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APPEEDIX B 

THE COMPUTER PROGRAMME 

B.l INTRODUCTIOIf 

B.1.1 In this appendix the computer programmes used to calculate the 
results of Chapters 2, 3 and it 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 computer 
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 4). 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 details 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 prograimne 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 tetrahedral finite elements with four corners and three unknown 
displacements per comer being used. 

B.l.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.2. 



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 CCMPUTER PROGRAMME FOR STATIC AlfALYSIS OF ARCH DAMS 

B.2.1 The basic flow diagram of this programme is shown in Figure 2.1^ 
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 application of iterative method presented in Appendix A.2 leads 
to a special type of storage which reduces the necessaiy storage for the 
overall stiffness matrix to minimum. This matrix consists of a three 
dimensional array. As each nodal point stiffness submatrix 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. 

3.2.2 Scalars and arrays used in the programme 

ND Maximum number of elements 
MD Maximum number of nodal points 
LD Maximum number of boundary nodal points 
ID Maximum number of nodal points adjacent to a nodal point (for 

only one layer of elements ID = l8, for more layers ID = 27). 
Given as JD = ID + 1 
Title of the problem (Max. 80 characters) 
Actual number of elements 
Actual number of nodal points 
Actual number of restrained boundary points 
Cycle interval for the print of the force unbalance 
Cycle interval for the print of the displacements 
Maximum number of cycles problem may run 
Convergence limite for unbalanced forces (Kg) 
Over relaxation factor 
Non-zero integer to suppress printing of input data 
X-ordinates of nodal points (cm) 

(cm) 
(cm) 

JD 
ATITLE 
NUMEL 
NUMEP 
NUMBC 
NCPIN 
NOPIN 
NCYCM 
TOLER 
XFAC 
NCONT 
XORD (MD) 
YORD (MD) 
ZORD (MD) 
DSX (MD) 
D8Y (MD) 
DSZ (MD) 
XLOAD (MD) 
YLOAD (MD) 
ZLOAD (MD) 

Y-ordinates of nodal points 
Z-ordinates of nodal points 
X-component of displacement of nodal point (cm 
Y-component of displacement of nodal point (cm 
Z-ccmponent of displacement of nodal point (cm 
X-component of force acting at nodal point (Kg 
Y-component of force acting at nodal point (Kg 
Z-component of force acting at nodal point (Kg 



NPI (ND) 
NPJ (ED) 
NPK (ND) 
NPL (ND) 
ET(ND) 
XU (ND) 
RO (ND) 
NPB (LD) 
NFIX (LD) 

B(9,ID,MD) 
NP(MD,JD) 

NAP (MD) 
8(12,12) 
A(12,12) 
BTDB(12,12 

LM (4) 

Nodal point nimber of corner i of element 
Nodal point number of corner j of element 
Nodal point number of corner k of elemen* 
Nodal point number of corner £ of element 
Modulus of elasticity of element (Kg/crn^) 
Poisson's ratio of element 
Unit weight of element (Kg/cm3) 
Constrained nodal point numbers 
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 

Three dimensional overall stiffhess array (Figure B.3). 
Matrix containing the information about the adjacent nodal 
point numbers (Figure B.3) 
Number of adjacent nodal points (Figure B.3) 
Stiffhess :matrix for an element 

) Matrices used internally for element stiffhess matrix 
) ) calculations. 

Used fbr temporary allocation of element corners. 

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

K1 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). 
N0D(K1,K2, Matrix contains the positions of nodal points in the idealization 

K3) (to be generated automatically as shown in Figure B.l) 

K4 
K5 
K6 
KT 

Total number of irregular elements 
Total number of irregular nodal points 
Total number of nodal points with non-zero initial displacements 
Total number of irregular boundary nodal points. 

B.2.4 Subroutines used in the programme 

S/R No.l SUBROUTINE FLEAR2 
2 NOKTA 
3 NOETB 

CORDID 

5 SINIR 
6 MODSTF 

7 INV%P2 
8 B0UND2 
9 ITERA2 
10 REACT2 
11 FORCE 



B.2.5 Input data specifications 

(1) VaiTLE (10A8) 

(2) NUMEL, NUMNP, NUMBC, NCPIN, NOPIN, NCYCM, TOLER, XFAC, NCONT 

(61I4, 2F12.6, 111) 

(3) Kl, K2, K3, K4, K5, K6, KT (Tll̂ ) 

(4) EIMOD, POISON, imiDOM (3F15.5) (from 8/R ELEAR 2) 

(5) ((Nm(l,J), J=l, K2), 1=1, K1)(20I4) (from S/R EI.EAR 2) 
(6) ELEVEL, RAD, CENTER, THICK, ALPHA, NDIV, HLOAD, VLOAD 

( W . l , 1F8.3, 1I4, 2F12.1) (from S/R CORDLD) 
(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 3.1l). 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 matrices 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 - (i)%) in successive stages and both K and M matrices 
are kept in magnetic tape 23 during the eigenvalue evaluation stage. 

The most important feature 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.4. The overall 
matrix in planar form and the zero and non-zero coefficients for the 
idealized structure given in Figure B.4 are shown in Figures B.5 and B.6. 



B.3.2 Scalars and, arrays iised. in the -programnie 

NP 
EE 
NC 
NCA 
NPP 
BMAX 
MMAX 

m m 
HDIM 
NCOBN 
KEK 
NST 
IEP8 
x m 
DMM 
NCONT 
G(NP,3) 
NGE(NE,4) 
ET(HE) 
XU(NE) 
RO(NE) 
VOL(NE) 
MCN(NCA,2) 

Nm.MMAX) 
NSIIB(MMAX, 

VECT(Nm, 
HPP) 

NFN(NPP) 

8(12,12) 
A(12,12) 
B(12,12) 
NPA(lfCOEN) 
NA(NCOm) 

Number of nodal points 
Number of elements 
Actual number of constraints 
Maximum number of constraints 
Number of planes in structural idealization 
Actual number of submatrices (assembly stage) 
Maximum number of submatrices (including working space, used 
in the analysis stage) 

Size of the largest submatrix = (max) NPN*NDIM 
Number of unknown displacements per nodal point 
Number of corners of an element 
Size of individual element maas or stiffness matrix = NDIM*NCORN 
Number of maximum steps programme may run 
Significant figures for accuracy 
Initial estimate of the root 
Increment of the estimate 
Number of frequencies and mode shapes to be analyzed. 
Coordinates of nodal points (m) 
Nodal point numbers given to corners of elements 
Modulus of elasticity of element (Tons/m^) 
Poisson's ratio of element 
Unit mass of element (Tons.sec /m ) 
Volume of element (m3) 
Matrix of constraint nimbers (as given in S/R APCONP, ISVR S/R No.5) 
Overall stiffness or mass matrix stored in planar fashion. 
(in the assembly stage the third dimension can be NMAX). 

2) Matrix contains the dimension information of each submatrix (plane) 
in DM. (in the assembly stage the first dimension can be NMAX) 

The modal vector 

Contains the number of nodal points in each plane of the complete 
structure. 

Element stiffness or mass matrix 

j Matrices used internally for element stiffness matrix calculations. 

Used internally 

K1 K2 K3 K5 ) 
NPM(K1 K2) ' ) scalars and arrays used for arranging nodal point 

N0D(El|K2,K3) ) ^ i: n o 
and element arrays as given in Section B.2.3 



B.8.3 Subroutines used, in the programme 

B.3.3.1 Assembly stage 

S/R No. 12 SUBROUTINE ELEARM 
13 NOKTAM 
l4 NOKTBM 
15 CORDIM 
16 DIMNP 
IT CLEAR 
18 STIFF 
19 CONMAS 
20 HYDNMC 
21 TRSFGP 
22 APCONP 
23 RSHIFT 
24 CSHIFT 
25 WTPME 

B.3.3. .2 Analysis stage 

S/R No. 17 SUBROUTINE CLEAR 
26 PRVS2 
27 MXFRTP 
28 DETSCL 
29 PLVECT 
30 UNAPGE 
31 VCTWRT 

B.3.4 Input data specifi cations 

B.3.4. ,1 Assembly stage 

HPP, NMAX, MMAX, Nm, 

(ISVR S/R No.35) 
( " 
( " 

" No.5 ) 
" No.5 ) 
" TIT» C ) No.5 

(ISVR S/R No.17) 
( " " No.10) 
( " " No.16) 
( " " No.18) 

(1) NP, NE, NC. 

DLAM (1314, 2F10.2). 

(2) (NPN(K), K=1,NPP) (2014) 

(3) Kl, K2, K3, K4, K5 (514) 

(4) EIMOD, POISON, UNIDOM (3F15.5) 

NCA, NDIM, NCORN, KEK, NST. lEPS, XAM, 

(from S/R ELEARM) 

[5) ((NPM(I,J): J=1,K2), 

CENTER, (6) HIiEVEL, RAD. 
(5F8.3, 114) (from S/R CORDLM) 
(One card for each level considered) 

1=1,Kl) (2014) (from S/R ELEARM) 

TEICK, ALPEA, NDIV 

(7) ((MCN(L,I) 1=1,2) L=1,NC) (2014) 



If reservoir is in fbll condition : 

(8) (HYDNC(M), M=l, NFS) (16F5.3) (from 8/R HYDNMC) 

(9) ALPHA, ALOAD, EDIV (IF8.3, 1F12.3, ll4) (from 8/R EYDNMC) 

(one card for each level considered). 

B.3.4.2 Analysis Sta^e 

(1) BP, NE, NC, EPP, EMAX, MMAX, BKN, BCA, EDIW, NCORN, KKK, N8T, IEP8. 

XAM, DLAM, NCOOT (I3l4, 2210.2, ll4) 

(2) (NPN(K), K=l, NPP) (201k) 

(3) ((MCN(L,I), 1=1,2), L=1,NC) (2014) 

B.4 COMPUTER PROGRAMME.FOR RE8P0M8E CALCULATION USING RANDOM VIBRATION 
ANALYSIS METHODS 

B.4.1 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 private magnetic tape No.23 and are read ft^m this tape 
for each analysis (S/R VCTRD is used for this purpose). 

The overall inertia matrix DM is a square imatriz 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.4 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 Scalers and arrays used in the programme 

NP,NE 
G(NP,3), NGE(NE,4) 
RO(NE), VOL(NE) 

K1,K2,K3,K4,K5 
NPM(K1,K2) 
N0D(K1,K2,K3) 

NPP, NDIM 
NPN (NPP) 

Aa given in Section B.3.2 

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

As given in Section B.3.2 and are only uaed if the eigen-
vectors are read from a magnetic tape (S/R VCTRD). 



ME 
NS 

DELTA 
CPS 

VEL 
NCI 

NC2 
NC3 

NC4 

NC5 
NC6 

AREA 
SIGMA 
AE8QRT 

m[(NP,NP) 
FX(NP,MR) 
FY(NP,MR) 
FZ(NP,MR) 
EX(NP) 
HY(NP) 
HZ(NP) 
BX(ME,NP) 
BY(MR,NP) 
BZ(MR,NP) 
FREQ(MR) 
C(MR) 
GMAS8(MR) 
P(ME) 
8FR(NS,MR) 
SPQ(N8,ME) 

APS(N8) 
A(N8) 

B(N8), D(N8) 

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

Frequency increment considered in the power spectral density. 
Power spectral intensity of ground acceleration (cm^/sec^l 
as given by equation (5.I). 

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 
=1 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-direction 
-3 for displacement in Z-direction 
Variance of displacement 
The RMS value of displacement 

( j f 8 (f) df) 
X 

as given by equation (4.8o) 

DM] 
m m 
=DM2 

Overall inertia matrix as described in Section B.4.1. 
Modal matrix contains only X-direction displacements 
Modal matrix contains only Y-direction displacements 
Modal matrix contains only Z-direction displacements 
Hydrodynamic forces in X-direction 
Hydrodynamic forces in Y-direction 
Hydrodynamic fbrces in Z-direction 
Given by the matrix product [FX]^ 
Given by the matrix product [FYjT 
Given by the matrix product FFZJ^ 
Natural frequency (Hz) 
Damping ratio 
Generalized mass, as given by equation (4.27) 
Modal force, as given by equation (4.96a) 
Unit modal receptances, as g^ven by equation (4.95) 
Modal response spectral densities,as given by equation 
(4.97a or b). 

Normalized power spectral density of ground acceleration. 
Power spectral density of displacement aa given by 
equation (4.98). 

Used in S/R A8UMP intrnally. 



B.b.3 Subroutines used in the Drogramme 

S/R No.32 SUBROUTINE ELEREM 
33 NOKSYM 
34 CORSYM 
35 RESMAS 
36 EYDREM 
37 VCTRD 
38 GENMAS 
39 RECEPT 
4o MDCYRC 
4l DCYFRC 
42 MDFRCE 
43 MODRCP 
44 SPECTR 
45 SIMPSN 
46 ASUMP 
47 MAGFAC 

B.4.4 Input data specifications 

(1) NPP, EDIM (214) 

(2) (NPN(K), K=l, EPF) (20ll̂ ) 

(3) NP, NE, MR, NCI, NC2, N8, DELTA (6l4, 176.3) 

(4) Kl, K2, E3, K4, K5 ($14) 

(5) UNIDOM (IFI5.5) (from S/R ELEREM) 

(6) ((NPM(I,J), J=1,K2), I=1,E1) (2014) (from S/R ELEREM) 

(T) HLEVEL, RAD, CENTER, THICK, ALPHA, NDIV 
(5F8.3, 114) (from S/R CORSYM) 
(one card for each level considered) 

If reservoir is in full condition : 

(8) (EYDNC(M), M=l, NPE) (16?$.3) (from S/R EYDREM) 

(9) ALPHA, ALOAD, NDIV (IF8.3, 1F12.3, ll4) (from S/R EYDREM) 

(one card for each level considered) 

(10) (FREQ(I), 1=1,MR) (IOF8.3) 

(11) (C(I), 1=1, MR) (IOF8.3) 

(12) (APS(I), 1=1,NS) (IOF8.I) 

Repeat the following NC2 times : 

(13) NC3, NC4, NC5, CPS, VEL (314, 1F8.3, IF8.I) 



Repeat the following NC5 times 

(14) NC6, N (214) 

Mote 1: If the eigenvectors are not kept in the private magnetic 
tape, data cards (l) 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 not 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 fbrces and displacements (steps 3 to 6 of Figure 2.l4) 

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 numbered (4) and (5), where ELMOD is the 
elasticity modulus for all the elements, POISON is the Poisson's ratio 
fbr 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.l. 

-10-



2. Subroutine NOKIA 

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.l4). 

2. Method 

The nodal point matrix NOD is generated 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 NOKTB 

1. Purpose and method 

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

4. Subroutine CORDLD 

1. Purpose 

Arranges nodal point arrays, calculates the nodal point coordinates 
and hydrostatic loads (step 4 of Figure 2.14). 

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 ELEVEL, BAD, 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. 

-11-



5. Subroutine 8INIR 

1. Purpose 

Arranges the boundary point arrays. 

2. Method 

Generates the arrays NPB and IfFIX, puts "O" for the points on the 
boundary and "l" 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.l). 

6. Subroutine M0D8TF 

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.l4). 

2. Method 

See Sections 2.4, 2.5 and 2.6, and also Appendix A.l, the flow diagram 
in Figure 2.l4 and the arrays shown in Figure B.3. 

3. Magnetic Tape 

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

4. Error stops 

The execution is teiminated if the volume of an element is found to 
be zero and if the nimber 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 volime 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. 

-12-



7. Subroutine immP2 

1. Purpose 

Inverts nodal point stiffness submatrix into nodal point flexibility-
matrix (steps 12 to 13 of Figure 2.l4). 

2. Method 

See section 2.7 and Appendix A.2. 

3 x 3 matrix is inverted explicitly. 

8. Subroutine B0UHD2 

1. Purpose 

Applies constraints to boundary nodal points. (Steps l4 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. Punoose 

Calculates the nodal point reactions (steps 21 to 22 of Figure 2.14). 

2. Method 

See section 2.9 and Figure 2.11a. 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. 

-13-



4. PrintinK 

This routine prints the resultant nodal point reactions as shown 
in Figure 2.11a. 

11. Subroutine FORCE 

1. Purpose 

Calculates the nodal point reactions in the cross-sections of the 
structure (step 22 of Figure 2.14). 

2. Method 

See section 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 Eind 2.11c. 

12. Subroutine ELEABM 

1. Purpose and method 

This routine is similar to S/R EIjEAEt2 (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 required 

Section 6.3.4.1, data numbered (4) and ($), where ELMOD is the 
elasticity modulus, POISON is the Poisson's ratio and ONIDOM is the unit 
mass for all the elements. MPM is given in Section B.2.3 and in Figure B.l. 

13. Subroutine NOETAM 

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 

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

-l4-



14. Subroutine HOICPBM 

1. Purpose and method 

This routine is similar to 8/E ITOKTB (E@.3) but modified in order 
to be used in the dynamic analysis programme (step 6 of Figure 3.l). 

2. Argument list 

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

15. Subroutine COKDIiM 

1. Purpose 

Calculates the nodal point coordinates (step ^ of Figure 3.1). 

2. Method 

As given in S/R CORDLD (No.4). 

3. Data required 

Section B.3.14̂ .1, data numbered (6), where ELEVEL, RAD, CENTER, THICK. 
ALPEA, and NDIV are given in Figure B.2. 

16. Subroutine DIMNP 

1. Purpose and method 

Calculates the dimensions of each submatrix of the overall matrix 
DM (see Figure B.6), by using the information given by NPN(NPP), NSUB 
(MMAK,2) matrix is generated (steps 8 and Ig 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.l). 

18. Subroutine STIFF 

1. Purpose 

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

2. Method 

See sections 2.^, 2.5 and also Appendix A.l. 

3. Error stops 

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

4. Argument list 

BTDB (12,12) is used, internally and. If 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 Tolume of an element is found, negative, then the ord.er 
of nodal points is changed so that the volume becomes positive and a 
message is printed. 

