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APPENDIX B

THE COMPUTER PROGRAMME

B.1 INTRODUCTION

B.1l.1 In this appendix the computer programmes used to calculate the
results of Chapters 2, 3 and 4 are briefly described and listed. All of these
programmes given in the appendix are written in FORTRAN language and are
prepared in accordance with the specifications given for the ATLAS compuber
at Chilton, Berkshire, U.K.

This appendix includes three complete computer programmes, namely the
static analysis of arch dams (chapter 2); calculation of natural frequencies
and mode shapes (chapter 3); and, lastly, the response calculations by means
of random vibration analysis method (chapter L4). Each of these programmes
is firstly described briefly, then the list of variables is given. This is
followed by the list of subroutines used in each programme and the input
specifications are given.

The specifications of each subroutine are given altogether after the
brief description of each programme. To provide a detailed specificationfor
each subroutine would take an undue amount of space. Hence the specifications
only give the use of the routines, the quantities passed to the routines in
the argument list, brief detalls of the computational procedure and any other
relevant details such as the data required, the output from the routine and
error stops. However, in describing each programme some general information
which applies to many of the routines is given and so this information is not
repeated for each individual routine.

Each subroutine is numbered in sequence and the FORTRAN listings of sub-
routines are contained in the final part of this appendix in this order.

Unless the contrary is stated in the specification, the routines that
follow assume tetrshedral finite elements with four Corners and three unknown
displacements per corner being used.

B.1.2 As the finite element analysis may usually consist of hundreds
of nodal points and thousands of elements, for structures which have geometrical
regularities, the input data must be minimized in order to reduce the data
preparation task and also to minimize the data reading time. For an arch dam
which has circular arches, this economy can easily be achieved by using the
special subroutines prepared. In order to use these subroutines the structure
should be idealized and the nodal points should be numbered in certain ways.
This idealization and the order of numbering the nodal points are shown for the
half of an arch dam and the necessary information is given in Figure B.l. By
using this type of idealization, the input data is reduced to consist of only
one card per each elevation considered in the idealization. The variables
necessary for such an elevation are shown in Figure B.Z2.



If such a regular idealization is impossible, then the data would
consist of one card per each element and also one card per each nodal point.

B.2 COMPUTER PROGRAMME FOR STATIC ANALYSIS OF ARCH DAMS

B.2.1 The basic flow diagram of this programme is shown in Figure 2.1L
and is described in Section 2.11 briefly.

Two magnetic tapes (recognised in the listings as "magnetic tape 23"
and "magnetic tape 24") are used as intermediate storage.

The gpplication of iterative method presented in Appendix A.2 leads
to a special type of storage which reduces the necessary storage for the
overall stiffness matrix to minimum. This matrix consists of a three
dimensional array. As each nodal point stiffness submabrix has nine elements,
this three dimensional array consists of nine rectangular matrices. One of
these matrices is given in Figure B.3 with the other main arrays used in
this programme.

B.2.2 Scalars and arrays used in the programme

ND Maximum number of elements

MD Maximum number of nodal points

D Maximum number of boundary nodal points

D Maximum number of nodal points adjacent to a nodal point (for
only one layer of elements ID = 18, for more layers ID = 27) .

JD Given as JD = ID + 1

ATITLE Title of the problem (Max. 80 characters)

NUMEL Actual number of elements

NUMNP Actual number of nodal points

NUMBC Actual number of restrained boundary points

NCPIN Cycle interval for the print of the force unbalance

NOPIN Cycle interval for the print of the displacements

NCYCM Maximum number of cycles problem may run

TOLER Convergence limite for unbalanced forces (Kg)

XFAC Over relaxation factor

NCOoNT Non-zero integer to suppress printing of input data

XORD (MD) X-ordinates of nodal points (cm)
YORD (MD) Y-ordinates of nodal points (cm)
ZORD (MD) Z-ordinates of nodal points (cm)
DSX (MD)  X-component of displacement of nodal point (cm)
DSY (MD)  Y-component of displacement of nodal point (cm)
DSZ (MD)  Z-component of displacement of nodal point (cm)
XLOAD (MD) X-component of force acting at nodal point (Kg)
YLOAD (MD) Y-component of force acting at nodal point (Kg)
ZLOAD (MD) Z-component of force acting at nodal point (Kg)



NPI (WD) DNodal point number of corner i of element

NPJ (ND) TNodal point number of corner J of element

NPK (ND) Nodal point number of corner k of element

NPL (ND) ©Nodal point number of corner & of element

ET(ND) Modulus of elasticity of element (Kg/cm?)

XU (ND) Poisson's ratio of element

RO (ND) Unit weight of element (Kg/cm3)

NPB (LD) Constrained nodal point numbers

NFIX (LD) Type of constraint for each corresponding boundary nodal point
as follows :

0 if nodal point is fixed in all directions

1 if nodal point is fixed in X-direction

2 if nodal point is fixed in Y-direction

3 if nodal point is fixed in Z-direction
R(9,ID,MD) Three dimensional overall stiffness array (Figure B.3).
NP(MD,JD) Matrix containing the information about the adjacent nodal

point numbers (Figure B.3)

NAP (MD) Number of adjacent nodal points (Figure B.3)
5(12,12) Stiffness matrix for an element

A(12,12) ) Matrices used internally for element stiffness matrix
BTDB(12,12) ) calculations.
IM (L) Used for temporary allocation of element corners.

B.2.3 Special scalars and arrays used for arranging nodal point
and element arrays (as given in Figure B.l)

Kl Total number of vertical planes from left to right.
K2 Total number of vertical planes through thickness
K3 Total number of horizontal planes from top to bottom

NPM(K1,K2) Matrix for the total number of nodal points contained in
each column (to be given as input).
NOD(K1,K2, Matrix contains the positions of nodal points in the idealization

K3) (to be generated automatically as shown in Figure B.1l)
KL Total number of irregular elements
K5 Total number of irregular nodal points
K6 Total number of nodal points with non-zero initial displacements
K7 Total number of irregular boundary nodal points.

B.2.4 Subroutines used in the programme

1 SUBROUTINE ELEAR2
2 NOKTA
3 NOKTB
y CORDLD
5 SINIR
6 MODSTF
7 INVIP2
8 BOUND2
9 ITERA2
0 REACT?
11 FORCE
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B.2.5 Input data specifications

ATITLE (10A8)

(2) NUMEL, NUMNP, NUMBC, NCPIN, NOPIN, NCYCM, TOLER, XFAC, NCONT
(614, 2F12.6, 1I1)

(3) K1, K2, K3, Kk, K5, K6, KT (T7Ik)
(k) EIMOD, POISON, UNIDOM (3F15.5) (from S/R ELEAR 2)
(5) ((wpM(I,J), J=1, K2), I=1, K1)(20ILk) (from S/R ELEAR 2)

(6) HLEVEL, RAD, CENTER, THICK, ALPHA, NDIV, HLOAD, VLOAD
(4¥8.1, 1F8.3, 1ILk, 2F12.1) (from S/R CORDID)
(one card for each level considered).

B.3 COMPUTER PROGRAMME FOR CALCULATING NATURAL FREQUENCIES AND MODE SHAPES

B.3.1 The basic flow diagram of this programme is shown in Figure 3.1
and is described in Section 3.11 briefly. In order to reduce the computing
time, this programme is divided into two stages: the first stage (assembly
stage) consists of calculation of stiffness and mass matrices and writing
this information into a private magnetic tape (the first three parts
introduced in Section 3.11). The second stage (analysis stage) is the
evaluation of frequency and mode shape (the fourth part of Section 3.11)
which uses directly the information stored in the private magnetic tape;
so that the stage of preparing the mass and stiffness mabtrices is not
repeated for each evaluation of a mode.

The private magnetic tape is recognised in the listing as "magnetic
tape 23" and another tape, recognised as "magnetic tape 25" is also used
as an intermediate storage in the mass and stiffness preparation stage.

In this programme, as very large matrices are involved, the same
storage is used for overall stiffness and mass matrices and also the
product matrix (K - w?M) in successive stages and both K and M matrices
are kept in magnetic tape 23 during the eigenvalue evaluation stage.

The most important feasture of this programme is the use of the planar
type storage for the overall matrices. The special eigenvalue routine
PRVS2 was written at the Institute of Sound and Vibration Research of
Southampton University by Drs. Mercer and Petyt and Miss Seavey to
accommodate planar matrices. The details of the planar type of storage
are given in the ISVR Structures Group Computation Subroutine Library
Specifications.

The idealization of a three-dimensional structure, the structural
planes assumed and the order of numbering the nodal points required for
utilizing the planar storage are shown in Figure B.L4. The overall
matrix in planar form and the zero and non-zero coefficients for the
idealized structure given in Figure B.l4t are shown in Figures B.5 and B.6.
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B.3.2 Scalars and arrays used in the programme

NP

Number of nodal points

NE Number of elements
NC Actual number of constraints
NCA Maximun number of constraints
NPP Number of planes in structural idealization
WMAX Actual nunber of submatrices (assembly stage)
MMAX Maximum number of submatrices (including working space, used
in the analysis stage)
NN Size of the largest submatrix = (max) NPN*NDIM
NDIM Number of unknown displacements per nodal point
NCORN Number of corners of an element
KKK Size of individual element mass or stiffness matrix = NDIM¥NCORN
NST Number of maximum steps programme may run
IEPS Significant figures for accuracy
XAM Initial estimate of the root
DLAM Increment of the estimate
NCONT Number of frequencies and mode shapes to be analyzed.
¢(wp,3) Coordinates of nodal points (m)
NGE(NE,4) ©Nodal point numbers given to corners of elements
ET(NE) Modulus of elasticity of element (Tons/m?)
XU(NE) Poisson's ratio of element
RO(NE) Unit mass of element (Tons.sec™/m )
VOL(NE) Volume of element (m3)
MCHN(NCA,2) Matrix of constraint numbers (as given in S/R APCONP, ISVR S/R No.5)
DM(NTN, Overall stiffness or mass matrix stored in planar fashion.
NNN,MMAX) (In the assembly stage the third dimension can be NMAX).
NSUB(MMAX,2) Matrix contains the dimension information of each submatrix (plane)
in DM. (In the assembly stage the first dimension can be NMAX)
VECgéﬁ?N, The modal vector
NPN(NPP) Contains the number of nodal points in each plane of the complete
structure.
S8(12,12) Element stiffness or mass mabtrix
égig:igg ; Matrices used internally for element stiffness matrix calculations.

NPA(NCORN))
NA(NCORN) )

K1,K2,K3,KL K5 )

NPM(K1,K2)

NOD(K1,K2,K3) )

Used internally

‘Special scalars and arrays used for arranging nodal point
and element arrays as given in Section B.2.3

)



B.3.3 Subroutines used in the programme

B.3.3.1 Assembly stage

S/R No. 12  SUBROUTINE ELEARM
13 NOKTAM
1k NOKTBM
15 CORDIM
16 DIMNP
17 CLEAR
18 STIFF
19 CONMAS
20 HYDINMC
21 TRSFGP  (ISVR S/R No.35)
22 ApcoNp (" " No.5 )
23 RSHIFT (" " No.5 )
2l ¢sHiFT (M " No.5 )
25 WIPME

B.3.3.2 Analysis stage

S/R No. 17 SUBROUTINE CLEAR
26 PRVS2 (ISVR S8/R No.1lT)
27 MXFRTP (" " §o0.10)
28 DETSCL (" " No.16)
29 PLVECT (" " ¥o.18)
30 UNAPGE
31 VCOTWRT

B.3.4 Input data specifications

B.3.4.1 Assembly stage

P, NE, NC, NPP, NMAX, MMAX, NNN, NCA, NDIM, NCORN, KKK, NST, IEPS, XAM,
DLAM (13IL, 2F10.2).

(WP (x), K=1,NPP) (20Ik)

K1, K2, K3, Kbk, K5 (5Ik)

ELMOD, POISON, UNIDOM (3F15.5) (from S/R ELEARM)
((wpMm(1,J), J=1,K2), I=1,K1) (20Ik) (from S/R ELEARM)

HLEVEL, RAD, CENTER, THICK, ALPHA, NDIV
(5F8.3, 1Ik4) (from S/R CORDLM)
(One card for each level considered)

((Men(L,1), I=1,2), L=1,NC) (20Ik)
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If reservoir is in full condition :

(8) (mypwc(M), M=1, NPH) (16F5.3) (from S/R HYDNMC)

(9) ALPHA, ALOAD, NDIV (1¥8.3, 1Fl2.3, 1I4) (from S/R HYDNMC)
(one card for each level considered).

B.3.4.2 Analysis Stage

(1) NP, NE, NC, NPP, NMAX, MMAX, NNN, NCA, NDIM, NCORN, KKK, NST, IEPS,
XAM, DLAM, NCONT (13Ik, 2F10.2, 1IL)

(2) (WPN(K), K=1, NPP) (20Ik)
((Mew(L,I), I=1,2), L=1,NC) (20IL)

B.4t COMPUTER PROGRAMME FOR RESPONSE CALCULATION USING RANDOM VIBRATION
ANALYSTS METHODS

B.4.1l The basic flow diagram ofthis programme is shown in Figure 4.6
and is described in Section 4.8 briefly.

The whole structure is taken into consideration in these calculations,
and only one of the possible idealizations is used.

In order to reduce the input time, the frequencies and mode shapes
are stored in priavate magnetic tape No.23 and are read from this tape
for each analysis (S/R VCTRD is used for this purpose).

The overall inertia matrix DM is a square matrix of order NP, where
NP is the number of nodal points. Only one of the three components of the
inertia per nodal point is assumed. The element consistent mass matrix
given in Appendix A.l4 by equation A.4.11 is reduced to 4 x 4 matrix for
one component of inertia. The overall inertia matrix DM is combined by
simple transferring of each element mass matrix.

B.4.2 Scalars and arrays used in the programme

WP ,NE
G(Np,3), NGE(NE,L)
RO(NE), VOL(NE)

As given in Section B.3.2

)

)

)
K1,K2,K3,Kk,K5 ) Special scalars and arrays used for arranging nodal
NPM(K1,K2) )  point and element arrays as given in Section B.2.3.
NOD(K1,K2,K3) )
NPP, NDIM ) As given in Section B.3.2 and are only used if the eigen-~
NPV (NPP) ) vectors are read from a magnetic tape (S/R VCIRD).



