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ni igh-strength aluminum channels, damaged by projectile impacts, have been 
loaded to failure in pure bending. In cases where damage included cracks of 

significant lengths, failure loads have been compared with those predicted by 

linear fracture mechanics through a finite-element computer program (CRAKD) 

which contains special crack-tip stress-singularity elements. 

CRAKD has been employed for the computation of time-dependent stress- 

intensity factors in several problems of elastodyramic fracture. The results 
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PREFACE 

This report was prepared by the Georgia Institute of Technology, 

Atlanta, Georgia 30332, under Contract No. F08635-76-C-0136 with the Air 

Force Armament Laboratory, Armament Development and Test Center, Eglin 

Air Force Base, Florida 32542. Dr. Kevin T. McArdle (DLYV) managed the 

program for the Armament Laboratory. This effort was conducted during the 

period from November 1975 to February 1977. 

This report consists of two volumes. Volume I contains the Test and 

Analysis, and Volume II contains User Guides for the Computer Program. 

This is Volume II. 

This technical report has been reviewed and is approved for publication. 
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SECTION I 

COMPUTER PROGRAMS, USER GUIDES, AND SAMPLE PROBLEMS 

In this section the computer programs CRAKD and GENER will be explained 

through a detailed description of their structure and the subprograms com¬ 

prising them. CRAKD is a displacement-method finite-element analysis 

computer program which is capable of performing static, harmonic, and 

transient analyses of structures which contain cracks. Such analyses are 

possible because of the unique 8- and 10-node cracked elements contained in 

CRAKD. GENER is a utility program designed to generate the bulk of the input 

data required by CRAKD to establish and analyze a finite-element model. 

Since, in the process of evolving a model and analyzing it, GENER is 

used first, it is described and illustrated in the following paragraphs. 

CRAKD is described and illustrated through two examples in paragraph 3.2 and 

subsequent paragraphs. 

Also, in paragraph 3.3 the versions of the 8- and 10-node cracked 

elements for incorporation into NASTRAN at the Armament Laboratory are 

described, and the necessary subroutines to accomplish the insertion are 

listed. 

1.1 GENER - A DATA GENERATOR FOR CRAKD 

The effort to successfully construct a finite-element model of a cracked 

structure for subsequent analysis using CRAKD at Eglin AFB can be reduced 

by using the data generator program GENER. 

GENER is an all-Fortran program intended to generate bulk data for CRAKD. 

Execution of GENER with the CDC Scope operating system produces a file, MODEL, 
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containing the bulk data for a finite element model in the format used by 

CRAKD. The bulk data which can be generated are (a) node numbers, degrees- 

of-freedom numbers, and node coordinates, (b) displacement restraint speci¬ 

fications, (c) triangular element numbers and node specifications, and (d) 

triangular element material and section properties. Once the bulk data is 

generated, selected editing of MODEL completes the establishment of a finite- 

element model which can then be input to CRAKD which performs static, har¬ 

monic, or transient analyses of linear-elastic cracked structures. 

The structure of GENER is shown in Figure 1. A brief description of 

each of the subprograms comprising the program follows, and a complete 

listing of the program and all subprograms is contained in subparagraph 3.1.4. 

1.1.1 DESCRIPTION OF THE SUBPROGRAMS 

gim lAfM-OUTPUT. 

GENER is the Min program and calls the subprograms needed to generate 

bulk model data in a format compatible „ith the dynamic finite-element analysis 

program. The files INPUT, OUTPUT, and MODEL are used for Fortran reed and 

write commands on units 5. 6, and 10, respectively. The generation data, 

which is explained in the User's Input Guide to GENER (paragraph 1.2), is 

stored on INPUT, the model bulk data generated will be written on MODEL, and 

optional user specified messages and data listings will be written on OUTPUT. 

GENER calls subroutines GORGEN, RSTGEN, DOF, TRIGEN, and OUT. GENER 

also reads the element numbers, node specifications, materiel constants, and 

section properties for any 8- and 10-node cracked elements in the model. 

2 
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Figure 1. GENER Program Structure 



SUBROUTINE CORGEN (COORD. IN) 

This subprogram reads node generation data from file INPUT and gene¬ 

rates node numbers, IN, and node coordinate, COORD. It will also, with the 

appropriate user specified options, print (a) the vector of node numbers, IN, 

as generated and (b) note the number of nodes and the largest node number 

generated. 

SUBROUTINE RSTGEN (NF. IN) 

The purpose of this subprogram is to read and generate model node 

restraint specifications, NF. Restraints can be imposed zero displacements 

(rigid supports) for static, harmonic, and transient analyses and imposed 

non-zero displacements for static analyses. 

SUBROUTINE DOF (NF. Di. NDOFGN) 

This subroutine is used to generate node freedom numbers, NF, in the 

order that the nodes are input (or generated) into vector IN. Freedom 

numbers are the row identifiers used to solve the model's nodal equations of 

motion. The stiffness [K] and mass [m] matrices and the nodal displacement 

vector fu] can be partitioned as: 

and 

kir 

^ \r 
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node and element specificationt are included to attempt to clarify the 

written instructions. A complete example Is given in paragraph 3.1.3. 
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Card 

(D 

(2) 

NOTE: 

(3) 

GENER - Input Data Sequence 

Description 

TITLE 

FERMAT (8A.10) 

Input any descriptive title (1 - 80 characters) 

ilD^FN, NRSTGN, NDOFGN, NTRIGN, NMATGN, NC8, NClO, 

NLUMPS, NLDNDS, ISTATE 

FORMAT (1015) 

0 - no nodes generated J ^ ,,. 
NüÖFN * 2 - nodes and x,y coordinate generated (2-D ™>del) 
^ 3 - nodes and x,y,z coordinate generated (3-D model) 

Nd|)FN used to generally restrain 3-D to 2-D 

NRSTGN 

NDOFGN 

NTRIGN 

NMATGN 

NC8 

NClO 

NLUMPS 

NLDNDS 

ISTATE 

0 - no displacement restraints generated 

1 - displacement restraints generated 

0 - no node freedom numbers generated 
2 - node freedom numbers generated in generated sequence 

1 - node freedom numbers generated in input sequence 

0 - no triangular elements generated 

1 - triangular elements generated 

0 - no triangular element material properties generated 
1 - triangular element material properties generated 

number of 8-node cracked elements inP^t 
(not generated - but can be input in GENER data) 

number of 10-node cracked elements input 
(not generated - but can be input in GENER data) 

number of lumped masses to be input - edit M^DEL 

• number of loaded nodes for which loads are to be input 

edit M<|>DEL 

1 plane-stress element 

0 plane-strain element 

10 INPRT l4>PRT 21 22 

FORMAT (515) 



—- 

(4) 

(5) 

INPRT 

iJjPRT 

0 - no option - see CRAKD input guide 
1 - no option - see CRAKD input guide 
2 - node and triangle numbers printed in order of 

generation 

0 - 

2 _ no options - see CRAKD input guide 

3 - 

NTYPE 

FORMAT (AID) 

STATIC 
HCMASS 

NTYPE = HLMASS 
TCMASS 
TLMASS 

N^)DE, X, Y, Z 

static analysis 
harmonic consistent mass analysis 
harmonic lumped-mass analysis 
transient consistent mass analysis 
transient lumped-mass analysis 

FORMAT (15, 15X, 3E10.0) 

N^)DE = number of node whose coordinate are X, Y, and Z 
(Input Z only if ND|)FN = 3) 

To generate nodes the following form of (5) is used 

(5) ■ 1 NBUMP, NUMND, NDINC, DELTAX, DEliAY, DELTAZ 

FORMAT (415, 3E 10.0) 

1 indicates that this is a generator card 

NBUMP = number of new node sets to be generated 

NUMND = number of nodes in set to be generated 

NDINC - number to be added to node numbers in the set (NUMND) 
to generate new nodes 

DELTAX 
DELTAY 
DELTAZ 

increment of X, Y and Z coordinates added to coordinates 
of nodes in the set to generated new node coordinates 
(Input DELTAZ only if Noj)FN = 3) 

Example : Y 

16 
4.0 . . 

11 
3.0 . . 

6 
2.0 . . 

1 
0.0 . 

0.0 

17 18 19 
• • • 

12 13 14 
• • • 

7 8 9 
• • . 

2 3 4 
• • • 
1.0 2.0 3.0 

20 

15 

10 

5 

5.0 
X 
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The 20 nodes and their coordinates shown can be generated by either of the 
two following sequences! 

Column -* 5 

1 

-1 

5 

-1 

-1 

10 15 20 

3 11 

1 5 5 

2 5 5 

25 35 45 

0.0 0.0 

1.0 0.0 

5.0 0.0 

0.0 2.0 

0.0 1.0 

NOTE: the first card creates node 1; card 2 creates nodes 2,3,4; card 3 
creates node 5, card 4 creates nodes 6,7,8,9,10; and card 5 creates 
nodes 11 -♦ 30. 

or 

1 

-1 1 1 

-12 1 

-13 4 

-114 

0.0 0.0 

5 0.0 2.0 

5 0.0 1.0 

1 1.0 0.0 

1 2.0 0.0 

NOTE : card 1 creates node 1, card 2 creates node 6, card 3 creates nodes 
11, 16, card 4 creates nodes 2,7,12,17,3,8,13,18,4,9,14,19; and 
card 5 creates nodes 5,10,15,20. 

(6) 0 (zero) 

FORMAT (15) 

This card terminates node generation. 

Input cards (5) and (6) only if ND^FN > 0. 

(7) N^)DE, NRX, NRY, NRZ, NBUMP, NDINC 

FORMAT (615) 

n(>DE “ node number at which displacement restraints are specified 

{ 
NRX 
NRY 
NRZ 

NBUMP 

-1 - non-zero displacement is to be imposed 
0 - no imposed displacement imposed 
1 - zero displacement imposed 
(Input NRZ only if ND^FN “ 3) 

number of other nodes which have the same displacement 
restraint specifications 
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NDINC = node number increment used to establish NBUMP nodes with 
same restraints, i.e., N(|)DE, N^>DE + NDINC, N^)DE + 2 x 
2 X NDINC.N^)DE + NBUMP 6> NDINC 
all have same restraint specifications 

(8) 0 (Zero) 

FORMAT (15) 

this card terminates restraint specifications input 

Input cards (7) and (8) only if NRSTGN > 0 

(9) N^DE, NBUMP, NDINC 

FORMAT (315) 

N^)DE = number of node 

NBUMP = number of node number to be generated from N^)DE 

NDINC = node number increment, i.e., 
n4)DE, N^)DE + NDINC, NÇDE + 2 X NDINC, ... , 
NÇDE + NBUMP * NDINC 

This card(s) is used to generate a new node number sequence to control the 
bandwidth of the stiffness matrix and the mass matrix in CRAKD 

(10) 0 (Zero) 

FORMAT (15) 

This card terminates alternate node sequence. 

Input cards (9) and (10) only if ND^)FGN > 0 

(11) NELT, JTl, JT2 , JT3, NBUMP, NUMTRI, INC 

FORMAT (715) 

NELT = >0 leave NBUMP, NUMTRI, INC, blank and JTl, JT2, and 
JT3 are the node numbers defining triangle number NELT 

-1 NBUMP sets of NUMTRI triangular elements will be 
generated with element numbers incremented by INC and 
node numbers incremented by JTl, JT2, and JT3, re¬ 
spectively 

NOTE : always define triangles in counter-clockwise sense. Node 1 -* Node 2 
establishes the local x-axis for the element. 

Example: The pattern of 33 triangular elements shown can be generated as 
follows (Figure 2). 

10 
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Card No. Column No. 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

5 10 

1 1 

2 9 

-1 1 

-1 7 

25 15 

-1 2 

26 23 

-1 1 

27 16 

-1 2 

15 20 

2 8 

8 2 

1 1 

7 7 

16 22 

2 1 

22 16 

1 2 

17 23 

2 1 

25 30 35 

5 2 2 

1 12 12 

2 13 

2 13 

2 13 

NOTE: card 1 creates element 1; card 2 creates element 2; card 3 creates 
elements 3 through 12; card 4 creates elements 13 through 24; 
card 5 creates element 25; card 6 creates elements 28 and 31; 
card 7 creates element 26; card 8 creates element 29 and 32; 
card 9 creates element 27; and card 10 creates elements 30 and 33. 

(12) 0 (zero) 

FORMAT (15) 

This card terminates triangular element generation. 

Input cards (11) and (12) only if NTRIGN > 0 

(13) NELT, NBUMP, E, v, t, p 

FORMAT (215, 4E 10.0) 

NELT = number of elements which has properties E, v, t, p 

NBUMP = number of elements following which have the same properties, 
i.e., triangles NELT, NELT + 1, NELT + 2, .., NELT + 
NBUMP all have E, v, t, p 

(14) 0 (zero) 

This card tenninates material input generation for triangles. 

Input cards (13) and (14) only if NMATGN > 0 
(if NTRIGN > 0 then NMATGN > 0) 

(15a) N8ELT, JCl, JC2, ..., JC8, ISTRES 

FORMAT (1015) 12 



N8ELT number of 8-node cracked elements 

» 

JCl-JCS nodes defining the 8-node cracked element as shown 
(Figure 3) 

Oír-©—Ç) 

Figure 3. 8-Node Crack Element 

ISTRES “ 1 plane stress properties 
0 plane strain properties 

(15b) E, V, t, p 

F^RMA-T (4E 10.0) 

Input (15a) and (15b) NC8 times 

(16) 0 (zero) 

X 

This card terminates 8-node element input 

Input (I5a,b) and (16) only if NC8 > 0 

(17a) N10ELT, JCl, JC2.JClO, ISTRES 

FORMAT (1215) 

NlOELT “ number of 10-node cracked element 

JCl-»JClO ■ nodes defining the 1-node cracked element as 
shown (Figure 4) 

i 
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(17b) 

ISTRES 1 plane stress properties 
0 plane strain properties 

E, V, t, p 

FORMAT (4E 10.0) 

Input (17a,b) NC10 times 

(18) 0 (zero) 

FORMAT (15) 

This card terminates 10-node element input 

Input (17a,b) and (18) only if NC10 > 0 

14 



1.1.3 GENER - A SAMPLE PROBLEM 

To illustrate how GENER establishes finite-element model bulk data for 

CRAKD, the problem shown on Figure 5 is used. This problem consists of 

163 nodes, 273 triangle elements, and one 8-node cracked element. It has 

imposed zero displacements (rigid restraints at nodes 39 and 154 through 

160). The cracked element is shown as ABODE on the figure. This problem is 

one of the examples later analyzed and presented in paragraph 1.2.3. The 

data needed by GENER (a compiled version of GENER is permanently stored in 

file GENXQ at the Armament Laboratory to eliminate the unnecessary recompi¬ 

lation of GENER for each problem solution) is as given in Table 1. The 

output, i.e., file MODEL, resulting from input of these data to GENER (GENXQ) 

is listed in Table 2. 

15 



P/
2
 

ivppip 

Y 

Figure 5. Finite Element Model of Irwin Dynamic-Tear Test 

Specimen (subparagraph 4.2, Vol. I) 
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TABLE 1. DATA FILE TO INPUT TO GENXQ TO GENERATE FILE MODEL FOR IRWIN PROBLEM 
IRWIN MODEL WITH SINGLE POINT LOAD AO 
2 1 

10 1 
TRANSIENT 
1 

-1 
-1 

144 
-1 
-1 
-1 
-1 

163 
0 

39 
154 

0 
1 
2 

-1 
-1 

241 
242 
-1 

251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
-1 
-1 
0 
1 
0 
1 

12 
10 

4 
3 
1 
1 

1 
0 

15 
1 
1 

13 
145 
131 

1 
136 
150 
137 
138 
151 
139 
140 
152 
141 
153 
142 
155 
144 

1 
4 

159 

0 
3 

1 
13 

1 
1 
1 

10 

14 
2 
1 

13 
144 
132 

1 
137 
149 
138 
139 
150 
140 
141 
151 
142 
152 
143 
154 
145 

1 
4 

1 
21 

1 
13 

1 
1 
1 

10 

1 
15 
1 

13 
131 
145 

1 
149 
137‘ 
150 
150 
139 
151 
151 
141 
152 
142 
153 
144 
155 

1 
4 

272 30.0E06 

30.0E06 
0 

149 150 
0.30 

1 
22 

1.0 

1.0 
2.0 
1.0 ' 

12.0 
0.25 

11 
9 

2 
24 

4 
1 

0.30 

2 
2 

151 152 
1.0 

1.0 IN. 
0 

2/6/76 JAA 

0.0 
2.0 

22.0 

2.0 
24.0 
0.25 

2 
24 

2 
2 

1.0 

162 161 
7.3E-04 

7.3E-04 

160 
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TABLE 2. MODEL FOR IRWIN PROBLEM AS GENERATED BY GENXQ 
IRWIN MODEL WITH SINGLE POINT LOAD 
163 273 0 

1 
TRANSIENT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
3 

0.0000 
.2500 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
1.7500 
2.0000 

2.2500 
2.5000 
2.7500 
3.0000 
0.0000 
.2500 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
1.7500 
2.0000 

2.2500 
2.5000 
2.7500 
3.0000 
0.0000 
.2500 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
2.7500 
3.0000 
0.0000 
.2500 
.5000 
.7500 

1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 

0 8 
21 

AO 
2 

22 

1.0 IN. 
1 

2/6/76 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 
.5000 

1.0000 
1.0000 
1.0000 
i.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 

18 
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TABLE 2. MODEL FOR IRWIN PROBIiM AS GTŒRATED BY GENXQ (CONTINUED) 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.5000 
2.7500 
3.0000 
0.0000 

.2500 

.5000 

.7500 
1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
2.7500 
3.0000 
0.0000 

.2500 

.5000 

.7500 
1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
2.7500 
3.0000 
0.0000 

.2500 

.5000 

.7500 
1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
2.7500 
3.0000 
0.0000 

.2500 

.5000 

.7500 
1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 

1.5000 
1.5000 
1.5000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.0000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 
3.5000 

19 



TABLE 2. MODEL POR IRWIN PROBLEM AS GENERATED BY GENXQ (CONTINUED) 

103 0 0 
104 0 0 
105 0 0 
106 0 0 
107 0 0 
108 0 0 
109 0 0 
110 0 0 
111 0 0 
112 0 0 
113 0 0 
114 0 0 
115 0 0 
116 0 0 
117 0 0 
118 0 0 
119 0 0 
120 0 0 
121 0 0 
122 0 0 
123 0 0 
124 0 0 
125 0 0 