19. Subroutine COMMAS 

1. Purpose 

Calculates element consistent mass matrix (step 24 of Figure 3.l). 

2. Method 

See sections 2.5, 3.3 and Appendix A.4. 

3. Argument list 

N is the element number for which the mass matrix is computed, 
C(l2,12) is the consistent mass matrix of the element. 

4. Miscellaneous 

This routine is used in a loop for each element. 

20. Subroutine SYDNMC 

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'T, 3.8 and 3.9. 

3. Argument list 

A(ENN,NI#,MMAX) is the overall matrix stored in planar fashion, NPE is 
the number of nodal points on the water face of the arch dam (in case of 
one element layer used through thickness NPH = IfP/2). 

-16-



Data required 

Section B.3.4.1, dkta numbered (8) and (9), where HYDNC (NPH) is the 
hydrodynamic pressure coefficient for each nodal point on the water face 
of the arch dam (as given in Figure 3.14); ALPHA, and NDIV are as given in 
Figure B.2, ALOAD is the horizontal hydrostatic load calculated for a 
vertical surface area around a nodal point at that particular level. 

21. Subroutine TRSFGP 

ISVE subroutine library, S/R No.35. (used at steps l̂i and 25 of 
Figure 3.1). 

22. Subroutine APCOEP 

ISVR subroutine library, S/R No.5. (Used at steps I6 and 29 of 
Figure 3.1). Calls subroutines RSSIFT and CSHIFI. 

23. Subroutine RSHIirr 

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

24. Subroutine CSSIFT 

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

25. Subroutine WTPME 

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(NNN,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.IT (used at step 31 of Figure 3.1). 

Calls subroutines MXFRTP, DETSCL and PLVECT. 

27. Subroutine MXFRTP 

ISVR Subroutine library, S/R No.10. 
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28. Subroutine DET8CL 

I8VB subroutine library, S/R 5o.l6. 

29. Subroutine PLVECT 

ISVR subroutine library, S/R N0.I8. 

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 ^^6). 

2. Other routines used 

This routine calls subroutines NOKSYM and C0R8YM. 

3. Data required 

Section B.4.4, data numbered (5) and (6), where UEIDOM is the unit mass 
for 1 the elements 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 (HbJB), but is modified in order 
to idealize the whole structure (steps 3 and 5 of Figure 4.6). 
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34. Subroutine C0R8YM 

1. Purpose and method 

This routine is similar to S/R COKDIM (No.15), but is modified in 
order to calculate the coordinates of all of the nodal points in the whole 
structure (step 4 of Figure 4.6). 

2. Data required 

Section B.4.4, data numbered (T), where ELEVEL, RAD, CENTER, TEICK, 
AJLPEA and NDIV are given in Figure B.2. 

35. Subroutine RESMA8 

1. Purpose 

Calculates the overall mass matrix (step 6 of Figure 4.6). 

2. Method 

See sections 2.5, 3.3 and Appendices A.l and A.4, and also Section 
B.4.1. 

3. Error stops 

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

4. Miscellaneous 

(a) This routine firstly calculates mass matrix of each element and 
transfers to overall mass matrix 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 EYDREM 

1. Purpose 

Calculates the hydrodynamic forces of the reservoir water and arranges 
the hydrodynamic matrix (step 8 of Figure 4.6). 

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 EX, EY and EZ are generated. The data required 
in section B.4.4, data numbered (8) and (9) are the same as given for 
S/R EYDNMC (No.20). 
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37. Siibroutine VCTRD 

1. Piirpose 

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

2. Mamietic 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 4.6). 

2. Method 

See section 4.4, equation (4.27). 

39. Subroutine EECEPT 

1. Purpose 

Calculates the unit modal receptances of each mode considered (step 11 
of Figure 4.6). 

2. Method 

See sections 4.5 and 4.8, equation (4.95). 

40. Subroutine MDCYRC 

1. Purpose 

Calculates the modal response power spectral densities for each mode 
considered in the case of eazthquake wave velocity is finite (steps I6 and 
17 of Figure 4.6). 

2. Method 

See sections 4.5 and 4.8, equation (4.97b). 

- 2 0 -



3. Other routines used 

This routne calls subroutine DCYFRC. 

4. Argument list 

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

41. Subroutine DCYFRC 

1. Purpose 

Calcuites the modal forces in the case of earthquake wave velocity 
being finite (step l6 of Figure k.6). 

2. Method 

See sections 4.5 aad 4.8, equation (4.96b). 

3. Argument list 

F is the ft^quency, M is the mode number, P is used in 8/R MDCYRC 
internally and QA(MR,NP) is as given in 8/R MDCYRC. 

42. 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 4.6). 

2. Method 

See sections 4.5 and 4.8, equation (4.96a). 

3. Argument list 

QA(MR,NP) is aa described in S/R MDCYRC (No.40). 

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 4.6). 

2. Method 

See sections 4.5 and 4.8, equation (4.97a). 

-21-



41̂ . Subroutine SPECTE 

1. Purpose 

Calculates the power spectral density of response (step 24 of 
Figure 4.6). 

2. Method 

See sections 4.5 and 4.8, equation (4.98). 

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. 

4$. Subroutine 8IMPSN 

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 Bice's general formula. 

2. Method 

See section 4.5.6, equations 4.69 and 4.70. This routine is only 
used to check the validity of the assumptions made in section 4.^.6 in 
order to simplify the Bice's general formula. 

47" Subroutine MAGFAC 

1. Purpose 

Calculates the magnification factor and the mean maxima of responses 
for several earthquake durations (step 25 of figure 4.6). 

2. Method 

See section 4.5.7 and equation 4.90. The mean maxima of response 
are calculated for earthquake duration from 10 to 60 seconds. 
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B.6 LISTINGS OF TEE FORTRAN PROGRAMMES AND 8UBR0UTINIB 

In the following, firstly the main routines of the four programmes 
described in Sections B.G, B.3 and. B.k areg^ven, then the listings of 
the subroutines are given in the same order of SecticmB.5. 

The main routines are : 

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

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

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

(ill) The programme for response calculation using random 
vibration analysis methods (given in Section B.4). 
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3 3 N S V B ( I , J ) = 0 

C A L L D I M % P ( N S U B , N P N , M M A X , N P P ) 

G A L L C L E A R ( 0 M , N N N , M M A X ) 

P R I N T 2 9 



' 1 -

STir : S , G , s , A , 8 , E T , X U , V 0 L , N E , N P , l E ) 
^ - % S r G H ( U M , S , N G E , N R U B , N P N , N H A , N A , N E , N p P , N N N , K K K , M M A X , N D I M , 

: ,Ik) 
3 1 JE 

2 5 . . . ' _ - . ' .. 
T A P E 2 > , ( ( N G E ( N , I ) , I = 1 , 4 ) , V 0 L ( N ) , N = 1 , N E ) 

ENU FILE 23 
C A L L N O K T K M ( N G E , N P M , N 0 D , K 1 , K 2 , K 3 , N E ) 
P R I N T 2 9 
0 0 1 3 1 l E = l , N k 
C A L L S T i r r ( N k E , G , s , A , 3 , E T , X U , V 0 L , N E , N P , ] E ) 
CA' - 1 S ^ G P ( W M , S , N G E , N S U 8 , N P N , N P A , N A , N E , N P P , N N N , K K K , M M A X , N D I M , 

1 
1 3 1 C C - - J E 

0 0 231 K=1,MMAX 
0 0 2 3 2 J = 1 , N N N 
0 0 2 3 3 I = 1 , N N N 

2 3 3 O M ( I , J , K ) = 0 . 5 * D M ( I , J , K ) 
2 3 2 C O N T I N U E 
2 3 1 C O N T I N U E 

C A L L A P C U N f ( U M , N S U B , M C N , N C , N N N , M M A X , N C A ) 
REWIND 23 
W R i T k T A P E 2 3 , N M A X 
W R I T E T A P E 2 3 , ( ( N S U 8 ( T . J ) , I = 1 , N M A X ) , J = 1 , 2 ) 
C A L L WTpME(nM,NSU8,NNN.MMAX,NMAX) 
C A L L C L E A R ( O M , N N N , M M A x ) 
G A L L U i M N p ( N S U 8 , N P N , M M A X , N P P ) 
00 32 iE=l,Nk 
C A L L C O N M A S ( S , v O L , R O , N F , I E ) 
G A L L TRStGP(OM,S,NGE,NRUB,NPN,NPA,NA,NE,NPP,NNN,KKK,MMAX,NDlM, 

1 NCORN'Ik) 
3 2 C O N T I N U E 

R E W I N D 2 3 
R E A D T A P E 2 % , ( ( N G E ( y , I ) , I = l , 4 ) , V 0 L ( N ) , N = l , N E ) 
0 0 1 3 2 IE = l,Nk: 
C A L L C U N M A S ( y , v O L , R O , N F , I E ) " ' 

G A L L T R S F G P ( O M , S , N G E , N s U B , N P N , N P A , N A , N E , N P P , N N N , K K K , M M A X , N D l M , 
1 N C O R N ' I k ) 

1 3 2 C O N T I N U E 
0 0 3 3 1 K = 1 , M M A X 
0 0 3 3 2 J = 1 , N N N 
0 0 3 3 3 I = 1 , N N N 

3 3 3 O M ( I , J , K ; = 0 . 5 * D M ( I , J , K ) 
3 3 2 C O N T I N U E 
3 3 1 C O N T I N U E 

N R H _ N p / 2 
C A L L H Y D N M C ( D M , N s u W . G . N P N . N 0 D , N N N , M K A x , N P , N P P , K l , K 2 , K 5 , N P H ) 

C A L L A P C C N P ( O M , N S U B , M C N , N C , N N N , M M A X , N C A ) 
C A L L W T p M E ( D M , N S U 8 , N N N , M M A X , N M A X ) 
B N U F I L E 2 3 
P R I N T 5 7 
GO TO E X I T 

1 F O R M A T ( 1 3 I 4 , 2 F 1 0 , 2 ) . 
4 FORMAT (2014) 
3 FORMAT (2014) 
6 F 0 h ^ A T ( 5 l 4 , l F l 2 . 1 , 2 F l 2 . 5 ) 
7 F 0 R M A T ( l I 8 , 3 F l 2 . 3 ) 
8 F 0 R M A T ( 2 I 4 ) . .. . . 

( 4 ) 



>' 

10 
11 
1/̂  
13 
1 4 
15 
16 
1 7 
Id 

T(5I4) 
T ( 5 P H 1 J O B V S 0 3 0 . H . E . c R M U T L U , E I G E N V A L U E P R O B L E M , J A N . 1 9 6 7 
T ( 4 1 H 0 N U M A E R OF u o D A L P O I N T S 
T ( 4 1 H N U M P E R oF E i E M E N T S 
T ( 4 1 H A C T U A L N U M g p R OF C O N S T R A I N T S 
i ( 4 l H N U M 9 E R oF f ^ A N E S 
T 1 4 1 H A C T U A L N U M g c R OF S U B M A T R l C E g 
T ( 4 l H M A X I M U M N U X P E R OF S U W M A T R I C E S 
r ( 4 1 H S I Z E OF T H F L A R G E S T S U B M A T H I X 

z l I 4 / / ) 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= i i 4 / / y 
= 114//)' 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= 1 1 4 / / ) 
= 1 F 1 2 , 5 / / ) 
= 1 F 1 2 . 5 / / ) 

r ( 4 l H M A X I M U M N U M B E R OF C O N S T R A I N T S 
1 9 ' ' T ( 4 l H N U M B E R oF i'j\^NOWN D I S P L A C E M E N T S O F N . p 
2 0 F' , T ( 4 1 H NL ^ QF c n R N E R S OF AN k L k M E N T 
2 1 F' T ( 4 1 H NU ; ' OF w & X I M u M S T k P S A L L O W E D 
22 F- r(4lH SI. riCANf FIGURES hOR. ACCURACY 
2 3 Fr, T ( 4 1 H I^:,%,.L E S T I M A T E OF T H E R O O T 
2 4 F r - . T ( 4 1 H I N C R E M E N T OF T H E E S T I M A T E 
2 3 F T ( 5 5 H N U M B E R S OF w ^ D A L P O I N T S IN E A C H P L A N E S A R E F O L L O W E D ) 
2 6 F I ( 5 5 H 1 E L . I j K L E L A S - M O D , P O I S S O N U N I T M A S S ) 
2 7 F T ( 4 9 H 1 NP X ' O R D Y - O R D Z - O R D ) 
2 8 F 0 R M A T ( 3 j H l A P p L l E D C O N S T R A I N T S A R E F O L L O W E D ) 
29 F0dMAT(lHl,55x,45H EL. I J K L VOLUME OF TETRAHEDRON ) 
57 F0RMAT(////2lH THE END OF JOB VS030//////) 

GNU 

( I I - 2 ) S W A T Y S I S S T A G S M A I N E 0 U T 1 N 3 F O R C A L C U L A T I N G 
" N A T U R A L P R S U U E N C I E S A N D M O D B S H A P E S . ' 

' h . ^ . e r ' ^ y . U , S O U T H A M P T O N U N I V E R S I T Y , J A N . 1 9 6 7 
S U L U T F E l G F N V A i UE P R O B L E M W I T H S P A C E F l N I T E - E L E M E N T M E T H O D 
U l M b N ! D M ( 5 4 , 5 4 , 3 3 ) , M S U B ( 3 3 , ? ) , M C N ( 1 1 4 , 2 ) , V E C T ( 5 4 , ? ) , N P N ( 9 ) 
CUMHON DM 

1 , N P , N E , N C , N P P , N M A X * M M A X , N N N , N C A , N D I M , N C 0 R N , K K K / . 
1 h S T , l b P S , X A M , D L A M , N C O N T 
H b A U 3 , ( N P N ( K ) , K = 1 , N P P ) 

4 , ( ( M C N ( L , I ) , I = 1 , 2 ) , L = 1 , N C ) 
- ^ l: 

r 2 1 , N S T 
H'r r Y 2 , I E P S 
P 2 3 , X A M 
k ' 2 4 , D L A M 
piiINT 2 5 
H ^ I N T b , ( N p N ( K ) , K = l , N p p ) 
HnlNT 28 
P x i M T h , ( ( M C N ( L , I ) , I = l , 2 ) , L = l , N n ) 

UU ol K F = 1 , N C U N T . ' 
C^LL CLFAH(UMfNNN,MMAX) 
D u J = 1 , N P P 
Lm j4 I=1,NNN 

34 V k : T ( I , j ) = ^ . 0 

6 4 L " L L H R V S 2 ( X A M , D L A M , M S T , I E P S , N N N , K M A X , N S U B , 0 M , V E C T , N P P ) 
Ih ( M S T ) 6 2 , 6 3 , 6 3 

62 ' ..I 
M + D L A M . 

: .,I 6 4 
6 3 > 1 , X A M 

- ^ ' T O R T F C X A M ) / 6 . 2 3 3 1 8 
P b 2 , F R E 0 



5 3 
- -.E ( M f : M , V E C T , N C f N C A , N N N , N P P ) 

T ( V E C T , N P N , N N N , N P P , N D I M ) 
AM 

- KK 
61 

4 P ' ( 2 C l 4 ) 

5 F ' ( 2 J T 4 ) 

8 F " ( 2 1 4 ) ' , 
i : F J O B V,SC30, H . E . E R M U T L U , E I G E N V A L U E P R O B L E M , J A N . 1 9 6 7 ) 

21 F "(4144 N U M B E R OF M A X I M U M S T E P S A L L O W E D . = 1 1 4 / / ) 
2 2 F - ' ( 4 1 H S I G N I F I C A N T F I G U R E S F O R A C C U R A C Y = 1 1 4 / / ) 
2 6 F ( 4 1 H I N I T I A L E S T I M A T E OF y H E R O O T =1F12.!:)//) 
2 ^ r '(41H I N C P F M E N T O F T H E E S T I M A T E = 1 F 1 2 . 5 / / ) 
2 5 F N U M B E R S OF N O D A L P O I N T S IN E A C H P L A N E S A R E F O L L O W E D ) 
2b F U R M A T ( 3 : ) H i A P P L l E n C O N S T R A I N T S A R E F O L L O W E D ) 
5 1 ( 2 5 H 1 7 H E R O O T OF n E T E R M l N A N T = l F 1 6 . 8 ) 

i 2 5 H C T H E N A T U R A L F R E Q U E N C Y = 1 F 1 6 . 8 ) 
5 5 ( 1 7 H 1 T H E M O D A L V E C T O R ) 
5/ - ( / / / / 2 1 H T H E E N D oF J O B V = : 0 3 0 / / / / / / ) 
b e ( 5 5 H 0 N . P O I N T - X - D l R E C T I O N Y ' D I R E C T I O N Z - D l R k C T I O N ) 
59 ( 1 3 H 0 E N U nF P H A S E , 1 I 3 / 2 0 H 0 S T A R T OF N E X T P H A S E ) 

k N U ' . 

(Ill) MAIN ROUTII^ FOR RESPONSE CAICUT.ATION USING 
RANDOM "^/I^ATION A I ^ Y S I S METHODS 

H . E . E R M U T L U , P O W E R S P E C T R U M M E T H O D 
D I M E N S I O N D M ( 1 6 4 , i 6 4 ) , N G E ( 3 8 4 , 4 ) , G ( l 6 4 , 3 ) , R 0 ( 3 8 4 ) . V O L ( 3 8 4 ) . 