MR
NS

DELTA
PS8

VEL
NC1

NC2
NC3

NCh

NC5
NC6

AREA
SIGMA
ARSQRT

DM(NP,NP)
FX(NP,MR)
FY(NP,MR)
Fz (WP ,MR)
HX(NP)
HY(NP)
HZ(NP)
BX(MR,NP)
BY(MR,NP)
Bz (MR,NP)
FREQ(MR)
c(MR)
GMASS (MR)
P(MR)
SFR(NS,MR)
SPQ(NS,MR)

APS(NS)
A(NS)

B(Ns), D(Ws)

Number of modes considered in the analysis
Number of power spectral density ordinates (must be
an odd number)

Frequency increment considered in the power spectral density.
Power spectral intensity of ground acceleration (cm2/sech)

as given by equation (5.1).
Velocity of earthquake waves (m/sec)
=0 for reservoir in empty condition
=1 for reservoir in full condition.

 Number of loading conditions to be analyzed.

=0 for velocity of earthquake waves is infinite

=1 for velocity of earthquake waves is finite

=] for forces in X-direction

=2 for forces in Y-direction

=3 for forces in Z-direction

 Number of nodal points where the response is to be analyzed.

=1 for displacement in X-direction
=2 for displacement in Y-directiom
=3 for displacement in Z-direction
Variance of displacement

The RMS value of displacement

= @ 1
( f 7 SX(f) df)? as given by equation (L4.80)
o

Overall inertia matrix as described in Section B.k.l.
Modal matrix contains only X-direction displacements
Modal mgtrix contains only Y-direction displacements
Modal matrix contains only Z-direction displacements
Hydrodynamic forces in X-direction

Hydrodynamic forces in Y-direction

Hydrodynamic forces in Z-direction

Given by the matrix product LFX]T [Emﬂ

Given by the matrix product [FYJT [DM]

Given by the matrix product LF?I FDMl

Natural frequency (Hz)

Damping ratio

Generalized mass, as given by equation (4.27)

Modal force, as given by equation (L4.96a)

Unit modal receptances, as given by equation (4.95)
Modal response spectral densities,as given by equation

(4.97a or D).

Normalized power spectral density of ground acceleration.

Power spectral density of displacement as given by
equation (L4.98).
Used in S/R ASUMP intrnally.



B.4.3 Subroutines used in the programme

S/R No.32 SUBROUTINE ELEREM
33 NOKSYM
3k CORSYM
35 RESMAS
36 HYDREM
37 VCTRD
38 GENMAS
39 RECEPT
Lo MDCYRC
L1 DCYFRC
Lo MDFRCE
43 MODRCP
Ll SPECTR
L5 SIMPSN
L6 ASUMP
L7 MAGFAC

B.4.4t Input data specifications

(1) NpPP, NDIM (2Ik)

(2) (wpn(X), K=1, NPP) (201k)

(3) ©Np, NE, MR, NCl, NC2, NS, DELTA (6Ik, 1F6.3)

(L) K1, K2, K3, Kk, K5 (514)

(5) UNIDOM (1F15.5) (from S/R ELEREM)

(6) ((weM(1,J), J=1,K2), I=1,K1) (20I4) (from S/R ELEREM)

(7) HLEVEL, RAD, CENTER, THICK, ALPHA, NDIV
(578.3, 1I4) (from S/R CORSYM)
(one card for each level considered)

If reservoir is in full condition :

(8) (mypwc(M), M=1, NPH) (16F5.3) (from S/R HYDREM)

(9) ALPHA, ALOAD, NDIV (1F8.3, 1F12.3, 1I4) (from S/R HYDREM)
(one card for each level considered)

(10) (FREQ(I), I=1,MR) (10F8.3)

(11) (c(1), I=1, MR) (10F8.3)

(12) (aps(1), I=1,N8) (10F8.1)
Repeat the following NC2 times :

(13) NC3, NCk, NC5, CPS, VEL (3Ik, 1F8.3, 1F8.1)



Repeat the following NC5 times
(14) wmC6, N (2Ik)
Note 1: If the eigenvectors are not kept in the private magnetic
tape, data cards (1) and (2) should be ignored.
Note 2: If reservoir is in empty condition, the data in lines

(8) and (9) should be ignored.

B.5 SUBROUTINE SPECIFICATIONS

The specifications of the subroutines used in the programmes described
in the previous sections, are given below in the order of numbering. In
these specifications, only the arguments which are not included in the
main programmes are to be given and the others, which are defined in the
previous sections are nobt repeated.

The precision of all of the subroutines is single and the language
used is ATLAS FORTRAN.

The subroutines, which are already existing in the ISVR Subroutine
Library are not repeated herein and only the ISVR subroutine numbers are

given.

1. Subroutine ELEAR 2

1. Purpose

Arranges the nodal point and element arrays and applies the initial
values to nodal point forces and displacements (steps 3 to 6 of Figure 2.1L4)

2. Method

Controls the other subroutines which generate the nodal point and
element arrays for a structure idealized as given in Figure B.l.

3. Other routines used

This routine calls Subroutines NOKTA and CORDLD.

4, Data required

Section B.2.5, data mumbered (4) and (5), where EIMOD is the
elasticity modulus for all the elements, POISON is the Poisson's ratio
for all the elements and UNIDOM is the unit weight for all the elements.
NPM is given in section B.2.3 and in Figure B.1l.
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2. Subroutine NOKTA

1. Purpose

Generates the nodal point matrix NOD and arranges the first
idealization of the structure by means of tetrahedral elements (step 6 of
Figure 2.1k4).

2. Method
The nodal point matrix NOD is generabted according to the numbering

orders given in Figure B.l. Five tetrahedral elements are used to construct
a brick like block (the first possible combination with A~type brick like

blocks, section 2.3.2).

3. Subroutine NOKIB

1. Purpose and method

The second possible combination with A-type brick like blocks, by
using five tetrahedral elements, is arranged (section 2.3.2). (step 6 of
Figure 2.14)

k. Subroutine CORDLD

1. Purpose

Arranges nodal point arrays, calculates the nodal point coordinates
and hydrostatic loads (step 4 of Figure 2.1k4).

2. Method

This routine can only be used if the arch dam consists of circular,
symmetrical arches. The variables shown in Figure B.2 are used for each
elevation considered and the nodal point coordinates and hydrostatic forces

are calculated.

3. Data required

Section B.2.5, data numbered (6), where HLEVEL, RAD, CENTER, THICK,
ALPHA and NDIV are given in Figure B.2. HLOAD is the horizontal hydro-
static load calculated for a vertical surface area around a nodal point
at that particular level and VLOAD is an external vertical load which
might be existing.
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5. Subroutine SINIR

1. Purpose
Arranges the boundary point arrays.
2. Method

Generates the arrays NPB and NFIX, puts "O" for the points on the
boundary and "1" for the points on the plane of symmetry in the array
NFIX. This routine can only be used for the half of a symmetrical arch

dam (Figure B.1).

6. Subroutine MODSTF

1. Purpose

Calculates element stiffness matrices, transfers the half of the
stiffnesses to overall stiffness matrix and calculates gravity loads for
each nodal point (steps 8 to 11 of Figure 2.1k).

2. Method

See Sections 2.4, 2.5 and 2.6, and also Appendix A.l, the flow diagram
in Figure 2.14 and the arrays shown in Figure B.3.

3. Magnetic Tape

Common magnetic tape number 23 must be supplied, onto each individual
element stiffness matrix is written.

4. Error stops

The execution is terminated if the volume of an element is found to
be zero and if the number of adjacent points exceeds the prescribed value
of ID as given in Section B.2.2.

5. Miscellaneous

(a) If the volume of an element is found negative, then the order of
nodal points is changed so that the volume becomes positive and a message
is printed.

(b) This routine is used for each of two possible idealizations by
means of A-type brick like blocks.
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T. Subroutine INVNP2

1. Purpose

Inverts nodal point stiffness submatrix into nodal point flexibility
matrix (steps 12 to 13 of Figure 2.1k).

2. Method

See section 2.7 and Appendix A.2.

3 x 3 matrix is inverted explicitly.

8. Subroutine BOUND2

1. Purpose

Applies constraints to boundary nodal points. (Steps 14 to 15 of
Figure 2.14).

2. Method

See section 2.8 and Appendix A.3. The effective flexibility matrices
are calculated for each boundary nodal point.

9. Subroutine ITERA2

1. Purpose
Performs a cycle of iteration (step 17 of Figure 2.14).
2. Method

See section 2.7 and Appendix A.3. A cycle of iteration is performed
for all nodal points and the total unbalanced forces, SUM, is calculated.

10. Subroutine REACT2

1. Purpose
Calculates the nodal point reactions (steps 21 to 22 of Figure 2.1k).

2. Method

See section 2.9 and Figure 2.1la. The element reactions are calculated
and are combined in order to calculate the nodal point forces.

3. Magnetic tape

This routine uses the information written on magnetic tape 23 by
the subroutine MODSTF.
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k. Printing

This routine prints the resultant nodal point reactions as shown
in Figure 2.1la.

11. Subroutine FORCE

1. Purpose

Calculates the nodal point reactions in the cross-sections of the
structure (step 22 of Figure 2.1k4).

2. Method
See gection 2.9 and Figures 2.11b and 2.11c.

3. Printing

This routine prints the nodal point reactions for each force component
direction and for each cut through the nodal points as shown in Figures
2.11b and 2.11c.

12. Subroutine ELEARM

1. Purpose and method

This routine is similar to S/R ELEAR? (No.l) but modified in order
to be used in the programme for calculating natural frequencies and mode
shapes. (Steps 3-4 of Figure 3.1).

2. Other routines used

This routine calles Subroutines NOKTAM and CORDIM.

3. Data regquired

Section B.3.k.1, data numbered (4) and (5), where EILMOD is the
elasticity modulus, POISON is the Poisson's ratio and UNIDOM is the unit
mass for all the elements. NPM is given in Section B.2.3 and in Figure B.l.

13. Subroutine NOKTAM

1. Purpose and method

This routine is similar to S/R NOKTA (No.2) but modified according
to S/R ELEARM (step 6 of Figure 3.1).

2. Argument list

L(NE,4) is the nodal point number given to corners of elements.

~1h



1k, Subroutine NOKTBM

1. Purpose and method

This routine is similar to S/R NOKTB (Ne.3) but modified in order
to be used in the dynamic analysis programme (step 6 of Figure 3.1).

2. Argument list

L(NE,4) is as given in S/R NOKTAM (No.13).

15. Subroutine CORDIM

1. Purpose
Calculates the nodal point coordinates (step 4 of Figure 3.1).

2. Method
As given in S/R CORDLD (No.L).

3. Data required

Section B.3.k.1l, data numbered (6), where HLEVEL, RAD, CENTER, THICK,
ALPHA, and NDIV are given in Figure B.2.

16. Subroutine DIMNP

1. Purpose and method

(alculates the dimensions of each submatrix of the overall matrix
DM (see Figure B.6), by using the information given by NPN(NPP), NSUB
(MMAX,2) matrix is generated (steps 8 and 19 of Figure 3.1).

17. Subroutine CLEAR

1. Purpose and method

Clears the matrix DM after each stage of computation is completed
(step 18 of Figure 3.1).

18. Subroutine STIFF

1. Purpose
Calculates element stiffness matrix (step 13 of Figure 3.1).

2. Method

See sections 2.4, 2.5 and also Appendix A.l.

3. Error stops

The execution ig terminated if the volume of an element is
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found to be zero.

L., Argument list

BTDB (12,12) is used internally and N is the element number for which
the stiffness matrix is computed.

5. Miscellaneous

(a) This routine is used in a loop for each element.

(b) If the volume of an element is found negative, then the order
of nodal points is changed so that the volume becomes positive and a

message is printed.

19. Subroutine CONMAS

1. Purpose

Calculates element consistent mass matrix (step 24 of Figure 3.1).
2. Method
See sections 2.5, 3.3 and Appendix A.L.

3. Argument list

N is the element number for which the mass matrix is computed,
¢(12,12) is the consistent mass matrix of the element.

L. Miscellaneous

This routine is used in a loop for each element.

20. Subroutine HYDNMC

1. Purpose

Calculates the hydrodynamic forces of the reservoir water and transfers
to overall inertia matrix (step 28 of Figure 3.1).

2. Method
See sections 3.7, 3.8 and 3.9.

3. Argument list

A(NNN,NNN ,MMAX) is the overall matrix stored in planar fashion, NPH is
the number of nodal points on the water face of the arch dam (in case of
one element layer used through thickness NPH = NP/2).
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4. Data required

Section B.3.4.1, data numbered (8) and (9), where HYDNC (WPH) is the
hydrodynamic pressure coefficient for each nodal point on the water face
of the arch dam (as given in Figure 3.1k4); ALPHA and NDIV are as given in
Figure B.2, ALOAD is the horizontal hydrostatic load calculated for a
vertical surface ares around a nodal point at that particular level.

21. Subroutine TRSFGP

ISVR subroutine library, S/R No.35. (used at steps 1k and 25 of
Figure 3.1).

22. Subroutine APCONP

ISVR subroutine library, S/R No.5. (Used at steps 16 and 29 of
Figure 3.1). Calls subroutines RSHIFT and CSHIFT.

23. Subroutine RSHIFT

Included in subroutine APCONP, ISVR subroutine library S/R No.5.

2, Svbroutine CSHIFT

Included in subroutine APCONP, ISVR subroutine library S/R No.5.

25. Subroutine WIPME

1. Purpose and method

Writes the overall stiffness or mass matrices onto private magnetic
tape (steps 17 and 30 of Figure 3.1).

2. Argument list

A(NNIN ,NNN,KMAX) is the overall stiffness or mass matrix stored in planar
fashion and KMAX is the maximum number of submatrices.

3. Magnetic tape

Private magnetic tape number 23 must be supplied, onto the overall
stiffness and mass matrices are written.

26. Subroutine PRVS2

ISVR subroutine library, S/R No.1lT (used at step 31 of Figure 3.1).
Calls subroutines MXFRTP, DETSCL and PLVECT.

27. Subroutine MXFRTP

ISVR Subroutine library, S/R No.1O0.
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28. Subroutine DETSCL

ISVR subroutine library, S/R No.l6.

29. Subroutine PLVECT

ISVR subroutine library, S/R No.18.

30. Subroutine UNAPGE

1. Purpose and method

Re-inserts the constrained zero displacements into the constrained
vector by means of simply expanding the vector and inserting zeros (step 32
of Figure 3.1).