2.7500 3.5000 
3.0000 3.5000 
0.0000 4.0000 
.2500 4.0000 
.5000 4.0000 
.7500 4.0000 

1.0000 4.0000 
1.2500 4.0000 
1.5000 4.0000 
1.7500 4.0000 
2.0000 4.0000 
2.2500 4.0000 
2.5000 4.0000 
2.7500 4.0000 
3.0000 4.0000 
0.0000 4.5000 
.2500 4.5000 
.5000 4.5000 
.7500 4.5000 

1.0000 4.5000 
1.2500 4.5000 
1.5000 4.5000 
1.7500 4.5000 

20 
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126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0 
0 
0 
o 
o 
o 
o 
o 
c 
o 
o 
o 
o 
o 
o 
o 
o 
o 
c 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3 
3 
o 
0 
3 
0 
0 
o 
3 
0 

í 
0 
o 
o 
Q 
í 
0 
o 
o 
o 
o 
o 
o 
Ü 
o 
o 
ú 
c 
0 
o 
c 
o 
o 
c 
o 
b 
o 
c 
1 
1 
1 
1 
1 
1 
1 
o 
t 
c 

TABLE 2. MODEL FOR DNDl PROBLEM AS GENERATED BY1 GENKQ (CONTINUED) 

2*0000 4*5000 
2*2500 4.5000 
2*5000 4*5000 
2*7500 4*5000 
3.0000 4.5000 
0*0000 5.0000 

•250C 5.0000 
•500C 5.0000 
•7500 5.0000 

1.0000 5*0000 
1.2500 5.0000 
1*5000 5.0000 
1*7500 5*0000 
2.0000 5.0000 
2*2500 5.0000 
2*5000 5*0000 
2.7500 5.0000 
3.0000 5*0000 
0.0000 5*5000 

•2500 5.5000 
•5000 5*5000 
•7500 5.5000 

1.0000 5.5000 
1*5000 5*5000 
2*0000 5.5000 
2.5000 5.5000 
2*7500 5*5000 
3*0000 5*5000 
0.0000 6.0000 

•2500 6.0000 
•5000 6.0000 
.7500 6.0000 

1.0000 6.0000 
1*5000 6*0000 
2.0000 6.0000 
2.5000 6.0000 
2*7500 6.0000 
3*0000 6.0000 

15 14 130000000.0 .30000 
1 2 1530CCOCOO.O .30000 

16 15 23OC0000C.C .30000 
2 3 1630000000*0 *30000 

17 16 330000000.0 .30000 
3 4 1730000000.C *30000 

18 17 430000000.0 .30000 
4 5 1830000000*0 *30000 

19 18 53OOCOCOO.0 .30000 
5 6 1930 C0000C *0 .30000 

20 19 630000000*0 *30000 
6 7 2030000000.0 .30000 

21 20 730000000.0 .30000 
7 8 2130000000.0 .30000 

22 21 63C QCOOOC.t *30000 
ó 9 2230€00000*0 *30000 

23 22 930COOCOC.O .30000 
9 10 23300mor.C .30000 

24 23 1C 30000000.0 .30COO 
13 11 2430000000*0 *30000 
25 24 1130000000^ *30000 
11 12 2530000000.0 .30000 
26 25 1230000000*0 *30000 
12 13 2630GOOOOO.O .30000 
28 27 1430000000.0 .30000 
14 15 2830CCOOOC.G .30000 

1.30000 .73ÜPE-C3 
1.Û0000 .730CE-03 
1*00000 •7300E«03 
1*00000 *730GE-03 
1.30000 .73002-03 
1.00000 .730CE-03 
l.uOCOC . 730CE-03 
1.00000 .730GE-03 
l.OOPOG .730CE-G3 
1.0000C .730(E-C3 
1*00000 *73002-03 
1.00000 .730CE-03 
1.00000 .73002-03 
1.00000 .730GE-03 
1.00000 » 7300 E-C 3 
1*00000 .7300E-03 
1.00000 ,7300 E-C3 
1.0OCIO .7301-E-C3 
1.00000 «730CE-G3 
1.00000 •7300E-03 
1.00000 .73CGE-03 
l.OOOCO •730C E-C 3 
1.00000 •7300E-03 21 
1.00000 .7300 2-03 
1.00000 .730CE-C3 
1.00000 .730(2-03 



27 29 
28 15 
29 30 
30 16 
31 31 
32 17 
33 32 
34 16 
35 33 
36 19 
37 34 
36 20 
39 35 
40 21 
41 36 
42 22 
43 37 
44 23 
45 3 6 
46 24 
47 39 
48 25 
49 41 
50 27 
51 42 
52 28 
53 43 
54 29 
55 44 
56 30 
57 45 
58 31 
59 46 
60 32 
51 47 
52 33 
63 48 
64 34 
65 49 
66 35 
67 50 
68 36 
69 51 
70 37 
71 52 
72 38 
73 54 
74 40 
75 55 
76 41 
77 56 
76 42 
79 57 
80 43 
31 58 
82 44 
33 59 
84 45 
35 60 
86 46 
67 61 
68 47 
89 62 
90 48 
91 63 

TIBIE 2. MODEL FOR 
28 1530000000*0 
16 2930000000*0 
29 1630000000.0 
17 3030000000.0 
30 1730000000.0 
18 3130000000*0 
31 1830000000.0 
19 3230000000.0 
32 1930000C 00.0 
20 3330000000.0 
33 2030000000.0 
21 3430000000.0 
34 2130000000.0 
22 3530000000.0 
35 2230000000.0 
23 3630000000.0 
36 2330000000.C 
24 3730000000.0 
37 243COnOOOC.O 
25 3630000000.0 
38 2530000000.0 
26 3930000000.0 
40 2730000000.0 
28 413O0OOCO0.0 
41 2830000000.0 
29 4230000000.(1 
42 2930000000.C 
3Ú 4330000000.0 
43 3il 30 000000.0 
31 4430 OCOOOC.G 
44 3130000000.0 
32 4530CG0000.0 
45 3230000OOÛ.O 
33 4fi;-OOCOOOC.C 
46 33^0000000.0 
34 473OCO0C0C.C 
47 3430C00CCC.0 
35 483U000000.Q 
48 353CCOOCÜG.P 
36 4933100000.0 
49 36300C0P 00.0 
37 5630000000.0 
50 3730100000.0 
38 5130000000 .t 
51 3630 0 0 0 0 00.0 
39 5230CC00CC.G 
53 4030000000.1 
41 543CC 00000.0 
54 4.30(00000,0 
42 5530000000,0 
55 423CCOOCOO.C 
43 5630000000.0 
56 4330100CCC.C 
44 5730(^0000.0 
57 4430COOQOC.0 
45 58300000(30.0 
53 -.5310 00000.0 
46 593CC00G0C.C 
59 4to30C0QC0r.0 
47 6( 3úoroticr.r 
60 4730000000.0 
48 61300000GC.O 
61 483CCC0F00.0 
49 6230000000.0 
62 4930000000.C 

IRWIN PROBLEM 
•30000 
•30000 
•30000 
•30000 
.30000 
•30000 
.30000 
•30800 
•30000 
.30000 
•30000 
.30000 
•30000 
•30000 
•30000 
.30000 
.30000 
•30000 
.30000 
•30000 
•30000 
.30000 
.30000 
.30000 
•30000 
>30000 

AS GENERATES BY GENXQ 
1*00000 - 

.30000 
•30000 
.30000 
•30000 
.30000 
•30000 
•30000 
.30000 
.30000 
.30000 
•30000 
•30000 
.30000 
.30000 
.30000 
• 30 GO C 
.30000 
.30000 
.30000 
.30000 
.30000 
.30000 
•30000 
.30000 
.30000 
.30000 
.30000 
.30000 
.30000 
•30000 
• 3 0 G 0 0 
.30000 
• 30000 
.30000 
•30000 
.30000 
•30100 
.30000 

08000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
9 0000 
00000 
00000 
00000 
00000 
00000 
00000 
90000 
90000 
00000 
00000 
90000 
90000 
00000 
00000 
J 0000 
90000 
0 0000 
30000 
90000 
3 0000 
GOGOL 
00000 
90000 
90000 
00000 
00000 
30LCC 
90000 
ooooo 
00000 
9 GOOD 
joeor 
üOCCG 
JGCOL 
3C00C 
30000 
90000 
00(100 
90000 
ooooo 
30000 
ooooo 
30000 
ooooo 

1.OflOPO 

7300E*03 
7300E-03 
7300E-03 
7300E-03 
7300E-03 
7300E-03 
7300E-03 
7300 E*03 
7300E-03 
7300E-0J 
7300E-03 
7300 E-0 3 
7300E-03 
7300E-03 
7300E-03 
7300E-03 
730CE-03 
7300 £*03 
7300 E-0 3 
7300E-03 
7300E-03 
7300E-03 
730PE-03 
73GCE-03 
730CE-03 
730CE-03 
730CE-03 
730CE-03 
730CE-03 
7300E-03 
7300 E-03 
730CE-03 
7300E-03 
7300E-03 
7300 E-0 3 
730PE-03 
7300E-03 
7300E-03 
7300E-03 
7300 E-0 3 
7300E-C3 
7300E-03 
7300 E-03 
7300 E-0 3 
7300E-03 
7300E-03 
7300 E-0 3 
7300 E-0 3 
7300 E-03 
7300E-03 
73CC E-03 
730r E-C3 
730CE-C3 
7 300 E-C 3 
730CE-L3 
730C E-P3 
7300E-03 
7 300 E-0 3 
7300 E-C 3 
73CLE-0 3 
7300 E-0 3 
7300E-03 
730C E-C3 
7300 £-03 
7 * r P • r i 

(CONTINUES) 
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92 49 
93 64 
94 S" 
95 65 
96 51 
97 67 
96 53 
99 66 

lÜO 54 
131 69 
13 2 55 
133 73 
134 56 
105 71 
136 57 
13 7 72 
IC 8 58 
109 73 
110 59 
111 74 
112 60 
113 75 
114 61 
115 76 
116 62 
117 77 
118 63 
119 78 
120 64 
121 80 
122 66 
123 81 
124 67 
125 82 
126 63 
127 83 
128 69 
129 84 
130 70 
131 85 
132 71 
133 86 
134 72 
135 87 
136 73 
137 88 
138 74 
139 89 
140 75 
141 90 
142 76 
143 91 
144 77 
145 93 
146 79 
147 94 
148 80 
149 95 
150 81 
151 96 
152 82 
153 97 
154 83 
155 98 
156 8<* 

TABLE 2. MODEL FOR IRWIN PROBLEM AS GENERATED BY GENXQ (CONTINUED) 
50 6330000000*0 
63 5O3OCOOOOf.0 
51 643000000C.C 
64 5i3(iimoo*r 
52 6530000000.0 
66 5330G0OO0C.C 
54 6730000C0G.C 
67 5430000000*0 
55 6130000000.0 
68 55J0000CCC.C 
56 6930(00030.0 
69 5630000000.0 
57 7030000000.0 
70 5730000000.C 
58 7130C300 00.C 
71 5830000000.0 
59 7230000000.C 
72 5930000000.0 
6C 733CC0003G .0 
73 6030000000.0 
61 7430000000.0 
74 61300COOGO.C 
62 7530000000.0 
75 6230000000.0 
63 7630000000.0 
76 6330000000.0 
64 7730000000.0 
77 6430000000.0 
65 7830000000.0 
79 6630000000.0 
67 8130000000.0 
80 6730CC000C.C 
68 9130000000.0 
81 6830000000.1 
69 9230030000.0 
82 6930000000.0 
70 8330GC000C.G 
93 7G3000000C.C 
71 9430000000.0 
84 7130000000.0 
72 8530000000.0 
85 723ÛCCOOOC.O 
73 8630000000.0 
86 7330CCO000.C 
74 8730000000.0 
87 7430000000.C 
75 8830(30000.( 
38 753GC00C0C.C 
76 89300COOOO.O 
89 7630000000.0 
77 9b3000000C.C 
93 7730000000.G 
78 913COOOOOC.C 
92 7930(00000.C 
33 9330000(00.1 
93 8o30((0000.0 
91 9430000(00.0 
94 8130000(00.0 
92 9530100000.0 
95 8c308(0000.( 
83 9630000000.( 
96 8330000(01.0 
84 97300(0000.( 
97 343(000000.0 
65 983(((0(0(.( 

•30000 
.30000 
•30000 
.30000 
•30000 
.30000 
.30(00 
•30000 
•30000 
.30000 
.30000 
.30000 
•30000 
•30C00 
•30000 
•30000 
.30000 
.30000 
.30(00 
•30000 
•30000 
•30000 
.30000 
.30000 
•30000 
.30000 
•3CC0C 
•30000 
.30000 
.30(00 
.30(00 
.30000 
•30000 
•30000 
.30000 
.30000 
•30000 
.30(00 
.30000 
•30000 
.30000 
.3UG0C 
.30000 
•30000 
•30000 
.30000 
.30(00 
.30000 
•30000 
.30000 
.30000 
.30000 
.30(00 
• 30000 
.30000 
•3000C 
.30000 
•30(00 
•30000 
.3000( 
.30(00 
.30(0( 
.30000 
.30(00 
.30(0( 

1.00000 
1.00000 
1.00000 
l.OOOCO 
1.00000 
i.oooor 
1.00000 
l.OCOGO 
1.00000 
1.00000 
1.30UDÜ 
1.Ü000G 
1.1)0000 
1.J0C0C 
1.00000 
1.ÜOOOO 
1.OOCOC 
1.00CCC 
1.00000 
1.00000 
1.00000 
1.00000 
l.OOOCO 
1.00000 
1.00C00 
1.30000 
1.00000 
1.OOCOC 
1.00000 
l.OOOCO 
l.OOOCO 
1.00000 
1.000(0 
1.OOCOC 
1.00000 
1.JOCÜG 
1.00000 
1.30(00 
1.30C0U 
1.0000( 
l.OOOCO 
l.OOOCO 
1.00(00 
1.3 00 0 0 
1.00000 
1.3000C 
1. 00000 
l.OOOCO 
1.30000 
l.OOOCO 
1.00000 
1.00000 
1.30ÛCC 
1.300(0 
1.300(( 
l.OOOCO 
1.00000 
1.300(0 
1.0000( 
1.JOCCC 
ItOOOOO 
1.30003 
1.jOCOO 
1.00300 
1.3 080( 

• 7300E-C 3 
.730ÛE-CJ 
.73GCE-C3 
.730(E-03 
• 730nE“C3 
.730CE-63 
.7J0CE-C3 
.7300E-03 
•7300E-03 
.73CCE-C3 
.73 03 E-C 3 
.7300E-C3 
•730CE-03 
.7300E-03 
.7300E-03 
.7300E-03 
.7300E-03 
• 7300 E«C 3 
•7300E-03 
•7300E-03 
»7300E-0 3 
.730(E-03 
.7300E-C3 
.730CE-C3 
.730rE-03 
.73CCE-03 
.7300E-03 
.730CE-03 
.7300E-03 
.7300E-C3 
.7300 E-0 3 
•7300E-03 
» 7300 E-0 3 
.7300E-03 
• 7300 E-C 3 
•73CCE-03 
.730PE-03 
.730(E-C 3 
.730(E-03 
.73G0E-03 
.730CE-C3 
.7300 E-03 
•7300E-03 
.730(E-C3 
•730CE-03 
.730(E-C 3 
.730(E-0 3 
• 7300 E-0 3 
.730CE-03 
.7300E-C3 
• 7300 E-0 3 
•73CCE-03 
• 730C E-03 
• 73(0 E-C 3 
•730CE-03 
.7300E-03 
•73O0E-O3 
.7300E-Ú 3 
.730(E-C 3 
.730(6-(3 
.7300 E-0 3 
.730(E-0 3 
• 730(E-C 3 
.7300E-03 
.730(6-03 
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157 
15a 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
160 
181 
192 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20 5 
206 
207 
20« 
209 
210 
211 
212 
213 
214 
215 
216 
217 
21« 
219 
220 
221 

99 
85 

ICil 
86 

101 
87 

102 
89 

103 
89 

104 
90 

106 
92 

107 
93 

108 
94 

109 
95 

uo 
96 

111 
97 

112 
98 

113 
99 

114 
100 
115 
101 
116 
102 
117 
103 
119 
105 
120 
106 
121 
107 
122 
106 
123 
109 
124 
110 
125 
111 
126 
112 
127 
113 
128 
114 
129 
115 
130 
116 
132 
11« 
133 
119 
134 

TABLE 2. MODEL FOR IRWIN PROBLEM 
96 ò53ornorúc.i .áauoi 
86 99300^000.1 .3OL0.1 

AS GENERATED BY GENXQ 
i.JCwCl’ .73CCE-C3 
1.3 CüOt .730CE-C3 

99 6b3CfjOOOO.C 
87 lCv300000C0.C 

ICO 8?3C0P0C00.r 
So 10130C00f0C,C 

ici ôsjcpccoor.i 
89 lQ23prC0C0C.P 

ir2 S93P0P0? OP.t 
90 1033P0G000C.P 

103 9C3GPCa00G.C 
91 1343CIPCCP0C.C 

105 923GICOOOO.O 
93 1O63O0C000G.O 

IC6 933PG0000C.C 
94 1P73Ö0POC0P.C 

107 9430CP0C0P.C 
95 1083OGQ0O0C.O 

139 9530C00G0C.C 
96 1393nC0000C.C 

109 9633G30P0C.0 
97 11C 3CGOOOOP.C 

110 973Of00PCC.C 
98 lll3CrP0G0P.C 

111 96300 OGOCC.O 
99 11230 OCOOO 0.0 

112 993ÛP0000G.C 
1P0 1133CC000CC.C 
113 IOC 30C0G000.O 
101 11430000000.0 
114 10130000000.C 
102 115300C0CG0.C 
115 10230000000.0 
103 1163CGOOOOG.O 
116 10330000000.0 
1C 4 11730000 000.0 
118 10530000000.0 
106 11930C00G00.0 
119 10630000000.0 
107 12G30000000.0 
123 10730000000.0 
108 12130000000.0 
121 10830030000.0 
109 12230000000.0 
122 10930000000.0 
110 1233000000G.C 
123 110 30C3000C.0 
111 12430000000.0 
124 11130G00000.C 
112 12530000000.0 
125 11230000000.0 
113 12630000000.0 
126 1133COOOGGO.O 
114 12730000000.0 
127 11430000000.0 
115 12830000000.0 
128 11530000000.0 
116 12930000000.0 
129 11630000000.0 
117 13C 30 000000 «0 
131 11830000000.0 
119 13230000000.0 
132 11930000000.0 
120 13330000000.0 
133 12030000000.0 