1 N 0 D U 7 , 2 , 6 ) , N P M ( 1 7 , 2 ) . F X ( 1 6 4 , 5 ) , F Y ( 1 6 4 , 5 ) , F Z ( 1 6 4 , 5 ) . H X ( 1 6 4 ) , , 
2 H y ( 1 6 4 ) , H Z ( 1 6 4 ) , B X ( 5 , l 6 4 ) , 8 Y ( 5 , 1 6 4 ) , 8 Z ( ! ) , 1 6 4 ) , C ( 5 ) , F R E Q ( 5 ) , P ( 5 ) ^ 
3 - 1 S ( 5 ) , A P S ( 1 0 1 ) , S F R ( 1 0 1 , 5 ) , S P O ( 1 0 1 , 5 ) , A ( 1 0 1 ) , R ( 1 0 1 ) , D ( 1 0 1 ) 

IS I ON N P N ( l 7 ) 
IN D M , N G E , G , R O , V O L 

R E A D / O , N P P , N D I M 
7 0 F O R M A T ( 2 1 4 ) 

7 1 , ( N P N ( K ) , K = 1 , N P P ) 
7 1 . ' r\T (20 1 4 ) 

1, N P , N E , M R , N C 1 , N C 2 , N S , D E | T A 
1 I ( 6 1 4 , I F 6 . 3 ) 

2, K 1 , K 2 , K 3 , K 4 , K 5 
2 F O H K A T ( 5 1 4 ) 

C A L L E L E R E M ( N E , N P / N G E , G , R 0 , N 0 n , N P M , K l , K 2 , K 3 , K 4 , K 5 ) 
DO lU J = 1 , N P 

UO 10 1 = 1 , N P 
1 0 I , J ) =0 , 0 

I 2 9 
2 9 i u / - ^ T ( 1 H 1 , 5 5 X , 4 5 H E L . I J K L V O L U M E oF T E T R A H E D R O N ) 

C A L L R E S M A 5 ( N G c , G , D M , v O L , R O , N E , N P ) 
iF ( N C I ) 1 1 , 1 1 , 1 2 

12 NPn=Np/2 _ 

(6) 



u n la j = i , N P 
nXiJ)=0.0 
H Y I J ) = 0 . 0 
^ZiJ)=0'G 

C A L L H Y H R E K ( G , N 0 D , N P , K l , K 2 , K 3 , N P H , H X , H Y , H Z ) 
11 lE 

2 3 

TAPk 23, M 
V C T R D ( F X , F Y ' F Z , N P , M R , N P N , N P P , N D I M , M ) 

14 iNUk 
3, ( F R E 0 ( I ) , I = 1 , M R ) 

" ' , ( C ( J ) , T = 1 , M R ) 
3 ( 1 0 F 8 . 3 ) 

^ ^=1,MR 
, M , F R E n ( M ) , C ( M ) 

4 ' ' ( 1 3 H 1 M 0 D E N U M 8 F R = 1 I 2 / / 1 2 H F R E 0 U E N C Y = 1 F 8 . 3 , 1 6 H D A M P I N G R A T 

' 5 , ( I , F X ( I , M ) , F Y ( I , M ) , F Z ( I , M ) , I = 1 , N P ) 
5 ^ ( 1 I 4 , 3 F 1 2 . 6 ) 

15 uLMiiNUE 
C A u L G E N M A S ( B X , B Y , B Z , F X , F Y , F 7 , D M , H X , H Y , H Z , G M A S S , M R , N P , N C 1 ) 
H E A D 2 1 , ( A P S ( I ) , I = 1 , N S ) 

2 1 r O H M A T ( l O F k . l ) 
C A L L R E C E P T ( F R E O , C , S F R , D E L T A , M R , N S ) 
U O 1 0 1 N C 0 N T = 1 , N C 2 
R E A U 2 2 , N C 3 , N C 4 , N C 5 , C P S , V E L 

2 2 FOiTMAT ( 3 I 4 , 1 F 8 . 3 , 1 F 8 . 1 ) 
IF ( N C 3 ) 1 0 3 , 1 0 3 , 1 0 4 

1 0 4 C O N T I N U E 
IF ( N C 4 - 2 ) 4 0 1 , 4 0 2 , 4 0 3 

4 U 1 C A L L M D C Y R C ( G M A S S , S P 0 , S F R , A P S , G , B X , C P S , V E L , N C 4 , M R , N P , N S , 
1 D E L T A ) 
CO TO 1 0 7 . -

4 0 2 C A L L M D C Y R C ( G M A S S , S P 0 , S F R , A P S , G , B Y , C P S , V E L , N C 4 , M R ^ N P , N S , 
1 O c L T A ) 
G O TO 1 U 7 

4 0 3 C A L L M D C Y R C ( G M A S S , S P 0 , S F R , A P S , G , B Z , C P S , V E L , N C 4 , M R * N P , N S , 
1 ucLTA) 
CO TO 1 0 7 

1 0 3 IF ( N C 4 - 2 ) 2 0 1 , 2 0 2 , 2 0 3 
201 C A L L M D F R C E ( B x . p , M R , N P ) 

C O TU 1 0 5 
2 0 2 C A L L M D F p C E ( 8 Y , p , M R , N P ) 

CO TO 1 0 5 
2 0 3 C A L L M D F R C E ( 8 z , P , M R , N P ) 
1 0 5 C O N T I N U E 

C A L L M O D R C P ( P , G M A S S , S P Q , S F R , A P S , C P S , M R , N S , N C 4 ) 
10/ COA^INUE 

J O 1 U 6 N C T = 1 , N C 5 
2 3 , N C 6 , N 

2 3 F O R M A T ( 2 1 4 ) 
IF ( N C 6 - 2 ) 3 0 1 , 3 0 2 , 3 0 3 

3 0 1 C A L L S P E C T R ( F x , s P Q , A , N , M R , N P , N S , N C 6 ) 
G O TO 3 0 4 

3 0 2 C A L L S P E C T R ( F Y , S P Q , A , N , M R , N P , N S , N C 6 ) 
C O TO 3 0 4 

3 0 3 C A L L S P E C T R ( F z , S P Q , A , N , M R , N p , N S , N C 6 ) 
3 0 4 C O N T I N U E 

( 7 ) 



S i M P S N ( A R E A , D E I T A , A , N S ) 
:SQRTF(ARFA) 

. A R E A , S I G M A 
3 0 5 ( 1 0 H O V A P l A N C b = i F 2 0 . 6 , 9 H R . M . S . = l F 2 0 . 6 / / ) 

A S U M P ( A , B . D . N S , D E L T A , A R E A , A R S O R T ) 
M A G F A C ( A R S O R T , S I G M A ) 

106 INUE 
i G l 

r^iNT 108 
1 0 8 F O n Y ^ T 1 2 9 H 0 T H E E N D OF J O B V S 0 3 0 E R M U T L U / / / / ) 

GO TO E X I T 
LAW 

( 1 ) S U B R O U T I K S B L B A R 2 

S U 3 R 0 U T I N E E L E A R 2 ( N U M F r , N U M N P , N P I , N P j , N P K , N P L , E T , X U , R O , 
1 X O R U , Y O R D . 7 n R D . x L O A D , Y L O A D , Z L O A D , D S X , D S Y , D S Z , 
2 N 0 D , N P M , K 1 , K 2 , K 3 , K 4 , K S , K 6 , N D , M D ) 
D I M E N S I O N N P T ( N D ) , N P J ( N D ) , N P K ( N D ) ; N P L ( N n ) , E T ( N D ) , 

1 X U ( N D ) , R O ( N D ) , X 0 R D ( M 0 ) , Y 0 R D ( M D ) / 7 0 R D ( M D ) , D S X ( M D ) , D S Y 
2 ( X D ) , D s Z ( M D ) , X L 0 A D ( M D ) , Y L 0 A D ( M D ) , Z L 0 A D ( M D ) . N 0 D ( k l , K 2 , K 3 ) , 
3 N P M ( K 1 , K 2 ) 
R E A D 4 1 , E k M O D , P O I S O N , U N I D O M 

4 1 F 0 R M A T ( 3 F l 5 . 5 ) 
R E A D 7 , ( ( N P M ( I , j ) , j = l , K 2 ) , l E l 4 K l ) 

7 F O R M A T ( 2 0 I 4 ) 
C A L L N 0 K t A ( N P I , N P J , N P K , N P L , N P M , N 0 D , K l , K 2 , K 3 , N D ) -
IF ( K 4 ) 5 1 , 5 1 , 5 2 

5 2 R E A D 7 0 , N 
7 0 F 0 R M A T ( l I 4 ) 

UO 7 ? I = 1 , K 4 
R E A D 9, N P I ( N ) , N P j ( N ) , N P K ( N ) , N P L ( N ) 

9 F 0 R M A T ( 4 X , 4 l 4 ) 
75. N = N + 1 
51. D O 76 N = 1 , N U M E L 

E T ( N ) = E L M O D 
X U ( N ) = P O I S O M 

7 6 R O ( N ) = U N l O O M 
CAuL CORDLn(xORn.YORD,ZORO,XLOAD,YLoAD,ZLOAD,NOD,Kl,K2,K3, 

1 M O ) 
IF ( K 5 ) > 3 , 2 3 , 5 4 

5 4 R E A D 7 0 , M 
DO 55. I = 1 , K 5 
R E A D 5 6 , X O R D ( M ) , Y O R D ( M ) , Z O R D ( M ) , X L O A D ( M ) , Y L O A D ( M ) , Z L O A D ( M ) 

5 6 F O R M A T ! 4 X , 3 F 8 , i , 3 F l 2 ; i i 
5 5 : M = M + 1 
5 3 . 0 0 _ 5 7 M = 1 , M U M N P 

D S X ( M ) = 0 , 0 
O S Y ( M ) = 0 ; 0 

5 7 D S Z ( M ) = 0 , 0 
IF ( K 6 ) 3 8 , 5 8 , 5 9 

5 9 R E A D 7 0 , M 
DO 60 i=l,K4; 
R E A D 6 1 , D S X ( M ) , D S Y ( M ) . D S Z ( M ) 

6 1 F O R M A T * 4 X , 3 F 8 . 4 ) 
6 0 M = M + 1: 
5 8 R E T U R N 

END (8) 



(2) SUBR0U?T^r3 NOKTA. 

S U S H Q U T i h c N 0 h r A ( N P I , N P j , N P K , N P L , N P M , N 0 D , K l , K 2 , K 3 , N D ) 
UlMcNblON NPI(ND),NPJ(ND)'NPK(ND),NPL(N0),NPM(K1,K2), 

1 N]U(Kl,K2,Kj) 

UU 1 1=1,K1 
UU 1 J = 1 , K 2 
KN=NPH(I,J) 
UV 1 K = 1 , K N 
M = M + 1 
N 0 3 1 I , J , K ) = M 

1 UU\UINUE 

N = : 
RiA=Ki-l 
K2A=KZ-1 
UU ^ 1 = 1 , K I A 
uU ^ J = 1 , K 2 A 
% N A = N P M ( I , J ) - 1 
Uu 3 K = 1 , K N A 
N b X P = l + J + K 
N T Y P E = i - l ) * * N E X P 
jp i N T y p B ) 3 , 3 , 4 

3 N = \ + l 
N H I ( N ) = N O D ( I , J , K ) 
N P J I N ) = N 0 D ( I , J + 1 , K ) . 
k H < l N ) = N O D ( l + l , J , K ) 
NP_(N)=N0D(I,J,K+1) 
N = \ri 
N P 1 ( N ) = N 0 D ( I , J + 1 , K + 1 ) 
N P J I N ) = N 0 D ( 1 , J , K + 1 ) ' . 
N P < ( N ) - N U D ( I + 1 , J + 1 , K + 1 ) 
h , p L l N ) = N O D ( I , J + l , K ) 

- N = N + 1 
N P I ( N ) = N 0 D ( I + 1 , J , K + 1 ) 
N P J ( N ; = N 0 D ( I + 1 , J + 1 , K + 1 ) 
N P < ( N ) = N 0 D ( I , J , K + 1 ) 
N P . l N ) = N O D ( I + l , J , K ) 
N = N + 1 

^^PIlN)bNOD\I+l,J+l,K) 
N P J ( N J = N 0 D ( I + 1 , J , K ) 
N P \ ( N ) = N 0 D ( I , J + 1 , K ) 
N r _ ( N ) = N O D ( I + l , J + l , K + l ) 
N = N + 1 
N P I ( N ) = N 0 D ( I , J + 1 , K ) 
N P j ( N ) = N O D ( I + l , J , K ) 
NP<(N)=NOn(I,J,K+l) 
N P L ( N ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 
UO To 5 

4 N = N + 1, 
N P I ( N ; = N 0 D ( I , J + 1 , K ) 
N P J ( N ) = N 0 D ( I + 1 , J + 1 , K ) 
NP<(L)=^OD(I,J,K) 
N P L l N J = N O D ( I , J + l , K + l ) 

(9) 



rv = N -r 1 
r;r 1 I N ) = N 0 U ( 1 , J , K + i ) 

j ( N ; = N O n ( I + l, J, K + l ) 
= N O D ( I , J " 1, K + 1 ) ' 

.r_(N) = N O D ( I , J , K ) 
M + 1. 
ilNJ = N O D ( I+lf J, K ) 

N H J ( N ) = N O D ( I, J # K ) 
= N O D ( i + l . J + 1 , K ) 

NpLlN) = N O D ( I + l , J f K + l ) 
N = \ + l 
k r l l N ) = N O D ( I + l , J + 1 , K + 1 ) 

= N O D ( 1, K + l ) 
= N O D ( I + l, J' K + i ) 

N P u l N ) = N O D ( I + l , J + 1 , K ) 
N = N + 1 
N P I I N ) = N U D ( I , J, K ) 
N P J t N ' = N O D ( I,J + 1, K + l ) 
N P K ( N ) = N O D ( I + l , J + 1 , K ) 
N P ^ l N ) = N O D ( I + l , J, K + l ) 
C O N T I N U E 
IF ( N H M ( I , J ) - N P M ( I + 1 , J ) ) 6 , 2 , 2 

N k X P = I + J + K 
N T Y P E = l - l ) * * N E X P 
iK i N T y P E ) 7 , / , 8 
N = N + 1 
N P I l N J = N O D ( I , J + l , K ) 
N P J I N ) = N 0 D ( I + 1 , J , K ) 
N P K ( N ) = N O D ( I , J , K ) 
N P u l N ) = N 0 D ( I + 1 , J , K + 1 ) 

^ = \ + l 
N P I ( N > = N 0 D ( I , J + 1 , K ) 
N P J ( N ) = N 0 D ( I + 1 , J + 1 , K ) 
N P 4 ( N ) = N 0 0 ( I + 1 , J , K ) 
N P u ^ N ) = N 0 D ( I + 1 , J + 1 , K + l ) 
t = N + l 
N P I ( N ) = N 0 D ( I , J + 1 , K ) 
N P J ( N ) = N 0 D ( I + 1 , J * 1 , K + l ) 
N P K ( N ) = N 0 D ( I + 1 , J , K ) 
N P L ^ N ) = N O D ( I + l , J , K + l ) 
GO TO 2 
K = N + 1 
N P I ( N ) = N 0 U ( I , J + 1 , K ) 
N P J l N ) = N U D ( I + l , J + l f K ) 
N P < ( N ) = N O D ( I , J , K ) 
N P u l N ) = N 0 D ( I + 1 , J + 1 , K + l ) 
N = N + 1 
N P I ^ N ) = N O D ( I , J , K ) 
N P J l N ) = N 0 D ( I + 1 , J + 1 , K ) 
N P K ( N ) = N 0 D ( I + 1 , J , K ) 
N P L ( N ) z N O D ( I + l , J , K + 1 ) 
^ = y + l 
N P I l N ) = N O D ( I , J , K ) 
N P J ( N ) = N 0 D ( I + 1 , J + 1 , K + l ) 
N P ^ ^ N ) = N 0 D ( I + 1 , J + 1 , K ) 
N P L ( N ) = N 0 D ( I + 1 , J , K + D 
C O N T I N U E 
H k r U R h 
k N O 

(10) 



SUBROUTINE NOETB 

S U 3 R 0 U T I N E N 0 K T B ( N P l , N P J , N P K , N P L , N P M , N 0 D , K l , K 2 , % 3 , N D ) 
D I M E N S I O N N p I ( N D ) . N P j ( N D ) , N P K ( N 0 ) , N P L ( N D ) , N p M ( K l , K 2 y , 

1 N 0 D ( K 1 , K 2 , K 3 ) 
N = 0 

K2A=<2=1 
0 0 2 I = 1 , K % A 
UO 2 J=1,K2A . . - ' : 
^NA=NPM(),J)3l 
0 0 5 K = 1 , K N A 
N E X P = I * J + K 
NTYP==(-1)**NEXP 
IF ( N T Y p E ) 3 , 3 , 4 
N = N + 1: 

= N O D ( I , J , K ) 

= N 0 D ( I + 1 , J , K ) 
= \^0( 

N P I ( \ U 
N P J ( N ) 
NPK(N) 
NPL(N) 
N = N + 1. 
NPI(N)=N0D( 
N P J ( N ) = N O D ( 
NPK(\)=NOD( 
NPL(N)sNOO( 
N = N + 1 
N P I ( N ) = N 0 D ( 
N P J ( N ) = N O D ( 
\PK(N)?NOD( 
NPL(N)=NOD( 
N = N + 1 
^Pl(N)=NOD( 
NPJ(N)=NOD( 
NP4(N)=N0D( 
NPL(\)sNOD( 
N=N+1 
N P I ( N ) = N 0 0 ( 
NPJ(%)=NUO( 
NPK(N)sNOO( 
N P L ( N ) = N O D ( 
G O TO 5 
N = N + 1 
MPI(\);NGD( 
NPJ(N) 
NPK(N) 
N P L ( \ ) 
N = N + 1 
NPI(N) 
N P J ( N ) 
NPK(N) 

= N00( 

sNOOtl 

;J*1 * K) 

+ 1 , J , K + 1 ) 

f J , K + l ) 
+ 1 , J , K ) 

+ 1 , J + 1 , K ) 

+1,J+1,K) 
, J , K ) 

I * J ,K*l) :NOD( 
!M00(I+1 
iNOO(l*J*l,K+l) 

N P L ( N ) ; N 0 D ( I , J , K ) 
N = N + 1 
NPl(N)?NOD(I*l,JjK) 
MPJ(N;=NUU(l,J 
NPK(\) 
MPL(\) 
N = N+1' 
N P I ( N ) 
N P J ( N ) 
NPK(\) 
N P L ( N ) 

:NUD(I+1 
^0D(I+1. 