31. Subroutine VCTWRT

1. Purpose and method

Separates the displacement components of the eigenvector and prints
the results in a pleasing form (step 33 of Figure 3.1).

32. Subroutine ELEREM

1. Purpose and method

This routine is similar to S/R ELEAR2 (No.l) but modified in order to
be used in theprogramme for response calculations (steps 3 to 5 of
Figure L.6).

2. Other routines used

This routine calls subroutines NOKSYM and CORSYM.

3. Data required

Section B.lh.h, data numbered (5) and (6), where UNIDOM is the unit mass
for all the dlements and NPM is given in Section B.2.3 and in Figure B.l.

33. Subroutine NOKSYM

1. Purpose and method

This routine is similar to S/R NOKTAM (NoJ3), but is modified in order
to idealize the whole structure (steps 3 and 5 of Figure 4.6).
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3L, Subroutine CORSYM

1. Purpose and method

This routine is similar to S/R CORDIM (No.l5), but is modified in
order to calculate the coordinates of all of the nodsl points in the whole
structure (step L of Figure L4.6).

2. Data required

Section B.h.k, data numbered (7), where HLEVEL, RAD, CENTER, THICK,
ATPHA and NDIV are given in Figure B.2.

35. Subroutine RESMAS

1. Purpose
Calculates the overall mass matrix (step 6 of Figure L4.6).
2. Method

See sections 2.5, 3.3 and Appendices A.l and A.L, and also Section
B.L.1.

3. Error stops

The execution i1s terminated if the wvolume of an element is found to
be zero.

k. Miscellaneous

(a) This routine firstly calculates mass matrix of each element and
transfers to overall mass mabtrix in turn.

(b) If the volume of an element is found negative, then the order of
nodal points is changed so that the volume becomes positive and a message
is printed.

36. Subroutine HYDREM

1. Purpose

Calculates the hydrodynamic forces of the reservoir water and arranges
the hydrodynamic matrix (step 8 of Figure L4.6).

2. Method, argument list and data required

They are similar to S/R HYDNMC (No.20), except this routine can be
used not for the half of the dam but for the whole structure and the hydro-
dynamic forces calculated are not transferred to overall inertia matrix,
but the hydrodynamic arrays HX, HY and HZ are generated. The data required
in section B.k.lk, data numbered (8) and (9) are the same as given for
S/R HYDNMC (No.20).
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37. Subroutine VCTRD

1. Purpose

Reads the eigenvectors from the private magnetic tape where they
have been written (step 9 of Figure 4.6).

2. Magnetic tape

Private magnetic tape 23 must be supplied onto which the eigenvectors
are already written.

3. Miscellaneous

If the eigenvectors are read by means of another peripheral, this
routine and the magnetic tape are not necessary.

38. Subroutine GENMAS

1. Purpose

Calculates the generalized masses for each mode considered (step 10
of Figure L4.6).

2. Method
See section 4.4, equation (L.27).

39. Subroutine RECEPT

1. Purpose

Calculates the unit modal receptances of each mode considered (step 11
of Figure L.6).

2. Method
See sections 4.5 and 4.8, equation (4.95).

4O. Subroutine MDCYRC

1. Purpose

Calculates the modal response power spectral densities for each mode
considered in the case of earthquake wave velocity is finite (steps 16 and
17 of Figure L4.6).

2. Method

See sections 4.5 and 4.8, equation (4.97b).
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3. Other routines used

This routne calls subroutine DCYFRC.

i, Argument list

QA(MR,NP) takes the value of one of the three arrays BX, BY and BZ
according to the forcing direction.

41, Subroutine DCYFRC

1. Purpose

Calculstes the modal forces in the case of earthquake wave velocity
being Ffinite (step 16 of Figure k4.6).

2. Method
See sections 4.5 and 4.8, equation (L4.96b).

3. Argument list

F is the frequency, M is the mode number, P is used in S/R MDCYRC
internally and QA(MR,NP) is as given in S/R MDCYRC.

Lo, Subroutine MDFRCE

1. Purpose

Calculates the modal forces for each mode considered in the case of
earthquake wave velocity being infinite (step 19 of figure L.6).

2. Method

See sections 4.5 and L.8, equation (L.96a).

3. Argument list

QA(MR,NP) is as described in S/R MDCYRC (No.LO).

43. Subroutine MODRCP

1. Purpose

Calculates the modal response power spectral densities for each mode
considered in the case of earthquake wave velocity being infinite (step 20
of Figure L.6).

2. Method

See sections 4.5 and 4.8, equation (L.97a).
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Lk, Subroutine SPECTR

1. Purpose

Calculates the power spectral density of response (step 24 of
Figure L.6).

2. Method
See sections 4.5 and 4.8, equation (L4.98).

3. Argument list

N is the nodal point number where the response is calculated,
FA(NP,MR) takes the value of one of the three arrays FX, FY and FZ
according to the direction of the response component.

L5, Subroutine SIMPSN

1. Purpose

Calculates the area under a function (used at step 25 of Figure 4.6).
2. Method
Uses the very well known "Simpson Rule" for the area calculation.

46. Subroutine ASUMP

1. Purpose
Calculates the values used to simplify the Rice's general formula.
2. Method

See section 4.5.6, equations 4.69 and 4.T70. This routine is only
used to check the validity of the assumptions made in section 4.5.6 in
order to simplify the Rice's general formula.

I47. Subroutine MAGFAC

1. Purpose

Calculates the magnification factor and the mean maxima of responses
for several earthquake durations (step 25 of figure L.6).

2. Method

See section 4.5.7 and equation 4.90. The mean maxima of responses
are calculated for earthquake duration from 10 to 60 seconds.
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B.6 LISTINGS OF THE FORTRAN PROGRAMMES AND SUBROUTINES

In the following, firstly the main routines of the Tour programmes
described in Sections B.2, B.3 and B.4 are gven, then the listings of
the subroutines are given in the same order of Section B.5.

The main routines are :

(I) The programme for static analysis of arch dams
(given in section B.2).

(II-1)Assembly stage programme for calculating natural
frequencies and mode shapes (given in Section B.3).

(II-2)Analysis stage programme for calculating natural
frequencies and mode shapes (given in Section B.3).

(III) The programme for response calculation using random
vibration analysis methods (given in Section B.L).
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SFREN (M) C(M) )

HiMoDk L489Q=112//12H FREQUENCY=1F8.3,16H

5. (ILFX(I,M)sFy (I, My, FZCI, My, I=1,NP)
T (114,3F12.6)

o
da 2
.

—

j o]

DAMPING RAT

By,B7,F¥,FY,F7, ?% HX,HY,HZ, CMASG MRLINP,NCL )Y

GENMAS(BX,
Hi= (APS({T),1=1,Ng)
PO L0F86. 1y
CALL RECEPT (FREN+C,SFRsDELTA,MR,NS)
U0 1UL NConNT=1,NCP
RE 22 3,NC4 \Cb,CPS,VEL
£ T ,1F5.5 1F8, 1)
IF (NG 3,183,104
PF 401,402,403
CALL MDCYRC(GMASS,SPQ, SFR:APQ,G BX,CPS,VEL,NC4,MRsNP,NS,

G0 TU 107
\ MDCVRC (G

MASS,SPO,SFR,APS,G,BY,CPS,VEL,NC4,MR,NP, NS,

CALL
DELTA)
30 TO 1u7 ' 5
CALL MDCYRC(GMASSsSPQ,SFR,APS,G-,BZ,CPSsVEL,NC4»MR.NP, NS,
HelTad :
G0 TO 107
CALL MDFRCE (Bx,psMR,NP)
G0 TU 105
CALL MDFRCE (BY,psMRsNP)J
MOFRCE (B7,psMR,NP)
/ l’ftOBpCP (P;GMASS:SPQ,SFR;APSJCPS’MR:NS;NC""?)
CONTINYUE
D0 1U6 NCT=1,NCH
KEAD 23, nNC6&,N
FORMAT (27140
IF (NC6-2) 301,302,303
CALL SPECTR (F¥,sPQ,A»NsMR,NP,NS,NCS)
GO TO 304
CALL SPECTR (FY,8PQ,A,N,MR,NP,NS,NC6)

GO TU 304
CALL SPECTR
CONTINUE

(F7,3PQ, A> N, MR,NP,NS,NC6

(7)



61
60
58

1
i

1
2
S

1

D DR T

SIMPSN (AREALDELTA,ALNS)

IRTF(AREAD

9, AREA,STOMA

10HOVARIANCE=1F20,6,9H R.M.S.=21F20.6//)
’A\SUM;}{A}B)I,’ S ‘-}CL A’AR?“A A SQR?
MAGFAC (ARSNRT,SIGMA)

(1) _SUBROUTINE _ELEARZ

SUSROUTINE ELEARZ(NUME[ s NUMNP, NPI,NPJsNPK,NPL,ET,XUsRO4
KJRQ YupS&?GQQ %LGAB&YLQAD;ZLGADpUSX DSY D87,

NOD S NPMaKL, K2, KB, K4, K5, K6,ND, MDD

IMENSION NPT (¢ND),N PJCNQ)gNPK(ND}§¥PL(\D);E?(Nu): )

xJ(NDI,ROCENDY, XORD(MD)» YORD(MD) » 7ZORD (MDY, DSX{MD) ,DSY

(MD),DSZCMD), ¥LOAD(MDY s YLOAD(MD)» ZLOAD(MD ) , NOD (K1, K2, K3,

*(*‘éiw‘@l » ;

AD 41, ELMOD,POISON,UNIDOM

RMAT §3%1b 2)

D 7 <<pr<1,J>:j§1,x2>,leaKi)

R

j

=

,)U p=s JL e 1)

oy
2

NOKTA(NPI;NPJ,NPK,NPL,NPM,NOD,K1,K2,K3,ND)
-A-F?i 2

-

T OO

=S

VU e 03 TIZDYT 2

‘4
<N ,HPJ(N} NPRIND, NPL(N)

O Mmoo

A
f~+j,
76 Nzl ,NUME[
TIN)=E L_{‘igi)
5uiw}~?aibdv
Bo{N)=UNIDOM

i WV N
Pl

..m
L
‘:’) i

CALL CORDLD(XORD, YORD,7ZORD, XL,OAD, yLOAD.ZLDAD, NOD, Ki K2,K3,
MG

[F (K5) 93;53,54

READ 70, M

0o 55 I=1,K5
READ 56, XGRD(V)aYORD(M} ZORD (M) a XL.OAD (M), YLGAD(M),ZLOAD(V)

RUAT(4X, SF8 . 1, 3F12,13

A
F
1
7

<
.A.

=

AT S

YL O

IF (K6) 28,568,859

READ 70, M

g0 60 J=1,K6

READ 64, DSX(M3,DsY(My,DSZ(M)
FORMAT(4X,3F8, 4)

ﬁ—%+i

'NU ‘ (8)



[

gy =, Evarta il
(2) _SUBROUTINE _NOKTA

GROUTINE P,O(“\x,'{(NPA)NPJﬁ NPK,NPL&?\'PM;NGD:T(j,;KZyK:S;NU)
T ON ﬁpi(%E};NPJ(NQ)pNPK(ND):NPL(ND)’NPN(KE)KZ)J
(KL LKEZ,KED

R0 B U - AP O
UuoL dzlsKP
Ku=NpMOT, J)
UL K=l KN
SR

e
b
nd g
L e
»
o
st
i
=

.
[
P
[chgy &N
e

i

NE

KLARKL-1
KEh=Ke1

Ly I=1:,K1A
530, Jzl s KZ2A
ARAENPMOT, J) =1

>

>

e T TUON 1IN N
s
i

=

b

I

[RRY
}

s
3)

I
- g
e
s
=
2y
s

D D S S
I

»

T

- S

I

TR 4w

e

H
N
NPTINT=NOD(
NP AN 2=NOD
PR Ly =NOD(
MENTL
% (NI =NOD(
NP JUND =NOD(
NPK NI =NOD
NPOANT =NODY
nENFL
NPIOND=NOD(
NP JUUND=NOD(C
NPKENT=NOD
MELUNI=NODC
=N+

NP TAND ENODY
NEJUNI =NOD(I+1.Js KD
HPAONI=NOD (T, d*r12K)

NP OND ENOD I+, g+ L, K¥1)

NEN*L

i

sda KD

sJ+1 KD
*Ls s K)
s JA KT

[ T

PR

s JaKFL)
w1t KT
sl K)

s

ot fee ot Ferd

*’1;;}1;{*"1)
1, g+l K*1)
s U KTL)
+1s s KD

[ S

[

L, Jrl KD

TR SR "

5

NPTONI =NOD (T, Jd+1,K)
NEGINI=NOD(I+1, Js KD
NPKANT=NODC(T, JdrKT1)
MEPLUND =NODCI+L,J+1,K+1)
LU To 5
NN+
NPIANT=NOD(I,Jd*1sK)
NPJUNT=NOD T+, UL, K)
NPKUND =NOD (T, Js KD
NPLUND? =NODCT,J*1,K+1)

(9)



TANTENODCT s dK+1)
w3 OD(I+1, s K+17
TedvdsK+1)

1,dsK)

I+Ll,JsK)
TsJdsK)
DCIrls g+l )
JODCTI+1, K+ )

iaii*i’d*&:x*i)
00(CIsdr 1?&*1)
‘Ggil*iP}’K*i)
NOD(I+1,J+1,K)
(1,J5K)

jSm3=N03x;fJ+1sK*l)
eﬁii\):NOD<I+l,J+i,W3
AN ENOD(I+L, g K1)

‘CUNT ”Nba

TFANPMOT, U)=NEMOT+1s0))
pENPMUT,J)

NE Pz l+j+K
BTYPE=(-1 ) a*NEXP

v ANTYPE)Y 7.7.8
NENTL
FIANI=NODC(L,,U*v1 KD
Jin? ~qu(1+1 JsK)
NPRKUNI2NOD(IsJds K)
NPLAND = vun<;+1 JeK+1
MENE
REPIANI=NOD(T =1 s KD
EVJ(N)~%SD(I*11J+1;KJ
NPAONI=NODOT+L, KD
NFQKN):QGﬁ(E*lﬁd*ipK+1)
,j-é—i

NP TANI=NOD(T,Jd+1K)
%?dix}*XUU<L+l J*13K+1)
NPKANT=NODCT+L, JsK)
\yeiw>~\09<1+1 JsKe1)
LU To ¢

=N 1

NP ITONI =NDD( s Jdrls KD
NPUENT=2NOD(T+1, J*r1,K)
MELSUNT aNOD (T ,usK)
NPLANI =NOD (I+1,J*1l,K*+1)
NEN+1

AEQN}:NOD(E}J)K)

NP JUND ENODCI*L, gvl,K)

MPKONT =NODCI+L, Us KD
NPLAND =NOD(I+1,J,K+7)
NERD

NPTAINTENOD(TsJdsK)
NPUSNTENODCI*L, Uyl Ktl)
ﬁﬁ<€\3~voa<1+1,g+1 K>

6;2;2



[N

UZROUTINE NOKTBUNPINPJ,NPK,NPLeNPMaNOD KL, K2:K3,ND)
IMENSTON MPLONDY,NPI(ND),NPK(ND),NPLIND) ,NPM(KL, K27,

P
Lo
w3
e
[N
PN
™o
e
X
w
~—r

Do 2 I=LleK1A

DO 2 JRl:KEA
KNAZNPMCL,J)y=1

D0 5 K=1sKNA

NEXP=I*J*K
NTYPE=(=-1)#®aNEyp

IF (NTYPE) 3:3,4

N=N+1
NPT(N)=NODCT J, K
NPJON) ENUDST s Jwl,aK)
NPKINI=NODLT*1 s daK)

S NPLOY) ENODETs U, Kot )
N=N+1

NPT ONYSNODCT s wlak+1)
NPJIN)YENCDCT s JaKw1) 3
NPKONI=NUDOT*L,drl,K+ey
NPL(NDsNOD{T s ded, K)
N=N+1
NPI(N)YENODlTI*1,d,Kel)
NPUCN)ENODC T+, Jwd, Kod )
NEKONYENUDOT s da K1)
NPLON)aNODCT+1 . J,K)
NzN+1 .