.3CGC0 

.30000 

.3UC 00 
• 30 C 00 
.30100 
.30000 
•30000 
.30 0 0 C 
.30100 
• 300 OC 
.30000 
.30000 
.30000 
.30000 
.30000 
•30000 
.300CCI 
.30000 
•30000 
.30000 
.30000 
.30000 
•30000 
•30000 
.30000 
.30000 
.30000 
•30000 
.30000 
.30000 
•30000 
.30000 
.30000 
.30000 
•30000 
•30000 
•30000 
.30000 
.30000 
•3000C 
•30000 
.30000 
•30000 
•30000 
.30000 
.30000 
•30000 
•30000 
.30000 
.30000 
•30000 
•30000 
•30000 
.30000 
•30000 
.30000 
•30000 
.30000 
•30000 
•30000 
.30000 
.30000 
.30000 

1.U00GG .73CGE-03 
1.0C0C0 .7300E-03 
1.1GCGC .73CCE-03 
1.00G0G «73CCE-03 
l.JOOCr. .730CE-03 
1.5 DC GO 
1.J0C00 
1.COCCC 
i.joggt 
1.30C00 
1.0 coco 
1.G 0000 
i. mec 
i.moc 
l.OOOCC 
1.00000 
1.3000C 
l.OOGOO 
1.00000 
1.00C00 
1.00CCÛ 
1.00000 
1.00GG0 
1.00000 
1.00000 
1.30000 
1.00000 
1.00000 
l.OOGOO 
1* 3 0000 
1.00000 
1.OOOOG 
1.00000 
1.00000 
1.00000 
1.00000 
1.0000C 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.90000 
1.00000 
1.00000 
1.00000 
1.00000 
1*00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00001) 
1.00000 
1.00000 
l.OOOOD 
1.00000 
1.00000 

.73002-03 

.730CÊ-03 

.73CCE-C3 

.7300 E-C 3 
• 7300 E-0 3 
•73C0E-03 
«7300E-03 
• 7300 E-C3 
•730CE-P3 
•730CF-03 
•7300E-03 
• 73Gc E-03 
.7300E-03 
•7300E-03 
.7300E-03 
.7300E-C3 
•730CE-03 
.7300 E-03 
•7300E-03 
.73002-03 
• 730L E-0 3 
•7300E-C3 
•7300E-03 
.7300 E-03 
.7300E-03 
• 7300 E-03 
.7300E-03 
• 7300 E-03 
• 7300 E-03 
•7300E-03 
•7300E-03 
.7300 E-0 3 
•7300E-03 
.7300E-03 
•7300E-03 
•7300E-03 
• 7300 E-03 
•7300E-03 
•7300E-03 
• 7300 E-03 
.7300E-03 
«7300E-03 
•7300E-03 
• 7300 E-03 
«7300E-03 
•7300E-03 
•7300E-03 
• 7300 E-03 
•7300E-03 
•7300E-03 
•7300E-03 
• 7300 E-03 
.7300E-03 
•7300E-03 
•7300E-03 
• 7300 E-03 
•7300E-C3 
•7300E-03 

(CONTINUED) 
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TABLE 2. MODEL FOR I EH IN PROBLEM AS GENERATED BY GENXQ (CONCLUDED) 

222 120 121 
223 135 134 
224 121 122 
225 136 135 
226 122 123 
227 137 136 
226 123 124 
229 136 137 
230 124 125 
231 139 136 
232 125 126 
233 140 139 
234 126 127 
235 141 140 
236 127 128 
237 142 141 
238 128 129 
239 143 142 
240 129 130 
241 145 144 
242 131 132 
243 146 145 
244 132 133 
245 147 146 
246 133 134 
247 148 147 
248 134 135 
249 149 148 
250 135 136 
251 136 137 
252 150 149 
253 137 138 
254 138 139 
255 151 150 
256 139 140 
257 140 141 
258 152 151 
259 141 142 
260 153 152 
261 142 143 
262 155 154 
263 144 145 
264 156 155 
265 145 146 
266 157 156 
267 146 147 
268 158 157 
269 147 148 
270 159 158 
271 146 149 
272 163 162 
273 152 153 

0 
1 159 149 
13000001)9.r 
0 

13430000000.0 
12130000000.C 
13539000000.0 
12230000000.0 
13630000000.C 
12330000000.0 
13730000000.0 
12430CCO 900.0 
1363000000G.O 
12530000000.0 
1393ÚCCOOOO.O 
12630000000.0 
14130000000.0 
12730000000.0 
14130000000.0 
12630000COO.C 
14230000000.0 
12930000000.0 
14330000000.0 
13130000000.0 
14530000000.0 
13230000000.0 
14630000900.0 
13330000000.0 
14730000000.0 
13430000000.0 
14830000000.0 
13530000000.2 
149300COOCO.C 
14930000000.0 
1373C000000.0 
15030000000.0 
15C30C90000.C 
13930000000.0 
15130COOGOC.G 
15130000000.r 
14130000000.0 
152300C000C.0 
14230 00 0000 .C 
15330600000.0 
14430000000.0 
15530C00C00.C 
14530000000.1 
1563COCOOOO.O 
14630000000.0 
15730000000.0 
14730 C00C0C.C' 
15630000000.0 
148300 00000.0 
159300CQOOO.C 
15230C00000.C 
1633CC C0C0C.0 

.30000 

.30000 

.30000 
•30000 
.30000 
.30000 
.30000 
•30000 
•30000 
.30000 
•30000 
.30000 
•30000 
•30000 
•30000 
•30000 
.30000 
.30000 
•30000 
.30000 
•30000 
•30000 
.30000 
. 30COO 
.30C 00 
•30COO 
•30000 
.30 C 00 
• 30C 00 
.30 C 00 
•30000 
.30000 
.30000 
•30000 
.30000 
.30000 
.30000 
• 30 G 00 
.30000 
•30C00 
•30000 
.30000 
.30000 
.30000 
•30000 
.30000 
.30000 
.30000 
.30000 
•30000 
.30000 
.30000 

1.00000 .7300E-03 
1.1) 0000 . 7300E-03 
1.000LO .73G0E-03 
1.00000 «7300E-03 
1.00000 .730CE-03 
l.üOOOO .73 00 E-t 3 
1.00000 . 7300 E-03 
1.00000 .7300E-0 3 
1.00000 .7300E-03 
1. 00000 •7J0C E-03 
1.00000 .730CE-03 
1.00000 •730GE-03 
1.00000 .730CE-03 
1.00000 .7300E-03 
1.00000 .7300E-03 
1.J000Ü .7300E-03 
1.0000G .730CE-C3 
1.00000 . 7 3G0 E-C 3 
l.OCOGO .7300 E“03 
l.OOOCO .7300 E-03 
1.0000G .730GE-03 
1.00000 .7300E-03 
1.00000 .7300E-03 
1.00000 .7300E“03 
1.00000 .720CE-03 
l.OOOCO .7300E-C3 
1.00000 .730PE-03 
l.OOOCO .7300E-03 
1.J0G00 .730CE-03 
1.00000 .7300E-03 
1.00000 .730CE-03 
l.OOOOC .7300 E-03 
l.OOOGO .73GCE-C3 
1.00000 .7300E-03 
1.00000 .730CE-03 
1.00000 .730GE-03 
1.Û00CG •73ÛCE-03 
1.00000 .730CE-03 
1.JÜ00Û .7300 E-03 
l.OOOCO •7300E-03 
l.üOOOO .730CE-03 
l.OOOCO .730C E-0 3 
1.00000 .7300 E-C3 
1.00080 •73GCE-03 
l.OOOCO •73GCE-03 
1.00000 .7300E-03 
l.OOOGG .7300E-03 
1. 0 00CG .73 00 E-C 3 
l.OCGOO •730CE-03 
1.00000 «7300E-03 
l.OOOCO .7300 E-G3 
l.OOOGO .7300' E-C 3 

150 151 
.30000 

152 162 161 169 
l.CCOCC oC0P73C00 

1 
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1.1.4 GENER - PROGRAM LISTING 

A complete listing of the source statements contained in GENER (file 

GENER at Armament Laboratory) follows. 
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***** PROGRAM TO GENERATE NODES AND TRIANGLES FOR CRAK1 AND CRAK4 ***** 

PARAMETER KORE* 15000,IN*3000 

S2SSI2íÍníc(K2SÍ¿B(IN)’C(IÍO .TITLE(20),TYPECS) ,ND(10) ,P(4) 
CCMOi NODES,NTRIS,NSPRNG,NCRK8,NCRK10, J 

NLDNDS,NRSTR,NER,NRR,NID, 
* I FLAG, NB, NDOF, ISTATE, NKORE 
COMDN/BLK2/INPRT, IKPRT, ITPRT, ICPRT, IOPRT 
READ(5,100) (TITLE(I),1-1,20) 

100 FORMAT(20A4) 

S^SN“S2-NrRIGN-WTG®.ISTATE,NC8,NC10,NUM> 
READ(5,200) IOUNIT,INPRT,IOPRT,ICX’7’!,IOUT2 
READ(5,100) (TYPE(I),1-1,5) 

200 FORMAT(1015) 
Nl-1 
N2-1 
N3-1 
IZERO-0 
IF(NDOF)20,20,10 

10 CALL CORGEN(A,B) 
IF(NODES,GT,IN) WRITE(6,400) 

400 FORMAT(10X,30HN0DES GENERATED EXCEED STORAGE/) 
Nl-NOOF*NODES+1 
N2-N1 

20 IF(NRSTGN)40,40,30 
30 CALL RSTGEN(A (N1),B) 

N2-Nl+NDOF*NODES 
N3-N2 
IF(NDOFGN)40,40,35 

35 CALL DOF(A(Nl),B,NDOFGN) 
40 IF(NTRIGN)60,60,50 
50 CALL TRIGEN(A(N2),C) 

IF(NTRIS,CT,IN) WRITE(6,500) 
500 FORMAT (10X, 34HTRTANGLES GENERATED EXCEED STORAGE/) 

N3*N2+3*NTRIS J 
60 WRITE(IOUNIT,100) (TITLE(I),1-1,20) 

WRITE (IOUNIT, 200) NODES,NTRIS,NSPRNG,NC8,NC10,NLLMP, 
" __ NLDNDS.NRSTR,NDOF,ISTATE 

xnn !NPRT, IOPRT, ÏCUT1, IOUT2 
300 FORMAT(I5,15X,I5,10X,2I5) 

WRITE(IOUNIT,100) (TYPE(I),1-1,5) 
CALL 0UT(A,A(N1) ,A(N2) ,A(N3) ,B, IOPRT, IOUNIT) 
IF(NC8,LE.O) GO TO 80 
NCRK8-0 

70 READ(5,200) NO,(ND(I),1-1,8),ISTRES 
IF(NO.LE.0) GO TO 75 
READ(5,600) (P(I),1-1,4) 

600 FORMAT(4E10.0) 
NCRK8-NCRJC8+1 
WRITE (IOUNIT, 200) NO, (ND (I), 1-1,8), ISTRES 
WRITE(IOUNIT,700) NO,(P(I),1-1,4) 

700 FORMAT(I5,F10.1,2F10.5,F10.8) 
GO TO 70 ' 

27 
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PROGRAM TO GENERATE NODES AND TRIANGLES FOR CRAK1 AND CRAK4 (CONTINUED) 

75 WRITE (IOUNIT, 200) IZERO 
80 IF(NC10.LE.O) GO TO 90 
90 CONTINUE 

STOP 
END 

28 
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jUB^OJTINÊ Cük&FN(COOFO,IN) 
J1MANSION CÛJROCl)«XINC(3)«X(3)tlN(l) 
COMMON NJOCfNTRISt NSPRNG » NCRK8 » NCRKlû t 

• NlDNOS» NRSTR» NERt NRR »NID» 
* :FlAG,N8,NOOF,ISTATE.NKORE 

C0MM0N/3LK2/INPRT,I<PRT,ITPRT,ICPFT»I0PRT 
nscall=ü 
N0D£=i. 
NOLRGsO 

1C RE AO <5111'(! ) NO.NQUMP,NUMND,NOINC.X(l),X(2)tX (3) 
liU FORMAT(415,Ô£1J.t) 

IF ( NO) 25,20 * 3L 
¿5 XINC(1)=X(1) 

XINC (¿ ) =X (2) 
XINC(3)=X(3) 
GO TO 6l 

3C NOOE=NOOl+1 
IN(NOüE)=NO 
IF(ND,GT•NQLkG) NDLRG=ND 
LOC=NOOF*(NO-1) 
DO 50 J=i,NOCF 
COORO(LOC+J)=X(J) 

50 CONTINUE 
GO TO 10 

dû CONTINUE 
DO 60 1=1,N8UMP 
OO 60 J S1» NUMNO 
NODE=NOOE+l 
NDsIN(NODE-NUMNO) 
LOC=NDOF*(NO-1) 
ND1=ND+NDINC 
IN(NODE)=N01 
IF(NOl.GT.NOLRG) N0LRG=ND1 
COCl=NOOF*(NOl-1) 
DO 70 K=l,NOOF 
COORD(LCCH-K) =COORO(LOC+K)fXINC(K) 

70 CONTINUE 
60 CONTINUE 

GO TO 1Ú 
20 CONTINUE 

00 21 1=1»NDOF 
IF(ABS(X(D) ,GT * F ) GO TO 24 
X(I)*1.0 
GO TO 21 

24 NSCALL=i 
21 CONTINUE 

IF(NSCALE)26,26,27 
27 00 2S 1*1,NOUE 

LOCsNDOF*(I-l) 
00 26 J*1,NOOF 
COORO(LOC+J)=X(J)*COORO(LOC*J> 

20 CONTINUE 
26 IF(INPRT.GT.l) WRITE(6,3C0> (IN(I),1*1,NOOE) 

300 FORMAT(1415) 
IF(INPRT)160,160,52 

52 MRI TE(6,210) NOOE.NOLRG 
200 FORMAT(10X,21HNOOES GENERATED *,I5, 

* /10X,21HLARGEST NODE NUMBER *,I5) 
160 CONTINUE 

RETURN 
END 29 



rnmmmmmmrnm mm 
SUBROUTINE RSTGt N(NF» IN) 
DIMENSION NF(1) « IN(1)«IFR(3> 
COMMON NNCOESt NTRIS* NSPRNG» NCRK6»NCRK10 » 

• NLDNOS« NRSTRtNER'NRRtNIO» 
• IFLAG,NB«NOOF,ISTATE«NKORE 
COMMON/BLK2/INPRT tlKPRT♦ITPRT•ICPRTt IOPRT 
NXD*0 
NRR*Û 

10 READ(5 «IOC) NQtlFP(l)*IFP(2)»IFR(3)»NBÜNP,NO INC 
100 FORMAT(615) 

IF (NO) 3C' « 30 « 15 
15 LOC*NDOF*(NJ-1) 

NBUMP=NBUMP*1 
00 20 I*11NBUMP 
INCLOC = LCC«-NOOF*NOINC*(I-1) 
OO 20 Jsi,NOOF 
NF(INCLOC^J)rIFR(J) 

20 CONTINUE 
GO TO 10 

30 OO 40 I =1 «NNODES 
NO=IN(I) 
LOC*NOOF*(NO-l) 
OO 40 J*1*NOOF 
IF(NF(LOC + J))41 » 40 » 43 

41 NIDsNIO+l 
GO TO 40 

43 NRRSNRR+1 
40 CONTINUE 

NRSTRsNRR+NIO 
RETURN 
END 
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SUBROUTINE OOF (NF,IN,NOOFCN» 
DIMENSION NF{1),IN(1) 
COMMON NNODES,NTRIS,NSPRNG,NCRKO,NCRK10, 

* NLONOS»NRSTR»NER»NRR,NID» 
* IFLAG,N8,N00F,ISTATE,NK0RE 

COMMON/9LK2/INPRT,IKPRT,ITPRT,ICFRT,IOPRT 
IF(NDOFGN.LE.l) GO TO <iC 
NSEQs0 

LO READ(S,lGû > ND,NBUMP,NOINC 
1Î0 FORMAT(IC 15) 

IFCNO)50,50,20 
¿0 NBUMP=NBUMP+1 

DO 3G Is!,NBUMP 
ND1=ND*NOINC*(I•!) 
NSEQ=NSLQ*1 
iNiNSEQ)aN01 

30 CONTINUE 
GO TO 10 

40 NSEQsNNODES 
50 IF(NSEQ-NNOOES)6C,70,60 
60 WRITE(6,2C 0) NSEQ,NNODES 

200 FORMAT(1CX,29WNUMBER OF RESEQUENCED NODES =,15, 
* /lù X,2 JHNUMBER OF GENERATED NODES s,15/) 
iflag=iflag+i 

70 NER=0 
N IO=û 
NRR = 0 
DO 90 1=1,NNÛDES 
ND=IN(I) 
LOC=NDOF*(ND-1) 
DO 60 J=1,NDOF 
IF(NF(LOC+J))01,62,85 

81 NIO=NID+l 
GO TO et* 

82 NER=NER*1 
NF(lOC+J)=NER 
GO TO 82 

83 NRR=NRR*1 
NF(LOC+J)=C 

80 CONTINUE 
NIR=-NER 
LOC = NQOF* CNNOOES) 
DO 31 1=1,LOC 
IF(NF(I))9¡:,91,91 

90 NIR=NIR-1 
NF(I)=NIR 

91 CONTINUE 
RETURN 
ENO 
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SUBROUTINE TRIGEN (JT«IN) 
OIMENSION JT(1)flN(l)«JTEHP(3) 
COMMON NNGOE S * NT « NSPRNG« NCRK8« NCRK10« 

* NLONOSt NRSTR* NERy NRRfNIOt 
* iflag.nb.noof.istate.nkore 

COMMON/BlK2/INPRT »IKPRT tITPRT »ICRRTtlOPRT 
NTsK 
NOT RIs0 

10 REAO(5,iOU NU»(JTEMPCI),1 = 1,3» fNBUMP#NJMTRItINC 
130 FORMAT(715) 

IF C NO)40,2b,3L 
30 NT=NT*1 

IN( NT)sNO 
LOC*3*(NO-l) 
00 35 1=1,3 
JT<LOC*I)=JT£MP(I) 