K) 

T * ' 

(11) 



N-^ + 1 
N p I ( N ) = N O D ( l , J , K ) 
N P J ( \ U = N 0 D ( I , J + 1 , K + 1 ) 
MP4(\)=N0D(I*l,j+i,K) 
N P L ( \ ) = N 0 D ( I * 1 , J , K + 1 ) 
C O N T I N U E 
IF ( \ P M ( I , J ) = N P M ( I + l , j i ) 
K = N P M ( I , J ) 
N E X P = I + J + K 
N T Y P E = ( - 1 ) * * N E X P 
IF ( N T Y P E ) 7 , 7 , 8 

8 N = N + 1 
N P I ( \ ) = N 0 D 
N P J ( \ ) = N O D 
, N P < ( N ) = N O D 
NPL(\);NOD 
N = N + 1 
NPI(N)=NOD 
NPJ(N)=NWO 
NPK(N)=NOO 
N P L ( N ) = N O D 
N = N+1: 
N P I ( N ) = N O O 
N P J ( \ ) = N O D 
NPK(\)pNOD 

. NPL(\)GNOD 
G O TO 2 

7 N = N + 1: 
NPl(\)=NOD 
NPJ(y)sNOD 
NPK(N)=NOD 
NPL(N)sNOO 
N = N + 1 
N P I ( N ) = N 0 D 
N P J ( N ) = N O D 
N P K ( N ) = N O D 
N P L ( N ) = N O D 
N = N + 1 
NPl(N)rNOO 
NPJ(N)=NOO 
NPK(N)?NOD 
NPL(NL=NOO 

2 C O N T I N U E 
R E T U R N 
ENO. 

I * J + l f K ) 
I + 1 , J , K ) 
I , J , K ) 
I * 1 , J , K * 1 ) 

I 
I + 1 , J + 1 , K ) 
I + 1 , J , K ) 

1*1,J,K) 
I + 1 , J , K + 1 ) 

I , J * 1 , K ) 

I ' J . K ) 
I * l , J + l , K * l i 

I , J . K ) 

I * 1 . J , K ) 
I * 1 , J , K + 1 ) 

I , J , K ) 
I + 1 , J * 1 , K * 1 ) 

2 ,2 

(4) SUBROUTINE CORDED 

S U B R O U T I N E C 0 R D L 0 ( X 0 R D , Y 0 R D , Z 0 R D , X L 0 A D , Y L 0 A D , Z L 0 A D , N 0 D , K l , K 2 , K 3 , 
1 MD) 
D I M E N S I O N X0RD(MD),Y0RD(MD),Z0RD(MD),N0D(K1,K2,K3) 

1 , X L O A D ( M D ) , Y L O A D ( M D ) , Z L O A D ( M D ) 
00 1 K=1,K3 
RkAU 2, H L E V E L , R A D , C E N T E R , T H I C K , A L P H A , N D I V , H L O A D , V L O A D 

2 H0RMAT (4h8"l,lp8,3,ll4,2F12*l) 
T = T h l C K / ( K 2 - l ) 
F A = A L P H A * 3 . 1 4 1 5 9 / 1 8 C . 0 
F U = F A / N D I V ' 

: - (iLS!) - " 



KA=K1-NDIV 
NS = U 

DU 1 J = 1 , K 2 

R = R A D - N S * T 
N S = N S + 1 

h-FA « 
UU 1 1 = K A , K 1 
S N = S I N F ( F ) 
C5=C0SF(F) 
N = N U D ( I , J , K ) - . 

X O R U ( N ) = R * S N 
Y0RU(N)=R*CS+CENTER 
Z U R U ( N ) = H L E V E L 
IF l j - 1 ) 3 , 3 , 4 

3 IF ( I - K l ) 6 , 7 , 7 
7 X L O A D ( N ) = O . G 

Y L O A D ( N ) = H L O A D / 2 . 0 
IF ( K ' l ) 6 , 8 , 9 

8 Z L O A D ( N ) = V L O A D / 2 . 0 
G O TO 5 

9 Z L O A D l N ) = H L O A D / 2 . 0 * ( Y O R D ( N ) - Y O R D ( N ^ l ) ) / ( Z O R D ( N - l ) - Z O R D l N ) ) 
1 +VLOAD/2.0 
GU TO 5 

6 X L 3 A D I N ) = H L 0 A U * S N 
Y L O A D ( N ) = H L O A U * C S 
IF ( K " l ) 1 0 , 1 0 , 1 1 - ' . 

ID Z L O A D t N ) = V L O A U 
GU To 5 

1 1 D Y = Y 0 R D ( N ) - Y 0 R D ( N - 1 ) 
D X = X o K O ( N ) - X O R D ( N - l ) 
0 Z = Z 0 R D ( N - 1 ) - Z 0 R D ( N ) 
IF ( O Y ) 1 2 , 1 3 , 1 3 

1 2 U X Y = D X * D X + D Y * D Y 
ZLOAD(N)=-HLOAD*SORTF(DXY)/DZ+VLOAD 
GO To 5 

13 OXY=DX*nX+DY*DY ' . 
Z L O A O ( N ) = H L O A D * S O R T F ( D X Y ) / D Z + V L O A D 
GO To 5 

4 XLOAD(N)=O.G 
YL3AD(N)=0.0. 
ZLOADlN)=0.0 

b F = F - F U -
1 C O N T I N U E 

RkTURN 

kND 

(5) SUBROUTINE 8IKIR 

S U d H O U T I N E SINiR(NPB,NFlX,N0D,NPM,Kl,K2,K3,K7,LD) 
U i X E w S l O N N P 8 ( L D ) , N F I X ( L D ) , N 0 D ( K 1 , K 2 , K 3 ) , N P M ( K 1 , K 2 ) 

uW 1 J = 1 , K 2 

K N = N P M ( 1 , J ) 
UO 1 K = 1 , K N 
N = N + 1 
NP3(N)=N0D(1,J,K) 

1 N F I X ( N ) = i? . 

" (13) 



uU 2 i = 2 , K l 

UU 2 J = 1 , K 2 

N=\ + l 
N P d l N ) = N U D ( I , J , K N ) 

on j J=1,K2 

u J K=1,KNA 
. . ^ 2 

K^3»N)=N0D(Kl,j,K) 
a NkiX(N)=i 

iF iK/) 4,4,5 
b L = 1 , K 7 

\ = N + 1 
6 k k A U 7, N P 8 ( N ) , N F [ X ( N ) 
7 KURMAT(2I4) 
4 HcTURN. 

kNQ 

(6) SUBROUTINE MODSTF 

S U B R O U T I N E M O O G T F ( N U M F L , N P I , N P J , N P K , N P L , X O R D , Y O R D , Z O R D , R O , E T , 
1 X U , Z L 0 A U , B T D 8 , A , S , L M , N P , R , N D , M D , I D , J D ) 
D I M E N S I O N N P i ( N D ) , N P j ( N D ) . N P K ( N D ) , N P L ( N D ) > X O R D ( M D ) , Y O R D ( M D ) , 

1 Z 0 R 0 ( M 0 ) , R 0 ( N n ) , E T ( N 9 ) , X U ( N D ) , 8 T D B ( l 2 , l 2 ) , s ( l 2 , 1 2 ) , A ( 1 2 , l 2 ) , 
2 L M ( 4 ) , N P ( M 0 , J D ) , R ( 9 , T n , M D ) , Z L 0 4 D ( M D ) 

; M O D I F I C A T I O N OF L o A D g A N D E L E M E N T D l M E w s I O N g 
00 200 N=1*NUMEL 

1 5 3 I = N P I ( N ) 
J = \ P J ( N ) 
d^NP%(N) 
L = N P L ( N ) 
A J = X O R O ( j ) - X O R D ( I ) 
8J = Y O R D ( j ) - Y O R D ( I ) 
CJ z Z o R D t j ) - 7 0 R D ( I ) 
AK = X O R D ( K ; - X O R D ( I ) 
8K = Y O R O ( K ) " Y O R D ( I ) 
CK = Z 0 R 0 ( K ) - Z O R D ( I ) 
AL = X O R D ( L ) * X O R D ( I ) 
8L = Y O R O ( L ) - Y O R D ( I ) 
CL = Z O R O ( L ) - 7 0 R D ( I ) 
C ̂X V C I L = A j * 8 K * c L - A J * B i » C K + A K # B L * C J " A K * B j * C L * A L # 8 U * C K - A L * 8 K * G J 
IF ( S I X V O L ) 7 0 1 , 7 0 3 . 1 7 7 

7 0 1 P R I N T 7 1 1 , N . N P J ( N ) , N P K ( N ) 
711 F O R M A T ! 12H; ELEMENT N0;il4,31H INTERCHANGED NODAL' POINT NO.S,214) 

K = N P J ( N ) 
J = N P K ( N ) 
N P J ( N ) s J 
NPK(N)PK 
G O T O 1 5 J 

7 0 3 P R I N T y i 3 , N 
7 1 3 F O R M A T ( 2 1 H 0 z E R O V O L U M F . E L . N 0 . B U 4 ) 

GO TO E X I T 
1 7 7 V 0 L = S I X V Q L / 6 . 0 

P R I N T 6, N , N p ^ ( N > , N P J ( N ) , N P K ( N ) , N P L ( N ) , V O L 
6 F O R M A T ( 5 6 X , b l 4 , l F 2 5 ; 6 ) 



DL=V0L*R0(N)/4; 
D L = 0 . b * D L 
Z L O A D ( I ) = Z L O A D ( I ) _ D L 
Z L O A D ( J ) = Z L O A D ( J ) - D L 
Z L O A D ( K ) = Z L O A O ( K ) - D L 

1 8 0 Z L O A D ( L ) = Z L O A D ( L ) - D L 
: F O R M A T I O N OF S T I F F N E S S A R R A Y 

C o M M = k T ( N ) / ( ( i ; + X u ( N ) ) * ( l ' " 2 . * X U ( N ) ) * 3 6 , * V O L ) 
U 1 = ( 1 . - X U ( N ) ) * C 0 M M 
0 2 = X U ( N ) * C 0 M M 
D 3 = ( 0 . 5 - X U ( N ) ) * C O M M 
UO 2 0 0 1 J = & , 1 2 
DO 2 0 0 % 1 = 1 , 1 2 ' 

2 0 0 1 d T O B ( I , j ) = 0 . 0 
8 T D B ( 2 f 2 ) = Q l 
8 T D K ( 7 , 7 ) = D 1 
8108(12,12)=01. 
3 T 0 B ( 2 , 7 ) = D 2 
8T0B(2,l2);D2 
8 T D B ( 7 , 2 ) = D 2 
8TDB(7«1%)-D2 
8TDB(l2,2)=D2 
8 T D B ( 1 2 , / ) = D 2 
8 T D B ( 3 , 3 ) = D 3 . 
8 1 0 8 ( 3 , 6 ) = 0 3 
8T0B(4*4)-03 
8 T D B ( 4 , l O ) = D 3 
3 T D B ( 6 , 3 ) = 0 3 
8 T D B . ( 6 , 6 ) = D 3 
8 T D B ( 8 , 8 ) = D 3 
8 T U B ( 8 , l l ) = D 3 ' 
8 T D B ( 1 0 , 4 ) = D 3 
8 T D B ( 1 0 , 1 0 ) = D 3 
8 T D B ( 1 1 , 8 ) = D 2 
8 T D B ( 1 1 , 1 1 ) = U 3 
A21=3JfCL-WJ»CK*BK*CJ:RK»CL+BL»CK»BL*CJ 
A 2 2 = 3 K * C L - 8 L * C K 
A 2 3 = 3 L * C J - 8 J * C L 
A 2 4 = 3 J * C K - 8 K * C J 
A 3 1 = A J * C K - A J * C L + A K * C L : - A K * C J + A L * C J ' " A L * C K 
A 3 2 = A L * C K - A K * C U 
A 3 3 = A J * C L - A L * C J 
A34=AKaCJ-Aj*Ck 
A41 = AJ*8L-AJ*8K + AK*8J::AK*8L + AL*BK-AL*8J 
A42=AK*8L-ALf8K 
A 4 3 = A L * B J * A j * 8 L 
A 4 4 = A J * B K - A K * 8 U 
Do 2002 J=l,l2 
DO 2 0 0 2 I z l , l 2 ' 

2 0 0 2 A ( I , J ) = 0 , 
A(1,1)=1,0 
A(3,2)al,0 
A(9,3)5liO 
A(2,1)=A^1 
A ( 6 , 2 ) P A 2 1 
A ( 1 0 , 3 ) = A 2 1 
A(3,l)PA3l 
A(7,2)GAjl 
A ( 1 1 , 3 ) = A 3 1 
A(4,1)3A41 
A(8,2)3A41: , 

( 1 5 ) 



A(12,a)=A4l 
A(2,4)=A22 
A(6,5)sA%2 
A ( 1 0 , 6 ) = A 2 2 
A ( 3 , 4 ) = A 3 2 
4(/,3)cA32 
A ( 1 1 , 6 ) = A 3 2 
A ( 4 , 4 ) % A 4 2 
A(8,2)=A42 
A ( 1 2 , 6 ) = A 4 2 
A ( 2 , 7 ) = A 2 3 
A(6,8)zA23 
A ( 1 0 , 9 ) = A 2 3 
A(3,7)sA33 
A ( 7 , 8 ) = A 3 3 
A ( 1 1 , 9 ) = A 3 3 
A ( 4 , 7 ) = A 4 3 
A ( 8 , 8 ) = A 4 3 
A ( 1 2 , 9 ) = A 4 3 
A ( 2 , 1 0 ) = A 2 4 
A ( 6 , 1 1 ) = A 2 4 
A ( 1 0 , 1 2 ) = A 2 4 ' 
A ( 3 , 1 0 ) = A 3 4 
A ( / , 1 1 ) = A 3 4 
A ( 1 1 , 1 2 ) = A 3 4 ' 
A ( 4 , 1 0 ) = A 4 4 
A ( 8 , 1 1 > = A 4 4 
A ( 1 2 , 1 2 ) = A 4 4 
DO 1 8 1 J=l,l2 
0 0 1 8 1 I = l , l 2 
S ( I , J ) r O , 
00 181 K=1,12 

1 8 1 S ( I , J ) = S ( I , J ) + R T D 8 ( I , k ) * A ( K , J ) 
Do 1 8 2 Jrl,l2 
00 182 1=1,12 

182 B T D B ( J , I ) = A ( I , U ) 
Do i 8 3 J = l ; l 2 
DO 183 I=1,12 

1 8 3 A ( I , J ) = S ( I , J ) 
0 0 1 8 4 J = l , l 2 
0 0 1 8 4 I = 1 , 1 2 
S( 

c D O 1 8 4 K = l , l 2 
1 8 4 S ( I , J ) = S ( i , J ) + B T D 8 ( I , k ) * A ( K , J ) 

W R I T E T A P E 2 3 , ( ( R ( I , J ) , I = 1 , 1 2 ) , J = 1 ) 1 2 ) 
DO 8 6 J = 1 , 1 2 : 
DO 87 1=1,12 

8 / S(I,J)=0,5*S(I,J) 
8 6 C O N T I N U E 

LM(l)=NpI(N) 
L M ( 2 ) = N P J ( N ) 
L M ( 3 ) = N p K ( N ) 
L M ( 4 ) = M P L ( N ) 
00 200 L^lf4 
00 200 M P l , 4 
LX=LM(L) 
MX = 0 

185 MX=MX+1 

IF ( N P ( L X , M X ) - L M ( M ) ) 190,195,190 
190 IF (NP(LX,MX)) 185,195,185' 
1 9 5 N P ( L X , M X ) = L M ( M ) 

(16) 



p ; A D J A C E N T ' TO 

IF ( M X = J U ) 1 9 6 , 7 0 2 , 7 0 2 
7 0 2 P R I N T 7 1 2 , ( L X ) 
7 1 2 F O R M A T ( J I H O M O R E f 

GO TO E x l T 
1 9 6 R ( l , M X , L X ) = R ( l , M X , 

R ( 2 , M X , L X ) = R ( 2 . M X , 
R ( 3 , M X , L X ) = R ( 3 , M X , 
R ( 4 , M X , L X ) = R ( 4 
R(2,MX#LX)=R(5,MX,LX)+R(3*L 
R ( 6 , M X , L X ) = R ( 6 , M X , L X ) + R ( 3 * L 
R ( 7 , M X , L X ) = R ( 7 , M X , L X ) + q ( 3 * L 
R ( 8 , M X , L X ) = R ( 8 . M X , 

200 R(9,MX,LX);R(9,MX, 

R E T U R N 

ii4) 

_ X ) + R ( 3 * L 
LX);q(3*L 
L X ) + R ( 3 * L ' 

, M X , L X ) + q ( 3 * L - l 

^,3*M-2) 
^,3*M-l) 
^,3*M) 

3*M-2) 
"1,3*M-1) 
.1,3*M) 
,3*M-2) 

LX)+q(3*L,3*M-r) 
L X ) + q ( 3*L , 3 * M ) 

(7) SUBROUTINE INVNP2 

210 

S U 8 R 0 U T I N E I N V N P 2 ( N U M N P , R , M D , I D ) 
D I M E N S I O N R ( 9 , I D , M D ) 
I N V E R S I O N nF N O D A L P O i N T S T I F F N E S S 
DO 2 l O M = 1 , N U M N P 
C 0 M M = R ( 1 , 1 , M ) * R ( 5 , 1 , M ) * R ( 9 , 1 , M ) + R ( 4 , 

1 R ( 7 , 1 , M ) * R ( 2 , 1 , M ) * R ( 6 
! R ( 1 , 1 , M ) * R ( 8 , 1 , M ) * R ( 6 
S l l : ' 

I ' M ) 
1 , M ) 

S13=( 
S2l=( 
S223( 
523= ( 
S31=( 
S322( 
S33=( 
R ( 1 , 1 , M ) 
R ( 2 , 1 , M ) 
R(3,1,M) 
R(4,1,M)' 
R ( 5 , 1 , M ) : 
R(6fl'M): 
R ( 7 f 1, M ) I 
R ( 8 , 1 , M ) : 
R ( 9 , 1 , M ) : 
R E T U R N 
E N D 