NPTCOND) sNODCOT*1 w1 ,K)
NPJONY=NUDCT 1, 0aK)
NPRONIENOD (T, Jul,K) ,
NPLONY SNODC T 1, Jvd, Keg)
Nz N+ 1 ) A
NPICNYSNUDC T s dwdsK)
NPJONYENODCT*1,J.K)
NPKIN)YSNOD( T ada Kty )
NPLON) aNODS T+, Ul ,Ked)
Go TO 5

NEN+L

NPLOYIENUDLUT aUsdsK)
NPJCV}ZNOD§§+1JJ*15K)
NPKIN)ENUDCT 2 g.K)
NPLOY) aNODCTpJwd, K+1)
Nz N+
NPT(N)=NODCT d, Kty
NPJINYENOD %1, dak*1)
NPKONYaNODCT s wl s kel)
NPLUNYENDDCT S J. KD

N=N+1
NPION)ENODCTI+1, JsK)

NPJOYTENODTT 2 J. KD
NPKIN)ENUDE T+ Ul KD
NPLONI=NODOT+1, J,K+1)
N=N+1’ »
NPICN)=NOD(I*1,J+1,Kn1)
NPJCNIENUD T s unlak=1)
NPKIN)ENODCTI*1, K1)
NPLIN)eNODCI*L, Ui, K

. . ) TR ,<11)



\F

no

NI ENODOT s JuK)
a>~ﬁuai s e i+l
N sNO Cf*‘ J*iaKi
L(QF" GDEI* JaK+1)
hY

F (\éff{Z &})‘;NPM(I*:}.;&JE) 6,2,2
:g()\";(l,d}

Y%~“€~l7%*ﬁt%?
5% (NTYPE) 7,7,8
N=N+1 _
NPT =NODCT w1k
NRJONI=NODOI*1, JsK)
NPKON) =NODC T d, K
NRLON)ENODCOI*L s Jdakel
N=N+1
NETIN)=NUD T sgmlsK)
NEJON)ENUD T+, U1K
NPK(N)=NODUTI*1, J,K)
PLINI=ENODSIvL, Jrl, Ked)
NzN+1!
NPTON) =NODCT s JelaK)
NPJON)ENODCT*1, Uvl,Ket]
NPR N ENUDCI*1, J,K)
NPLINYENODCI*1,Js K1)
Go TO 2
NzN+L
NPT(NYENODO T JalsK)
NPJ(NIENODCT™L, U1, K)
NPKON)ENODOT 2 J,K)
wv (N)=NODCI*1,d+1,K»1) /
=N+ 1 ‘
SPZ(¥>:&QDCIeJaK)
NPJON)ENODCI* L, w1, K)
NPKIN)=NODCT*1 , JaK)
&?L<N)=MQD§I*1.JaK4i)
=N+1
wz<w>~‘ SHISIININS
NPJ(“>~¥JDiI*1 Jrly K+
NPAIN)ENODOI*L, Je1,K)
NPLINL=NOD (I *q , J,K+1)
CONTINUE
RETURN
END.

(4) _SUBROUTINE _CORDID

SUSHOUTIN: CORDLD(XORD, YORD, ZORD»XLOAD,YLOAD,ZLOAD, NOD KL, K2, K3,
1 Mol .
DIMENSION XORD(MD),YORD(MD),ZORD(MD),NOD(KL1,K2,K3)

1 +XLOAD(MD),YLOAD(MD),7LOAD(MD)

ij(} 1 K-«i:!(g
RizAD 5, HLEVEL,RAD,CENTER, THICK,ALPHA,NDIV, HLOAD, VLOAD

ORMAT (4FB8.1,1FB.3,114,2F12.1)
=THIUK/(K2-1)
FA=ALPHA®3,14159/18(0.0

Pl

=FA/NDIV — B
~ (22)




g

11

i

[R=

KAZKLI-NDIV

CNSal

BU 1 Jzl1,K2
% AD=NS#T

4

é

A

1 l=zKA,K1

51 Vr(?}

L

UntlisdsK)
?%u{i)~ﬁ*§N

YURU(N) =R#CS+UENTER

ZURLB(N)=HLEVEL

7 -1 3,354
CI=KLY 65757

LOADINDY=0,C

JAQ{N)ZHLOAD/Q-G
{K=1) 8,8,9

GQADINY=VLOAD/2. 0
I

!"' oy Y”" f"w Y

hd ) IN b B gt
o

s '?‘JL.UAJ/Q f‘;
GJ }m §
KLSAD(N}—HLOAU%SN
YLOADANIsHLCAU=CS
PR~ 4y 10,146,111
ZLOADUNY =V 0AD
Gu Tg 5
B?=¥ORB(N)~YORD<N-1>
REXOHRDINI=XORDIN=-1)
ué z IRDIN=1)=20RDIN)
LF (DY) 12,13,13 ‘
XY:DX*DX+DY%DY
ZLOADIN) ==HLOAD#*SQRTFIDXY)/DZ+VLOAD
GO To 5
DAY=DX#DA+pY#DY
ZLOADENI = HLOAD=®SQRTF(DXY)/DZ+VLOAD
GO To 5
XLOADONI =0, 0
YLOAD(NY=D,0 .
ZLOADIND=(, 0
FeF=rD-
CUNTINUE
ReTURN
END

ot

(5) _SUBROUTINE SINIR

OADUN) =HL_OAD/2.0#(YORD{N)=YORD(N=1))/(Z0ORD(N-1)~ ZORD(N>)

SUSROUTINE SINIR(NPE,NFIXsNODsNPM,KL,KZ,K3,K7,LD)

u%“thION NPBCLD) , NFIX(LD),NOD(KL,K2,K3),

UD LoWd=l.K2
KN=NPMOL, J)
pU 1 K=1lsKN
NEN+L

NF3UNI=NOD(L,JsK)

NPM(Kl:K2)

“(18)



L 2 1=2.K1
LU 2 d=lsKD
NENPMUTL LU
‘ai—é—l
NFPGUNT=NOD(Ts Js KND
pE IXEN) =0
DS JslaKY
ANAENPMIKL, Jl -1
GU S KRzl KNA
NPSUNT =NOD(KL, U, K)
S NEIXIN) =1
P {fﬂx} 494;5
50U 6 L=l1,K7
NENTL
KAl 7 NPBON)SNFIX(N)
FURMAT(Z214)
RETURN
=MD

e

o

PN

(6) _SUBROUTINE _MODSTE

SUBROUTINE MODSTF (NUMEL,NPI,NPJ:NPK,NPL,XORD,YDRD, ZDRD,RO ET,
1 XU,zL0AD,BTDB,A,S,LM,NP,R,ND,MD,1D,JD)
DIMENSION NPI(ND),NP}(ND) NPK(ND),VPL(ND)»XORD(MD),YORD(MDﬁ.
1 zoﬂu<wa>aRg<Nn>.ET(NQ)axu<ND>aBTDB(12 12)»%(12,12>,A<12 123,
2 LMC4),NP(MD, Jn) ,RE9, 1D, MDY, ZLOAD(MD) :
QDT*fLATION oF LoADc AND ELEMENT DIMENSIQONS
DO 200 N=LlaNUMEL
153 I=NPIL(N)
JENPJON)
K=NPK(N)
L=NPL{N)
AJ  =XQRDCJI=-yORD(I)
84 =YQRDOUI=YORD(D)
CJ =Z0RD(J) =70RDL D)
AK =XORD{KI=-%0RD( 1)
8K =YORD{K?~YORD( )
CK =Z0R0D(KI ~70RDCT D
AL =KORDELI=XORDCD)
8L =YORDS(L)=-YORDCI)
CL =ZQROCLI=70RD( D) . . .
SIXVOLE AJ%BReaL=AJ#Bl «CK+AK#BL#CJ=AK*B *CL+AL#B e CK~AL¥BK*EJ
[F (SIXyOL) 701,703,177 |
701 PRINT 711, N ,NPJE{N) ,NPK(N) '
711 FORMAT(12H. CLEM&NT NO. 414,31H INTERCHANGED NODAL!' POINT NO.S,214)
K=NPJIN)
J=NPKIN)
NPJINI=
NPK(N) =K
GO TO 159
703 PRINT 713, N
713 FORMAT(2L1HO0ZERD VOLUME, EL.NO.=114)
GO TQ EXIT
177 YOL=SIXvOL /6.0
PRINT 6 N sNpTEND, NPJIN)Y S NPKON) s NPLINY, VoL
6 FORMAT (26X, 514,1F25, 6)

14y



JREY
oo
L)

2002

fui

L‘Rdiﬁ)fé

=0k
(1)=ZLOAD¢IY-DL
DCJ)Y=ZLOADEJY=-DL
K)Y=zZLOAD(K)=-DL
L)y=ZLOAD(LY~DL

L]

o

\I‘

g

\. »{;»C.)C_,;(»J';J 1nowH

| v B O I s T S

b= = =R = v
mlmm

MA

T3y N PO
Co o

I

ﬁln(L;“Xb(N))ﬁﬁﬂﬁM
D2=XU(N)*COMM
D3=(0.5-XUIN))=COMM
Up 2004 J=1,12

po 2001 I=1,12
3TUB(I,J2=0.0
BTDR(Z,2)=01
BTDR(7,71=D1
8TDB(12,%2) =01
BT0B(2,72=02
8?“b(2:153*02
3

BTOB(12,2)=Dp2
BTDB(12,7)=D2
3?&8(593>”D3
BTUR(3,;6)=D3
BTDB(4,4)=D3
BTDB(4,10)=D3"
BTUB(6:3)=D3
BTDRL6,6)=D3
8?98(8;8?:03
TOB(B,11)=D3
8708(10 4)=p3d
sTDB(Tﬁ 10>—U3
TOB(11,8)=DS
5733(11 11)=03

foN OF aTIFrNE%q ARRAY
,ET(N}K(<1 +YUINIYuld, =2, #XUIN)) %36, #y0L)

A2l= 3J*“L BJ*CK+BK#CJ-RKeCL+BL¥CK-BL#CJ

A22=3K*CL=BL*CK
APZ=3L*CJ=BJU*cL
A24=3U%CK=-BK*C

A31=AU#CK=AJ*CUwAK#CL~aAK#CU*AL¥CU-AL®CK

AZ2=AL¥CK=AK¥*C]
A3S=AJRCL=AL®CY
AZ4=AR*CJ=AJ¥CK

AALl=AJ%BL=AJ¥Bk+AK%BJ= AK*BL*AL*BK AL#BY

Ad42=AK*BL~AL¥BK
A43=AL¥BJ=AJ*B]
Abb=AJ*BK=AK*B ]
DO 2002 J:l;lZ

Do 2002 I=%1,12
ACL, 00500
ACL,1)=140
A(5;2>;‘190
AC9,3)5140

ACE,2)EAlL
A(ngSQZAZl
AlS,1)mpS1
AC7,2)5A51
A(11.3)1=A3]
AC4d,1)=p4l
A<8;2>'§A41

ey



181

182

183

184

87
86

o

o

ALL2 353
AlZ2,4)
ALE, D)
£{10g6}~H22
ﬁ{Sﬁéj”ﬁﬁg
AU7,2)E452
AlLl1:,6)=2A32
AC4,4)=h42
AlB,5)5A42
A{Ll26)=h42
A(2,7)1=A23
AL{6,8)FAZ3
ACLG,9)=A23
A(3,715483
AC7,B8)5433
ACLL,9)=A33
A(4,7)=A43

N
"N D

P = 1

I £ IR

3
I3

3

§

1

CA(B,8)=A43

A(L12,97=A43
AlZ2,101=A24
AlG,112=A24
ACLG,12)=A24.
ACS,10)=A34
A(7,113=A34
A(L1,12)=A54.
AC4,101=A44
A(B,111=A44
A(LZ,12)5A44
DO 181 J=1,172
Do 481 1=1,172
SCL, R0 .
00 181 Ksil,1d
Sel, J)vSiI:J}+RTDB(I‘K)@A(K,J)
Do 182 Jrl,12
Do 182 1=1,1¢
dtUB(JII)~A(IlJ)
Do 183 J=1,179
UO L53 l" 312
ACT,Jy=sC1, 02
00 184 J=1,172

Do 184 1=1,12

S(1, 0050
DO 184 k= 1;12
b(i:QJ~S(IaJ)*BiDB(IaK)*A(K J)

WRITE TAPE 28, ((8(l.J¥sl=1,12),4J=1212)
Do 86 J=l,12:

Do 87 f:l,iQ' ,

SCI,J)=0e5%501,d)