35 CONTINUE 
IF(JT(LOC + 1),E3,JT(LOC+2)«OR,JT(LOC+1 )•£(}• JT (LOC+3 ) «OR, 

* JT(LOC+2)«£0«JT(LOC>3)) MRIT£C6,220) NO 
IF(JT<LOCn) .GT.NNOOES) WRITE (6,220 ) NO 
IFCJT(LOC*2).GT.NNOOES) WRITE(6,220) N3 
IFCJT(LOC+3).GT.NNOOES) WRITE(6,220l ND 

220 FORMAT(10X,)HTRIANGLE ,I5,17H IS MISSPECIFIEO/I 
IF(NO,GT■NOTRI) NOTRIsNO 
GO TO 10 

40 00 45 1=1,NBUMP 
00 45 J*1,NUMTRI 
NT=NT*1 
NTlaIN(NT-NUMTRI) 
N0=NT1*INC 
IN (NT)=NO 
LOC=3*(NO-l) 
L0C1=3*(NT1-1) 
DO 50 <*1,3 
JT(LOC*K) =JT(LOCI+0 ♦JTEMP(K) 

50 CONTINUE 
IF( JT(LOC-H) .EQ,JT(L0C+2) *3R* JT (LOC-^l) • EQ* JT (L0C^3) «OR* 

* JT(L0C*2),EQ,JT(L0C+3)) WRITE(6,220) NO 
IF(JT(L0C*1) ,GT.NNOOE'<) WPITE(6,220) NO 
IF(JT(LCC+2).GT.NNOOES) WRITE(6,220) N3 
IF(JT(L0C«3).GT.NNOOES) WRITE(6,220) NO 
IF(NO.GT.NOTRI) NOTRI=NO 

45 CONTINUE 
GO TO 10 

20 IF(INPRT)70,70,60 
50 WRITE(6,209) NT,NOTRI 

200 FORMAT(10X,32MNUMBER OF TRIANGLES GENERATED *,I4, 
* /10X,32HLARGEST TRIANGLE NO. GENERATED *,I4) 

70 CONTINUE 
CALL MATG£N(JT»JT(3*NT+1)) 
IF(INPRT•GT,1) WRITE(6,300) (IN(I),1*1«NT) 

300 FORMAT(1415) 
RETURN 
END 

lUküÉtJ .... . j;. ., _ _: 
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3U3ROJTINÍ MA7GEN(JT«TPR P) 
DIMENSION JT(1)»TPRP(l) *TEMP(4) 
COMMON NNCOES» NT» NSPRNG* NCRKS * NCRK10» 

* nlonos»nrstr«ner»nrr»nio» 
* IR.AG» N3» NDOF» XSTATE» NKORE 
COMMON/BLK2/INPRT »IKPP.T* ITPRT»ICPRT»IOPRT 
KOUNT=0 

10 READ(5»lGu) I, N3UMP.(TEMP(J)»J=1»4) 
13 4 FORMAT (2I5«4El'3»L) 

IF ( I > 20 »2( «30 
30 N8ÜMP=NBUMP^1 

L0C=4MI-1> 
OC 15 J=1,N9UMP 
<OUNT=KOUNT+1 
LOC1slOC*4*(J-1) 
30 15 <=l,4 
TPRP(L0C1+K»=TEMP(K) 

15 CONTINUE 
GO TO 10 

20 IFCKOUNT-NT)25,35,25 
25 NRITE(6*219) KOUNT.NT 

230 FORMAT (lùX«“TRI"PROPEFTIES INPUT * "«15. 
* /10X,"TRIANGLES INPUT = ".I5/> 

35 CONTINUE 
RETURN 
END 
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SUB^OUTZNc OUT(COORD.NF,JT,TPRP*INtIO®ir.IOUNIT) 
DIMENSION CODRO(i).NF(l).jrm tTPRP(l)» ZN(1I 
COMMON NNQOES.NTR IS.NSPRNG. NCRK8.NCRKU . 

* NLONOS.NRSTR.NFR.NRR,NID» 
* IFLAG.NB.NOOF.ISTATE.NKORE 

IZERO=0 
IFiNNJOES.Lc.C) GO TO 20 
IF (NOOF*GT.2) GO TO 10 
00 5 J=1.NNOOES 
I*XN(«H 

5 WRITECIOUNIT.IOC) (I,NF(2*1-1 » .NF(2*I), COORDC2*I-1» » 
* COORO(2*1)) 

1J0 FORMAT(315.5X.2F10.4) 
WRITE (IOUNIT « 100) IZERO 
GO TO 20 

10 DO 15 Jsi.NNODES 
I*IN(J) 

15 MRITE(IOUNIT,200) (I,NF(3*I-2),NF(3*I-1>,NF(3*I), 
* COORD(3*1-2) »COORD(1*1-1),COORD(3*I>) 

230 FORMAT(415.3F10.4) 
WRITEdOUNIT.lOO) IZERO 

20 IF(NTRIS.LE.3) GO TO 30 
WRITE (IOUNIT.30C) (I.JT(3*I-2),JT(3*1-1»,JT(3*I». 

* TPRP(4*I-3»,TPRP(4*I-2»,TPRP(4*I-1), 
* TPRP(4*II»Zsl,NTRISI 

33 0 FORMAT(4I5.FU.1,2F10.5.E10.4> 
WRITEdOUNIT ,100 > IZERO 

30 CONTINUE 
RETURN 
END 

» 
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1.2 CRAKD - A FINITE-ELEMENT ANALYSIS PROGRAM 

CRAKD, as doc tunen ted In this report. Is an all-Fortran program designed 

to be contained and executed totally In-core on the Control Data Corporation 

6600 digital computer at the Armament Development and Test Center, Eglin Air 

Force Base. Only standard I/O statements (BEAD and WRITE) are used. The 

program performs linear-elastic, displacement-method finite-element static, 

harmonic, and transient analyses of cracked structures. Four types of ele¬ 

ments are available to establish structural models: uniform plane stress/straln 

Isotropic triangles, massless axial/shear springs, uniform 8-node symmetric 

and 10-node unsymmetric isotropic cracked elements, and lumped (point) masses. 

The program, whose organization is illustrated by Figure 6, consists 

of a main program, CRAKD, which acts as the driver for the four major program 

divisions. These divisions are input, equatiins formulation, equations 

solution, and output. The planned program structure (Figure 6) makes it 

convenient to implement new element types as needed or desired. 

Additionally, owing to the way central memory is allocated in the 

i»put segment, core storage requests can be set by the user for each model 

by changing two statements in the main program, CRAKD. The two statements 

which control storage requeata are found on lines 8 and 17 of CRAKD. They are: 

DIMENSION A(XXXXX), N(16) 

and 

NKORE = XXXXX 

where XXXXX is the number of central memory words required for storage of 

model data and analysis formulation and solution. 
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Figure 6. CRAKD Program Structure 
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The individual subprograms which comprize the four major analysis 

divisions are described in detail in subparagraph 3.2.1. A. complete listing 

of the source statements of CRAKD and all its subprograms is contained in 

•ubparagraph 3.2.4. 

1.2.1 DESCRIPTION OF THE SUBPROGRAMS OF CRAKD 

PROGRAM CRAKD (INPUT=100. OUTPUT^lOO, DAIA=100, TAPE5=INPUT. 

TAPEóOUTPUT, TAPE21 »DATA. IAPE25. TAPE26, TAPE28, TAPE29) 

CRAKD controls the core storage requests through the DIMENSION A(xxxxx), 

N(16) statement and calls the four major program subroutines INPUT, FORM, 

DYNAM, and OUTPUT. The input file where model specififcation data is 

located is TAPES. The file MODEL (see paragraph 3.1) is taken to be TAPES. 

This procedure is illustrated in the examples contained in subparagraphs 3.2.2 

and 3.2.3. The files TAPE6, TAPE2l, TAPE25, TAPE26, TAPE28, and TAPE29 will 

be introduced and discussed in the descriptions of the subprograms where 

they are used. 

SUBROUTINE INPUT (A.N) 

This subroutine controls all of the input associated with establishing 

a finite-element model and specifying the mass characterization and the type 

of analysis to be made. INPUT also organizes all data contiguously from the 

beginning of the array A such that no storage is left unused, unless A has 

been originally specified too large for the particular problem addressed. 

The locator array, N, contains the 16 starting addresses within A of various 

model data. As a last task, INPUT computes and prints both the problem's 

requirements for the size of A and the program's current A dimension. The 

user can then modify the A specification for subsequent program executions 
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to reduce central memory requirements and thereby save money. 

During the input phase the subprograms called by INPUT—CORDJ, NODES, 

TRIN, SPRGIN, CEKIN8, CRKNlO, LUMPIN, DISPIN, and LOADIN—all perform 

checking of the data for some commonly occurring user errors. When such 

errors occur, descriptive program message, will be issued to enable the user 

to correct the deficiencies, and an error flag, IFIAG which is initially 

set to zero, will be positively incremented by one. If IFIAG > zero at the 

conclusion of INPUT, the message 

**********pR0GRAM STOPS***-******* 

will be printed and INPUT terminates the run. This prevents analyses attempts 

with obviously inconsistent data. 

SUBROUTINE GORIN (COORD. NF. NDOF^> 

This subroutine reads the node numbers, degree-of-freedom numbers, NF, 

and node coordinates COORD as they are listed on file MODEL and stores them 

in ascending node order in the portions of the A array (dimensioned in CRAKD) 

assigned by INPUT to COORD and NF (A(l) and A(N(1)), respectively). The 

parameter NDOF is input by the user as either 1, 2 or 3 to designate 1-D, 2-D, 

or 3-D model (see subparagraph 3.2.2 for Input Guide). 

Checks are made on the total number of nodes and restraints (as deter¬ 

mined from examination of the freedom numbers) to determine if they are 

consistent with the specifications entered by the user. 

SUBROUTINE NODES (COORD. NF. NDOF) 

This subroutine lists node numbers, freedom numbers NF, and node 

coordinates COORD in ascending node order on TAPE21 which is assigned the 

38 



name DATA, by the PROGRAM CRAKD statement. Also, should the user desire 

(see subparagraph 1.2.2 for Input Guide), a separate listing with heading can 

be obtained during the program execution onto TAPE6 which is the printer 

file. 

SUBROUTINE TRIM (JT. TPRP. NF. NDOFl 

This routine reads the element number, node or joint specifications, 

and the material and section properties as they are listed for each triangle 

element from file MODEL. These are stored into the JT (joint or node 

numbers defining the element) and TPRP (material constants, E, v and p, and 

element thickness, t) portions of the overall A array as assigned by INPUT 

(A(N(2)) and A(N(3)) respectively) in its call to TRIN. 

Checks are made on the total number of elements input to insure consis¬ 

tency with user specifications. 

Also, TRIN calls BAND which uses the JT and NF arrays. 

The element specifications are always listed on TAPE21 (DATA) for 

possible future usage, and, should the user specify the appropriate option in 

the input sequence, a similar listing with heading can be written onto TAPE6, 

the printer file. 

SUBROUTINE SPRGIN (JS. SPRP. NF. NDOF) 

This subprogram reads spring element data from the input file MODEL 

and stores them into the JS (joint or node numbers defining the element and 

its reference directions) and the SPRP (linear spring constants) array por¬ 

tions of the A array which are assigned by INPUT (A(N(4)) and A(N(5)),res¬ 

pectively) through its call to SPRGIN. Also, SPRGIN calls BAND which uses 

JS and NF. 
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Checks or the total number of spring elements are made to insure data 

consistency with the user's specifications. 

A listing with heading is always written onto IAPE21 (file DATA), but 

an appropriate user input option can cause a similar listing to appear in 

the printed output of the programs execution. 

SUBROUTINE CRKIN8 (JC. CPRP. NF, NDOF) 

SUBROUTINE CKRNlO (JC. CPRP. NF. NDOF) 

The purpose of these subprograms is to read from the input file, MODEL, 

the element number node definition, plane stress/strain specification, 

material constants and thickness for, respectively, each 8-node and 10-node 

cracked element in the model. These are then stored in ascending element 

order in the JC (element node definition and plane stress/strain indicator) 

and CPRP (material constant, E, v, and p, and thickness, t) array portions 

of the A array. These portions are determined by INPUT (A(N(6)), A(N(8)) 

and A(N(7)), A(N(9))J respectively) to make these data contiguous with pre¬ 

viously stored information, CRKIN8 and CRKNlO call BAND which uses JC and 

NF. 

Checks are made to insure that the total number of 8-node and 10-node 

elements are co sis tent with the specifications of the user. 

A listing is made on IAPE21 (file DAIA) for each cracked element, and 

should the user specify the appropriate input option, a separate similar 

listing will appear in the printed output from the program's execution. 

SUBROUTINE LUMPIN (NF. SM. NDOF, NER) 

This subprogram reads from the input file the node number and the mass 

which is to be lumped at that node. Any such masses are added into the 
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structural mass matrix, SM, for each of the active degrees-of-freedom at the 

designated node. 

Checks are made to insure that the total number of lumped masses 

entered are consistent with user specifications. 

Messages are printed for each point mass read and summed into SM. 

The location, A(N(19), of the beginning of SM is assigned by INPUT to 

be contiguous to the location of the structural data and the space allotted 

for the formation of the structural stiffness matrix. 

SUBROUTINE LOAD IN (NF. P. NDOF') 

SUBROUTINE DISPIN (NF. P. NDOF) 

These two subprograms read from the input file, MODEL, the node numbers 

and the values, respectively, of the applied node loads and imposed non-zero 

node displacements for static analyses. The loads and displacements are 

placed in the vector P whose location, A(N(10)), is assigned by INPUT to 

place it immediately following previous model data. For transient analyses, 

values placed in the P vector by LOADIN are used only as pointers to nodes 

where the calculation of accelerations is required. 

Checks are made to guarantee consistency between number of loads and/or 

imposed displacements entered and the number which the user specifies. 

A listing of the P vector occurs on 1APE21 (file DATA) if the user 

inputs the appropriate option (see Input Guide, subparagraph 1.2.2). 

SUBROUTINE BAND (ND, NDE. NF. NDOF. NB) 

The purpose of this routine which is called by TRIN, SPRGIN, CRKIN8, 

and CRKNlO is to calculate the maximum bandwidth, NB, of the structural 

stiffness and mass (if the consistent mass characterization is chosen) 
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matrices. The quantity NB is required by FORM (equations formulation 

segment of the program). 

Basically, for each element the maximum difference occurring between 

the degree-of-freedom numbers, NF, for all the nodes, ND, is determined 

(ND has NDE numbers where NDE = 3 for triangles, 2 for springs, 8 for 8-node 

elements, and 10 for 10-node elements). The maximum of these for all elements 

in a model is NB-1. 
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SUBROUTINE FORM (A.. N) 

Subroutine FORM is the controlling program for assembling the struc¬ 

tural stiffness and mass matrices. The subprograms TRI, SPRNG, CRAK8, and 

CRAKlO called by FORM compute element stiffness and mass matrices for 

triangles, springs, 8-node cracked elements, and 10-node cracked elements, 

respectively. The structural stiffness ST and structural mass SM are 

dimensioned NB Columns (bandwidth as determined by BAND in the INPUT segment 

by NER rows (total independent degrees-of-freedom in the model) and are 

contained within the A array. The starting addresses within A for ST and 

SM are contained in the locator array N at N(ll) and N(12). 

SUBROUTINE TRI (CO. NF. JT. TPRP. P. ST. SM. NROW'l 

This subroutine forms the elemental stiffness matrices for uniform 

constant-plane-stress or plane-strain triangles, and then assembles them 

into the banded (NROW x NB) matrices ST and SM. The node coordinates CO, 

element node definitions JT, and the constants E, v, p and t (Young's modulus, 

Poisson s ratio, mass density, and element thickness) contained in TPRP are 

used to generate element matrices. The freedom numbers NF point where the 

elemental stiffness and masses are to be summed into ST and SM. The load/ 

imposed displacement vector P is available for the calculation of modified 

node forces which occur whenever non-zero displacements are imposed (static 

analyses only). These modified forces arise as follows: The equations to 

be solved are 
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where Uj are the unknown independent node displacements and U are the 
R 

imposed (known) zero and non-zero displacements. The equations, which are 

solved for the are symbolically 

or, since the U are known, 
R 

KII UI = PI - KIR Ur 

If all the UR are zero, the right-hand side remains unaltered. However, if 

non-zero UR are imposed, the term UR modifies the right-hand side thus 

where 

Ku ui 

V pi - K u„ 
IR R 

TRI calls the subprograms UNIVEC, CROSS, DOT and ATBA. 

SUBROUTINE SPRNG (CO. NF. JS. SPRP. P. ST. NEW) 

This subprogram uses CO, JS, and SPRP to compute element stiffness 

matrices for massless linear axial/shear springs, and, using NF, assembles 

these elemental stiffnesses into the banded (NEW X NB) structural stiffness ST. 

P, the load/imposed displacement vector, is available to establish a modified 

force vector (see description in SUBROUTINE TRI) if any of the spring 

elements connect nodes which have imposed non-zero restraints. 
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SUBROUTINE CRAK8 (CO, NF, JC, CPRP. P, ST. SM. NDOF. NROW. SI. S2, S3 

Tl, Ta , T3) ---L 

SUBROUTINE CRAKlQ (CO. NF, JC, CPRP. P, ST. SM. NDOF. NROW. SI, S2. S3. 

Tl, T2, T3) 

These subroutines use CO, JC, and CPRP to compute the elemental matrices 

SI, S2, S3, Tl, T2, and T3 for uniform 8-node, isotropic symmetric crack and 

uniform 10-node isotropic, unsymmetric crack elements. The 8-node element 

is intended for modelling mode I structures, i.e., those which are symmetric 

about the line of the crack, while the 10-node element is intended for mod¬ 

elling unsymmetric (modes I and II) cracked structures. The elemental 

stiffness and mass are assembled into the banded (NROW x NB) ST and SM matrices. 

Contributions to a modified force vector is computed if any of the 8-node 

elements connect nodes with imposed non-zero restraints. 

CRAK8 and CRAKlO also contain Fortran DATA statements which are per¬ 

manently stored dimensionless element stiffness and mass matrices. These 

dimensionless forms, which are possible to establish because of the fixed 

shape and node positions chosen for the cracked elements (see subparagraph 1,1.2, 

Card (s) (15a) and (17a) or subparagraph 1.2.2, Card(s) 11 and 14), make effi¬ 

cient the inclusion of a cracked element into a finite-element analysis. 

Intermediate element matrices can be printed during matrix assembly 

if the appropriate user options are specified (Card 3, subparagraph 1.2.2). 