R ( 3 , 1 , M ) 
R ( 4 , 1 , M ) 

R ( 5 , 1 , M ) * R ( 9 , 1 , M ) - R ( 8 , 1 , M ) * R ( 6 
R ( 2 , 1 , M ) * R ( 9 , 1 , M ) * R ( 8 , 1 , M ) * R ( 3 

M ) # R ( 6 , 1 , M ) - R ( 5 , 1 , M ) * R ( 3 
M ) * R ( 9 , 1 , M ) + R ( 7 , 1 , M ) * R ( 6 
M ) * R ( 9 , 1 , M ) - R ( 7 , 1 , M ) * R ( 3 
M ) * R ( 6 , 1 , M ) + R ( 4 , 1 , M ) * R ( 3 
M ) * R ( 8 , 1 , M ) - R ( 7 , 1 , M ) * R ( 5 
M ) * R ( 8 , 1 , M ) * R ( 7 , 1 , M ) * R ( 2 
M ) * R ( 5 , 1 , M ) . R ( 4 , 1 , M ) * R ( 2 

R ( 2 f 1 , 
' R ( 4 , l , 
R ( l , l , 
' R ( l , l , 
R ( 4 , 1, 
' R ( l , l , 
R ( l , l , 

l , M ) * R ( 8 , i , M ) * R ( 3 , l , M ) ' 
* R ( 5 , 1 , M ) * R ( 7 , 1 , M ) -
* R ( 2 , 1 , M ) * R ( 9 , 1 , M ) 
,1,M))/C0MM 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 
, 1 , M ) ) / C 0 M M 

:Sll 
^12 
|S13 
5 2 1 
5 2 2 
5 2 3 
5 3 1 
5 3 2 
5 3 3 

(8) SUBEOUTIKE BOUNDS 

S U B R O U T I N E B 0 U N D 2 ( N U M B C , N P B , N F I X , N P , R , L D , M D , I D , J D ) 
D I M E N S I O N N P B ( L n ) , N F l X < l D ) , N P ( M n ' J D ) , R ( 9 , l D , M D ) 
M O D I F I C A T I O N OF B O U N D A R Y F L E X I B I L I T I E S 
D O 2 4 0 L = 1 , N U M 8 C 
M = N P B ( L ) 
N P t M , l ) = 0 

(17) 



IF ( N F i x ( L ) - l ) 2 2 5 , 2 2 0 , 2 1 5 
2 1 5 l F ( N F l X ( L ) - 3 ) 2 3 0 , 2 3 5 , 2 4 0 
2 2 0 R ( 5 , l , M ) = R ( 5 , l , M ) " R ( 4 , l , M ) * R ( 2 , l , M ) / R ( l , l , M ) 

R(6fl*M)=R(6flfM)-R(4,l,M)*R(3,l,M)/R(l,l,M) 
R ( 8 , 1 , M ) = R ( 8 , 1 , M ) - R ( 7 , 1 , M ) * R ( 2 , 1 , M ) / R ( 1 , 1 , M ) 
R ( 9 , l , M ) = R ( 9 , l , M ) - R ( 7 , i , M ) * R ( 3 , l , M ) / R ( l , l , M ) 
R ( 1 , 1 ' M ) = 0 . 0 
R ( 2 , 1 ' M ) = 0 , 0 
R ( 3 , I ' M ) = 0 . 0 
R ( 4 , l f M ) = 0 . 0 

. R ( 7 , 1 , M ) = 0 . 0 
GO TO 2 4 0 

2 3 0 R ( l , l ' M ) = R ( l , l , M ) - R ( 2 , l , M ) * R ( 4 , i , M ) / R ( 5 , l , M ) 
R ( 3 , l , M ) = R ( 3 , l , M ) - R ( 2 , l , M ) * R ( 6 , l , M ) / R ( 5 , l , M ) 
R ( 7 , 1 , M ) = R ( 7 , 1 , M ) - R ( 8 , 1 , M ) * R ( 4 , 1 , M ) / R ( 5 , 1 , M ) 
R ( 9 , l , M ) = R ( 9 , l , M ) - R ( 8 , l , M ) * R ( 6 , l , M ) / R ( 5 , l , M ) 
R ( 2 , 1 , M ) = 0 . 0 
R(4,lfM)=0«0 
R ( 5 , I ' M ) = 0 . 0 
R ( 6 , I ' M ) = 0 . 0 
R ( 8 ' 1 ' M ) = 0 . 0 
GO TO 2 4 n 
R ( l , l ' M ) = R ( l ' l ' M ) - R ( 3 , l , M ) * R ( 7 , l , M ) / R ( 9 , l , M ) 
R ( 2 , l , M ) = R ( 2 , l , M ) - R ( 3 , l . M ) * R ( 8 , l , M ) / R ( 9 , l , M ) 
R ( 4 , l , M ) = R ( 4 , l , H ) - R ( 6 , l , M ) * R ( 7 , l , M ) / R ( 9 , l , M ) 
R ( 5 , l , M ) = R ( 5 , l , M ) - R ( 6 , l , M ) * R ( 8 ' l , M ) / R ( 9 , l , M ) 
G O T O 2 3 6 
R ( 1 ' 1 ' M ) = 0 . 0 
R ( 2 , 1 , M ) = 0 . 0 
R ( 4 ' 1 ' M ) = 0 , 0 
R ( 5 ' 1 , M ) = 0 . 0 
R ( 3 , I ' M ) = 0 . 0 
R ( 6 f l f M ) = 0 . 0 
R(7'1'M)=0.0 
R ( 8 , I ' M ) = 0 . 0 
R ( 9 , 1 , M ) = 0 . 0 

2 4 0 C O N T I N U E 
R E T U R N 
END 

(9) SUBROUTINB ITERA2 

S U B R O U T I N E I T E R A 2 ( S U M , N U M N P ' N A p , X L O A D ' Y L O A D , Z L O A D ' D S X , D S Y , D S Z , 
1 N P , R , X F A C , M D ' I D ' J D ) 
D I M E N S I O N N A p ( M D ) , X L O A D ( M D ) , Y L O A D ( M D ) ' Z L O A D ( M D ) , D S X ( M D ) ' D S Y ( M D ) , 

1 ^ S Z ( M D ) , N P ( M D , J D ) , R ( 9 , I D , M D ) 
; I T E R A T I O N ON N O D A L P O I N T D I S P L A C E M E N T S 

DO 2 9 0 M = 1 , N U M N P 
N U M = N A P ( M ) 
IF ( R ( 1 , 1 , M ) + R ( 5 , 1 , M ) + R ( 9 ' 1 , M ) ) 2 7 5 , 2 9 0 , 2 7 5 

2 7 5 F R X = X L O A D ( M ) 
F R Y = Y L O A D ( M ) 
FRZ3ZL0AD(M) 

(18) 
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N ) - R ( 3 , L , M ) * D S Z ( N ) 
N ) - R ( 6 , L , M ) * D S Z ( N ) 
N ) - R ( 9 , L , M ) * D S Z ( N ) 
* F R Z - D S X ( M ) 
* F R Z - D S Y ( M ) 
* F R Z - D S Z ( M ) 

DO 2 8 0 L = 2 , N U M 
N = N P ( M , L ) 
F R X = F R X - R ( 1 , L , M ) * D S X ( N ) . R ( 2 , L , M ) * D S Y 
F R Y = F R Y - R ( 4 , L , M ) * D S X ( N ) ' R ( 5 , L , M ) * D S Y 
F R Z ; F R Z - R ( 7 , L , M ) * D S X ( N ) - R ( 8 , L , M ) * D & Y 
D X ± R ( 1 , 1 , M ) * F R X * R ( 2 , 1 , M ) * F R Y + R ( 3 , 1 , M 
D Y = R ( 4 , i , M ) * F R X + R ( 5 , l , M ) * F R Y + R ( 6 , l , M 
D Z i R ( 7 , l , M ) * F R X + R ( 8 , l , M ) * F R Y + R ( 9 , l , M : 
D S X ( M ) = D S X ( M ) + X F A C * D X 
D S Y ( M ) = D S Y ( M ) + X F A C * D Y 
D S Z ( M ) = D S Z ( M ) + X F A C * D Z 
IF ( N P ( M , 1 ) ) 2 8 5 , 2 9 0 , 2 8 5 
S U M = S U M + A B S F ( D X / R ( 1 , 1 , M ) ) + A B S F ( D Y / R ( 5 , 1 , M ) ) + A B S F ( D Z / R ( ? / 1 ' M ) ) 

C O N T I N U E 
R E T U R N 
E N D 

.0) SUBROUTINE REACTS 

S U B R O U T I N E R E A C T S ( N U M F L , N U M N P , N P I , N P J , N B K , N P L , D S X , D 5 Y , D S Z , 
1 X L O A D , Y L O A O , Z L O A D , S , r M , N D , M D , 
2 R,ID,N0D,NPM,K1,K2,K3) 
D I M E N S I O N N P ; ( N D ) , N P J ( N D ) , N P K ( N D ) , N P L ( N D ) , D S X ( M D ) , D S Y ( M D ) , D S Z ( M D 9 , 

1 X L 0 A D ( M D ) , Y L 0 A D ( M D ) , 7 r 0 A D ( M D ) , S ( 1 2 , 1 2 ) , L M ( 4 ) 

D I M E N S I O N R(9.ID,MD),N0D(Kl,K2,K3),NIPM(Kl,K2),LN(8) 
P R I N T 5 0 0 

5 0 0 h O R M A T ( l H l ) 
R E W I N D 2 3 
R E W I N D 2 4 
DO 1 6 5 M = 1 , N U M N P -
DO 1 6 6 L = 1 , B 
D O 1 6 7 K ; i , 3 

1 6 / R ( d , L , M ) = 0 , 0 
1 6 6 C O N T I N U E . ; 
1 6 5 C O N T I N U E 

D O 5 1 0 M ^ l f N U M N P 
X L O A D ( M ) = 0 , 0 
Y L Q A D ( M ) = 0 , 0 
Z L O A O ( M ) = 0 , 0 

5 1 0 C O N T I N U E 
D O 9 9 ^ N P 0 N T = 1 , 2 
R E A D TAPE 24, ( N p i ( N ) . N P J ( N ) , N P K ( N ) , N P L ( N A , N = l , N U M E L ) 

2 5 
4 5 

K 1 A = K 1 " 1 ' 
K 2 A = 4 2 = 1 
D O 1 I = l , K l A 
D O 2 J s l ' K Z A . 
K N A = N P M ( I , J ) 
D O 3 K = 1 , K N A 
IF ( % - K N A ) 1 5 , 2 5 , 2 5 
IF ( N P M ( I , J ) " N P M ( i + l , J ) ) 4 5 , 2 , 2 
M L P = 3. . 

( 1 9 ) 



LN(2)=0 
LN(4)=0 
GO TO 35. 

1? MLP=3 
L N ( 2 ) z N 0 U ( I , J , K + l ) 
L N ( 4 ) = N 0 U ( I , J + 1 , K + 1 ) 

3> L N ( l / = N 0 D ( I , V , k ) 
LN(3)=N0U(I,J+1,K) 
LN(5)=N0U(I+1,J,K) 
L N ( 6 ) = N 0 U ( I + l , j , K + i ) ; 
L N ( 7 ) = N 0 D ( I + 1 , J + 1 , K ) 
L N ( 8 ) = N 0 U ( I + 1 , J + 1 , K + 1 ) 
00 4 K L M = 1 , M L P 
N = N + 1 
R E A D T A P E 2 3 , 
L M ( l ) = N P l ( N ) 
L M ( 2 ) = N P J ( N ) 
L M ( 3 ) = N p K ( N ) 
L M ( 4 ) = N P L ( N ) 
00 530 M = l # 4 
M X = L M ( M ) 
X F O R C E = 0 , 0 
YFORSEsO.O 
ZFORCErO.O 
DO 5 4 0 L = l , 4 
L X = L M ( U ) 
X F 0 R C E = X F 0 R C E + 8 ( 3 * M - 2 , 3 * L " 2 ) * D S X ( L X 7 + S ( 3 * M - 2 . 3 * L - 1 ) * D S Y ( L X ) 

1 + s ( 3 * M - 2 , 3 * L ) * D S 7 ( L X ) 
Y F 0 R C E = Y F 0 R C E + s ( 3 * M - 1 . 3 * L " 2 ) * D S X ( L X ) * S ( 3 * M - l , 3 * L P l ) * D S Y ( L X ) 

1 + S ( 3 * M - 1 , 3 * L ) * D S 7 ( L X ) 
Z F 0 R = E = Z F 0 R c E + S ( 3 * M , 3 * r " 2 ) * 0 S X ( L X y * S ( 3 * M , 3 * L " l ) * D S Y ( L X y / 

1 + S ( 3 * M , 3 # L ) * D S Z ( L X ) 
5 4 0 C O N T I N U E 

X L O A U ( M x ) = X L O A D ( M x ) + X F h R C E * 0 . 5 
Y L O A D ( M x ) = Y L O A D ( M x ) + Y F n R C E * 0 . 5 
Z L 0 A 0 ( M x ) = Z L O A D ( M X ) + Z F h R C E * 0 . 5 
N 0 = 1 

7 IF ( L N ( N O ) " M X ) 6 , 5 5 , 6 
6 N 0 = N 0 + 1 

G O TO 7 
5 5 : R ( 1 , N O , M X ) = R ( 1 , N O , M X ) * Y F O R C E » 0 , 5 

R ( 2 , N O , M X ) 9 R ( 2 , N O , M X ) * Y F O R C E * 0 , 5 
R ( 3 , N O , M X ) P R < 3 , N O , M X ) + 7 F O R C E * 0 , 5 

5 3 0 C O N T I N U E . 
4 C O N T I N U E : 
3. C O N T I N U E : 
2 C O N T I N U E . : 
1 C O N T I N U E 

9 9 9 C O N T I N U E 
P R I N T ' 5 0 3 

503 F 0 R K 4 T ( 5 7 H l N 0 D A L POINT' X - R E A C T I O N Y-REACflON: Z - R E A C T t O 

I N ) 
P R I N T 5 0 4 , ( M , x L 0 A D ( M ) . Y L 0 A D ( M ) , Z L 0 A D ( M ) , M = l , N U M N P 3 

5 0 4 F 0 R M A T ( l j l 2 , 3 F l 5 ; i ) 
R E T U R N 

' ' - E N O -

(20) 



(11) SUBROUTINE FORCE 

5 U 3 R 0 U T I N E F O R C E ( N U M N P , R , I D , M U ) 

D I M E N S I O N R ( 9 , i D , M D ) 
UO 1 1 = 1 , 3 . 

P R I N T 2 
2 F O R M A T ( I H I ) 

DO 3 M = l , N U M N p 

U p W A R D = R ( l , 2 , M ) + R ( i , 4 . M ) + R ( I , 6 # M ) + R ( I , 8 , M ) 

0 0 W N W D = R ( I , l , M ) + R ( i , 3 . M ) * R ( I , 5 , M ) + R ( I , 7 , M ) 

^ ' F 0 R W R D = R ( I , 3 , M ) + R ( i , 4 , M ) * R ( I , 7 , M ) + R ( I * 8 , M ) 

8 A C K W D = R ( I , 1 , M ) + R ( I , 2 . H ) + R ( I , 5 , M ) + R ( I , 6 , M ) 

F L L F T W = R ( I , 5 , M ) + R ( i , 6 . M ) * R ( I , 7 , M ) + R ( I , 8 , M ) 

F R I G H T = R ( I , l , M ) * R ( i , 2 , M ) + R ( I , 3 , M ) + R ( I , 4 , M ) 

P R I N T 4 , I , M , U P W A R D , D o w N W D , F O R W R O , B A C K W D , F L E F T W , F R I G H T 

4 F O R M A T . ( I 2 ^ j 6 , 6 F 1 2 ^ 1 ) 

3 C O N T I N U E 

1 . C O N T I N U E : 

R E T U R N 
END. 

(12) SUBROUTINE ELEARM 

S U B R O U T I N E E L E A R M ( N E , N P , N G E , G , E T , X U , R 0 , N 0 D , N P M , K 1 , K 2 , K 3 , K 4 , K 5 ) 

D I M E N S I O N N G E ( N E , 4 ) , G ( N P , 3 ) E T ( N E ) , X U ( N E ) , R 0 ( N E ) , N 0 D ( K 1 , K 2 , K 3 ) , 

1 N P M ( K 1 , K 2 ) 

R E A D 4 1 , E u M O D , P O I S O N , U N I D O M 

4 1 F 0 3 M A T ( 3 F 1 5 . 5 ) 

R E A U / , ( ( N P M ( I , J ) , J = 1 , K 2 ) , I = 1 , K 1 ) 

7 F O R M A T ( 2 0 1 4 ) 

C A L L N 0 K T A M ( N G E , N P M , N 0 D , K 1 , K 2 , K 3 , N E ) 

I F ( K 4 ) 5 1 , 5 1 , 5 2 

52 REAU /o, N 
7 0 F U 3 M A T ( 1 I 4 ) 

0 0 / 5 1 = 1 , K 4 

R E A U 9 , ( N G E ( N , L ) , L = 1 , 4 ) 

9 F O R M A T ; 4 X , 4 1 4 ) ' 

7 5 N = N + 1 

5 1 U U / 6 N = 1 , N E 

E T ( N ) = E L M O D 

X U C N ) = P 0 I S 0 N 

7 6 R U ( N ) = U N I D O M 

C A L L C 0 R D L M ( G , N 0 D , K 1 , K 2 , K 3 , N P ) 

I F ( K > ) 5 3 , 5 3 , 5 4 

5 4 R E A D / O , M 

OU 5 5 1 = 1 , K 5 

R E A U 5 6 , ( G ( M , L ) , L = 1 , 3 ) . . : 

5 6 F O R M A T ( 4 X , 3 F 8 . 3 ) ' 

5 5 M = M + 1 

5 3 R E T U R N 

E N D . 