CONTINUE

CLMELI NP

185

160
195

M(Z) NPJCN)
LM(3)=NPKIND
LV(4)— PL(N)
00 200 L=1,4
Do 200 M=1,4
LX=LM(LY

M¥=0

MXEMX+1

z; CNPEOLX MY ="M (M) 190 195,190
IF (NPLLX,MX)) 185,195,185
NPCLX, MY =LMiMy

(16)



fa

210

IF (ﬁxada> 195p702:702

PRINT 7125 (LX) _ ‘ ,
FORMAT (S1HOMORE N,.P. ADJACENT TO N.P» NO.114)
GO 1O EXIT ~ ;

ROL,MXa LXYEREL MY, LX) g (B# =2, 3%M~2)
RO2,MX LAY SR, MY, LX) +8 (3% =2,3%M=1)
ROE, M LX) =R, MY, LX) ea(Bs=2,3%M)
Q(4;%X5LX>=%(4,MX,LX};§(3%Lvi,3*M"2)
ROS,MX LAY ER(5, MY, LX) #g (3% =1, 3%M-1)
ROO,MXGLXISREG, MY, [ X)e5 (3L w1, 3%M)
RO7oMXaLXISRET MY, LX)+ (3] ,35M~2)
ROB,MXa LX) =R, MY, LX) wg (B, 3%M=1)
ROI,MXsLXIIREG, MY, LX) (3%, 3%M)
RETURN '

END

™

(7) _SUBROUTINE INVNPZ

SUBROUTINE INVNPZ2(NUMNP,R,MD,ID)

DIMENSION R(9-1D.MD)

INVERSION nF NODAL POINT STIFFNESS

DO 210 M=1,NUMNP '
CO%M:R(l:i;M)*Rfﬁzi;M)%Rig:irM)*R(4;1»M)*R(8;11M)*R(3)1:M)*
1 RO7,5,M)#R(2,4,M)%R{E6,1,M)-R(3, 4, M)#R(5,1,M)*R(7,1,M)~
2 RIL,L,M)#R(8,1,M)#R(6,1sM)=R(4,1,M)*R(2,1,M)*R(9,1,M)"
S1L5( R(5,14,M)#R(9,1sM)=R(B8,1,M)*R(6,1,M))/CoMM
S125("R(2,1, MI#R(9,1sMY+R(B8,1,MI*R(3,1,M))/COMM

$13=( R(2,1,MI#R(6,1sM)=R(5,1,MY*R(3,1,M))/COMM
S2:5("R(4,1,MI#R(9,1sM)+R(7,1,MI*¥R(6,1,M))/COMM

S225( R{1,1,MI#R(9,1,M)~R(7,1,M¥*R(3,1,M))/COMM
S23=(~R(L,1,MI#R(6,1,M)+R(4,1,MY*R(3,1,M))/COMM

SSL=( R(4,1,M)#R(8,1,M)=R(7,1,M)*R(5,1,M))/COMM
SS2=(~"R(1,1,M)*R(8,1,M)+%R(7,1,MI*¥R(2,1,M))/COMM

S337( R(1,1,M)#R(5,1,M)~R(4,1,M)*R(2,1,M))/COMM
R{ls1-M)=811

R(E:lsM):SlQ

R{3,1,M)=25813

Ri4:.1,M)=821

R{5,1.M)=822

R{6,1-M)=523

R{7512M)=5831

R{B,1,M)=532

R{9,1-,M)=833

RETURN

END

(8) _SUBROUTINE BQUND2

SUBROUTINE BOUND2(NUMBC,NPB,NFIX»NP,R,LD,MD,1D,JD)
DIMENSION NPBCLDILNFIXCIDB)Y,NP(MD»JD),R(9,IDsMD) ‘
MODIFICATION OF BOUNDARY FLEXIBILITIES

DO 240 L=1,NUMBC

MENPBL)
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IF (NFIX(Ly=1) 225,220,215

15 IFANFIX(LY=3) 230,235,240

220 RU5,1sM)=R(5,1,M)=R(4,1,M)#R(2,1,M)/R(1,1,M)
RUG21+M)ER(6s L, M) =R(4,1,MI*R(3,1,M)/R(L,1,M)
R{i‘}aii'M}3.53(8’1:M)"R(7,1,M)“R(2t19M)/R(l;lIM)
ROy 1eM)=R(9,1,MI=R(7,14,M)#R(3,1-,M)/R(1,1,M)
RU4,12M)20,0
RiZ2r1eM3=0,0
RE3,1:.M)20.0
R{4,1,MY20,0
RO7,1+M3=20,0

. GO 70 24¢0 '

230 R<1?11M)SR(illsM)'R(zﬁipM)*R(4’1!M)/R(5’1’M)
RE3,4-M)=R(I,1,M)=R(2,1,M)*R(6,1-M)/R(5,1,M)
R{Z7:1sM)=R(7,1,M)=R(B,4,M)#R(4,1,M)/R(5,1,M)
RE9:1,M)=R(9,1,M)=R(B,1,MI*R(6,1, M)/R(5:10M)
R{2,1,M)=20,0
R{4,15sM)=0 Q
?(5;13M}30,0
R{6,1-M)=0,0
‘R(S:1SM>:0.0
GO Tg 240

235 RUL,1sMIER(L,1,M)=R(3,1,MI*R(7,4, M) /R(9,1, M)
R{EZ2,1,M)=R(2,1,M)=R(3,1,M)*R(8,1,M)/R(9,1,M)
RU4,1sMIZR(4,1,M)=R(6, 1, M) ¥R(7,1,M)/R(9,1,M)
R{5,1sM)=R(5,1,M)=R(6,1,M)%R(8,1,M)/R(9,1,M)

- (0 Tgo 236

7225 Qii»i:M?*O
R(2,1,M)=
R(é:LrM)-G
R(531:M}

236 H(¢;19M3—3.
R{é?}.’M} lo
ﬁ(7:i:M}*@.C

BrleMizl,0
R(g:i:M)"0.0

240 CUNTINUE
RETURN
END

Lo o §

s & 8 @

CO Y OO O D

(9) _SUBROUTINE _ITERAZ

SUBROUTINE ITERA2 (SUM,NUMNP,NAP,XLOAD,YLOAD,ZLOAD,DSX,DSY,DSZ,
1 NRsRsXFAC,MD»ID»JD)

DIMENSION NAP(MD),XLOAD(MD),YLOAD{MD),ZLOAD(MD), DSX(MD),DSY(MD)»
1'DSZ2{(MD)YsNRP(MD»JUD)YLR(9,1D, MDY

ITERATION oN NODAL POINT DISPLACEMENTS

DO 290 M=1,NUMNP

NUMENAP (M)

o IF (RGL,1,MI+R(B,1,M)I+R(9,1,M)) 275,290,275
275 FRA=XLOAD(M)

FRY=YLOAD(M)
FRZEZLOADGM)

(18)



285

290

DU 280 L=2,NUM
N=NPM, L)

C FRXEFRX=R(4,LsM)*DSX{N)~RC2,L,M)*DSY(N)~R(3,1,M)*DS7Z(N)
FRYSFRY=R(4,L,My*DSXIN)=R(5,L, M)*DQY(N)°R(6:L M)#pSZ(N)
rkz FRZ=R(7,LsMY®DSX(NY=R(B, L, M)*DSY(N)'R(9»L,M)&Dsy(N)
DXER(L, 1, MI*FRX*R(2,1,M)*FRY+R(Z,1,M)*#FRZ~DSX (M) :
DY=R(4,1,M)#FRX+R(5,1,M)*FRY+R(6,1,M)*FRZ=DSY(M)
DZ:R{7;1;M>%FRX+R(8,1,M)*FRY+R(9:1:M)*FRZ‘DSZ‘M)
DSX{M)=DSX(M)+XFAC*DX :

- DSYIMI=DSY(M)+XFAC*DY
DSZ(M)=DSZ(MI+XFAC#DZ
IF (NPU(M,1)) 285,290,285
SUM= 9UM+A85F(DX/R(1, s, M) 1 *ABSF(DY/R(5,1, M>>+ABSF<DZ/R<9 1.m))

CONTINUE -
RETURN
END

(10) _SUBROUTINE REACTZ

whe

SUBRSUTLNC REAET2 (NUMEL,NUMNP,NPI,NPJ,NBK,NPL,DSX,D5Y, DSZ;

1 XLOAD,YLOAD,ZL'OAD,S,1 M.ND,MD,

500

167
166

165

510

2 R,ID,NQD,NPM,K1,Kp,K3Z)

DIMENSION NPI(ND) NPJ¢ND),NPK(ND), NPL(ND),DSX(MD),DSY(MD), DSZ(MD?:
1 XLOAD(HU)aYLOAD(MD)a7iOAD(MD);S(12;12),Lm(4)

DIMENSION RC9,ID,MD) ,NODCKLK2,K3) , NPM(K1,K2)»LN(B)
PRINT 500 | "
FORMAT (1H1) -

REWIND 23 | B o Q
REWIND 24

Do 165 M=1sNUMNP

DO 156 L=1,8

DO 167 K=1.:3

RIK,LaM)S040

CONTINUE.

CONTINUE:
DO 510 M=1,NUMNP

XLOAD(MY=0,0

YLOAD(MY=0,0

ZLOAD(MY=(,0

CONTINUE

LO 999 NEONT=1,2 |

i&éa TAPE 24, (NPT(N).NPJIN),NPKCN),NPLAND, N=1, NUMEL}
KiA=K1wl" |

Keh=K2=1

DO 1 I=1l:K1A

DO 2 J=1:K24A

NA=NPM(],J)
DO 3 KslsKNA

IF (K-KNA) 15,025,258

CIF (NPMOL,J)sNPMOTel,d)) 45,2,2
45

MLP=3
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pr
N

540

503

504

N2
LG4
GO
%LP:5

N{2)=NQU (T, J,K+1)
*(4;~mud<1 J*i,K+1)

L?(i;~Now(i JiK)

NC3)Y=NgD (], Jded,K)

La<5>~m09<i+i Ja KD

LNCEY=NOD(T+4, J, Ke1)

LNC7)=NOD T+, gwl, K)

LNCB)=NoD( T+, jvd, k+1)

00 4 KLM=1:MLP

N=N+1 ‘ ' :

READ ?APE 234 k(s(IJaJI)»IJFi’lz):Jrglp12>M
LML) =NP LN ‘ ' ’ :
LM(2i=NPJIN)

LHE3)=NPKIN)

LM(4)=NPLIN)

DO 530 M=1.4

MX LMOM)

ORrCE=(0.

YFUﬁvt 0o
ZFORCE=0 s
Do 540 L=
Lx=LM(L) = . ,
XFORCE=XFORCE+G(3uM~2, 3% L ~2)#DSX (LX) +5(3eM=2:34_~1)#DSY(LX)
1 +5(3#M-2,3%L)aDS7(LX)

YFORCE= YFORLE+g(2%H— L 38 =) #DSX (LX) *S(3uM=q,3% = 1)*DSY(LX)
1 +S(3#M-1,3=L)=DS7 (LX) o o '
IFORCE=ZFORCE+S(3aM, 3 m2)#DSX(LX)eS(34M,3#_=1)aDSY (LX)
1 +S(3xM, 3% )#pQZ (L %)

CONTINUE: , -

ALOAUCMYX ) =XLOAD(MY) *XFARCE*0,5
YLOAD(MX2=YLOAD(MY)+YFARCE#0.5
ZLOAD(MX)=ZLLOAR(MY)Y+ZFARCE*0,5

NO=1

IF (LNS VU)”MX) 6,556

NO=NO~+1

Go T0 7 ,
CROL,NOsMXYERELLNO, MX) »¥FORCE®0.5

R(2,NOsMX)=R(2,NO, MX )+ YFORCE*) .5

ROS,NOaMX)YERCZ, NO, MX ) w7F ORCE#0 42

CONTINUE:

CONTINUE
- CONTINUE

CONTINUE
" CONTINUE

CONTINUE

PRINT 203 B o . ,
FORMAT(S/HLNODAL POINT X~REACTION Y-REACTION "Z-REACTIO
iN)

PRINT 504, (M,%LOADCM),YLOAD(M)»ZLOAD(M) ,M=1, NUMNP)
FORMAT(1112,3F45,1)

RETURN

I N

-
[S IR

[ 1

0
0
35

Y"' Y‘

0
0
0
1:4

CEND -
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(11) _SUBROUTINE _FORCE

DL5R QUTINE FORGCE  (NUMNP.R,ID,MD)
INSTON R(9,§D,MD)
JO i 121238
PRINT 2
ruR AT (1HL)
DD 3 M=1sNUMNP
UPWARD=RCTIs2eMI+R(T 4, MI*R(T,62M)+R(148,M)
DOWNWD=RCI;1aM)#R(T 3, MI*R(T,5,M)+RCT,7,M)

TFORMWRD= RUIIBAMI*R(T 4, MI*ROT,7aMI+RET L8, M)

P(N

41

52
70

75
51

76

54

56
59
53

BACKWD=RCI 1M +R(T, 2, M)I*R(I B MI+R(T,6,M)

FlLzFTH= RCI:DpM)*?<I;6 MI®R(1,7,MI+R{L,6,M)
FRIGHTRREI 1 aMYI#R( 1,2, MI+R(1,3.M+R(I,4,M)

PRINT 4, TaMs U?NARD,DONNND FORWRD.BACKND»FLEPTN FRIGHT .
ORMAT. (IZaIG 6F12,1)

CONTINUE

CONTINUE:

RETURN

END.