The subprograms UNIVEC, PRTRM, INVERT, MABC, and ATBA are called. 

Element dimensions, thickness, shear modulus, and element matrices are written 

onto TAPE25 (8-node) and TAPE26 (10-node) to extract mode I stress-intensity 

factors Kj (8-node) and mode I and mode II stress-intensity factors and 
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Kjj (10-node). 

The load/displacement vector P Is used to compute contributions to the 

modified force vector if any cracked elements connect nodes with imposed 

non-zero displacements. 

SUBROUTINE INVERT (A. B. N. NA) 

This subroutine inverts the upper left N x N submatrix of the matrix 

A and stores it in the upper left of B. The overall size of both A and B is 

NA x NA. The submatrix of A is destroyed during the inversion process. 

SUBROUTINE PRTRM (AR. A. PR. PC. NFILE) 

This subroutine writes the upper left PC x PC submatrix of A, whose 

overall size is AR x AR, onto the unit whose number is NFILE. NFILE is now 

set to be 21 so the matrix listing is on TAPE 21 which has been assigned the 

name DATA by the PROGRAM CRAKD statement. The listed form of the matrix is 

first the row number followed by the first PC terms of that row--listed 10 

terms per lire. 

FUNCTION DOT (Vi. V2. NO) 

This subprogram computes the scalar (DOT) product for the two vectors 

Vl and V2. Each vector has N components. 

SUBROUTINE CROSS (A. B, AXB) 

This subroutine calculates the components of the vector (cross) product 

of the two vectors A and B. The vectors are all assumed to have 3 components. 
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SUBROUTINE ATM (AR. A. BR. B. CR. C. N, NB) 

This subroutine forms the N x N submatrix of C from the triple matrix 

product XYZ. X is the transpose of the upper left NB x N submatrix of A, Y 

is the upper left NB x NB submatrix of B, and Z is the upper left NB x N 

submatrix of A. The overall dimensions of A, B, and C are, respectively, 

AR x AR, BR x BR, and CR x CR. 

SUBROUTINE MABC (AR. A. BR. B. CR. C. NRA, NCARB. NCB) 

This subroutine forms the upper left NRA x NCB submatrix of C from the 

matrix product XY. X is the upper left NRA x NCARB submatrix of A, and Y is 

the upper left NCARB x NCB submatrix of B. The overall sizes of A, B, and C 

are, respectively, AR x AR, BR x BR, and CR x CR. 

SUBROUTINE UNIVEC (A. N. XL) 

This subroutine computes the length XL of the N-component vector A. 

The vector A is then converted to a unit-length vector prior to the subroutine 

2 
return. UNIVEC calls DOT to compute XL as A*A. 

SUBROUTINE DYNAM (A. N) 

This subroutine controls the solution of the equations of motion for 

harmonic and transient analyses and the output of the solution--displacements, 

accelerations, and stress-intensity factors. For harmonic analyses, subpro¬ 

grams DYNAM1 and DYNAM3 are called. For transient analyses, DYNAM2 and DYNAM4 

are called. 

Return of DYNAM is to the main program CRAKD. 
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SUBROUTINE BA.NS2L (AK. R. NEQ. I BAND. NDDO 

This subroutine solves the system of equations [AX] {unknowns} = {r} 

where AK is in banded form, i.e.. NDIM x IBAND, and the number of unknowns 

is NEQ# The numerical procedure is Gaussian elimination. 

SUBROUTINE DYNAM2 (NF, NCB. NClQ. P, ST. SM. F. U. U2. NPI. NDOF. NROW) 

This subroutine solves the equations of motion 

MU + KU = F 

for the transient response of a finite-element model where K and M are the 

structural stiffness matrix, ST(NR(W x NB), and the structural consistent 

mass matrix, SM(NRCW x NB) ; U and U are the unknown node displacements and 

accelerations, and F, the time-dependent, user-specified node forces. The 

Newmark-ß (ß = 1/4) time-intégrâtion algorithm is chosen to solve the system 

equations. 

The algorithm (1) has two equations: a starting or first step and a 

general step. The starting step is 

2 2 2 

(M + 4 K) U1 ■ (M - ! K) “o - “o - ! iFo + Fl) 

where the Uq and Uq are the user-specified initial conditions (node displace¬ 

ments and velocities at t = 0) and h is the specified time step to t t 
o 1 

(i.e., from Uq to U^ and Fq to F^). The only unknowns in the equation are 

the Uj^. The general step, once Uq and Uj^ are known, is (h a specified con¬ 

stant) 
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DYNAM2 reads from the input file Uo, 0,, h, and the number of time 

steps NTS to be considered. Solutions are then generated for times ^ « h, 

t2 - 2h,..., tf = (NTS) h. Once the displacements U are known at a time 

step, stress-intensity factors and accelerations at user-designated nodes may 

be calculated and listed onto TAPE28 and IAPE29, respectively. Ihese quan¬ 

tities are later transferred to TAPE21 and, additionally, the stress-intensity 

factors are printed in the output (TAPE6) of the program execution. The 

frequency of calculation of stress-intensities and accelerations is controlled 

by the two quantities NTS IF and NTACC read from the input file by DYNAM2. 

Stress-intensities will be computed every NTSIF time steps and accelerations 

every NTACC time steps. 

DYNAM2 uses U and U2 as scratch matrices during the time-intégrâtion 

process. The time-dependent forces, F, are established by calls to a user- 

constructed subroutine FVEC which generates appropriate forces at the time 

and position required to simulate the force environment of the model. This 

subroutine is illustrated in the sample problems (subparagraphs 1.2.3 and 1.2.4). 

DYNAM2 also calls BMULT, PBMULT, BANSOL, SOLVE (a second entry to 

BANSOL), SIFAC, ACCEL and ACCOUT. 

SUBROUTINE DYNAM4 (NF. JC8. JClO. P, ST, SM. F. U. U2. BP1. NDOF. NROW) 

This subroutine solves the equations of motion 

MU + KU = F 

for the transient response of a finite-element model. K and M are the struc¬ 

tural stiffness matrix, ST(NROW x NB) and the structural lumped-mass matrix, 

SM(NRCW x 1); U and U are the unknown node accelerations and displacements and 
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...... 

F are the user-specified, time-dependent applied node forces. For the 

lumped-mass characterization, the time-integration to solve the system 

equations is accomplished by a central-difference algorithm. The starting 

step is 

U, * U + hÚ + 7 M-1 Í? - KU 
1 o o 4 ^ o o. 

where Uq and Uq are the user input initial conditions (node displacements and 

velocities at time t = 0) and h is the specified time step from tQ to t^. 

Since the lumped-mass matrix is a vector, inversion is trivial and the solu¬ 

tion for the unknown displacements at t^, U^, is quite simple. The general 

step t ., once U, is known is 
r n+1 1 

U 
n+1 

2U - U ,+ h2M_1 (f - KU ) . 
n n-1 \ n n/ 

DYNAM4 reads from the input file Uo> Uq, h, the number of time steps NTS and 

the calculation frequency NTS IF. Solutions for U will be generated for t = h, 

t = 2h. t = NTS(h) and stress-intensity factors will be computed every 

NTSIF time steps. Stress-intensity factors will be listed on IA.PE28, TAPE21, 

and printed in the output (TAPEö) of the program execution. 

DYNAM4 uses U and as scratch matrices, and the forces F are generated 

through calls to the user-construeted subroutine FVEC. This subroutine is 

illustrated in subparagraphs 1.2.3 and 1.2.4. 

DYNAM4 also calls BMULT and SIFAC. 

SUBROUTINE BANSOL (AK. R. NEQ. IBAND. NDIM) 

This subroutine solves the equations 

[AK] {unknowns} fR} 
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where AK is in banded form (NDIM x IBAND) and NEQ is the number of unknowns 

The solution obtained by Gaussian elimination is returned in {r}. 

SUBROUTINE BMULT (N. IBW. A. X. Bt 

This subroutine multiplies a vector X by a banded symnetric matrix A 

(upper portion). The product is returned in B. IBW is the upper bandwidth 

of A, and N is the number of columns of A. 

SUBROUTINE PBMULT (N, IBW, A. X, R, PÏ 

This subroutine is the same as BMULT above, but the product vector B 

is scaled by the factor P. 

SUBROUTINE SIFAC (NF. JC8. JClO. P2. U. NDOFÏ 

This subroutine uses the displacements, P2, as determined by the time- 

integration subprograms DYNAM2 and DYNAM4 to compute the stress-intensity 

factors for the 8- and 10-node elements. SIFAC reads information placed on 

TAPE25 (8-node) and TAPE26 (10-node) by CRAK8 and CRAKlO during the FORM 

segment and writes the stress-intensities onto IAPE28. 

SUBROUTINE ACCEL fP. U2. Ul. U. dt) 

This subprogram uses the three displacement vectors U2 (t = 12), 

Ul(t = t2 " DT)’ and u (t = t2 - 2DT) to compute the acceleration (transient 

consistent-mass analyses only) of nodes which are designated by pointers 

placed in the P vector. The accelration is 

U = (U2 - 2(U1) + U) / DT * DT . 

The value is then written onto TAPE 29. 

. ... . IAA 
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SUBROUTINE ACCOUT (NF. P. KF. IT3. ITS. NDOF) 

This subroutine transfers accelerations generated by ACCEL (transient 

analyses only) and stored on TAPE29 to TAPE21 and, if user specified, to 

printed output (IAPE6). 

SUBROUTINE OUTPUT (A. N) 

This subroutine controls the solution and subsequent output for static 

analyses. It calls BANS2L, INTEGR, TRIOUT, SPROUT, CRKOT8, and CRKOlO. Node 

displacements, triangle element stresses, spring element forces, and node 

force equilibrium checks are listed on TAPE21. Appropriate user-specified 

values of the output print option will result in a similar listing in the 

printed output (TAPE6). 

SUBROUTINE INTEGR (I. INTGR) 

This subroutine extracts the integer I from the location INTGR of the 

A array in OUTPUT. 

SUBROUTINE TRIOUT (CO. NF. JT. TPRP. P. CKFOR. SX. SY. SXY. NDOF) 

The purpose of TRIOUT is to use the calculated node displacements, P, 

to compute the stresses a , a , and t , and store them into SX, SY, and SXY 
X y xy 

for each constant-plane-stress or plane-strain triangular element. The 

element forces are also computed and summed into CKFOR, the node-equilibrium- 

check array. The element stresses are output in elemental coordinates, i.e., 

the reference + x - direction which is established by the vector from node 1 

to node 2 of the triangle's definition. 

53 



SUBROUTINE SPROUT (CO. NF. JS. SPRP. P. CKFOR. ELFOR) 

This subprogram computes and stores into ELFOR the spring forces 

associated with the spring constants, K^, and for any spring elements 

contained in the finite-element model. It also calculates the contribution 

of each spring to the node-equilibrium-check array CKFOR. 

SUBROUTINE CRK0T8 (NF. JC. CPRP. P. CKFQR. CUMKT. DINV. PICOS. SIFl) 

SUBROUTINE CRKQlO (NF. JC. CPRP. P. CKFOR. CUMKC. DIWV. PICOS. SIFl. SIF2) 

These subroutines use the calculated node displacements, P, and infor¬ 

mation written on TAPEZS (CRK0T8) and TAPE26 (CRKOlO) tc compute the stress- 

intensity factors SIFl for the 8-node symmetric elements and SIFl and SIF2 

for the 10-node unsymmetric elements. 
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1.2.2 USER'S INPUT GUIDE TO CRAXD 

Following is the complete input sequence, with card description, for 

establishing a correct input file for CRAKD. 



CRAKD “ Input Data Sequence 

Description 
£ard 

I. 

2. 

[Title (72 characters maximum)] 

one card 

read by 12A6 

(2) (3) (4) (5) (6) (7) (g) (9) qq) 

,NTRIS ,NSPRNG,NCRK8,NCRKIO,NLUMPS ,NIJ)NDS ,NRSTR,NDOF,SFLAG 

one card 

r(l) Lnnodes 

read by 1015 

(1) NNODES - Number of nodes 

(2) NTRIS - Number of (constant strain) triangular elements 

(3) NSPRNG - Number of spring elements 

(4) NCRK8 - Number of 8-node cracked elements 

(5) NCRK10 - Number of 10-node cracked elements 

(6) NLUMPS - Number of lumped masses 

(7) NLDNDS 

/a) Static - applied loads 

Note: J b) „.rnoaic - applied load amplitud.. - ,lgn lndlc.t„ 180o ph,a(¡ ,hlft 

LC) Tran>le'>t - «»dea at »hich acceleration, are to be calculated 

(8) NRSTR 

a) Static - number of restraints plus number of imposed displacements 

b) Dynamic - presently only restraints can be handled 

(9) NDOF - Number of degrees of freedom at each nodal point 

a) 2 = plane structure 

b) 3 = 3-D structure: elements are, of course, 2-D 

(10) SFLAG - Stress state code for TRIANGULAR elements 

a) 0 = plane strain 

b) 1 = plane stress 
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.... 

CRAKD - INPUT DATA 

(1) (2) (3) (4) (5) (6) (7) (8) (10) (11) (12) 
3. L INPRT, IKPRT, ITPRT, ICPRT, 10PRT, IIN8,1 INI0, IOUT1, IOUT2, IOUT4 , IOUT5 

(subject to modification) 
one card 

read by 1215 

(1) INPRT - Input data echo control flaa 

(2) IKPRT - Stiffness formation 
echo flag 

(3) ITPRT - Triangular element data 
echo flag 

(4) ICPRT * Cracked element echo 
flag 

(5) IOPRT * Output data control 
flag 

1 Analysis Type, 
Minimum 

Out 
Data 

Check 
Maximum 

Out 

STATIC 3.0.0.0.3 1.0.0.0.4 3.3.3.3.0 

) HARMONIC 3.0.0.0.0 

O
 

O
 

O
 

O
 3.3.3.3.4 

TRANSIENT 0.0.0.0.0 

O
 

O
 

O
 

O
 « 

—t 3.3.3.3.4 

(t ) IIN8 - 

(7) IDJ10 - 

(8) IOUT1 - Logical unit where main data output file resides 

(Only one used now Mar. 77) 

(9) IOUT2 - 

(10) I0UT3 - 

(11) I0UT4 - 

(12) 10UT5 - 
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CRAKD-INPUT DATA 

4. [Type] 

One card 

read by 6A1 

STATIC 

HCMASS 

HLMASS 

TCMASS 

TLMASS 

: Static analysis 

: Harmonic cons is tent-mass analysis 

î Harmonic lumped-mass analysis 

. Transient consistent-mass analysis 

; Transient lumped-mass analysis 

fO) (2) (3) (4) (5) (6) (7)1 
5. LNode, Fnx, Fny, Fnz, X , Y , Z J 

one card for each node 

read by 415, 3E10.0 

NODE - Nodal point number 

¥na - Freedom number for the (global) a - direction at NODE, 

freedom code is; 

“ 1 * > imposed displacement 

0 K > elastic freedom 

+ 1 = > rigid restraint 

X - Global X coordinate of Node 

Y ‘ Global Y coordinate of Node 

Z - Global Z coordinate of Node 

6. [0] 

one card 

read by 15 

0 - indicator to INPUT that end of Nodal Point data has been 

reached 
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............ 

CRAKD-INPUT DATA 

NOTE : If any of the numbers 

NTRIS, NSPRNG, NCRK8, NCRK10, NLDNDS, NLUMPS 

Is zero, omit all input data pertaining to that 

quantity - including the 0 card marking the end- 

of-data 

i (1) (2) tj; (/) (0) , 
7. LtRINR, NODEl, N0DE2, NODE3, E , v , t , p J 

(3) (4) (5) (6) (7) (8)- 

one card per Triangular Element 

Read by 415, 4E10.0 

TRINR - Triangular element number 

NODEl, N0DE2, N0DE3 - node numbers of nodes defining vertices of that element 

a) specify in a counter-clockwise order 

b) 

c) 

the local X axis^is defined by the vector from NODEl to N0DE2, 
i.e., NOPE 2 - NODEl 

the plane of element defined by the vectors N0DE1-N0DE2 and 

-2, 

NODE1-NODE3 

E - modulus of elasticity (FL 

v - Poisson's ratio 
Í Whatever units are used must, 

of course, be consistent 

t - thickness (L) J 

p - density (FT^L-1) 

8. [0] 

one card 

read by 15 

0 - indicator to INPUT that end of triangular data has been 

reached. 
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m .... .....« 

CRA1CD-INPUT DATA 

9. rj»L .su P.L. <i>. <5> i« (7) (8) 
INSPRNG, NODE 11 NODE2, NODE3, |Í0DE4, 'kÍ ,'k2 /kU 

one card per spring element 

read by 515, 5X, 3E10.0 

NSPRNG - Spring element number 

NODE1, NODE2 - Define the attachment points of the element 

NODE 1, NODES - Define the direction in which K1 acts 

NODE1, NODE¿ - Defines, with NÕde3-N0DE1, the plane in which 

K1 and K2 act 

(a) All K's act between Node 1 and Node 2 

(b) K2 acts normal to Kl, in the plane (NODE3-NODE1) x (NODE4-NODE1) 

(c) The Kl, K2, K3 directions are right-handed 

Kl, K2, K3 - Spring constants 

10. [0] 

one card 

read by 15 

0 - indicator to INPUT that end of Spring data has been reached. 

i (1) (2) (3) (4) (5) (6) (7) (a\ /q\ nn\ 
11. LN8ELT, NODE1, NODE2, NODES, NODE4, NODES, NODE6,NODE7, NODES, SFLAgJ 

10 f (1) (2) (3) (4) (5)1 
12. LnSELT, E , V , t , p J 

read by 15, 4E10.0 

Note: two cards per 8-node element 

N8ELT - 8-node cracked element identification number 
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CRAKD-INPUT DATA 

N0DE1-N0DE8 - the node numbers of the nodes defining the element, where the 

order must be as indicated below 

y 

NOTE : (a) 

(b) 

TTie element's aspect ratio is 3 x 1 as indicated 
where the local X-axis is defined by the vector, 

N0DE8-N0DE1, and the local Y-axis is defined by 

the vector, NODES - NODE3« The lengths are also used 
for a rectangularity" check 

Support conditions: Zero y displacement at nodes 
8 and 1 are essential since the element is intended 
to represent only symmetric cases. 