(21) 



13) RTTRT^OTTTTKE NOKTAM 

S U B R O U T I N E N 0 K T A M ( L , N P M , N 0 D , K l , K 2 , K 3 , N k ) 

D I M E N S I O N L ( N E , 4 ) , N P M ( K 1 , K 2 ) , N 0 D ( K 1 , K 2 , K 3 ) 

M = 0 
DU 1 I=1,K1 

DU 1 J = 1 , K 2 

K N ± N P M ( I , J ) 

DO 1 K=1,KN 

M = M^1 
NO0(I'J,K)=M 
C U N T l N U E 

K l A = K l - l 
K 2 A = K Z - 1 
DO % 1=1,KIA 
DO % J=1,K2A 
K N A = N P M ( I , J ) - 1 
DO > K=1,KNA 
N b X P = I + J + K 
N T Y P E S ( - 1 ) * * N E X P 
IF (NTYPE) 3,3,4 
N = N + 1 

L ( N , 1 ) = N 0 D ( I , J , K ) 

L ( N , 2 ) 

L(N,3)i 
L(Nf4) 
N = N + 1 

L(N,1): 

L(Nf2; 
L(W,3): 
L(N,4) 
N = N + 1 

L ( N , 1 ) 
L(N,2)i 
L(N,3): 
L(N,4): 
N = N + 1 
L ( N f 1): 

L(N,2)i 
L(N,3)i 
L(N,4): 
N = N + 1 

L(N,i;: 
L(N,2): 
L(N,3): 
L(N,4): 

GO TO ! 
N = N + 1 
L(N'l): 
U N , 2 ) : 

LtN,3): 
L(N,4): 

^OD 
iNOD 
^OD 

; N O D 

N 0 D ( I , J , K + 1 ) 

NOD 
:NOD 

^OD 
NOD 
NOD 
NOD 

I,J+1,K) 

I+1,J,K) 

I , J + 1 , K + 1 ) 

I + 1 , J + 1 , K + 1 ) 

I,J+1,K) 

I + 1 , J , K + 1 ) 
I + 1 , J + 1 , K + 1 ) 
I,J,K+1) 
I+1,J*K) 

:N0D(I+1,J+1,K) 

^ 0 D ( I + 1 , J , K ) 

^ 0 D ( I , J + 1 , K ) 

^ 0 D ( I + 1 , J * 1 , K + 1 ) 

^ 0 D ( I , J + 1 , K ) 

N 0 D ( I + 1 , J , K ) 

N 0 D ( I , J , K + 1 ) 

N 0 D ( I * 1 , J * 1 , K + 1 ) 

N 0 D ( I ' J + 1 ' K ) 
N 0 D ( I + 1 , J * 1 , K ) 
N O D ( I , J , K ) 
N 0 D ( I , J + 1 , K + 1 ) 

(22) 



N = N + 1 

L ( N , 1 ) = N 0 D ( I , J , K + 1 ) 

L ( N ' 2 ) = N 0 D ( I + 1 , J , K + 1 ) 

L ( N , 3 ) = N 0 D ( I , J + 1 , K + 1 ) 

L ( W , 4 ) = N 0 D ( I , J , K ) 

N = N + 1 

L ( N , 1 ) = N 0 D ( I + 1 , J , K ) 

L ( N , 2 ) = N 0 D ( I , J , K ) 

L ( N , 3 ; = N 0 D ( I + 1 , J + 1 , K ) 

L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 

N = N + 1 

L ( N , 1 ) = N 0 D ( I * 1 , J + 1 , K * 1 ) 

L ( W , 2 ) = N 0 D ( I , J + 1 , K + 1 ) 

L ( N , 3 ) = N 0 D ( I + 1 , J , K + 1 ) 

L ( N , 4 ) = N 0 D ( I + 1 , J + 1 , K ) 

N = N + 1 

L I N , 1 ) = N 0 D ( I , J , K ) 

L ( N , 2 ) = N 0 D ( I , J + 1 , K + 1 ) 

L ( N , 3 ) = N 0 D ( I + 1 , J + 1 , K ) 

L ( N , 4 ) = N 0 D ( I + l , J , k + l ) 

CONTINUE 
IF ( N P M ( I ' j ) - N P M ( l + l ' J ) ) 6 , 2 , 2 

K=NPM(I,J) 
N k X P = i + J + K 

N T Y P E ? ( - 1 ) * * N E X P 

IF i N T Y P E ) 7 , 7 , 8 

N = N+1 

L ( N , 1 ) = N 0 D ( I , J + 1 , K ) 

L ( W , 2 ) = N 0 D ( I + 1 , J , K ) 

L t N , 3 ) = N 0 D ( I , J , K ) 

L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 

N = N + 1 

L < N , 1 ) = N 0 D ( I , J + 1 , K ) 

L ( N , 2 ) = N 0 D ( 1 + 1 , J * 1 , K ) . 

L l N , 3 ) = N 0 D ( I + l , J , K ) 

L ( N , 4 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 

N=N+1 " " 

L ( N , 1 ) = N 0 D ( I , J + 1 , K ) 

L ( N , 2 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 

L ( N , 3 ) = N 0 D ( I + 1 , J , K ) 

L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 

GO TO 2 

N = N + 1 

L ( N , 1 ) = N 0 D ( 1 , J + 1 , K > 

L ( N , 2 ) = N 0 D ( I + 1 , J + 1 , K ) 

L ( N , 3 ) = N 0 D ( I , J , K ) _ . 

L ( N , 4 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 

N = N + 1 

L ( N , 1 ) = N 0 D ( I , J , K ) 

L ( N , 2 ) = N 0 D ( I + 1 , J + 1 , K ) 

L ( N , 3 ) = N 0 D ( I + 1 , J , K ) . 

L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 

N = N + 1 

L ( N , 1 ) = N 0 D ( I , J , K ) 

L ( N , 2 ) = N 0 D ( I + 1 , J * 1 , K + 1 ) 

L ( W , 3 ) = N 0 D ( I + 1 , J + 1 , K ) 

L ( N , 4 ) = N 0 D ( I + l , J , K + l ) 

C O N T I N U E 

HkTURN 

ENB 
(23) 



(14) SUBROUTINE NOKTBM 

SUdROUTlNE NUKTBM(L,NPM,N0D,Kl,K2,Kj,NE) 
DIMENSION L(NE,4),NPM(Kl,K2),N0D(Kl,K2,K3) 
N = Q 
K14=%1-1 
K2A=%2-1 
DO 2 I=1,K1A 
00 2 J=1,K2A 
KN4=NPM(1,J)"1 
UO 5 K=1*KNA 
NEXP=I+J+K 
NTYPE=l-l)**NEXP 
IF (MTYPk) 3,3,4 
N = N + 1 
L(N,1)=N0D(I,J,K) 
k(N,2)=N0D(I,J+l,K) 
L(%,j)=NOD 
L(^,4)=NDD 
N = N+1 
L(N,1)=N0D 
L(^,%)=NOO 
L(N,j)=NDD 
L(N,4)=N0D 
N = N + 1 
L(N'1)=N0D 
L(^,2)=N0D 
L(N,3)=N0D 
L(N,4)=N0D 

L(N,&)=NOD 
L(N,2)=N0D 
L(N,j)=NOD 
L(N,4)=NUD 
N = N + 1 
L(^,1)=NOO 
L(N,2)=N0D 
L(N,a)=NOD 
L(N,4)=N0D 
QO TO b 

N = N + % 
L(N,1)=N0D 
L(N,2)=N0D 
L(N,j)=NOD 
L(N,4)=N0D 
N = N + 1 
L(N,1)=N0D 
L(N,2)=N0D 
L(N,3)=N0D 
L(N,4)=N0D 
N = N + 1 
L(N,1)=NWD 
L(N,2)=N0D 
L(N,J)=NUD 
L(N,4)=N0D 

L(N,1)=N0D 
L(N,2)=N0D 
L(N,j)=NOD 
L(N,4)=N0D 

I'J,K+1) 

I+1,J,K) 

1*1,J,K) 

I,J,K+1) 

I'J.K) 

I+1,J,K+1) 
I'J+lfK+1) 

(24) 



^^^ + 1 
L(W,1)=NUD(I,J,K) 
L(N,2)=NUD(I,J+1,K*1) 
L(%,j)=NOD(I+l,J+l,%) 
L(^,4)=NUD(I*1,J,K+1) 
C O N T I N U E 
IF (NPM(I,J)-NPM(I*1,J)) 6,2,2 

NEXP=I+J+K, 
h^YpE=(-l)**NEXP 
IF (NTYPH) 7,7,8 
N = N + 1 

L(N,2)=N0D(I+1,J,K) 
L(N,j)=NOD(I,J,K) 
L(N,4)=N0D(I*1.J,K+1) 
^l=^+l 

L(N,2)=N0D(I+1,J*1,K) 
L(N,j)=NOD(I+l,J,K) 
L(N,4)=N0D(I+l,J*i,K*l3 
N = N+1 
L(N,1)=N0D(I«J*1,K) 
L(N,%)=NOD(I+l,J+l,K*li 
L(W,j)=NOD(I+l,J,K) 
L(N,4j=NaD(I*l,J,K*l) 
90 TU 2 
N = N+% 

L(N,2)=N00(I+1,J+1,K) 
L(N,j)=NOD(I,J,K) 
L(N,4)=N0D(I+l,J*l,K*ii / 
N = N + 1 
L(N,1)=N0D(I,J,K) 
L(N,2)=NO0(I*l,J*l,K) 
L(N,j)=NWD(I+l,J,K) 
L(N,4)=N0D(I*i,j,K*l) 
N = N + 1 
L(N,1)=N0D(I,J,K) 
L(N,2)=N00(I+1,J*1,K+1) 
L(N,3)=N0D(I+1,J+1,K! 
L(N,4)=N0D(I*1,J,K*1> 
CONTINUE 
RETURN 
GNW 

(15) 8UBR0UTIKB CORnLM 

SUBROUTINE C0RDLM(G,N0D,K1,K2,K3,NP)-
DIMENSION G(NP,3>,N0D(K1,K2,K3) 
DO I K=i,K3 

READ 2, HLEVEL,RAD,CENTER,THICK,ALPHA,NDIV 
F08MAT(5F8.3,1I4) 
T=THICK/(K2-1) 
FAtALPHA*3.14159/180,0 
FUiFA/NDIV 
KAiKl-NDiV 



NS±U 

UU 1 J = 1 , K 2 ( 

R = R A D - N S * T " I 

Ny=Ns+l f 
F = FA f 

DO 1 l=KA,Kl . . : 1 

N = N O D ( I , J , K ) . -

G ( % , 1 ) = R * S I N F ( F ) I 

G ( N , 2 ) = R * C 0 S F ( F ) + C E N T E R ' i 

G(N,3)zHLEvEL I 
F=F- F U 

CONTINUE I 
RkTURN ' ' 

EN8 ' ' . I 

> ^ I 
i 

(16) SUBROUTINE DIMNP ' ; 
I 

S U B R O U T I N E DIMNP(NSU8,NPN,NiMAX,NPP) 

U I M b N S l O N N S U 8 t N M A X , % ) , N P N ( N P P ) 
N P P I = N p p - l 

DU 1 l=l,NpPI 

N S U b ( j * I - l , l ) = j * N P N ( I ) 

N S J W l 4 * 1 - 1 . 2 ) = j * M P N ( I + l ) 

N b J b ( j * I , l j = j * N P N ( I + l ) / 

N S J W ( a * I , 2 ) = 3 * N P N ( t ) 

CU^^INUE 
UU 2 1=1,NpP 

N S U B ( J * I - 2 , l ) = j ^ N P N ( I ) 

N S U W ( j * I - 2 . 2 ) = 3 ^ N P N ( I ) 

CONTINUE 
RkTURN 

END 

(17) SUBROUTINE CLEAR 

S U B R O U T I N E C L E A R ( D M , N N N , M M A X ) 

D I M E N S I O N n M ( N N N , N N N , M M A X ) 

DU 1 K = 1 , M M A X 

DO 1 I=1,NNN 

00 1 J=1,NNN 
D M I I , J , K ) = 0 . 0 

RblURN 

END 

(26) 



(18) 

13 

yu 
i I t 

; k 
N i 
N J 
Nt\ 
NL 
A J 
d J 
CJ 
Al\ 

CK 
AL 
W L 
CL 
VU 
Ih 
P H 
i\lf\ 
N J 

NU 
GU 

- fl3* BTOR,ET,XU,VOL,NE,NP,N) 
12),At 12,12),8708(12,12), 

jHUUriNE SllkF 
4LNSI0N NGE(NE,4),G(NP*j)#S(l2 
'(Nb),XU(Nk),VOLlNE) 
:NGkiN,l) 
:NGk(N,2) 
:NGkiN,3) 
'NGk(N'4) 
:u(Nj,l)_GlNf,l) 
:k(Nj,2)-G(Nj,2) 
:k(Nj,3)_G(NI,j 
:G(NK,1).GIN1,1 
:U(NK,2)_G(Ni,2 
:u^NK,3)-G(NI,j 
:U(NL,l)_G(Nt,l 
:U(NL,2)-G(Nl,2 
:u(NL,3)-G(Ni,j 
.IN)=(AJ*BK*UU-AJ*BL*CK+AK*BL*CJ-AK*HJ*CL 
\VUL(N)) 13,14,15 
NT 711,N'NJ,NK 

:NGb(N,3) 
:lN'2)=Nj 
:lN'3)=NK 
To 12 

-AL*8j*CK-AL*BK*CJ)/6.0 

14 PKINT 713,% 
GO TO EXIT , . . 

15 HKINT 6, N,Nr,Nj,NK,NL,VOL(N)' 
U0MM=bT(N)/((l.+XU(N))*(l.-2.*XU(N))*36.*VOL(N)) 
Ul=(l.-XU(N))*COMM 
UZ=XUlN)*CnMM 
UJ=l0.2-XU(N))*COMM 

J = ̂ yl2 
UU 20Ul 1=1,12 

2001 dlOd(l,J)=p.j 
bTUd(Z,2)=nl 
yTud(/,7)=nl 
BTUd(12,12)=01 
bTUd(2,7)=n2 
bTUd(2,i2)_D2 
yTDd(/,2)=n2 
BTUB(/,12)=D2 
BTWd(12,2)=D2 
dTUd(l2,7)_D2 

.dTUd(3,3)=n3 
BTud(0,6)=D3 

8T0d(4,4)=Q3 
dTOd(4,iO)=D3 
WT0d(o,3)=n2 
BTud(&,6)=n3 
8Tud(d,8)=n3 
bTUd(b,il)_Dj 
dTUd(lQ,4)=D3 
BTUB(1U,10)=D3 
bTUB(ll,d).D3 
BTWd(ll,ll)=U3 

(27) 



A^l=dJ*CL-oJ*CK+BK*CJ-8K*CL+8L*CK-8L*Cj 
A^^zHR*CL-AL*CK 
AZj=bL*CJ-RJ*CL 

Ajl=AJ*CK-AJ*CL+AK*CL-AK*Cj+AL*CJ-AL*CK 
AJ^=AL*CK-AK*CL 
Ajj=AJ*CL-AL*Cj 
AJ4=AK*CJ-AJ*C% 
A4l=AJ*RL-AJ*8K+AK*HJ-AK*8L+AL*8K-AL*8J 
A42=AK*BL-AL*b< 
A4j=AL*8J-AJ*8L 
A44=AJ*RK-Ak*8j 
UU ^ J=i,12 
UU ^ 1=1,12 

2002 A(i,j;=0. 
A(1,1;=1.0 
At?,2)=1.0 
AWfj/=1.0 
Al2flf=A21 
Al&,2)=A21 
AllU,j)=A2i 
Alj,l)=Ajl 
Ai/,2^=Aal 
Alll,J)=A3i 
Al4,i;=A41 
Alb,2;=A41 
All2,j)=A4t 
A<2f4J=A22 
Alb,5J=A22 
Ailu,0)=A22 
Alj,4J=AJ2 
Al/fbJ=A32 . ' 
Aill,0)=A32 
A14,4)=A42 
Aiy,5)=A42 
All2,0)=A4p 
Al2,7/=A23 
Al6f8)=A23 
AllU,y)=A23 
Alj,7;=A33 
Al7,Bj=A33 
Alll,y)=A33 
A14,7;=A43 
Albfy)=A43 
All2,y)=A43 
Al<,lU)=A24 
A(5fll)=A24 
A<1U,12)=A24 
Al3,lU)=A34 
Al/«ll)=A34 
A111,12)=A34 
Al4flUj=A44 
Aldfll)=A44 
All2,12)=A44 
UU 181 J=l,12 
UU 181 1=1.12 

UU 181 K=1.12 
181 SlI,J)=S(I.J)+WTDB(I,K)*A(K,J) 

UU 182 J=l,12 
DU 182 1=1,12 

182 8T08(J,I)=A(I,J) (28) 
. . . . . . — A / w y 



1 8 3 

1 8 4 
6 

7 1 1 
7 1 3 

uu l y j 
uu idj 

uu 1 6 4 
uU ld4 

J = 1 
1 = 1 

S( I 
J = 1 
1 = 1 

b(i,J)=0. 
uu 164 K=1 

12 
1^ 
J / 
12 
12 

12 
J ) + y T D 8 ( , K ) * A ( K , J ) 

FLUHAT (b6Y,5I4,lF25.6) 
h U R M A T ( 1 2 H E L E M E N T N 0 . l y 4 , 3 1 H 
F U R M A T i Z l H n Z E R O V O L U M E , E L . N O 
RklURN 
E N D 

I N T E R C H A N G E D 
= 1 1 4 ) 

N O D A L P O I N T N 0 . S . 2 I 4 ) 

(19) 8UBR0UTINB COMMAS 

11 

12 

S U d H o U T I N E C O N M A S ( C , V 0 L ' R 0 , N E , N ) 
UIMCNSION n(12,l2),^0L(NE),R0(NE) 
T M A S S = V O L ( N ) * R O ( N ) 
C l = U . l * T M A s S 
C2±j.U5*TMASS 
UO 1 1 J = l , i 2 
U u 
C U 
DU' 
C( 1 