(12) _SUBROUTINE _ELEARM

SUBRQUTINE ELEARM(NEsNP,NGE,G,ETsXU,ROsNOD,NPMsK1,K2,K3,K4,K2)
DIMENSION NGE(NE»4),G(NP,»3)ET(NE), XU(NE),RO(NE), NOD(KlyKZ’K3>v
1L ONPM(KL,K2) o

READ 41, ELMOD, POISON:UNIDOM

FORMAT(3F15.5)

READ /7, ((NPMCI,J),Jd= L.K2),I 1,K1)

FORMAT (20149

UALL NOKTAMINGE,NPM,NDOD,K1,K2,K3sNE)

IF (K4) 51,5%1,52 ‘

Rehil /0, N

FUrMAT(114)

DO /% I1=1,x4

REALD 9, (NGE(N,p)sL=1,4)

FORMAT(4X,414) :

NEN+1

pl /6 N=1,NE

ETENI=ELMOD

XKULNIZPQOISON

RUCN)Y=UNIDOM

CALL CORDLM(GNOD,K1L2K2, K3,NP)

IF (KD) 53,53554

READ /u; M

pag 25 131;K5

READ 26, (g{M,L),L=z1:,3)
rU?MAT(4X,3F8 3y

B MY
HFTURN
END




NOKTAM

(13) _SUBROUTINE

ou
N

—

MEMRL
NODET»d, KD =M
CUNTINUE

N=§

KLA=K1~-1

K2A=KZ~1

DO £ I=1,K1A

DU 2 Js1l,K2A
KNASNPMOT, ) -1

DO 2 Kz=i,KNA

NEXP=1+J+K
NTYPES(=1)##NEXP

IF (NTYPE) 3,3,4

NEN*1

L(Nll)=NOD(11J:K)
LEN222=NOD(T,J+15K)
LEN23)=NODCI*15 UrK)
LENs4) =NOD(IsJsK+1)
N=N*1 :
LANS17=NOD(Ll,Jd+1,K+1)
LAN22)=N0ODC(IsJdrK*1)
LiNa3)=NOD(I+1, vl K*+1)
LE{N»4) =NODC(I,J+1aK)
NaN+T1
LANs21)=NOD(I+1,J,K+1)
LEN»27=NOD(I+1,J*1,K*+1)
LANs 3I=NOD(IsJoK+1)
LEN24) =NOD(I*1, oK)
NEN+, o
L(N?1)=NOD(I+1:J+1:K)w
LAN»27=NOD(I*1,UrK)
LANs»3)=NOD(1sJ+1sK)
LEMs4) =NOD(I+1, gvl,K+1)
NEN+L
LANs1)=NOD(I,J+15K)

S LAN2)=NOD(I*1, JsK)
LUNs3)=NOD(IsJsK+1)
L(§D4)=NOD<I*1)J*1JK*1)
GO To 5

NEN+L
LAN2L)=NOD(IsJ+1l:K)
LN, 21=NOD(I+1,J+1,K)
L{N03)=NOD(I:J,K)

LEN,42=NODCT, v, Ke1)

INE NOKTAM(L,NPM,NOD,K1sK2,K3,NE)
ON L(NE,4),NPM(K1,K2),NOD(KL,K2,K3)
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LIN221?=NOD(I*1,J*1,K*1)

N=EN+1

LN L)=NOD(IsdsK™T1)
LAN»27=NODCI*L, gsk+1)
LiN23I=NODCT Jdv1,K+1)
LiN.4)=NODCT,Jd,K)
NEN®1
Lid,17=NODCI+1,dsK)
LiN220=NOD(TsJdsK)
LEMNs3)=NOD(I*1, U+l ,K)
LOMN 42 =NOD(I+1,J,K+1)
N=N+L

L{§32)=NOD(IVJ*1tK*1)
LEN2 3 =NODCI+1, JoK+1)
LeMs4)=NOD(I+1,J+1,K)
NEN+1 '
LEN222=NOD(I»JsK)
LENs2)=NOD(I,Jd+1sK+1)
LENp3)=NOD(I*1,y*+1,K)
LONs4) =NOD(I+1,J,K+1)
CONTINUE “

¥ ngM(I;J)‘NPM(I*11J>) 6,2,2

KeNPMUT, )
NEXP=zl+J=K
NTYPE=(~1)s=NEXP

1F (NTYPE) 7:7:8
N=N*1
LAN2L7=NODC(IsJd+1sK)
LANS 27 =NOD( I+, 40K
LiN,3)=NOD(I,J,K)

LAN,4)=NOD(I+1,JsK+1)

o

NEN*L
LENPL)=NOD(I,Jd+1,K)
LANs22=NOD(I+1,J*1,K) -
LANZS)=NOD( I+, JrK)
LN, 4 =NOD(I+1,U+1,K*1)
N=N+1 & 7
LANeL)=NOD(IsJd+lsK)
L5N;23=NOD(I*1,J*1;K*1)
LINs3I=NOD(I+1,J,K)
LN24)=NOD(I+1, JsK+1)
GO To 2

NEN*T
LAN217=NOD(1,J+1,K)
LENs2)=NOD(I+1l,J+1,K)
LEN237=NODC(I,JsK)
LENP4)=NOD(I+1, y*1,K*1)
NEN+1

L(NJl}zNOD(I:J’K>
LENs22=NOD(I+1, g¥1,K)
LEN3)=NODCI+1,5 s KD
Li{N24)=NOD(I+1, JoK+1?
NEN+1L

LIN>12=NOD(I,JsK)
LEH»22=NOD(I+1,gvd,K+1)
LNa3)=NOD(I+1,g+1,K)
L{N24)=NOD(CI+1,J,K+1)
CONTINUE

RETURN

END




(14) _SUBROUTINE _NOKTBM

SUJRAOUTINE NUKTBM(L:NPMsNOD,K1,K2,K3,NE)
DIMENSION L(NE,4) ,NPM({Kk1,K2),NOD(KL,KZ,K3)
N=z0 .

K1A=K1"1

K2A=K2-1

Do 2 I=1:K1A

o 2 J=s1:K2A
KNA=NPM(L,Jd)~1

0o 5 K=1:KNA

NEAP=I*+JTK
NTYPE=(=L1)#*=NEYP

IF (NTYPE) 3,3,4

N=N+1

LON,LI)ENODCTaJ,KY
LINs2)=NODCT s Jwl,K)
L(MJS)ZNUD(I+1:JIK)
L(ﬂ:Q):NOD(IﬁJJK*l)
N=N+1, .
LINL,T)=ENOD(T e Ul , k1)
L(ﬁ;2>=NOD(Itd;K*1) L.
LON,S)=NUDCT*L, Jwl, Kmq)
L(N,4)=NOD(T»Jwl,K)
NN+

LN, L)=NODCOTI*1, UsK=+1)
LON,2)=NODCI*1,J*1,Keq)
LN, S)ENODCTI s JsKm)
L(N,4)=NOD(I*1,J.K)
Nzn+ L

LIN,L)sNODCI*1, Jw1,K)
LN, 2)=N0DCI*1, J,K)
LIN,S)=NODC(T s Jwl,KY
LON,4)ENODCT*L, Jvl, Kug)
N=zN+1,
LON,L)=NODCTa gl K
LON,2)=NODCTI*L, J,K)
LN, &) =NODCT,J, K1)
LN, 4)SNODCI*1, Jvl, K»1)
Go TO 5

N=pN+1

LN, 3)=NODCT s Jud,K)
LON,2)=NODCI*1, w1, K)
L(NJS):NGD(I‘J’K)
LIN,4)=NOD(Tsymdskel)
N=N+1

LN, L)=NODCT s U, K1)
LIN,2)=sNODCI*,JaK+1)
LA, 3)=NODCT e Jad, Kel)
LIM,4)=NODCTsJ,K)

N=f+1

LN, L)ENODCT*1, JsK)
LIN,2)=NOD(Tsd,K)

LN, 3)=NODCI*1, g1, K)
LON,4)=NODCT*1, JoKwl)
N:N*&
LON,L)SNODCTI*L, g+, Keg)
LIN,2)=NODCT s J+d, K+
LN, ) =NODCT*1, JaKwl)
LN, 4)=NODCI+L, w1, K)
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%:¥+

LGN, L)=ENODCT s g,k
L,( srﬁ)::\}UD(I‘J‘*j.}K*:L)
LN, 3)=NODCT*+, Jwe1, KD
LN, 4)=NUDCT*L, JaKke1)
CONTINUE

IF (HPMCT,J)=NPMEI=1l,43) 6,2,2
K=NPMCL,Jd)
NEXP=1+J¥YK .
NTYPE=(-1)#aNEYP
[F (NTYPE) 7.7,8
Nzn+14
LN, 1) =NODCTagwl,K)
LN, 2)=NUDCI*1,J,K)
LIN,$I=NODCTs g, K)
LN, 4)=NODCI*1, U, Kwd)
Nzi+1
LN, L) =NUDCT e gad, KD
LIN,2)=NODCI*1, Umd, KD

LN, =ENODCT+L, Uy K)

LN, 4)=NODCI*, St , Kt
N:N+1

LON,1)=NODCT s et K) :
LIN,Z2)=NODCTI* L, Jri, Kegy
L(N»3)=NODCI*1,d,K)
LIN»42=NODCI*1, J,Kel)
GO TU 2

N=N+1

LN, L)=NODCT o dwl,K)
LIN,2)=NODCI+1,J+1,K)
LN, 3)=NOD(Tsg,K)

LN, 4)~NUD<I*1 Jrl, Kedy
N=N+1.

LINsLY=NODCTs J,K)
L(N,2)=NODCTI*1, Jwd,KY
LIN»SY=NODCI*1,J.K)
L(N:%)zNOD(I*i’J:K*l)
N=N+1

LIN,L)Y=NODCT S J, KD
LONS2)SNODCT+L, Jwl, Keid
LIN,S)=NOD(I*1,  w1,K) ‘ v
L(N,4)=NOD(]*, J.K*ib

2 CONTINUE

RETURN

END

(15) _SUBROUTINE CORDIM

SUBROUTINE CORDLM(G,NOD,K1,K2,K3,NP)

- DIMENSION G(NP,3),NOD(K1,K2,K3)
DO 1 K=1,K3

e eSSy

READ 2, HLEVEL,RAD, CENTER, THICK, ALPHA NDIV

FORMAT(5F8,3,114)
TETHICK/(K2=1)

FAZA| PHA%3, 1415971800
FU=FA/NDIVY

KASKL=NDIV

—(as




N

NGzl
pu 1 J:i,K2

R=RAD-NS*T

NSENgTL

F=FA

DO 1 l=KA,K1
NENODCT S JsK)

GENs 1) =R*SINF(F)
GUN»2)=R*COSF(F)+CENTER
G(Ns3)=HLEVEL

FEE=FU :

CONTINUE

RETURN

ENB -

(16) _SUBROUTINE _DINNP

SUSROUTINE DIMNP(NSUB,NPN,NMAX,NPP)
DIMENSTION NSUB(NMAX,Z),NPN(NPP)
NPRPI=NpPp-1

DU 1 l=1i,NpPl
NSUB(o#T=1,1)=8%NPNC])
NSUBLORTI=1.2)=3%xNPN(I+1)
NSJB(O# [, 1y=3*NPN(T+1) /
NSUB (o] ,2y=3%NPN(T)

CUNTINUE

UU ¢ l=zlsNpP

NSUB (9% 1=2,1)=3*NPN (1)
NSUB(8%1=2 2)=3%NPN(T)

CUNTINyE T

RETURN

END

(17) _SUBROUTINE CLEAR

SUSROUTINE CLEAR(DM,NNN,MMAX)
DIMENSTON pMONNNsNNNsMMAX)

DU 1 K=1,MmAX

ou 4 I:iJNNN

pu 4 Jz1sNyN

DMQ13J1K>=Q-§

RETURN

END
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(18) _SUBROUTINE STIFF

§

UTINE STIFF (NGE,G,SsA,BTORLET, XUs VOL,NELNP,N)
bl SION NGE(NE, 4 ,GINP»3),8(12,12),A012,12),BTpR(1Z, 12),
I k7 h);ﬂb(wt);VOL(RE)
12 MizNGEON,LY
No=NGE (Ns2)
NIRZNGE (NS 3)
NL=NGE(N, 43
Adza{Ny,1)=G(NT,1)
gz uan,a>-utm;,2)
CJuzG{Ng, 81 .G(NI,3)
ARZU(NK,L)=GINL, 1)
BER=G(NKs2) =GIN[,2)
CrR=u({NK,3).G(NT,3)
ALSU(NL, 1) -GINT, 1)
BLEUINL,2)wG(NT,2)
CLEG(NL,S8)-GB(NT,%
VULINI = (AJuBR*U —A %HL*FK+AK%BL*LJ AK*BJ*CL*AL*BJ*CK AL*BK*CJ)/@
Ir Ayup(Nyy 19, 19,1
13 FRINT /711l,n»NJsNK
NA=NGEIN, 2)
NJENGE(N,3)
NunmineZ)= N.j
Nb:ﬁwzo)—NK
- GU Tp 12
14  PRINT 71d,N
GU TO BXIT )
18 CPRINT 6, NeNTsNJ, NK,NL,VOLON)
CUMM=ET(N) ({1, +XU(M))*(1.-2 #XUINIY#®IO6 . #VOL(NY)
DLl=lle=XU(NII*COMM
ez AU(V)*LOM”
DOzl 0es=XU(N) I *#COMM
WU 2001 J=q,12 »
pU 2pUy I=q,42
2001 STus(l, J)~C°;
BTubd(/,7)=nl
BTug(iz,i12y=D1
TUg(<,12) 02
BTOB(/,2)=p2
BTUB(/,12) 202
BTus{Llz,2)=D¢
sTus(le, /) =D2
gTpg(S,3=n3 ' s
BTuB(v,6i=pnd ,

U

o

\}

i
b iy
tN

BTUB(4,4)=n3 ,
8TUB(4,17) D3 e
BIDB(0,3)=p% ' :
BTUB(0,6)=n3
BTUB(E,8)=nd
BTUB(S,11) D38
BTUB(L0,4) D3
uTQd{LV,id)—JJ
BTUB(11,8)=D3%
BTOB(41,11y2D3

 (e27)




181

182

Atz JdeCl- }%LH*BK%LJ Br#¥CL+BL*CK~BL *CuJ
VLAl w 0L QL%LK
AZbSenl«CJ-pJ*lL

,A54=ﬁerﬂ i)

AS1EAJ#CK~A *CL+ AR CL-AK¥C U+ ALY CJ~AL*CK
ASZE Al CK=pK %0
AOSEAJECL=aL*C
ASGTAR®C U= 4 J*CK

A4LEAJ# R~ A *BR+AKSRI=AKFBL+AL*RK~AL¥BY

A4 AR BL=-aL*BK
AGSTAL#BI-AJH*BL
A4AEAJHRK~AK*B
DU 2002 us1,12

TpU g0l = 1:i2

e v B )

Aﬁ;ﬂ, "é21
ALl =AS
AL/ s202h581
AVLL,9)=A8
Al4,1)=A41
ACBrZl=zA41
ALLE, S =441
AVZsG)=pL2
ALl zpe?
AVLU,0)=A22
ﬁ(§a45:A02
AL/, 51 =787 . 7
AVLL,0)=Adp '
Abd4,4) =747
ALBs5)zA4?
A(lz,0)=A42’
Alds71=Ad3
ALOa87=2A23
A(lg)y):ﬁZS
ALGs70=zA8S

AL sBI=zAS8S
A‘ll)9)=A33
Al4s7)=A43
AlB,8)=A43
AllZ,9)=A4%
AbtZs1Ul=h2g
AloediliznZa
AVLU,LZ2)=424
Atss1Ul=A%4
AV7314)=A3s
Aill)la):A34
Al4,1U0i=A44
A(5;11)2ﬁ44
A£1Z512)3A44
pu Lsi og=1,12
DU Ll 1=1,12
S‘L#J)=S-

pu isd g=1,12
Sﬁiad)=3§1,J)*BTDB(I3K){A(K;J)
pu lsd g=1,1¢
DO 18d 1=1,1¢
STDH (I, 12415 0) (28)




183

i84’

711
7198

11

12

FURIAT
FURMAT (12K ELEMENT
FURMAT(2LHnZERO VOLU
RizTURN
END

GU 188 g=1,1d
DU L3¢ 1=1,12
40102801, J2
UU Les g=1,1¢
Ul 4s4 I=1,14
Sl Jlz=0.