SFIAG 

0 = > plane strain 

1 > plane stress 

E - modulus of elasticity (FL*^) 

V - Poisson's ratio 

t - thickness 

p - density 

(L) 
2 -1 

(FT L ) 
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CRAKD-INPUT DATA 

13. [0] 

one card 

read by 15 

0 - Indicator to INPUT that the end of 8-node element data has been reached. 

1¿»- LÍP (7) (1°) (U) (11) 1 
lN1CELT, NODEI,NODE2,N0DE3,N0DE4,NODES,N0DE6,NODE7,NODE8,NODE9,NODE10,SFLAgJ 

read by 1215 

15. [NlOELT.E, V» t, p] 

read by 15, 4E10.0 

Note: two carda per 10-node element 

N10ELT - 10-node element number 

NODE! -.NODE10 - the node numbers of the nodes defining the element, where 
the order must be as indicated below. 

(a) The element's aspect ratio is 1 x 1 as indicated and the 

local X-axis is defined by the vector, N0DE6-N0DE1, and 

the local Y-axis Is defined by the vector, NÖDE8-N0DE1. 

These lengths are also used for a rectangularlty check. 

ib) This element can represent general (planar) loading. 
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CRAKD-INPUT DATA 

SFLAG 0 - plane strain 

1 ■ plane stress 

-2 
E - modulus of elasticity (FL ) 

V " Poisson's ratio 

t - thickness (L) 

p - density (FT L *) 

16. [0] 

one card 

read by 15 

0 - indicator to INPUT that the end of 10-node element data has been reached. 

17. [NODENR.MASS] 

one card per lumped mass 

read by T5, E15.8 

NODENR - node number 

2 -1 
MASS - lumped mass to act there (FT L ) 

18. [0] 

one card 

read by 15 

0 - indicator to INPUT that the end of lumped-mass data has been reached. 

19 r a) (2) o) , 
* LNODENR.DISPX,DISPY,DISPZj 

one card per node with enforced displacement 

read by 15, 5X, 3E10.0 

NODENR - node number 
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CRAKD-INPUT DATA 

DISPX - imposed displacement of node, in global coordinate system, in the 
X-d IrecMon 

DISPY - displacement in Y-direction 

DISPZ - displacement in Z-direction 

20. [0] 

one card 

read by 15 

0 - indicator to INPUT that the end of DISPIN data has been reached. 

Note: Imposed displacements only for STATIC analysis 

21. F (l) (2) <3> <4> 1 
LNODENR,LOADX, LOADY, LOADZJ 

one card per loaded node 

read by 15, 5X, 3E10.0 

NODENR ” node number 

LOADX - applied load at node, in global coordinate system, in the 
X-direction 

IX) AD Y - load in the Y“direction 

IX)ADZ ” load in the Z-direction 

22. [0] 

one card 

read by 15 

0 - indicator to INPUT that the end of LOADIN has been reached. 

Note: If a Transient analysis 

NODENR - Node number at which acceleration is to be calculated in Transient 
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CRAKD-INPUT DATA 

LOADX 

LOADY fo (Code) 

LOADZ 

r 
O ■ do not calculate acceleration for this 

freedom 

1 ■ calculated acceleration for this freedom 

Note: Following cards only for Transient analysis 

23. TnODE.U ,U ,U I 
L ox oy ozj 

one card per node (Specify at unrestrained freedoms only) 

read by 15, 3E15.8 

NODE - node number 

Uox " initial (global) x-displacement 

U0y “ initial (global) y-displacement 

Uoz ■ initial (global) z-displacement 

24. [0] 

one card 

read by 15 

0 - indicator to DYNAM2 or DYNAM4 that the end of displacement initial 
conditions has been reached. 

25. [node.v ,V ,V ] 
L ox oy ozj 

one card per node (unrestrained freedoms only) 

read by 15, 3E15.8 

NODE - node number 

vox " initial (global) x - velocity 

VQy “ initial (global) y - velocity 

V - initial (global)' z - velocity 
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crakd-input data 

26. [0] 

one card 

read by 15 

0 - indicator to DYNAM1 or DYNAM4 that the end of velocity initial 
conditions has been reached. 

66 



CRAKD-INPUT DATA: Explanatory Summary 

(1) STATIC ANLYSIS (IDYNAM - 0) 

The program does an equilibrium analysis and outputs diagnostics 

(determined by INPRT,IKPRT,ITPRT,KPRT.10PRT) and stress intensity 

factor(s). 

Also available: triangle stresses 

nodal equilibrium check 

(2) HARMONIC ANALYSIS (IDYNAM - 1 for HCMASS and IDYNAM - 3 for HLMASS) 

The applied loads are interpreted as harmonic amplitudes. 

The harmonic analysis subprograms, DYNAM1 and DYNAM3, solicit input of 

u)j. - initial excitation frequency, 

(Up - final excitation frequency, and 

NSTEP - number of steps in the interval, including end points, 

i.e., u)p ■ iUj + NSTEP(ûo)) 

DYNAM1 also offers the option of rerunning without reassembly* 

(3) TRANSIENT ANALYSIS (IDYNAM « 2 for TCMASS and IDYNAM *= 4 for TLMASS) 

DYNAM2 and DYNAM4 solicit terminal input of initial displacements and 

velocities and 

DT - time step length for integration 

NTS - number of time steps to be taken 

NTSIF - interval for calculating stress-intensity factors 

stress-intensity factors calculated every NTSIF time steps 

NTACC - interval for calculating accelerations at selected 

(by LOAD data) nodes 

accelerations are calculated every NTACC time steps 
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3.2.3 CRAKD ■ Sample Problem 

To execute the computer program CRAKD, an under.tandlng of the related 

permanent files now existing at ADTC, Eglln AFB, Is necessary. Currently 

the following listed files (with brief description) exist: 

FILE 

CRAKD 

CRAKDAT 

GENER 

GENXQ 

DESCRIPTION 

source statements (Fortran) for the 

finite element program which pre¬ 

sently contains the force vector 

(subroutine FVEC) for the first check 

problem. This file contains all the 

statements in one record. 

contains the data necessary to gene¬ 

rate bulk data for two check problems. 

First card of each data set is title 

card; Set 1 title is Livermore/Chen 

Model .... Set 2 title is Irvin 

Model .... 

source statements (Fortran) for the 

bulk data generator program--u8es 

any data set from CRAKDAT to generate 

model bulk data. 

binary form, i.e., compiled form of 

GENER. Since little or no modifica¬ 

tion of GENER is necessary, Fortran 

compilation is not needed each time 

GENER is used. 
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MODEL 

CRAKRUN 

The general procedure to follow ln 

finite-element model is as follows: 

complete finite-element model which is 

input to CRAKD--it now contains (CYCLE 

= 1) the complete model for first set 

of data in CRAKDAT, i.e., Livermore/ 

Chen Model .... 

file for submitting remote BATCH job. 

conceiving, constructing, and analyzing a 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

Step 5. 

[he user edits, appends, ot replaces CRAKDAT so that 

it contains the data required by GEN XQ to generate 

bulk data for the desired model (to construct such a 

data set, see paragraph 3.1). 

The user executes GENXQ using as input the data set in 

CRAKDAT. The local file, MDDEL, will be created by 

GENXQ and will contain the bulk data for the desired 

finite-element model (see subparagraph 3.2.1). 

The user edits MDDEL to complete the finite-element 

model and to provide analysis parameters. Usually for 

static analysis the user specifies loads and/or imposed 

displacements, and for harmonic and transient analysis 

the user specifies time step, number of time steps, etc. 

(see subparagraph 3.2.2). 

The user replaces the previous permanent file MODEL with 

the new complete MDDEL. 

If a transient analysis is to be performed, then the 

user will need to replace the force vector contained in 
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CRAKD with one which matches the model to be analyzed. 

This means that the final subroutine in CRAKD, i.e., 

SUBROUTINE FVEC (NF.T.F) must be modified. Currently, 

the FVEC subroutine is the one required for the data 

set Livermore/Chen Model . . . Basically, the user is 

required to write the subroutine FVEC such that it will 

place the correct time dependent forces, F, onto the 

proper displacement degrees of freedom, NF, at the 

specified time T. The flexibility gained by this pro¬ 

cedure allows the user to specify any kind of load func¬ 

tions, e.g., constant, pulse, ramp, step, tabular, etc. 

The example following Step 7, below, illustrates 

how to write a force vector for the second set of data 

in CRAKDAT, i.e., Irwin Model- 

Step 6. If the user modifies FVEC in Step 5, then the updated 

CRAKD continuing the new FVEC must replace the previous 

CRAKD. 

Step 7. The user executes CRAKD using MODEL as input by sub¬ 

mitting a remote Batch job. 

3.2.3.1 Sample Problem - Irwin's Problem 

To illustrate 2 steps 1 -* 7 of subparagraph 3.2.3, the second set of data 

in CRAKDAT will be used. The model as conceived is shown on Figure 5,and the 

data needed by GENXQ to generate the model is given in Table 1. The file com¬ 

mands, and an explanation of the purpose of each command follows for the sequence. 

Step 1 through Step 7. 

70 



Command 
Explanation 

Step 1: (a) ATTACH, CRAKDAT, ID-E6 

(b) EDITOR 

(c) EDIT, CRAKDAT, S 

(d) LIST,/IRWIN/ 

(e) DELETE, 10, LN1 

(f) SAVE, DATAGEN 

(g) REWIND, DATAGEN 

Step 2: (a) ATTACH, GENXQ, ID-E6 

(b) GENXQ, DATAGEN 

Step 3: (a) EDIT, MODEL, S 

The user gets the file CRAKDAT for 

raodification--i,e., the user wants 

to establish a file with only the 

Irwin data. 

The user begins to edit the data 

set for input to data generator 

GENXQ lists line number where Irwin 

model data generator set begins, 

i.e., LN 

LN1-LN-10 

(lines sequenced by 10's) 

edited file which contains only 

Irwin data saved under the local 

name DATAGEN (see Table 1). 

The user gets the compiled form of 

GENER 

The user executes the data generator 

program using DATAGEN as input. 

GENXQ creates file M)DEL (see Table2 ). 

The user modifies and completes the 

file MODEL to make it suitable for 

analysis by CRAKD. 
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Step 4 

Step 5: 

(b) LIST, L 

(c) LN+10-0000 

LN+20-0000 

LN+30-1.0E-05.60 

LN440-N^) 

LN+50-1 

LN+60-N^) 

(d) SAVE, MODELI 

(a) CATALOG, MODELI, MODEL, 

ID-E6 

(a) ATTACH, CRAKD, ID-E6 

(b) EDIT, CRAKD, S 

The user determinea the last line and 

number, LN, of linea of the data aet. 

After thia line add the linea below 

in (c) . See inatruction set: CRAKD - 

Input Data; entriea 23, 24, 25, 26 

and additional data for Tranaient 

Analysis (IDYNAM-2). 

LN+10 equals last line number listed 

in (b) + 10.0 is a blank space. The 0 

(zero) means no specified initial dis¬ 

placement the 0 (zero) no specified 

initial velocities, 

time step and number of time steps 

No, do not want to change time step 

calculate stress-intensity factor 

every time step. 

No, do not want to change stress-inten¬ 

sity factor calculation frequency 

The user saves the complete Irwin 

edited Model under the name MODELI. 

The user replaces the Chen model with 

the Irwin model. 

The user gets CRAKD to modify the 

force vector subroutine FVEC for 

analysis of the Irwin model. 
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Figure 7. Load-Time Curve Used to Construct FVEC for Analysis 

of the Irwin Test 



t 

Step 6: (a) SAVE, CRAKD1, 

(b) CATALOG, CRAKDl, CRAKD, 

(c) RETURN, CRAKD, hfiJDEL 

Step 7: (a) ATTACH, RUN, CRAKRUN, 

ID-E6 

(b) REWIND, RUN 

(c) BATCH, RUN, INPUT, HERE 

The results of the remote Batch submittal 

The user saves local edited film 

under the name CRAKDl. 

User replaces CRAKD for analysis 

of the Irwin problem. 

The user gets the file containing 

statements necessary for submitting 

a BATCH job (refer to instruction 

set titled: Instruction to execute 

(at time-sharing terminal) CRAKD at 

Armament Laboratory. 

The user submits a remote Batch job 

for execution of CRAKD using irwin 

model. 

is given in Table 3. 
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TABLE 3. CRAKD RESULTS FOR IRWIN PROBLEM 

1 

IRWIN MODEL WITH SINGLE FCINT LOAD AO = 1.0 IN. 2/6/76 JAA 

TRANSIENT LUMPED-MASS ANALYSIS 

MODEL GEOMETRY ANC RESTRAINT SPECIFICATIONS 
ARE ECHOED ON FILE 21 

TRIANGULAR ELEMENT PROPERTIES ARE ECHOED ON FILE 21 

BANDWIDTH AFTER TRIANGULAR ELEMcNTS INPUT IS 30 

8-NODE ELEMENT PROPERTIES ARE ECHOED ON FILE 21 

BANDWIDTH AFTER 8-NODE ELEMENTS INPUT IS.... 30 

MODEL INPUT SPECIFICATIONS 
NUMBER OF NODES.  163 
NUMBER OF TRIANGULAR ELEMENTS....273 
TRIANGULAR ELEMENTS ARE IN..... PLANE STRESS 
NUMBER OF 8-NOCE CRACKED ELEMENTS. 1 
NUMBER CF RIGIC RESTRAINTS. 8 
NUMBER OF TRANSLATIONAL FREEDOMS PER NODE 2 
TOTAL DEGREES OF FREEDOM IN MODEL.318 

COMPUTED BANDWIDTH = 30 
AVAILABLE BANDWIDTH = 38 
REQUIRED CORE STORAGE = 2453½ 
AVAILABLE CORE STORAGE = 30000 

ENTER* DELTA T. NUMBER OF TIME STEPS 

THE PARAMETERS ARE* OT = . 10000000E-04 NTS * 60 

IF YOU WISH TO CORRECT THIS.TYPE* YES 

76 

HOW OFTEN MUST I CALCULATE S.I. FACTORS? 



TABLE 3. CRAKD RESULTS FOR IRWIN PROBLEM (CONTINUED) 

S.I. FACTOR HILL BE CALCULATEC EVERY 1 time STEPS 

IF YOU WISH TO CORRECT THIS»TVPEI YES 

TIME STEP 1 T » 1.000E-05 
8-NODE CLT 1 K-ONE a 2,847E*00 

TIME STEP 2 T s 2.000E-Q5 
8-NOOE ELT 1 K-ONE = 3.7ó6E^01 

TIME STEP 3 T = 3.000E-05 
8-NOOE ELT 1 K-ONE = 1.7J7E+02 

TIME STEP 4 Ta 4« 000E-Q5 
«-NODE ELT 1 K-ONE = 4.552£*02 

TIMS STEP 5 T = 5.000E-05 
8-NOOE ELT 1 K-ONE a 8.563E«-02 

TIME STEP 6 T = 6.000E-05 
8-NOOE ELT 1 K-ONE a 1.335E*03 

TIME STEP 7 Ta 7 • 0 OOE-0 5 
8-NOOE ELT 1 K-ONE a 1.890E+03 

TIME STEP 8 T = 8.000E-05 
8-NOOE ELT 1 K-ONE = 2.580E+03 

TIME STEP 9 ta 9.000E-05 
8-NOOE ELT 1 K-ONE = 3.438E+03 

TIME STEP 10 t S 1.000E-04 
8-NOOE ELT l K-ONE = 4.409E+03 

TIME STEP 11 Ta 1 • 100E-04 
9-NODE ELT 1 K-QNE = 5.497E+03 

TIM;. STEP 12 T = 1 • 200E-0<4 
8-NOOE ELT 1 K-ONE = 6.766E+03 

TIME STEP 13 T = 1.300E-0* 
8-NOOE ELT 1 K-ONE = 8.176E*03 

TIME STEP 14 Ta l.i*00E-04 
8-NOOE ELT 1 K-ONE = 9.638E+03 

TIME STEP 15 Ta 1.500E-0 h 
8-NOOE ELT 1 k-ONE = 1.114E+04 

TIME STEP 16 Ta l.e00E-04 
8-NOOE ELT 1 K-ONE = 1.277E+04 

TIME STEP 17 T = 1.700E-04 
8-NOOE ELT 1 K-ONE a 1.45/2404 

TIME ETfCP is T = 1. 800E-04 
8-NOOE ELT 1 K-ONE = 1.648E+04 

TIME STEP 19 Ta 1.900C-04 
8-NODE ELT 1 K-ONE = 1.843E+Û4 

?n T = 
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TABLE 3. CRAKD RESULTS FOR IRWIN PROBLEM (CONTINUED) 

.• 8-NOOE ELT 1 K-ONE « 2.049E4-0« 

TIME STEP 21 Ta 2tl00E-0<* 
8-NOOE ELT .1 K-ONE * 2.264E*0<* 

TIME STEP 22 T * 2,200E-0<* 
8-NOOE ELT 1 K-ONE = 2.4T2E+04 ’ 

TIME STEP 23 T = 2.300E-04 
8-NOOE ELT 1 K-ONE = 2.667E*04 

TIME STEP 24 T = 2.400E-04 
8-NOOE ELT 1 K-ONE a 2.855E+04 

TIME STEP 25 T = 2.500E-04 
8-NOOE ELT 1 K-ONE = 3.043E+04 

TIME STEP 26 T * 2.600E-0* 
8-NOOE ELT 1 K-ONE = 3.220E+04 

TIME STEP 27 Ta 2.700E-04 
8-NOOE ELT 1 K-ONE = 3.379E+04 

TIME STEP 28 T a 2.800E-0-* 
8-NOOE ELT 1 K-ONE = 3.528E+04 

TIME STEP 29 Ta 2.SQ0E-0«* 
8-NOOE ELT 1 K-ONE = 3.664E+04 

TIME STEP 30 T = 3.000E-04 
8-NOOE ELT 1 K-ONE = 3.778E+04 

TIME STEP 31 T = 3.100E-04 
8-NOOE ELT 1 K-ONE = 3.876E*04 

TIME STEP 32 T = 3.200E-0-» 
8-NODc ELT 1 K-ONE = 3.959E*04 

TIME STEP 33 T = 3.300E-0^ 
8-NOOE ElT 1 K-ONE = H.025E+04 

TIME STtP 34 T = 3.*«00E-Ü>* 
8-NODE ELT 1 K-ONE = 4.081E+04 

TIME STEP 35 T = 3.500E-0* 
8-NOOE ELT 1 K-ONE = 4.125E+04 

TIME STEP 36 T = 3t600E-04 
8-NOOE ElT 1 K-ONE = H.152E+04 

TIME STEP 37 Ta 3.700E-0* 
8-NODE ELT 1 K-ONE = 4.162E+04 

TIME STEP 38 T = S.gOOE-O* 
8-NOOE ELT 1 K-Ok'- = 4.152E+04 

TIME STEP 39 T = 3.Í00E-Q4 
8-NOOE ELT 1 K-ONE = 4.113E*0h 

TIME STEP 40 T = ‘♦•OOOC-Q« 
8-NOOE ELT 1 K-ONE = 4.0ó7E*04 

TIME STEP 41 T = 4. lOOE-O* 
8-NOOE ELT 1 K-ONE = 3.993E+04 
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3.2.3.2 SAMPLE PROBLEM - CHEN'S PROBLEM 

