
RETURN
FORMAT (2X.11F12.5)
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