UU 184 K=1,1¢
STl =8 01, ) +8TUB (T K)#A(K, J)
(56y,514,1F25+6)
NO.114‘31H
MF, EL.NO.

SUSROUTINE CONMAS
DIMENSTON (12,12) ,VOL(NE),RO(NE)

TMASS=VOL(n) #RO(N)

Cl=U,L1#TMAGS
€2z, Uo®TMaSS

,QU 11 J=1;12

319 ll 131)12
Cvlsdl=0.0
pU~Leg I=1,42
Cllseli=C1
ClLsd =02
Cli.7 J=C2
Clla1Ud=C2
LClezss =02
Clesg =02
Clerili=02
Cidsn. 1=02
Cides9 1=C7
Cl3,12)=C2
Cids1 1=02
Ctéa,7 )=0C2
Clas1Uy=C2
Cloez J1=C2
Clos8 1=C2
Ceos11)=02
Clos8 1=(02
Clo,9 1=02
Clbr1e)=(2
Ci/7s1 1=(02
Ci/s4 J=02
Cl/7+4U)=02
Ci8s2 =02
CiBsen )=(2
LiBs1l)=02
CKQ’Sf)=C2
Cids6 =02
Ti9,18)r202°
ci1l,1)=C2
Clii,4)=C2
Cixl,7)=C2
ci1l,<)r=C2
C(l%:b):C2

s

INTERCHANGED NODAL POINT NO.S.214)
=1 ‘ o

(19) _SUBROUTINE _CONMAS

(CsVOLsRO,NESN)

(29)

e

i

S T 3

[P ———

-,




21
111

10
11

112

S ULl m)sue
Clid,or=02
Ciid,0)r=02
Cli1e,v)r=02
HETURN
ENp

s . i S e e e i

(20) _SUBROUTINE__HYDNNC ;

SUBROUTINE HYDNMC(A»,NSUB,G,NPN,NOD, NNN, MMAX, NP, NPP,K1,K2,K3,NPH)
DIMENSION ACNNN,N NN:MMAX),NSUB(MMAX;Q’ G(NP,3),NPN(NPP), )
INOD(K1,K2,K3),HYDNC(40) : N
EVALUATION OF HYDRODYNAMIg LOApPS : o

Np=T

FORMAT (16F5.3)

PRINT 111

FORMAT (1H1)

Da i K=1;K3

READ 2, ALPHA,ALOAD,NDIV

FORMAT (1FB8.3,4F12.3,114)

FA=ALPHA*3.,14159/180.0

FD=FA/NDIV
CKA=KL1-NDIV

FEFA

DO 1 1=KA,KL ‘ .
NENOD(T,1,K) : ‘ ;L C o -
SN=SINF(F)

CS=COSF(F)

NEY=NW+1

HLOA D= ALOAD*HYDNC(NW)

I (1-K1) 6,7,7

YLOAD=HLOAD/2. 0

[F (K~1) 8,8,9

ZLUAD=0,0

Gg 70 5
" ZLOAD=ABSF(HLOAD/2.0%¢(G(N,2)~G(N=1,2))/(G(N-1, 3)~ (N, 3))3
GO TO 5

XLOAD=ABSF(HLOAD®*SN)

YLOAD=ABSF(HLOAD*CS?

I (K-1) 10,10,11

LuOAD 0o 0

G3 70 5

DX=G(N»1)=G(N=1s1)

U\,{’*W(NyZ)"G(N 1,2)

D77 IN,3)~G(N=1,3)

DxY=Dx#DXx+DY*Dy

ZLOAD=ABSF(HLOAD#SQRTF(DxY)/DZ)

FEF=-FD

PRINT112,ALPHA,ALOAD,NDIV,N,NW ., HYDNC(NW)»FsSN,CS, xLoAD,YLoAD.ZLOAD

FORMAT (1F8,3,1F12.3,319,4F8.5,3F12.3)
TRANSFER 70 THE OVERAL! MASS MATRIX
IM=0
NPS=0
S IMEIM+g

(30)




NI=NPS-N

[F.(N]) 3,4,4

NRL=zS#1M=-2 )

IR=NSUB(NPL, 1) =3#(NI+1)+1

A{IR, IRsNPLI)=ACIR, IR, NPL)+XLOAD :
AGIR*1, IR*1,NPL)=ACIR*1,IR+1,NPL)+YLOAD
AGIR+2,IR+2,NPL)=A(IR+2,IR+2,NPL)+7L0AD
CONTINUE

RETURN

END

(25) _SUBROUTINE WTPME

SUSROUTINE WTPMECA,NSUB,NNN,KMAY,NMAX)
DIMENSTON ACNNN, NNN»KMAX) ,NSUB(KMAX,2)

DO 1 Ma=l,nMAX

NHZNSUB(MA,1)

NLz=NsUB(MA,2)

[P (nNReNCY 1,1,2

WRITE TAPE 28, ((A(1,JdsMA) s 1=1sNR)s»J=1,NC)
CUNTINUE ,
RETURN

END

(30) _SUBROUTINE _UNAPGE

SUBROUTINE UNAPGE(MCN,VECToNCsNCASNNN,NPP)
DIMENSION MCON(NCA,2),VECT(NNN,NPP)
DO 1 N=1,NC
NP=AMON(N,2)+2)/3
NTR=NNN=~NR
DO 2 KR=1,NTR
MT=NNN-KkR
2 VECT(MT+1,NP)Y=VEQT(MT,NP)

1 VECT(NR,NP) =7,

RETURN
END

o]
¢

(31)




no

41

56
55
0%

L&)

(31) _SUBROUTINE _VCTWRT

SUBROUTINE VCTWRTCVECT,NPN,NNN,NPP,NDIM)
DIMENSTON VECT(NNN,NPP),NPN(NPP)

o 1 NP=1,unPP

NPS=

Do 2 JP=1,nNP

NPSENPS+NPN(JP)

NM:NPN(NP)

NPMENPS~NM

DO L I=1,Nm

MP=NPM+ 1

NI=NDIM#(1-1)

FRINT. 3, MPL,(VECT(NI+J,NP)Y,J=1,NDIM)

CONTINUE

"FORMAT(118,3F15.10)

R=TURN
END

(2) _SUBROUTINE ELEREM

CSUBROUTINE ELEREM{NE,NP,NGE,G,RO,NOD, NPM,K1,K2,K3,K4.K5)
DIMENSION NGE(NE:4)gG(NP,S),RO(NE);NOD(Ki)KQ)KSJaNPM(Kl,KZ)

READ %1, UNIDOM

FORMAT(LFLb,5)

READ 7+ ((NPM({1eJ)oJ=lsK2)s1210K1)
FORMAT(2014)

CALL NOKSYM(NGE,NPMsNOD,K1,K22K3sNE)
IF (K4) 51,51,52

READ 70, N

FORMAT(L14)

ne 75 1=1l.K4

READ 9, (NGE(N,L),L=1%,4)
FORMAT(4X5414)

NNt

DC 76 N=1,NE
RCENISUNIDOM

CALL CORSYM(G,NOD,K1L,K2,K3,NP)
IF (K2) 53:53,54

READ 70, M

DC 5% I=21,K5

READ 26, (G(MsL)2L51s3)
FCRMAT(4X,3F8438)

M=+ L ‘

RETURN

END




10
11

(33) _SUBROUTINE NOKSYM

" SUBROUTINE NOKSYM(L»NPM,NOD,K1,K2,K3,NE)
DIMENSION [ (NE,4),NPM(K1sK2),NOD(KL,K2,K3)

M=0

DO 1 I=1,K1
DO 1 J=1:,K?2
KNSNPM(T,J)
D0 1 K=1,KN
MEM+L
NODCT»dsK)=M
CONTINUE

N=D

KlAa=Kl-1

K2AZKZ=-1

00 2 I=zs1,K1A

DO 2 J=1,K2A ‘ .

TF (NPMOIs gY=NPM(I+1,J)) 9,9,10
KNASNPM(I,J)=1

GO To 11

KNASNPM(T, y)=2

D0 5 Kz=l,KNA

NEXP=1+J+K

CNTYPE=(=1) #*NEXP

IF (NTYPE) 3,3,4

N=N+]

LIN,1)=NOD(I,J,K) !
LONs2)=NOD(I,J*+15K)
LIN23)=NOD(I+1, JsK)
L{N)4)=NOD(I:J’K*1)

NaN+1

LIN2L)=NOD(I,J+1,K+1)
LEN»2)=NOD(Isdsk*+1)
LON,3)=NOD(I+1,*1,K*+1)

"LAN,4)=NOD(I,J*1,K)

NEN+1

LN, 1)=NOD(I+1,J,K+1)
LINs2I=NOD(I*1,g+1,K*+1)
L(N93)=NOD(I:JJK*1)
LONs47=NOD(I+1,05K)

CON=ENTL

LONs1)=NOD(I*1,4+1,K)
LAN,2)=NOD(I+15 JsK)
LONS 3T =NOD(I,Jd*1,K)
LONs4)=NOD(I+1,J%1,K*1)
NEN+L

LON, 1) =NOD(I,d+1,K)
LINS2)zNOD(I+1:0.K)
L(N!S)zNOD(I:J’K*l)
LAN24)=NOD(I+1s g*l,K+1)
GO To 5

N=N+1
LON,1)=NOD(L,J*1,K)
LON22)=NOD(I+1sg*1,K)
LIN2s3)=NOD(IsJsk)

LEN»47=NOD(T,d+d,K+1) S



NEN+Y
LN, 1) =NOD(I,J,K+1)

LN, 2)=N0D(I+1, JsK+1)

LANs3IaNOD(T, I+l K+1)
L<¥}4)=NOD(I'JJK)
N=N+1

LN, =NOD(I+1,J0K)
LANs27=N0OD(IsdsK)
LONs3)=NOD(I+1, g+1,K)
L‘M;4>=NOD(I*1aJrK+1)
N=N+1

LN, 22 =NOD(I+1,J*1,K*1)
LAN22)=NOD(TsJd+LsK+1)
LANS3)=NOD(I*1, JrK+1)
L(M)4)=NOD(I*1)J+1:K)
NEN*L

LENZL) =NOD( I s JsK)
LONs2)=NOD( s J+1sK+1)
LIN,3)=NOD(I+1,J%1,K)

CLANS4)=NOD(I*1,JsKw+1)

CONTINUE

IF INPMOTIsJ)=NPM{TI+12U)) 6,2,12
KaNPMUT,d)

NEXP=]+J+K

NTYPE=(~1)s*NEXP

1F (NTYPE) 7,7,8

NSNTL

LONsL2=NODC T, J*L e K)

LEN22)=NODCI+1, JsK)
L(M)S):NOD(I:J:K)
LONs4)=NOD(I+1,d,K+1)
N=N*L ‘ 7
LONs 1) 2NOD(I»J+1sK)
LEN22)=NOD(I+1s g*1,K)
L(V13)=NOD(I*1;J:K)
LN, 4)=2NOD(I*1,J+1,K*+1)
N=N+1L ‘ ‘
LANsL) =NQD( Lo J*1sK)
LONs2)=NOD(I+1, g*1,K+1)
LEN,B)=NOD(I+1,0,K)
LEN,42=NOD(I*1,JsK+1)
GO 70 2

N=N*1 .
L(N:1)=NOD(I)J41)K>

LN, 2)=NOD (I +1,U+1,K)

12

LEN»3)=NOD(IsJdsk)
LANS4Y2NOD(I*1s grl, K+1)
N=N*1 =
LAN,1)=NOD(I,Jd,K)
LON22)=NOD(I+2, "L, K)
LiN237=NODT(I+15 JsK)
LON24)=NOD(I*+1, g, K+1)
N=N+1

LAN»1)=NOD(1,JsK)
LONs2)2NODCI+Ls g*l,sK*+1)
LONs3)=NOD(I+1s g*1,K)
LEN,4) =NOD(I+1,0,K+1)
GO To 2

K=NPM(I,J) =1

NEXP=z1+ J+K
NTYPE=(=1)#%xNEXP

IF (NTYPE) 13,138,314  (z4)




13

14

g

NzN+1 ‘
LAN>2)=NOD(TsJdsK)
LUN,2)=NOD( L, J*+1sK)
LAN,3)=NOD(I+1,0,K)
LAN4)=NODY(Tsdsk+1)
NEN+L
LONs21)=NOD(IsJ+1sK)

LN, 2)=NOD(T, I+, K1)
L(N33}=NOD(I)J;K*1)

L(N)4>=NOD(I*1:JJK)

CNENTL

LANSL)=NOD(T,Jd+1,K)
LON,27=NOD(TI,J+1sK+1)

LANSB)=NOD(I*1, JsK)

L(Np4)=NOD(I*1JJ*1)K)
GO To 2

N=N+1
L(N:l}zNOD(I:J+1)K)
LEN>Z2)=NOD(TIsJsK)

LN 3 =NOD(I*1, J*1,K)
LEN,4)=NOD(I,J*1,K+1)
JEN*1

LONs L) =NOD(IsJdsK)
L(N’Z)ZNOD(I:J:K*l)
LANs32=NOD(LsJ*1,K+1)
LON,4) =NOD(I+L,J*1,K)

CN=N+L

LiN,1)= NOD(I JrK)
(Ns2)zNOD(I*1,U-K)
LiM,3)— 0D (I+1,J%1,K)
(V;4)'NOD(I:J;K*1)
bOVTINUE

RETURN
END

(34) _SUBROUTINE _CORSYM

NE CORSYM(G2NON KL1sK2:K32NP)
J G(NP 3Y,NODCKL,K2,K3)