The first data set contained ln CRAKDAT (Table 4) can be used to generate 

the finite-element model of the problem shown on Figure 8. Input of the data 

in Table 4 to GENER will produce a file, MODEL, which,when edited for use by 

CRAKD,is given in Table 3. The force vector FVEC in CRAKD is changed to the 

one given In Table 6. Use of MODEL (Table 5) and CRAKD with the Chen FVEC 

(Table 6) produces the results shown in Table 7. For a discussion of this 

problem and lumped-maas variations, see Section III, Volume I. 
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Figure 8. Chen's Problem and Finite-Element Model 
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TABLE 4. DATA FILE TO INPUT TO GENXQ TO GENERATE FILE MODEL FOR CHEN PROBLEM 

IIVE«M0*E/CHEN MOCEL UNITS LENGTH=CN UNITS ST«£SS=MPAP 1/29/76 JAA 
2 1 0 1 1 C 1 0 a 

1C 1 3 ¿1 £2 
TRANSIENT 

1 
-1 5 
7 

-1 5 
-1 6 
0 
0 
1 0 
3 1 
0 
1 4 
2 12 

-1 1 
7 a 
a 16 

-i i 
•1 7 
0 
1 125 
0 
1 4 
2.Ú 
0 

1 1 

7 7 
7 7 

1 0 
c c 

11 5 
5 11 
1 1 

15 9 
9 15 
1 1 
7 7 

2*0 

11 1C 
0.3 

0.0 4.0 
0.0 25.0 
4.0 
5.0 
0.C4 0.04 

11 7 
4 1 

2 2 

5 2 2 
9 12 12 

0.3 1.0 5.0E-12 

9 6 1 2 3 0 
1.0 5.CE-12 
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LI VERHÖRE/CHEN 
0<* 

1 
TLHASS 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
2<* 
25 
26 
27 
24 
29 
30 
31 
32 
33 
34 
35 
36 
37 
30 
39 
4ü 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5T 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

126 

0 
0 
1 
1 
1 
1 
1 
Ü 
o 
) 

o 

2 
f> 
J 
O 
(t 
o 
o 
ft 

o 
ú 
o 
ft 

o 
0 
n 
V 

J 

TABUE 5. 
HOOEL 

1 

EDITED MODEL FOR CHEM PROBLEM TO INPUT TO CRAKD 
UNITS LENGTHsCM UNITS STRESS=MBAR 1/29/76 JAA 

1 
r 
o 
6 
0 
Ü 
a 
i 
o 
c 
c 
0 
0 
A w 
1 
0 
0 
0 
r; 
% 
0 
1 

L 
1 
0 
G 

G 
li 
L 
i 
1 
c 

0 c 
3 

o.ococ 
C.TCOf 
o.ooot 
o.ococ 
o.orcc 
O.tiCPr 
Ü.CCOl 

.1600 

.i6or 
• lecc 
• lecit 
.î ent 
,1600 
.16CC 
. ?2C L 
. 320 C 
• 320C 
.?2rr 
. 32C C 
. 320C 
.3201 
.46CG 
.4601 
. 4 6C C 
.4801 
, 400 G 
. 4 8 OC 
.4600 
.6401 
.64ir 
.6401 
.6421 
.640. 
.64Cr 
• 6421 
.8tc l 
. SC Jl 
• 0CCC 
.8100 
.fOCi 
. 8f f, c 
.80 U 

i. r f o c 
i.GU G 
1.0 C J C. 
i.o Ci; r 
i. : o c 
i.ocnr 
i. o c n c 
1.2031 
1.21 OC 

20 Cl 
1.2100 
i. ¿ r. c i 
1.20 PC 
1.20 OC 
1.4C 31 
1.41CC 
1.4C0P 
1.40 OC 

1 

C 17 
21 

C.GOOO 
.1600 
.3200 
• 400 P 
.6400 
• 8POO 

1 .OCOO 
c.oooo 

• 160 f 
.3200 
. 4 oO C 
• 640 0 
• 8000 

1.0GÜ0 
C.OOOO 

.1600 

.3200 

.460 0 
• 640 C 
• 8 GO C 

i•o cor 
r.aoQP 

.1600 

. 320C 

.460 0 

.6400 
• 8 C C r 

l.CCOC 
C . 0 10 0 
.i6or 
.3200 
• 4800 
.6wOP 
.«cûC 

1.ÒCOO 
C , ù u û P 

• 160 C 
.3200 
.4800 
• 64C r 
• 0 Í 0 0 

l.PCO'O 
C.OoOC 

.1600 

.3200 

.40OP 

. 640 G 

.0050 
i.OCOP 
C • 3 G 0 0 

. 16 o r 
• 3 2 0 *J 
. 4ol) 0 
• 6 4 C ■" 
. 0 L C 0 

l.OC 00 
• G 00 P 
. 16 û û 
.3200 
.43ÜP 

2 
22 
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61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
3G 
81 
62 
63 
84 

O 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 

TABLE 5. 

0 

0 f 
3 1 
T 2 
Ü 3 
0 
Í V 
0 0 
O L 
u i 
0 0 
0 
o 
i j 
0 0 
o i 
3 1 
0 ).. 
3 
0 0 
0 c 
c o 
c 

EDITED MODEL FOR CHEN PROBLEM TO INPUT 
1•4C G C «6400 
l»Hw3C «9000 
l.^OU' 1.0CCC 
1«61ÛC L.OPOO 
1•61C 0 «1600 
1«6CCC .3200 
1.6C0C .4600 
1 « CC « 640 C 
1.6:^ .8t¿o 
i•6rúc i. oto n 
1.ft(0C 
1.8(01 
i.9ccr 
1« 90 00 

C.N 00 
.1600 
. 320 0 
.4600 

1.8(30 
1.9(0( 
1.9000 
2.000( 
2.0000 
2.0(0( 
2.croc 
2.0C0C 
2.0030 
2.0 ( Q C 

.6403 

. 9000 
1.0000 
(.oceo 
.1600 
• 3200 
.4600 
. Ó4G C 
. 9000 

l.OCOO 

TO CRAKD (CONTINUED) 

4 11 5 
12 5 11 
5i2 e 

13 6 12 
6 13 7 

14 7 13 
8:5* 

16 9 15 
« 16 10 

17 13 16 
1C 17 11 
18 11 17 
11 18 12 
1* 12 16 
12 19 13 
20 13 19 
13 20 14 
21 14 2( 
15 22 16 
23 16 22 
16 23 17 
24 17 23 
17 24 18 
25 18 24 
18 2 5 19 
26 19 25 
19 26 20 
27 20 26 
20 27 21 
28 21 27 
22 29 23 
30 23 29 
23 30 24 
31 24 3C 
24 31 25 
32 25 31 
25 32 26 
33 26 32 
26 33 27 

2.C 
2.( 
2.1 
2.( 
2.0 
2.( 
2.( 
2.C 
2.0 
2.0 
2.C 
2.C 
2.C 
2.C 
2.0 
2.C 
2.( 
2.1 
2.0 
2.0 
2.C 
2.0 
2.0 
2.0 
2.0 
2.C 
2.C 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

.3(!C0r i.JCHH .500(6-11 
•30CÜC i.JOOCO .50002-11 
•3CC00 l.OOCOC .50002-11 
»30000 1.00000 .500nE-ll 
.30(00 1.00000 .50002-11 
• 300«" 1.300CU . 500C2-11 
.30(00 l.SOOCü .50002-11 
• SOCQC l.OOOOC .50002-11 
.30000 l.OOOOC .50002-11 
• 3OÜO0 l.OOOOC; .50002-11 
•3Û0ÜC l.OOCOo .50002-11 
.30000 1.00000 .50002-11 
.30000 l.OOOCO .50002-11 
.30000 1.0000( .50002-11 
.30000 l.OOOOC .500(2-11 
.30000 l.cooor .50002-11 
•3CC0P l.CQoOC .50002-11 
.3(1(,0: 1..U00C .50002-11 
.30100 l.iíCOüC .500C E-il 
•3ÜÚC0 l.QOOOO .50002-11 
•30000 1.00000 .50002-11 
.30000 l.OOOOC .500CE-11 
.30000 l.OOCOC .50CrE-ll 
.30(00 1.30000 .50002-11 
•30P00 l.OOOCO .50002-11 
.30000 l.OOCOC .50002-11 
«30000 1.00CG0 .50002-11 
•30000 l.OOOCO .50002-11 
•30000 1.00000 .50002-11 
.30000 l.OOCOO .500(12-11 
.30400 1.00000 .50002-11 
.30000 l.OOOCO .50002-11 
•30000 1.00000 .50002-11 
•30CCC 1.00000 .50002-11 
.30000 1.30CC0 .50002-11 
.30000 1.00000 .50002-11 
•30000 1.00000 .50002-11 
•30000 1.00000 .50002-11 
•30000 1.00000 .50002-11 
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4U 
41 
42 
43 
44 
45 
46 
47 
46 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
1D3 

TABLE 5. EDITED MODEL FOR CHEN PROBLEM TO INPUT TO 

34 27 J3 
¿7 34 26 
35 26 34 
29 36 31 
37 3ú 36 
30 37 31 
38 31 37 
31 33 32 
39 32 38 
32 U 33 
40 33 39 
3 3 40 3 4 
41 3* 4t 
3¼ 41 35 
42 35 41 
36 43 37 
44 37 43 
37 44 36 
45 33 44 
33 45 39 
46 39 45 
39 4fc 4t 
47 40 4fc 
40 47 41 
43 41 4/ 
41 48 42 
49 42 46 
43 50 44 
51 44 5( 
44 51 45 
52 45 51 
45 52 46 
53 46 52 
46 53 47 
54 47 53 
47 54 48 
55 46 54 
48 55 49 
56 49 55 
50 57 51 
58 51 57 
51 56 52 
59 52 58 
52 59 53 
60 53 59 
53 6C 54 
61 54 60 
54 61 55 
62 55 61 
55 62 56 
63 56 62 
57 64 58 
65 58 64 
58 65 59 
66 59 65 
59 66 6L 
67 60 66 
60 67 61 
68 61 67 
61 68 62 . 
69 62 68 
62 69 63 
70 63 69 
64 71 . 65 

2*1 
2.1 
L.r 
2 .L 
2.( 
:.c 
2.( 
2.( 
2.( 
2.( 
2.1 
2.r 
2.C 
2 . ( 
2 . L 
2.Í 
2.C 
2 • C 
2.0 
2.1 
2 • t 
2.0 
2.( 
2.C 
2.0 
2.0 
2 •( 
2.( 
2.( 
2. C 
2.0 
2.(. 
2.( 
2.C 
2.0 
2.( 
2.0 
2.0 
2.( 
2.( 
2.1 
2.0 
2 « L 
2.1 
2.( 
2.0 
2.( 
2.0 
2.0 
2.0 
2.( 
2.( 
2.0 
2.0 
2.( 
2.( 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

.3(000 1. J 0 U C b 

.30(.00 ¿.¿Ct Of 

. 3 Ü i 01 1 «.» 0' J l f 
• 3Lf fi(. l.OOCCl 
.30(00 I.OOlCl 
•30(00 i.jtoro 
.30000 i.oet'ui 
.3(000 i. (J L o * 
. 3 o o o c i.:crcc 
.30(00 l.ûOoCC 
.30((0 1.( CUT' 
.30000 1.3000L 
*33000 1.0 3c 0 0 
. 30 ( 00 1.0 03(.( 
. 3 c 'j r r 1.30(3( 
.3Cu0r 1.030(( 
•30000 1.JÜLÚI 
.30000 ¿«ûQQüC 
• 3(1 PGÜ i. J0CU( 
•30000 1.:300( 
•3OC0C I.jOCOC 
.30(00 I.JOCOC 
.?c(or i.jocot 
.3C0 00 1.00000 
• 30 C 00 1. 0 00GC 
. 3 P C 0U 1. 3 00 DC 
.3:60(: l.JOOCt 
.30(00 1.j 00 00 
.30(00 1.Q 00 00 
.30(00 l.üOOCC 
.33 0 0( 1.ù 00 C t 
. 3 o 1.1 r ¿. j je o c 
• 30 C 00 1.C0CCC 
• 30( OC 1.00C CÛ 
.30(0( l.OGdUC 
. 30L (t< l.jOcOC 
.30 COO 1.0 0 G GO 
•30(00 1.Q00CC 
.30(00 1.30000 
.30(0( 1.00000 
. 3 0 0 0 G l.uiluCG 
.30 QOG i.QOOCC 
.30000 1.300(0 
•3CÜ0C l.JICDi 
. 30 0 0 G 1.0000( 
•300ÚC 1.G000C 
.30000 1.30300 
.2CÛÜG l.JOCOt 
.30000 1.30000 
.30000 i.oonoc 
•30C0C l.JCuUO 
.30C0C 1. G O U C 0 
•30000 1.00000 
•30(00 1.00000 
.30000 1.0000C 
•3UL0P 1.Ü0000 
.30000 1.00000 
.30000 l.OOOOu 
.30000 1.00CÜC 
.30000 1.0000( 
•30000 1.30000 
.30000 l.JOGOO 
.30000 l.JOCCO 
•3OC00 1.30000 

CRAKD (CONTINUED) 

5L(M.L-H 
5CCI t-11 
5COr £.“11 
500( £-11 
50UC £-11 
50CCfc-ll 
50C(£-11 
5(((£-11 
5(0((-11 
50((£-11 
50((£-11 
5CC(E-ll 
5000E-11 
j 0 G r L-ll 
5G((£-11 
5(0( £-11 
5C 0( £-ll 
5C CC £-11 
500C E-ll 
50CC £-11 
50CCE-11 
5C CC £-11 
5(PC£-11 
5(0(£-11 
50CCE-11 
500CE-11 
50UC £-11 

5(0(E-ll 
500(E-ll 
5(0(E-ll 
50 ÚCE-ll 
5tOfE-ll 
500CE-11 
50 0C E-ll 
5CÜLE-11 
50 00 E-ll 
5C0CE-11 
500C E-ll 
50CrE-ll 
50 0C E-ll 
50 0 C E-ll 
50 0C E-ll 
50UCE-11 
50 OC E-ll 
50 00 E-ll 
50 OC E-ll 
500C E-ll 
5Ú0CE-11 
5000E-11 
500CE-11 
5nOCE-ll 
500CE-ll 
5000E-11 ' 
50 OOE-ll 
50 0C E-ll 
50 0C E-ll 
50 OOE-ll 
50 OOE-ll 
500CE-11 
500C E-ll 
50 OOE-ll 
5000E-11 
500CE-11 
5000 E-ll 



— --—.—............. 

104 
105 • 
106 
107 
IOS 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

0 
1 
1 
G 
0 
P 

0.1E-C7 
NO 
20 
NO 

TABLE 5. 
72 65 
65 
73 
66 
74 
67 
75 
68 
76 
69 
77 
71 
79 
72 
80 
73 
81 
74 
82 
75 
83 
76 
84 

72 
66 
73 
67 
74 
68 
75 
69 
76 
70 
78 
72 
79 
73 
8C 
74 
dl 
75 
82 
76 
83 
77 

4 11 
2.0 

1 5Gi 

EDITED 
71 
66 
72 
67 
73 
68 
74 
69 
75 
7C 
76 
72 
78 
73 
79 
74 
80 
75 
81 
76 

77 
83 

Il 9 
• IGU'C 

MODEL FOR CREN PROBLEM TO 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.C 
2.( 
2.0 
2.0 
2.1 
2.1 
2.0 
2. C 
2.1 
2.( 

2.( 
2.1 
2.C 
c.r 

•30000 
.30000 
.30000 
.30000 
.30000 
•30000 
•36C0P 
.30000 
•30000 
.30100 
• 30000 
.30000 
•30C0C 
. 30 000 
.301 0C 
.30inp 
.30000 
.301CC 
•3010O 
.30000 
.30000 
•3GCGC 
.30( CG 

INPUT TO 

l.OOOOC 
1.00000 
1.00000 
l.üOUGC 
1.00000 
1.00000 
l.OOOOC 
i.ocioc- 
1.00000 
l.COCOO 
1. 3 Ou G C 
1. jGG or 
l.OOC-CC 
l.QOOGL 
l.OOCOO 
1. uOl GC< 
1. 3 00 CC 
1. Q 00 CG 
i.uGuor 
l.mcn 
1. JûGOü 
1.3GCCC 
1. i 0 G O G' 

8 1 
1.0100c 

2 3 
5.36-12 

86 

CRAKD (CONCLUDED) 
« 500GE-11 
•5000E-11 
•5000E-11 
.500r.E-ll 
•500CE-11 
• 50 OOE-11 
• 5000 E-ll 

’• 500C E-ll 
•5000E-11 
•5000E-11 
.500rE-ll 
•50G0E-11 
.5C0CE-11 
• 50 00 E-ll 
•500GE-11 
.500(E-ll 
.5000E-ll 
•5000E-11 
.500C E-ll 
•5GGFE-11 
.50GPE-11 
.5G0CE-11 
.50 ufE-ll 



TABLE 6. 
CFVCHEN 

SUBROUTINE FVEC<NF,T,F) 
DIMENSION F(1) 

FORCE VECTOR FOR THE CHEN PROBLEM 

COMMON NNODEStNTRIStNSPRNG,NCRKfl* NCRK10« NLUMPS. 
* NLONOS* NRSTRvNER*NRR*NIO« 
* IFLAG« NB«NOOF 

DO 10 1*1,NER 
10 F(I)*Q,0 

F(1J9)=3» 2E-34 
F(140)*6.4E-04 
F(142)*6.4E-04 
F(1441*6« 4E«0 4 
F(146)*6« 4E*0 4 
F(14Ô)=7.2E-C4 
F(l5(*)=4.CE-04 
CONTINUE 
RETURN 
END 
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1 
TABLE 7. CRAKD RESULTS FOR THE CHEN PROBLEM 

LIVERMORE/CHLN MODEL UNITS IENGTH = CN UNITS STP.ESS*MBAR 1/29/76 JAA 

TRANSIENT lumped-mass analysis 

MODE u G-OMETRY ANT EESTwAINT SPCCIFiCATIONS 
ARE ECHCED U4 FILE 21 

TKIANGULAr ELEMENT FCQ^fETIES ARE ESHOtD ON FILE 21 

ÛANDHIDTH AFTrR TRIANGULAR CLEMENTS IN®UT IS 15 

8-MO0h €Lr Me NT P^GPERTItS ARE ECHOED ON RILE 21 

gANDWIQTH AFTRR á-NCCL -Lt-MENTS inPJT IS.... 15 

■(ODEL It:DUT ¿PECIFICATIDNS 
DUMBER OF NODES....••••••••••••••... 84 

NUMBER OF TRIANGULA« ELEMENTS.126 
TaIANGUlAF ELEMEfTS Aft. IN.*lANE STRAIN 
NUMBER OF 8-NOD* CLACKED C Lt ML NT .. 1 
4UM8EP OF r-oiL ffSTRAINTt. 17 
NUMBER OF TRANSLATIONAL FREEOO-1S PEP. NODE 2 
Total DEGREES CF FREEDOM in ... 