1 
C( 1 
G U 
CI a 
CI 2 
CI 2 
CI 3 
C13 
C t 3 
C M 
C t 4 
CI 4 
CI ? 
C I 3 
Ct 5 
CI 0 
C^ b 
CI 6 
CI / 
C( / 
Cl/ 
CI b 
CI 6 
U I W 
CI y 

C W 
t W 
C ( 1 U 

11 1=1,]2 
J ) = 0 . 0 

1 2 I = l , i 2 
I ) = C 1 
4 ) = C 2 
/ )=C2 

1 0 ) = C 2 
b ) = C 2 
W ) = C 2 
II)=C2 
b. ) = C 2 
9 ) = C 2 
r 2 ) = C 2 
1 ) = C 2 
y ) = C 2 
1 U ) = C 2 
2 ) = C 2 
8 ) = C 2 
1 1 ) = C 2 
3 ) = C 2 
9 ) = C 2 
1 2 ) = C 2 
1 ) = C 2 
4 ) = C 2 
1 U ) = C 2 

= C 2 
= C 2 

1 1 ) = C 2 
3 
6 

C 2 
) = C 2 

1 Z ) = C 2 ' 
, 1 ) = C 2 

C 1 1 U , 4 ) = C 2 
C l l U , / ) = C 2 
C ( 1 1 , 2 ) = C 2 
C ( 1 1 , > ) = C 2 

r— 

( 2 9 ) 



uil^,j)=C2 
Utl^,b)=C2 
c(i^,y)=c2 
HctURN 
bWU 

(20) SmBROUTINE 

' 

S U B R O U T I N E H Y D N M C ( A , N S U H , G , N P N , N 0 D , N N N , M M A X , N P , N P P , K 1 , K 2 , K 3 , N P H ) 

D I M E N S I O N A ( N N N , N N N , M M A X ) , N S U 8 ( M M A X , 2 ) , G ( N P , 3 ) , N P N ( N P P ) , 

1 N O O ( K 1 , K 2 , K 3 ) , W Y D N C ( 6 0 ) ' ^ 

C EVALUATION OF H Y D R O D Y N A M I c LOAnS 

N^-O 
READ 2 1 , ( H Y D N C ( M ) , M = 1 , N P H ) 

21 FORMAT (16F5.3) 

PRINT 111 
111 F8RMAT (IHl) 

DO 1 K=1,K3 

READ 2, A L P H A , A L O A D f N D l V 
2 FORMAT ( 1 F 8 . 3 , 1 F 1 2 . 3 , 1 I 4 ) 

F A = A L P H A * 3 . 1 4 1 5 9 / 1 8 0 , 0 
FD=FA/NDIV 
KA=Kl-NDIV 

F6FA 
DO 1 I=KA,K1 . 
N i N O O ( I , l , K ) . , . 

S N = S l N F ( F ) 

C S = C O S F ( F ) 

NW=NW+1 

H L O A D = A L O A D * H Y D N C ( N W ) 
IF (I-Kl) 6,7,7 

7 XLOAD=0.0 

Y L O A D = H L O A D / 2 . o 

IE (K-1) 8,8,9 ' 
8 ZLOADsOtO 

GO TO 5 : 
9 Z L O A D = A 8 S F ( H L O A D / 2 . 0 * ( Q ( N , 2 > " G ( N * 1 , 2 ) ) / ( G ( N - 1 , 3 ) . Q ( N , 3 ) ) ) 

GO TO 5 
6 X L 0 A D = A 8 S F ( H L 0 A D * S N ) 

Y L O A D = A B S F ( H L O A D * C S ) 
IE (K-1) 1 0 , 1 0 , 1 1 

10 ZLOAUcO.O 
GO TO 5 

11 D X = G ( N , 1 ) - G ( N - 1 , 1 ) 

D Y = G ( N , 2 ) - G ( N - 1 , 2 ) 

DZ=G(N,3)-G(N-li3) 
D X Y = D X * D X + D Y * D Y 
Z L 0 A 0 = A 8 S F ( H L 0 A D * S 0 R T F ( D x Y ) / D Z ) 

5 FiF-FD 
P R I M T 1 1 2 , A L P H A , A L O A D , N n l V , N , N W . H Y D N C ( N W ) , F , S N , C S , X L O A D , Y L O A D , Z L O A D 

112 FORMAT ( l F 8 , 3 , i F 1 2 . 3 , 3 l 5 , 4 F 8 . 5 . 3 F i 2 , 3 ) 

C TRANSFER TO THE OVERALL MASS MATRIX 
IM = 0 
NRSzO 

3 IMZIM+I 
NRS =NPS + NPN(IM.)/ L _ 



N I = N P S - N 
l F , ( N l ) 3 , 4 , 4 
NRL=j*lM-2 
I R = N S U B ( N P L , 1 ) - 3 * ( N I + 1 ) + 1 
A i l R , I R , N P L ) = A ( I R , l R , N P L ) + X L O A n 
A ( l R + l , I R + l , N P L > = A ( l R + l , l R + l , N p L ) + Y L O A D 
A 4 I R + 2 , I R + 2 , N P L > = A ( I R + 2 , I R + 2 , N P L ) + Z L 0 A D 
C O N T I N U E 
R E T U R N 
E%D 

(25) SUBROUTINE WTPMB 

S U d H O U T I N E W T P M E ( A , N S U 8 , N N N , K M A x , N M A X ) 
DIMENSION 4 ( N N N , N N N , K M A X ) , N S U 8 ( K M A X , 2 ) 
DU 1 M A = 1 , N M A X 
NHaNSU6(MA,l) 
NCzNSU6(MA,2) 
IK ( N H * N C ) 1 , 1 . 2 
W H I T E T A P E 2 j , ( ( A ( l , J , M A ) , I = l , N p ) , J = l , N C ) 
C O N T I N U E 
R k F U R N 
END 

(50) SUBROUTINE UNAPGB 

S U B R O U T I N E U N A P G E ( M C N , V F C T , N C , N C A , N N N , N P P ) 
D I M E N S I O N M C N ( N C A , 2 ) , V E C T ( N N N , N P P ) 
D O 1 N = 1 , N C 
N P = ( M C N ( N , 2 ) + 2 ) / 3 
N R = M C N ( N , 1 ) 
N T R = N N N - N R 
D O 2 K R = 1 , N T R 
M T = N N N - K R 

2 V F C T ( M T + l , N P ) = V E C T ( M T , N P ) 
i V E C T ( N R , N P ) = 9 . 

R E T U R N 
E N D 

(31) 



(31) 8UBR0UTIN3 VCTWRT 

" S U B R O U T I N E V C T W R T ( V F C T , N P N , N N N , N P P , N D I M ) 
D I M E N S I O N V E C T ( N N N , N P P ) , N P N ( N P P ) 
n o 1 N P = t , N P P 
NPS=[ 
DO 2 J P = 1 , N P 

2cNPy=%P2+NEN(jP) 
N M = N P N ( N P ) 
N P M = N P S - N M 
D O 1 I = 1 , N M 
M P = N P M + % 
N I = N D I M * ( I - 1 ) 
P R I N T . 3 , M P , ( V E C T ( N I + J , N P ) , J = 1 , N D I M ) 

1 C 0 N 7 I N U F 
3 F O R M A T ( 1 1 8 , 3 F 1 5 . 1 0 ) 

R E T U R N 
E N D 

(32) SUBROUTINE ELBRBM 

S U B R O U T I N E E L E R E M ( N E , N P , N G E , G , R 0 , N 0 D , N P M , K 1 , K 2 , K 3 , K 4 , K 5 ) ' 

D I M E N S I O N N G E ( N E , 4 ) , Q ( N P , 3 ) , R 0 ( N E ) , N 0 D ( K l , K 2 , K 3 ) , N P M ( K l , K 2 ) j 

READ 41, UNIDOM ' : | 

41 F O R M A T ( 1 F 1 > . 5 ) | 

READ 7' ( ( N P M ( I , J ) * J = 1 , K 2 ) , I = 1 , K 1 ) } 

7 F O R M A T ( 2 0 1 4 ) ; f 

CALL N 0 K S Y M ( N G E , N P M , N 0 D , K 1 , K 2 , K 3 , N E ) ! 

IF (K4) 5 1 , 5 1 , 5 2 1 

52 READ 7U, N ' i ! 

70 F C R K A T ( 1 I 4 ) ' - ! 

no 75 I=1,K4 I 

READ 9, ( N G E ( N , L ) , L ; 1 , 4 ) . . i 

9 F C R M A T ( 4 X , 4 i 4 ) j 

75 N=N+1 . I 

51 DO 76 N = i , N E '' i 

76 R C ( N ) = U N I D O M , ' 

. CALL C 0 R S Y M ( G , N 0 D , K 1 , K 2 , K 3 , N P ) . ' 

IF (K5) 5 3 , 5 3 , 5 4 

54 READ 70, M ' | 

DC 55 1=1,K5 : i 

READ 56, ( G ( M , L ) f L = l * 3 ) ! 

56 F G R M A T ( 4 x , 3 F 8 , 3 ) 

55 M = M + 1 . ' 

53 RETURN 

END : 

(32) 



[33) SUBROUTINE NOKSYM 

S U B R O U T I N E N 0 K S Y M ( L , N P M , N 0 D , K 1 , K 2 , K 3 , N E ) 
u l M E M S l O N L ( N E , 4 ) , N P M ( K l , K 2 ) , N 0 n ( K l , K 2 , K 3 ) 
M=0 

DO 1 1 = 1 , K l 
DO 1 J = 1 , K 2 
K N ± N P M ( I , J ) 
U O 1 K = 1 , K N 
M = M + 1 
N O D ( I , J , K ) = M 
C O N T I N U E 

KlA=Kl"l 
K2A=K2-1 
DO 2 I = 1 , K 1 A 
D O 2 J = 1 , K 2 A 
IF ( N P M ( I , J ) - N P M ( I + 1 ' J ) ) 9 , 9 , 1 0 

9 K N A = N P M ( I , J ) - 1 
G O TO 1 1 

IC K N A = N P M ( I , j ) - 2 
1 1 DO 5 K = 1 , K N A 

NEXP=I+J+K 
N T Y P E = ( - 1 ) * * N E X P 
IF ( N T Y P E ) 3 , 3 , 4 

3 N = N + 1 
L ( N , 1 ) = N 0 D ( I , J , K ) ' 
L ( N , 2 ) = N 0 D ( I , J + 1 , K ) 
L ( N , 3 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 4 ) = N 0 D ( I , J , K + 1 ) 
N = N + 1 
L ( N , 1 ) = N 0 D ( I » J + 1 , K + 1 ) 
L ( N ' 2 ) = N 0 D ( I , J , K + 1 ) 
L ( N , 3 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 
L ( N , 4 ) = N 0 D ( I , J + 1 , K ) 
N = N + 1 
L ( N , 1 ) = N 0 D ( I + 1 , J , K + 1 ) 
L ( N ' 2 ) = N 0 D ( I + 1 , J * 1 , K + 1 ) 
L ( N , 3 ) = N 0 D ( I , J , K + 1 ) 
L ( N , 4 ) = N 0 D ( I + 1 , J , K ) 
N = N + 1 
L ( N ' 1 ) = N 0 D ( I + 1 , J + 1 , K ) 
L ( N ' 2 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 3 ) = N 0 D ( I , J + 1 , K ) 
L ( N , 4 ) = N 0 D ( I + 1 , J + 1 , K * 1 ) 
N = N + 1 
L ( N , 1 ) = N 0 D ( I , J + 1 , K ) 
L ( N , 2 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 3 ) = N 0 D ( I , J , K * 1 ) 
L ( N , 4 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 
G O TO 5 

4 N = N + 1 
L ( N , 1 ) = N 0 D ( I , J + 1 , K ) 
L ( N , 2 ) = N 0 D ( I + 1 , J + 1 , K ) 
L ( N , 3 ) = N 0 D ( I , J , K ) 
L ( N , 4 ) c N 0 D ( I , J + l , K + l ) 

( 3 3 ) 



f J f K ) 
, J + 1 , K + 1 ) 

I + l , J f K + l ) 

N = \ + l 
L ( \ U l ) = N O D ( I , J , K + l ) 
L ( N , 2 ) = N 0 D ( I + 1 , J , K + 1 ) 
L ( N , 3 ) = N 0 D ( I , J + 1 , K + 1 > 
L ( \ , 4 ) = N 0 D ( I , J , K ) 
N = N + 1 
L ( N , 1 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 2 ) = N 0 0 ( I , J , K ) 
L ( N , 3 ) = N 0 0 ( I + 1 , J + 1 , K ) 
L ( \ , 4 ) = N 0 D ( I + l , J , K + l ) 
N = \ + l 
L ( \ , 1 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 
L ( N , 2 ) = N 0 D ( I , J + 1 , K + 1 ) 
L ( N , 3 ) = N 0 D ( I + 1 , J , K + 1 > 
L ( \ , 4 ) = N 0 D ( I + 1 , J + 1 , K ) 
N = \ + l 
L ( N , 1 ) = N 0 D ( 
L ( N , 2 ) = N 0 D ( 
L(\,3;=N0D( 
L ( N , 4 ) = N 0 D i 

5 C O N T I N U E 
IF ( N P M ( I , J ) - N P M ( I + 1 ' J ) ) 6 , 2 , 1 2 

6 K=NPMlI,J) 
N k X P = I + J + K 
N T Y P E = ( - 1 ) * * N E X P 
IF ( N T Y P E ) 7 , 7 , 8 

7 N = N + 1 
L ( N ' 1 ) = N 0 D ( I , J + 1 , K ) 
L ( N , 2 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 3 ) = N 0 D ( I , J , K ) 
L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 
N = N + 1 
L ( \ , 1 ) = N 0 D ( I , J + 1 , K ) 
L ( N , 2 ) = N 0 D ( I + 1 , J + 1 , K ) 
L ( N , 3 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 4 ) = N 0 D ( I + 1 , J + 1 , K + 1 > 
N = N + 1 
L ( N , 1 ) = N 0 D ( I , J + 1 , K ) 
L ( N ' 2 ) = N 0 D ( I + 1 , J + 1 , K + 1 ) 
L ( N , 3 ) = N 0 D ( I + 1 , J , K ) 
L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 
GO TO 2 

8 N = N + 1 
L ( N , 1 ) = N 0 D ( I , J + 1 , K ) 

- L ( N , 2 ) = N 0 D ( I + 1 , J + 1 , K ) 
L ( N , 3 ) = N 0 D ( I , J , K ) 
L ( % ' 4 ) = N 0 D ( I + 1 , J * 1 , K + 1 ) 
N = N + 1 
L ( N , 1 ) = N 0 D ( I , J , K ) 
^ ^ N , 2 ) = N 0 D ( I + 1 , J + 1 , K ) 
L ( N , 3 ) = N 0 D Y l + l , J , K ) 
L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) , 
N = N + 1 
L ( N , 1 ) = N 0 D ( I , J , K ) 
L ( N ' 2 ) = N 0 D ( I + 1 , J * 1 , K + 1 ) 
L ( N , 3 ) = N 0 D ( I + 1 , J + 1 , K ) 
L ( N , 4 ) = N 0 D ( I + 1 , J , K + 1 ) 
G O TO 2 

1 2 K = N P M ( I , J ) - 1 
N E X P = I + J + K 
N T Y P E = ( - 1 ) * * N E X P 
IF ( N T Y P E ) 1 3 , 1 3 , 1 4 \ 
. - . — — — — " .... I i 



13 N=N+1 
L(Nfl)=NOD(I,J*K) 
L(N,2)=N0D(IvJ+l,K) 
L(N,3)=N0D(I+1,J,K) 
L(N,4)=N0D(I,J,K+1) 
N = N+1 
L(W,1)=N0D(I,J+1,K) 
L(N,2)=N0D(I,J+1,K+1) 
L(N,3)=N0D(I,J,K+1) 
L(N,4)=N0D(I+1,J,K) 
N = N + 1 
L(N,1)=N0D(I,J+1,K) 
L(N,2);N0D(I,J+1,K+1) 
L(N,3)=N0D(I+1,J,K) 
L(N,4)=N0D(I*1,J+1,K) 
GO TO 2 

14 N=N+1 
L(\,1)=N0D(I,J+1,K) 
LIN,2)=N0D(I,J,K) 
L(N,3)=N0D(I+1,J+1,K) 
L(N,4)=N0D(I,J+1,K+1) 
N = N + 1 
L(N,1)=N0D(I,J,K) 
L(N,2)=N0D(I,J,K+1) 
LtN,3)=N0D(I,J+l,K+l) 
L(N,4)zN00(I+l,J+l,K) 
N = N + 1 
L(N,1)=N0D(I,J,K) 
L(N,2)=N0D(I+1,J,K) 
L(N,3)=N0D(I+1,J+1,K) 
L(N,4)=N0D(I,J,K+1) 

2 CONTINUE 
Rb^URN 
END 

(34) SUBROUTINE CORSYM 

oUbNOUTINE C0RRYM(G'N0n'Kl'K2,K3,Np) 
UIPENSION G(NP,3),N0n(Kl,K2,K3) 
UO 1 K=1,K3 
READ 2, HLEVEL,RAD'CENTER,THICK,ALPHA,NolV 
K0HMAT(5F8.3,1I4) 
T=iHICK/(K2*l)' 
hA=ALPHA*3.14159/180.0 
YD=rA/NDlV 
KA=(Kl+l)/2-NDlV 
KB=Kl+l-KA 
nS = G 
UO 1 J=],K2 
R=RAU-NS*T 
NS=NS+1 
F = KA 
JO 1 I=KA,K8 
N=N0D(I,J,K) 
U(N,1)=R*SINF(F) 
J(N,2)=R*C0SF(F)+CENTEp 
G(w,3)=HLEvEL 
F=r-FD 
CONTINUE 
RETURN , , 
tN., (S5) 



( 3 5 ) S U B R O U T I K B R S 8 M A 8 

12 

13 

711 

31 

S U b R U U T i M R R E S M A S ( N G E , n ' D M , V O L , R O , N E , N P ) 
N G E f N E , 4 ) , G ( N P , 3 ) , D M ( N P , N P ) , V 0 L ( N E ) , R 0 ( N E ) 

Ud 3 1 N = 1 . N ^ 
NI-NUb(N 
N J = N u E ( N . 
N K = N G E ( N , 
N L = N G E ( N . 