%
.
PR

%
O T (O

p=
LRI T F R R £ I i

e o

UL»?Q%
o
=%
1O

I"

PVEL,RAD,CENTER,THIcK;ALPHA,NDIV

3’,}14)
2 1y

.14189/180.0

“~
ps

o

=

PEN ’:b

I

- T

it

e TI
J—
I:Xn-xx~44

hes
e T e e
<&
™~
- ..:: r“\'7"

P

NDIV

¥ RN T C

| N

[

=
>‘\<CN

no

oo
o D o W U2

.1
1
LT H
=

e

oo

Z 0
B
-3 X

S PR X~
1O
1

(95}
4
S

1 I=KA,KB

NODCT s JsK)

GUNL L) =R*SINF(F)

G0,2) 2R *LOSF(F)+CENTER
G, 3) =HLEVEL

Fer =D

CONTINUE

RETURN ‘
E‘\Ei} (55)

o
e
()

i

ki

T



.13
711

713
15

31

(35) _SUBROUTINE RESMAS

SULROUT I NE RESMAS(NGE, G2 DM, VOL,ROsNEsNP)

C\
a0 51 N ,nb

NE:‘;JG(:(,-J:?‘)
NJdENukE(N, 2)
NK=NGE (N, 3)
NL=NGE(N,4)
AJEG (N, 1) =GINT 1)
BJEGANY-2)-GINT»2)
UGN, 3 -GINTS3)

i MVJD'NN th N&,4):G(NP;3),DM(NP;NP))VOL(NE)JRO(NE)

CAKEGONK S AY-0GONT 1)

BRKEGINK-2)-G(NT»2)

CKEGINK,3Y=GINT »3)

AL=GONL,1Y~GINT»1) ‘ : .
BL=GUNL-2)-G(NT»2)

CLeGINL,3)~-GINT»3)

VOLIN) = (A #BK*CL =AU Bl*CK*AK*BL*CJ AK*BJ*CL*AL*BJ*CK AL*BK*CJ)/é 0
IF (VOLIN)) 13,14,15

PRINT 711,N.NJ,NK :

FORMAT(L2H ELEMENT No.114,31H INTERCHANGED NODAL POINT ‘NO.s.214)
NK=NGE(N, 2)

NJ=NGE (M, 3)

NGE(Ns 22N

NGEIN3) =NK

G0 TU 12

PRINT 71%,N

FORMAT(24HOZERO VOLUME. EL.NO.=114)

GO TO EXIT ' ’

PRINT 6., NaNIsNJsNK,NL>VOLIN)

FORMAT (56X,514,1F25.6)

TMASS=VOL(N)*ROCN)

C1=0.10%TMASS

Ce=0. 05<TMASS

UMUNT NI =DHMONTS NI *+C1

uM‘VirVd):bM(mIrNJ)*C?
UMINT,NK?=DMUNT ,NK)+C?

CUMINT,NLY) =DMINT s NL)*C?

UMINJs NI =DMINJsNTII*C?
QMi\J’NJi”UM(NJ}NJ)+Cﬂ
UMINJsNKI=DMIN s NK)*C?
UMANJ s ML =DMINJsNLY*CD
UMANK,ND) zDMINK,NI)Y+Cp
DMINK, NJI=DMINK,NJ)*(C2

CUMAON K:c(>~7M(\K:NK>+C1

UMUINK,NL) =DMINK,NLY*CP
UMANLNI) =DMINL»NTI*TC?2

CUMANLSNJ) =DMINL,NJY*CP -
DMONL,NK) =DMINL, NKY*C2

UMUNL,NL) =DMUNL,NLY*C1
CONTINUE

RE TURN

END

(36)

SRS

i o




(36) _SUBROUTINE HYDREM

SUBKROUTINE HYDREM(G:VOD)NPoKilKE;KS:NPH)HX:HYnHZ)
DIMENSION &<N9,5>,NOD<K1,K2,A5>.HX(NP>.HY<NP),Hl(NP;.HYDNC(gg;
EVALUATION OF HYDRODYNAMIC LOADS
Nis g
READ 21, (HYDNC(M)aM3LoNPH)
21 FORMAT (410F5,3)
PRINT 111
111 FORMAT (1LHL)
DO 1 K=l,K$
READ 25 ALPHAS ALOAD;NDIV
2 FORMAT (1F8.,3,1F12.8,114)
FA=A|PHA#3,14159/7/180,0
FO=FA/NDIV
KAz (KL+1)/2=ND1y
KoaKi+1l=KA
FEFA
DO 1 [=KA»KB
N=NCD(I,1,K)
SNESINF(F)
CS=COSF(F)
CNWERWE]
HLOADSALOAD#HYDNC(NW)
& XLOAD=ABSF(HLOAD*SN)
YLOADSABSF(HLOAD*CS)
tF (k=1) 10,110,119
10 ZLOAD=0.0 '
GC TO 5
11 pX=G(Ns2)=G(N=1,1)
. DY=G(N,2)=6(Ns1,2)
DZ=G(N,3YsG(Nal,3)
- DXYRDX#DX*DY#DY
ZLOAD=ABSF(HLOAD#SQRTF(DXY)/DZ)
5 F=F=FD
PRINTLL2, ALPHA+ALOADINDIVSNsNWsHYDNCINW) »F s SN2CS»XLOAD, YLOADs ZLOAD
112 FCRMAT (1F8,3,1F12.3,315,4F8,5,3F12.,32
Hx{N)=XL0AD
HY(N)=YLOAD
HZ{N)=ZL0AD
1 CONTINUE -
© RETURN
END

(a7) _SUBROUTINE VCTRD

SUBROUTINE VCTRD (FX FY:FZ ND:MR:NPN NPP»NDIM,M) N
DIMENSION FXC(ND,MR)sFY(ND, MR);FZ(ND:MR) NPN(NPP).DUM(S) ‘
DO 4 NP=L1,NPP R
HPS 0 ' ' ‘ S

D0 2 JP=1,NP
2 NPS=EMNPS+NPN(JP)
NM= WPN(NP)

NPM=NPS~NM
U0 1 I=1,NM
MP=NPM+]

READ TAPE 23, (DUM(J),J=1,NDIM)

FX(MP,MI=DUM(L)

FY(MP:M)—DUM(2)
C FZ(MP, M) =DUM(3)
1 CONTINUE

RETURN

END 7y , e | -




-
o

R X

PREN SEN

(38) _SUBROUTINE GENMAS

TINE GENMAS(RX,BYsR7,FXsFY,F7,DM,HX,Hy,HZ,GMASS, MRs NP» NC1)
BY(MR,NP),BY(MR,NP) ,BZ(MR,NP), FfoP MR),FY(NP, MR)
u%(xp NP),HXCQP) HY(NP),HZ(NP) GMASS(MR)

e

';?u

o oz

an

HE % IS 9 St v e S e S S
-
o

rq« >

o
w A

on

. e

e

P
7,~>*FX(I My#DM¢1,d)
LY RFy D MysDM (T, )
’J)*F7(I MY*DM(T,J)

o~

EE I £ S £ A 1

Lif};;?i\m’tﬁ
FoGnedY 41,11,13

P14 J=q NP

HAAM, U EBX (M Yy +HX (Y X (U, M)
BY G JYERY (Ms JY+HY (DY 2EY (g5 M)
Bz, D287, D HH7 (D weZ (g, M)
CONTINUE .
CONTINUE

g0 24 MELsMR
G “-“SS(M):O- 3

(39) _SUBROUTINE _RECEPT

SUBRUUTINE RECFEPT (FREN’CsSFR+DELTA’MRsNS)
SNSION FREQ(MR)Y,C(MR),SFR(NS,MR)

1 l,ﬂR
FREFREQ (M) #FREN(M)

GoUsC(MI=C(M)*FR

O/ (R#*R4CF#FF)

INTINE

’ ?J?:?‘NT 3

(&N

“

FORMAT (23HIUNTT MODA| RECEPTANCES//)
PRINT 4, (N, CSFRON,M),M=1,MR) 4 N=1,NS)
FORMAT (114,5F20,10)

HETURN

ENU

(38)




e « . (40) _SUBROUTINE _MDCYRC

SUBRL J*?JE MDCYRC(GMASQ;Sp@,SFQ;APS:G:QA:CPS:VEL»NC4?MR'NP:NS:

"~§19§ GHASS(MR) »SPN{NS, MR) L SFR(NS,MR) ,APS(NS) ,GINP,S),
(MR, P ~

23 .14159

16, 0%p#*p]*pl#p]
CrS/CA

4 MR
P/(G;ASS(W)% MASS (M)

CP*

o0 1 Nz1,NS
CALL DCYFRC(F»VE| » G oA.p.NC4,M.MR,NP>
5PUli, M) =CB*P*QFR (N, M) #APS (N)
FeF »bf)t:L A
L CONTINUE
PRINT 2
2 FORMAT (ppHiMODAL POWER SPECTRUMS//)
"?iLT 5., NC4sCpSsVEL
oumAT (L740F0RCE DIRECTION=L12) 22H INTENSITY CONSTANT=1f5.3,
“H VELOC I Ty=1F7.1/77) SR .
INT 3, <G‘Asq<w>,m 1,MR)
ORMAT (BF20.10/7)
RINT 4+ (Ns(SPO(NsM)YsMTLsMR) s NZ1sNS)
M AT (114,5F20.10)

(41) _SUBROUTINE DCYFRC

SUBROUTINE DCYFRC(F:VEl »G,QA,P,NC4, M,MR NP)
DIMENSION GUNP,3),0A(MRsNP) ,
AF=6. ZR‘LSﬂF/VFL
PS=0.0
PCc=0.0
FI=AF#3(J,NC4)

PS=PS+QA M, JI#SINF(F )
PC=PC+QA (M, JI#COSF(FI)

1 CONTINyE
P=PS*PS+PC*PC
RETURN
END

(42) SUBROUTINE _MDFRCE

SU&BQUTINE MDFRCE (QA,PsMRsNP)
UIMENSION GAC(MR,NP)YsP(MR)
JG 1 M=z1,MR
Pii'f)z[}'&
.SJO 1 J= 1.5 NP
r(u)~P(V)+OA(N J)
L COHTINGE
WETURN
BN

(39)




(43) SUBROUTINE MODRCP

i%UUT NE MODRCP (P»GMASS:SPO:SFR;APS:CPS:MR’NS»NC4)
" JSION P(MR)Y,BMASS(MR) ,SPO(NS,MR),SFRINS,MR),APS(NS)
=5.14159 , ‘ '
=ib 0uPI#Pleplapl
=CPS/CA
DG 1 M=1,MR
CH= P(M)*P(M)*CP/(GMAQQ(M)%GMASQ(M))
Do 1 N=1,NS
SPRIN,M)=CB*SFRIN,M)#APS(N)
1 LONTINUE
© PRINT 2 )
2 FORMAT (22H1MODAL POWER SPECTRUMS//)
PQENT 5: NC4:CPS
5 FORMAT (17HOFORCE DIRECTION= 112i22H INTENSITY PONSTANT 1F5.377)
’ PRINT 3, (GMASQ(%))M 1;MR):(P(M) M 1 MR)
3 FORMAT (B5F20.1a8/7)
PRINT 4, (N, (SPQ(N, M) M=1,MR),N= 1:NS)
4 FORMAT (114,5F20.40)
RETURN
ENU

(44) _SUBROUTINE SPECTR

SUBROUTINE SPECTR (FA,SPR,ASN-MR>NP,NS:NC6)
DINMENSION FA(NP,MR)»SPOINS.MR),A(NS),FF(10)
Uo 1 M=1,MR ,
FEAMIZFA(NSMISFALIN,M)
1 CONTINUE
UO 2 I”l:NS ;
A (1)=0, ' ‘
U0 2 M=1,MR
ACI)I=ALT)+SPQCT,MYRFF (M)
2 CONTINUE
PRINT 3. N,NC6A ‘
3 ranMA*<wsHl¢oqAL POINT=114,11H DIRFCTION 112//31H POWER SPECTRUM 0
1r UISPLACEMENTZ/)
PRINT 4, (A(I).I—i,NS)
4 FORMAT (10F12.6)
RETURN
CNU

(45) _SUBROUTINE SIMPSN L
SUSROUTIMNE SIMPSN (AREA,DELTA»AsNS)
JIMENSTION ACNS) '
6:A(1)+A(N3)

sN1,2

i
‘ X
1 uO IN
J=zu, 0
HZoNS=-2
UC P I- :NZ pa
'U=J+A(IE
2 UOHTINUE
ARuA=(B+4 ,0#C+2.0#D)#DELTA/3.0
RETURN
END (40)




oo ]

(46) _SUBROUTINE _ASUMP

SUBROUTINE ASUMP(A,B,D,NS,DELTA,AREA,ARSQGRT)
DINMENSTION AINS),B(NS),DINS)

Fzyg, 0

‘,O 1 I—‘-'j..ﬂ\is

BCI)=A0T ) nFwF

Fer+JELTA

CONTINUE

CALL SIMPSN (ARSO,DELTA+B,NS)
ARSHRT=SGRTF(ARSD)

PRINT 3, ARSQ,ARSQRT

FORMAT (6HOARSQR=1F20.3,8H ARSQRT=1F20.3)
F=U.U ,
.‘JO 2 l-—-L;f\[S

UCIYsB (1) #F#F

"=+ DELTA

CONTINUE

CALL SIMPSN (ARQGT,DELTAsD,NS)

[N

PRINT 4, ARQT

FORMAT (6HOARQT=1F20.3)

HRR=AREA*+ARQT/ (ARSO*ARSQ)
AKSG=L.0/(RRR=-1.0)

AKSGRT=SARTF (AKSO)

PRINT 5, AKSQ,AKSQRT

FORMAT (6HOAKSQ=1r20.8,8H AKSQRT=1F20. 8)

RETURN

ENU

(47) _SUBROUTINE MAGFAC

SUBRUOUTINE MAGFAC (ARSNRT,SIGMA)
FRINT 1

rOHrATC35HuDURAT10N MAG.COEF, MEAN MAXc)
Ur=14.0

IJO 2 121’6‘

[=l%UT .

DF=LOGF (ARSQRT#T/SIGMA)
CN=SARTF{2,0%DF)

AMAX=CN=*S1GMA

FORMAT (1F9.2,1F12.3,1F12.4)
CONTINUE

RETURN

ENU

(41)