1) 
?) 

3 ) 
4 ) 

A J = G I N J 
biJ = G l N J 
G j = G ( N J 
AK=G(NK 
8 K = G ( N K 
CK=G(NK 
AL=GINL 
bL=G(NL 
C L = G ( N L , 3 ) 
V O L ( N ) = ( A j 
IF ( V O L i N ) 
P R I N T 7 1 1 

1)-GINI 
2 ) - G ( N I 
3 ) - G ( N T 
1 ) - G ( N I 
2 ) - G I N I 
3 ) - G ( N I 
1 ) - G ( N I 
2 ) - G ( N I 

G ( N I 

f 1) 
, 2 ) 
;3) 

,1) 
/2) 
, 3 ) 
, 1) 
, 2 ) 
,3) 

8 K * C L - A J * 8 l 
) 1 3 , 1 4 , 1 5 
N , N J , N K 

* C K + A K * B L * C J - A K * B j * C L + A L * 8 J * C K - A L * 8 K * C J ) / 6 . 0 

14 

713 

15 

E L . N O . = 1 1 4 ) 

r O H M A T ( 1 2 H E L E M E N T N 0 / 1 I 4 , 3 1 H I N T E R C H A N G E D N O D A L P O I N T N 0 . S . 2 I 4 ) 
N K = N G E ( N , 2 ) 
N J = N G E ( N , 3 ) 

N G b ( N , 2 ) = N J 
NGk(N'3)=NK 
GO TO 1 2 
P R I N T 7 1 3 , N 
F O H M A T ( 2 1 H O Z E R O V O L U M p 
GO TO E X I T 
P R I N T 6 , N , N l , N J ' N K , N L , V O L ( N ) 
F O R M A T ( 5 6 X , 5 I 4 , 1 F 2 5 . 6 ) 
T M A S S = V O L ( N ) * R O ( N ) 
C 1 = 0 . 1 0 * T M A S S 
C 2 = 0 . 0 5 * T M A S S 
U M I N I , N I ) = D M ( N I , N I ) + C 1 

N J ) = n M ( N I , N J ) + C ? 
N K ) = D M ( N I , N K ) + C ? 
N L ) = D M ( N T 
N I ) = D M ( N J . 

UMINI 
OMlNl 
UMINI 
UMlNJ 
UMINJ 
UM(NJ 
U M i N J 
OMINK 
JM(NK 
UMINK 
UM^NK 
UMINL 
U M I N L 
D M ( N L 
U M I N L 
C O N T I N U E 
R E I U R N 
c N U 

N J ) = D M ( N J , 
NK)=DM(NJ' 
NL)=DM(Njf 
N I ) = D M ( N K , 
N J ) = D M ( N K , 
N K ) = D M ( N K , 
N L ) = D M ( N K , N L ) + C 2 
N I ) = D M ( N L , N I ) + C 2 
N J ) = D M ( N L , N J ) + C 2 
N K ) = D M ( N L , N K ) + C ? 
N L ) = D M ( N L , N L ) + C 1 

N L ) + C 2 
N I ) + C 2 
N J ) + C 1 
N K ) + C ? 
N L ) + C ? 
N I ) + C ? 
N J ) + C 2 
NK)+C1. 

( 3 6 ) 



(36) SDBROUTINE HYDRBM 

S U B R O U T I N E H Y D R E M ( G , N 0 D , N P , K l , K 2 , K 3 , N P H , H X , H Y , H Z ) 
D I M E N S I O N G ( N P , 3 ) , N 0 D ( K i , K 2 , K 3 ) , W X ( N P ) , H Y ( N P ) , H Z ( N P ) , H Y D N C ( 8 2 > 
E V A L U A T I O N OF H Y D R O D Y N A M I C LOADS 
N k s O 
R E A D 2 1 , ( H Y D N C ( M ) ' M = 1 , N P H ) 

2 1 F O R M A T ( 1 6 F 5 , 3 ) 
P R I N T 1 1 1 

1 1 1 F O R M A T ( I H I ) 
DO 1 K = 1 , K 3 
R E A D 2 , A L P H A , A L O A D , N D I V 

2 F O R M A T ( l F 8 , 3 , l F l 2 . 3 , l l 4 ) 
F A s A L P H A * 3 . l 4 l 5 9 / l 8 U , 0 
F D = F A / N D I V 
K A c ( K l + l ) / 2 " N D I V 
K 8 = K 1 + 1 . K A 
F = FA 
DO 1 I = K A , K 8 
N = N C D ( I , 1 , K ) 
S N = S I N F ( F ) 
C S = C O S F ( F ) 
N W = \ W + 1 
H L O A D = A L O A D * H Y D N C ( N W ) 

6 X L O A D = A a s F ( H L O A D * S N ) 
Y L 0 A D = A 8 S F ( H L 0 A D * C S ) 
IF ( K " l ) 1 0 , 1 0 » 1 1 

10 Z L O A D = 0 . 0 
GO TO 5 

1 1 D X = G ( N ' 1 ) " G ( N - 1 , 1 ) . : 
D Y = b ( N , 2 ) = G ( N = l , 2 ) 
D Z = G ( N , 3 ) = G ( N * 1 , 3 ) / \ 
D X Y = D X * D X + D Y * D Y 
Z L 0 A D = A 8 S F ( H L 0 A D # S Q R T F ( D X Y ) / D Z ) 

5 F = F = F D 
P R I N T 1 1 2 , A L P H A , A L O A D , N D I V , N , N W , H Y D N C ( N W ) , F , S N , C S , X L O A O , Y C O A D , Z L O A D 

1 1 2 F O R M A T ( 1 F 8 . 3 , 1 F 1 2 , 3 , 3 I 5 , 4 F 8 , 5 , 3 F 1 2 . 3 3 
HX(N)GXLOAD 
HY(N)3YL0AD 
H Z ( N ) = Z L O A D 

1 C O N T I N U E 
' R E T U R N 

E N D 

(37) SUBROUTINE VCTED 

S U W R U U T I N E V C T R O ( F X , F Y , F Z , N D , M R , N P N , N P P , N D I M , M ) 
D I M E N S I O N F X ( N D , M R ) , F Y ( N D , M R ) , F Z ( N b , M R ) , N P N ( N P P ) . D U M ( 3 ) 
DO 1 N P = 1 , N P P 
Npy=o . 
DO 2 J P = 1 , N P ' : / 

2 N P S = N P S + N P N ( J P ) 
N M = N P N ( N P ) 
N P M = ^ P S - N M 
D O 1 I = 1 , N M 
M P = N P M + I 
R E A D T A P E 2 3 , ( D U M ( J ) , J = 1 , N D I M ) 
h X ( M P , M ) = D U M ( l ) 
F Y ( M P , M ) = D U M ( 2 ) : 
F Z ( M P , M ) = D U M ( 3 ) 

1 C O N T I N U E 

i J " ' ' . (37) -



(38) SnBROUTINE GENMA8 

Li iTlNE G E M M A s ( B X , 8 Y ' B Z ' F x , F Y , F 7 , D M , H X , H Y , H Z , n M A S R , M R ' N P , N C l ) 
u : B X ( M n , N P ) , B Y r M R , N P ) , 8 7 ( M R , N P ) , F x ( N P , M R ) , F Y ( N P , M R ) , 

1 ',MR),DM(NP,NP),Hy(NP),HY(NP).HZ(NP),GMASS(MR) 

uO J=1,NP 
u X i n , j ) = o , o 
bYlH«J)-0.0 . -
L!Z^H,j)=0.0 

l2 I=l,hP 
UXiM,J)=BX(M,J)*FX(I,M)*DM(I,J) 
UYlM,J)=BY(M,J)+FY(I,M)*DM(I,J) 
i:iZtM,J)=BZ(M,J)+F7(I,M)*DM(I,J) 
uONTlNUE 
IF (NCI) 11,11,13 

iJ UU 14 J=1,NP . , , 
L^iM,J)=BX(M,J)+HX(J)*FX(J,M) 

bZlM'J)=Bz(M'J)+Hz(J)*FZ(j,M) 
14 uguTlNUE 
11 CONTINUE 

uO 21 M=1,MR 
kMASS(M)=0.0 
uO 21 Jzl^^p 
UMASS(M)=GMASS(M)+8X(M.J)*FX(J,M)+8Y(M,J)*FY(J,M)+8Z(M,J)*FZ(J,M) 

2 1 u O N T i N U E . -
hlpYURN 
E N U 

(39) SUBROUTINE REGBPT 

SUBROUTINE RECFPT ( F R E O ' C ' S F R ' D E L T A ' M R ' N S ) 
UIuENSlON FREQ(MR),C(MR),SFR(NS,MR) 
UO 1 M=l,HR 
kR=FHEO(M)*FREO(M) , 
UK-4.0*C(M)*C(M)*FR 
r=u.u 
UO 2 N=1,NS 
hF^F*F 

yFd(N,M)=1.0/(R*R+CF*FF) 
F=r+DELTA 
uOWTlNuE 
CONTINUE 
PPiNT 3 
FOhmAT (23H1UNIT MODAL RECEPTAwCES//) 
PRINT 4, (N,(SFR(N,M).M=1,MR),N=1,NS) 
FORMAT J1I4,5F20.10) 
RETURN 
EN^ -

(38) 



^ , (&0) SUBROUTINE MDOYEC ; 

SU^RUUTIN^ M D C Y R C ( G M 4 s S ' S P 0 ' S F R ' A p s , G ' 0 A ' C P S ' V E L f N C 4 , M R * N p , N S * 
1 OcLlA) ' . 
UlHkNSlON GMASs(MR),SPn(NS,MR).SFR(NS,MR),Aps(NS),Q(NP,a', < 

1 QM(MR,HP) f 
PI=3.14159 
U A = 1 6 . 0 * P I * P 1 * P I * P I 
Up^CPS/CA ( 
UO 1 M=i,MR ' ' ' ! 
U B = C P / ( G M A S S ( M ) * G M A S S ( M ) ) . . , 
F=U.B ' . ' I 
uO 1 N=i,NS , , j 
C A L L D C Y F R C ( F , V E | ' G , Q A , P , N C 4 , M , M R , N P ) | 
%PU(N,M)=CB*P*SFR(N,H)*APS(N) I 
F=r+ukLTA ' ! 

1 CONTINUE 
r^lNT 2 

^ F O R M A T ( z ^ H i M O D A L P O W E R S P E C T R U M S / / ) 
^ R i N T 5, N C ^ ' C p S ' V E L 

> FORMAT (l7HdFnpCE DlRErTlON=ll2'22H INTENSITY C0NSTANT=lF5.3, 
1 IcH vELGClTY=lF7.l//) 
r R i N T 3, ( G M A s q ( M ) , M = l , M R ) 

j h O R M A T ( 5 F 2 0 . 1 0 / / ) 
PRINT 4, (N'(SPQ(N,M),M=1,MR),N=1,NS) 

4 F O R M A T ( 1 I 4 , 5 F 2 0 . 1 0 ) 
^lETURN 
uNJ 

(41) SUBROUTINE DGYFRC , 

S U U R O U f l N E D C Y F R C ( F , V E I ' G , 0 A , P , N C 4 , M , M R , N P ) 
U I M E N S I U N G ( N P , 3 ) , 0 A ( M R , M P ) 
A F = 6 . 2 8 3 1 8 * F / V F L 
P S = 0 . 0 : 
PC=0.0 
UO 1 J = 1 , N P 
F I = A F * G ( J , N C 4 ) 
P S = P S + Q A ( M , J ) * S r N F ( F l ) , ' 
P C = P C + O A ( M , J ) * C O S F ( F l ) 

1 C O N T I N U E 
P = P S * P S + P C * P C 
R E T U R N -
E N U 

(42) SUBROUTINE MDFRCE 

SUdRUUTINE MDFRCE (QA,P'MR,NP) 
UlMkNSION OA(MR,NP),P(MR) 
UO 1 M=1,MR 
p(H)zO.O 
DO 1 J=1,NP 
P(M)=P(Mj+OA(M,J) 

CONTINUE 
nEiURN 
END 

(59) 



(43) SUBEOUTINB MODRCP | 

' ' . I 
S U B R O U T I N E MODRCP (P,QMASS,SP0,SFR,APS,CPS,MR,NS.NC4) i 
D I M E N S I O N P ( M R ) , Q M A S S ( M R ) , S P 0 ( N S , M R ) , S F R ( N S , M R ) , A P S ( N S ) ! 
P I = 3 . 1 4 1 5 9 / . ^ . i 
C A = 1 6 . 0 * P I * P I * P l * P l I 
C P = C P S / C A ' , I 
D O 1 M = 1 , M R ; 
C B = P ( M ) * P ( M ) * C P / ( G M A R S ( M ) * G M A S S ( M ) ) 
DO 1 N = 1 , N S ' : 
S P Q ( N , M ) = C B * S F R ( N , M ) * A P S ( N ) 

1 C O N T I N U E : 
- P R I N T 2 
2 F O R M A T ( 2 2 H 1 M 0 D A L POWER SPECTRUMS//) 

p R i N T 5 , N C 4 , C p S 
5 F O R M A T ( 1 7 H 0 F O R C E D l R E C T l O N = l I 2 , 2 2 H I N T E N S I T Y C 0 N S T A N T = 1 F 5 . 3 / / ) 

P R I N T 3 , ( G M A S q ( M ) , M = l . M R ) , ( P ( M ) , M = l , M R ) 
3 F O R M A T ( 5 F 2 0 . l n / / ) 

P R I N T 4, (N,(SP0(N,M),M=1,MR),N=1,NS) 
4 F O R M A T (1I4,5F90.10) 

R E T U R N - . : 
END , , / ; 

(44) SUBROUTINE 8PBCTR 

S U o R U U T i N E SPECTR (FA,sP0,A,N,MR,NP,NS,NC6) 
D I M E N S I O N FA(NP,MR),SPO(NS,MR).A(NS),FF(10) 
UO 1 M = 1 , M R 
F F I M ) = F A ( N , M ) * F A ( N , M ) 

1 C O N T I N U E 
DO 2 I = 1 , N S . . 
A ( I ) = 0 . 0 . 
U O 2 M = 1 , M R 
A ( i ) = A ( I ) + S P Q ( I , M ) * F F ( M ) 

2 CONTINUE 
P R i N T 3, N , N C 6 

3 F O R M A T ( 1 3 H 1 N 0 D A L P0INT=1I4,11H DIRECTlON=ll2//3lH POWER SPECTRUM 0 
IF D I S P L A C E M E N T / / ) 
P R I N T 4, (A(I),I=1,NS) 

4 h O H M A T ( 1 0 F 1 2 . 6 ) 
R E T U R N 
cND 

(45) SUBROUTINE 8IMP8N 

S U B R O U T I N E SIMPSN (AREA'DELTA,A,NS) . 
D I M E N S I O N A ( N S ) 
d = A ( l ) + A ( N S ) 
C = u , U 
N 1 = N S - 1 ' ^ -
D O 1 i = 2 , N l , 2 
C = C + A ( I ) ' , . 

1 C O N T I N U E 
D = u. 0 . . : 
N 2 = N S - 2 
D O 2 I = 3 , N 2 , 2 
D = D + A ( I ) 

2 C O N T I N U E : 
A R k ^ = ( B + 4 , 0 * C + 2 . 0 * D ) * D E L T A / 3 . 0 
R E T U R N , , 
END (40) 



( 4 6 ) S U B R O U T I N E A 8 U M P 

S U B R O U T I N E A S U M P ( A , 8 , D , N S , D E L T A , A R E A , A R S O R T ) 
U I H E N S I O N A ( N S ) , 8 ( N S ) , n ( N S ) 
t- = U . 0 
UO 1 I = 1 , N S 
d ( I ) = A ( I ) * F * F 
r=K+UELTA 
CONTINUE , 
C A L L S i M P S N ( A R S O , D E L T A ' S , N S ) 
A R S Q R T = S 0 R T F ( A R S O ) 
P R I N T 3, A R S Q , A R S O R T . . 
F O R M A T ( 6 H O A R S O = 1 F 2 0 . 3 , 8 H A R S Q R T = 1 F 2 0 . 3 ) 
F = U.O 
D O 2 I = 1 , N S 
D ( I ) = W ( I ) * F * F 
F=^+UbLTA 
C O N T I N U E 
C A L L S I M P S N ( A R O T . D E L T A , D , N S ) ' 
P R I N T 4, A R Q T I 
F O R M A T ( 6 H 0 A R Q T = 1 F 2 0 . 3 ) ' ' 
R R R = A R E A * A R Q T / ( A R S O * A R S Q ) { 
A K S O = 1 . 0 / ( R R R - 1 . 0 ) ' . | 
A K S O R T = S O R T F ( A K S O ) j 
P R I N T 5 , A K S Q . A K S O R T I 
F O R M A T ( 6 H O A K S O = 1 F 2 0 . 8 , 8 H A K S O R T s l F Z O . B ) 
R E T U R N 
END . ; 

( 4 7 ) S U B R O U T I N E M A G R A G 

S U B R O U T I N E M A G F A C ( A R S o R T , S I G M A ) 

P R I N T 1 
1 r O R M A T ( 3 3 H 0 D U R A T l O N M A G . C O E F . MEAN M A X . ) 

U T = 1 U . 0 
DO 2 1 = 1 , 6 
r = I * U T 
D F = L 0 G F ( A R S Q R T * T / S I G M A ) 
C N = S O R T F ( 2 . 0 * D F ) 
X M A X = C W * S I G M A 
P R I N T 3 , T , C N , X M A X 

3 F O R M A T ( 1 F 9 . 2 , 1 F 1 2 . 3 , 1 F 1 2 . 4 ) 
2 C O N T I N U E 

R E T U R N 
cNU 

( 4 1 ) 