CC.M8UTCD BANDWIDTH = l5 
AVAíLABLí 3AKCWIDTH = <.u 
RtOUI-E D CCPL STORAGE = 6)96 
AVAILABLE CCPE STORAGE = lOOOi 

ENTEPED DY IAML 

ENTERT. Di uT A T, N'JmBLR CF TIME STE-sS 

TdE PA-AMtTEFS ARtX OT = . 1^ûtC«C.L-C7 NTS = 150c 

IF YOU WISH TC COFRfCT THIS.TYP EX YES 

HuW 1F T : f I MUST 1 CALCULATE S.I. FACTORS# 

S.I. FACTOR WILL Bf CALCULA^KO SV.SY 2C TIME STEPS 
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TABLE 7. CRA KD RESULTS FOR THE CHEN PROBLEM (CONTINUED) 
IF YJU HISH -O CQFrECT TH ij,, T Y»-¾ YlS 

i 

rin: 
o- 

¿T*0 
N03E tLT 

TIME 
G • 

ST.» 
NüDr. 

¿r 
ELT 

TIME 
9' 

STEP 
•MÛJE 

LC 
ELT 

TI Mv 
S- 

st: p 
r.ooc 

et 
ELI 

t:m: 
Ö- 

s t : » 
LO Je ELT 

TIME 
Ö- 

STE 3 
» GOc 

ICO 
ELT 

TIME 
à« 

STEP 
NODE 

1 2k 
tLT 

TIME 
8« 

STE 0 
N3Jc 

1L0 
ELT 

TIME 
G< 

STEP 
HOJE 

16C 
eLT 

TIME 
8* 

STEP 
NODE 

' 1 9P 
ELT 

TIME 
9- 

STEP 
■MOOE 

2r0 
ELT 

TIME 
8- 

STEP 
NODE 

220 
ELT 

TIME 
8' 

STEP 
•NODE 

240 
ELT 

TIME 
8- 

STûP 
NODE 

:60 
ELT 

TIME 
8- 

STEP 
NODE 

280 
ELT 

TIME 
3* 

STEP 
NODE 

3*0 
ELT 

TIME 
8« 

STE? 
NODE 

320 
eCT 

TIME 
8* 

STEP 
NODE 

3 40 
elt 

TIME 
6 

STEP 
•NODE 

3 60 
ELT 

TIME 
6‘ 

STEP 
NODE 

TIME 
8- 

STEP 
NODE 

T = 
1 K- : Nt 

1 = 
1 K-fNl 

T = 
Î K-CMt 

T = 
i k-tnf 

T = 
1 K-tNE 

380 
ELT 

400 
ELT 

= r . 
t = 

1 K-! ME 
1.9C0Í-I7 
= -2.3Ò5E-27 

3.90CE-C7 
= 4.: 

T z 

1 K“f Ml 
5.40^-37 
= i.á7¿'-:& 

i = 
1 K-TNt 

7.900E-Ü7 
= 1#U 9tc*13 

4.9Ú oE-07 
= 1.475E-11 

T = 
1 K-tNE 

1.i90L«0õ 
= 7.X8CE-1Ü 

T = 
1 K-[nE 

1.39PE-06 
= 1.687E-J8 

1.59r. E-Û6 
= 2.289E-07 

T = 
1 K-INE 

1« 79CL-C6 
= 2.i'12E-l)6 

1.99CE-06 
= 1.244E*)5 

T = 
1 K-CNE 

2.19CE-06 
= 5.719E-35 

T = 
1 K-(NE 

2.390E-Í6 
= 2.035£-;4 

T = 
1 K-CNE 

2.590E-Û6 
= 5.766E-34 

T s 
1 K-CNE 

2.790E-06 
= 1.327E-Ü3 

1 K-CNE 
2.990E-06 
= 2.515E-13 

T = 
1 K-tNE 

3.190E-06 
= 3.967E-33 

T = 
1 K-ONE 

3.390E-06 
= 5.261E-03 

T = 
1 K-CNE 

3.590E-06 
= 5.962E-33 

T = 
1 K-CNE 

3•79CE-06 
= 5.988E-03 

T = 
1 K-ONE 

3* 990E-06 
s 5.716E-B3 
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TIMe 
e 

r;*¿ 
8- 

TI Mt 
3- 

rXM£ 
a- 

riMt 
9* 

r*ME 
3- 

TABLE 7. CRAKD RESULTS FOR THE CHEN PROBLEM (CONTINUED) 

STEP C29 
-NODE ¿lT 

st:p <.<*f 
•NOOli ELT 

ST-P Lkc 
NOOf cLT 

STc.P 4 ¿0 
■NODE fcLT 

STEP 5CÛ 

STEP Ç2C 
NGOE Eli 

T = **.19Cr-!)6 
1 K-lNt s 5«fc50E»G3 

T = '».jgpt-ce 
1 K**l ME = 5«916E»j3 

T s 4*S'9LE*úò 
1 K-CNE = 6.199E-93 

T = 4.790E-Ü& 
1 K-CMl = 6.193¿»Q3 

T = •* • 99 n £ “Q5 
1 K-ÎME = 6*3 31£»j 3 

T = b » 190 E-G 6 
1 K-lNL = 6.143E-33 

TIME STEP ÇUC T = 5.39CE-Û6 
3-íiODÊ ELT 1 K-CME = 6.739£-ü3 

TIME STr P 56P T = 5.590F-Ú6 
Ö-NOOE cLT 1 K-INE = 7.572E-33 

TIME STEP ÇflC T = 5.79CE-06 
6-K03E ELT 1 K-fNE = 9.295E-G3 

TiME STEP 6CP 7 = 5«990E-G6 
«-NOÛE ELT 1 K*CNE = «.796E-03 

TXMc STEP 620 T = 6.19CE-Ô6 
9-N33E ELT 1 k-CNE = 9.219f-0S 

TIME STEP 640 T = 6.390E-Ù6 
8-N00E ELT 1 K-L'NE = 9.5452-33 

TIME STEP 660 T = 6.590E-06 
8-M00E ELT 1 K-tNE = 9.576E-J3 

TIME STEP 6*0 T = 6.790E-O6 
8- NODE ELT 1 K-&NF = 9.235E-33 

TÍME STEP 70C T = 6.990E-Ü6 
9- NOOE ELT 1 K-0NC = fl.767E-33 

TIME STEP 720 T = 7.190E-06 
8-NOQE ElT 1 K-CNE = 8.499E-03 

TIME STEP 740 T = 7.390E-06 
8-NOOE ELT 1 K-ONE = 8.4452-03 

TIME step 760 T = 7.590E-Û6 
8-N00E ELT 1 K-INE = 8.379E-33 

TIME STEP 780 T = 7.790E-06 
. 8-N00E ELT 1 K-ONE * 8.188E-33 

TIME STEP 800 T = 7.99CE-06 
8-NOOE ELT 1 K-CNE = 7.9042-33 

TIME STEP 820 T = 8.190E-06 
8-NOOE ELT 1 K-CNE = 7.485E-03 
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TABLE 7. CRAKD RESULTS FOR THE CHEN PROBLEM (CONTINUED) 

Ti ME ST£(* 
-»¿00c 

r -C 
LT 

¿TiP ftfi 
K3Jt ELI 

t;mé 
4 

STE° ,?^r 
■I OJE ElT 

Ti Ml 
■4 

¿1^^ ‘iCL 
■NOûL ELT 

TIMl 
1- 

ç 7 (_ a Q 2 C* 
».JOE ELI 

TIME 
ò 

¿Ti-3 
■NJJE ELT 

Ti Me 
3 

STE 3 M6C 
■NODE ELT 

tíme 
a 

STlP 98C 
•NODE ELT 

TIME 
a 

STE? 1CC0 
■».ODE ELT 

TIME 
3 

STEP 1020 
•NODE ELT 

TIME 
8 

STEP It 40 
•NODE ELT 

TIME 
3 

STEP 1C 60 
•NODE ElT 

TIME 
i 

STEP 1080 
•NODE ELT 

TIMS 
3- 

STEP 1100 
NODE ELT 

TIME 
8' 

STE® 1120 
•NODE ELT 

TIME 
8 

STEP 1140 
•NODE ELT 

TIME 
8 

STEP 1160 
•NODE ELT 

TIME 
8 

STEP 1130 
•NODE ELT 

TIME 
8 

TIME 
8 

TIME 
8 

T - í:«¿Pi'E-L6 
K-'N' = 6• del J 

T = 3.59rr.-06 
1 K-iMt = b.lll'L-'j3 

T = Ö.7MCE-00 
1 K-CN*- = 5«345E-33 

STEP 1200 
•NODE ELT 

STEP 1220 
■NODE ELT 

— 

T = ö.PPOE-üfe 
1 K-CnO = 4.503(.-33 

T = 4. l‘9Ct-C6 
1 K-CNE = 3.434L-33 

T = 39^: -06 
1 K-l Nt = 2.447E-3 3 

T = 9.59CE-G6 
1 K-f. Nt = 1.763 E-33 

T = 9.7ICE-Cò 
1 K-lNE = 1.722E-33 

T = 9.990E-0Ó 
1 K-lNE = 2.013E-33 

T = 1.019E-05 
1 K-t Nt = 2.18 3E-3 3 

T = 1.0396-05 
1 K-CNF = 2.Û98E-33 

T = 1.C59E-05 
1 K-tiNE = 1.998E-3 3 

T = 1.C79E-Q5 
1 K-CNL = 2.047E-03 

T = 1.C99E-05 
1 K-CNE = 2.117E-33 

T = 1•119E-05 
1 K-CNE = 1.994E-J3 

T = 1.139E-C5 
1 K-CNE = 1.607E-J3 

T = 1.159E-05 
1 K-LNE * 1.0 32E-33 

T = 1.179E-05 
1 K-ONE * 3.648E-0 4 

T = 1.199E-05 
1 K-CNE = -3.000E-04 

T = 1.219E-05 
1 K-DNE = -8.3302-04 

STEP 1240 
•NODE ELT 

T = 1.239E-05 
1 K-ONE = -1.166E-33 

TIME STEP 1260 T * 1.259E-05 
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TABLE 7. 
9-NüOt ELT 

TIME STEP 1260 
9-NODE ELT 

TIME STEP 13C0 
rt-NDQE ELT 

TIME STEP 1320 
8-NÛOE ELT 

TIME STEP 1340 
8- NODE ELT 

TIME STEP 1360 
3-NODt ELT 

TIME STEP lö.a0 
9- NODE ELT 

TIME STEP 14PC 
a-f.ODE ELT 

T*ME STEP 1420 
o-NODc ELT 

TIME ST^P 144C 
8-N00E ELT 

TIME STEP 14 60 
3-NOOE ElT 

Tj.ME STiP 149Î] 
3-NO JE ELT 

CRAW) RESULTS TOR TNI CHER PROBLEM (CONCLUDED) 
1 K-0NL * -1•326E-33 

T * 1«279E-C5 
1 K-fNE * -11340E-0 3 

T » 1•299E-05 
1 K-CNE * -1.197E-33 

T a 1.319E-05 
1 K-CNE = -9.252E-Ü4 

T = 1.339E-05 
1 K-LNt = -6.740E-04 

T a 1.3596-05 
1 K-fNt = -6.22JE-J 4 

T = 1.379E-05 
1 K-CNE = -7.325E-0 4 

T = 1.399E-05 
1 K-INE = -7•354E-3 4 

T = 1.419E-05 
1 K-CNf. = -4.73 7E-j 4 

T = 1.439E-05 
1 K-CNE = -1.Û92E-34 

T = 1.459C-C5 
1 K-CNE = 1« J29E-'j 4 

T = 1»4796-05 
1 K-l NE = 2.903E-J4 
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1.2.4 CRAKD-PROGRAM LISTING 

Following is a complete listing of all Fortran statements for the finite- 

element analysis program CRAKD and all its associated subprograms: 
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O
C

J
O

O
O

O
O

O
 

CCRAKO 

PROGRAM CRAKD{INPUT=lCC«CUTPUT = lûû»OATA*103»T APE5=INPUT « 

^JJ^=j,UTPUT»Tftpc-21=OATA»TAPF10,TAPe25,TAPE26,TAPE28, 

.♦*** DYNAMIC CRACKED ELEMENT PROGRAM EGLIN AFB MARCH 1976 ***♦• 
LUMPED MASS MODIFICATION SEPTEMBER 1976 

***** PLANE MEMBRANE TRIAKGLFS ANO SPRING ELEMENTS *•♦**♦• 
***** EIGHT AND TEN NODE CRACKED ELEMENTS •♦#*#** 

***** **• A* ® 9 ER SON 4ÓU/894-2775, OR J. M. ANDERSON <»04/8 94-2774, 
W. M. KING 4C 4/89*»-2772 OF SCHOOL OF ENGINEERING SCIENCE AND 

***** M=-CHANICSt GEORGIA INSTITUTE QP TECHNOLOGY 225 NORTH AtfFNilP. 
***♦• ATLANTA, GEORGIA 31332 **♦♦**• «wtNUt, 

DIMENSION A(IOCOO),N(16I 

COMMON NNOOES,NTRIS,NSPRNG,NCRK8,NCRK10,NLUMPS, 
* NL DNOS,NRSTR,NfeR,NPR,NIO, 

* IFLAG,NB,NDOF,ISTATE.NKOFE,IOVNAM 
C O MMON/BLK2/INPRT,IKPRT,ITPRT,ICPRT,IOPRT 

C0MM0N/9LK3/IIN8,IIN1C,I0UT1,I0UT2,IOUT3,IOUT4,IOUT5 

COMMON/ADR/NNF»NJ T, NT P,NJS, NS P,NJ8,N8P,NJ10,NiP P,NPI, NS T,NSM, 
* NOV,NP2,NUV,NUN 

EQUIVALENCE (NNF,N» 
NKORE=10CG0 
DO 10 I=l,NKORE 
A «11 = 3.0 

10 CONTINUE 
CALL INPUT(A,N) 
CALL FOPM(A,N) 
IF(IDYNAM.LE•() GO TO 40C 
CALL OYNAM(A,N) 
GO TO 630 

40Û CALL OUTPUT ( A,N) 
6C0 ENDFILE IOUT1 

REWIND IOUT1 
STOP 
END 

OR 
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.."""■'"•"'i»"". m 

CINPTLM 
suBRouriN; Input(a«nn) 
DIMENSION Ad) ,NN(16) tTITLt(12) 
COMMON NNOOc_S,NT«IS,NSP>íNG,NCF<8, NCRKl0 »NLUMPS. 

* NLONOSt NRSTF*N£R,KRR*NIO, 
* IFLAG,N9tN00FtISTíTI,NKORE•IOYNAM 

COMMON/^LK2/lNPRT »iKPftT »ITPRT »ICPPT,IOPRT 
ÏÎNlc vICUT 1, I0UT2,I0UT3,I0UTi.f IOUT5 

OATA ISTPNíISTRS/SHSTRAIN.óHSTRPSS/ 
IFLAG= 3 

60 0 

70 0 

10 C 

301 

1100 

199 

1200 

198 

1300 

197 

1400 

196 

1500 

195 
1600 

302 

R^AOlStóCjl TITlf 
F CRMA T(12 A6) 
WRITE(6,7nO» TITLE 
FORMAT(IHi,////,72I1H*)//»12Aft//t 72<1H#) 
RcAOCSflCí’l NN00ES,NTRISfNSPRNG,NCRK8,NCR 

* NLONOS»NPSTR»EOOF,ISTATE 
^EAOÍS^lCwI INPRT,IKPRT,ITPRT,ICPRT,IOPRT 

* I0UT3,I0UT4,I0UT5 
F O RNA T(1215 > 
IOrNAM=C 
TYP£=1H 
REA0(5» 3C1) TYP- 
FORMAT CA6) 
IF (TYPE.NE.6HSTATIC) GO TC 199 
MRITt(6,1100 > 

» 

K1C,NLUMPS, 

,1IN8,IINIC.IOUT1,10UT2 

FCRMAT(//32X,15HSTATIC ANALYSIS//! 
IOYNAM=J 
GO TO 302 

IF (TYPE.NE,6HHCMASS) GO TO 198 
MRITE(6,12001 

Í0YNAmÍÍ/23X*33HHARM0NIC C0NSISTfNT-HASS ANALYSIS//) 

GO TO 332 

IF(TYPE,NE,6HHLMASS) GO TO 197 
WRITE(6,1300) 

IOYNAM-3/25X,29HHAR*ONIC ‘-UMPE0”MASS ANALYSIS//! 
GO TO 332 

IF(TYPE.NE.6HTCMASS) GO TO 196 
WRITE(6,1400) 

IOYNAM = 2/23X,34HT9ANSleNT C0NSISTENT‘MASS ANALYSIS//! 
GO TO 302 
IF (TYPE,NE,6HTLMASS) GO TO 195 
WRITE(6,1500 ! 

IOYNAM-4/25X,30HTRANSIENT LUMPeo"MASS ANALYSIS//! 

GO TO 302 
WRITE(6,1600) 

íflag=iflagmHERR0R,5X*28HTVPE ^ ANALVSIS unspecified/) 
CONTINUE 
REWIND IOUT1 
NN(1)=NOOF*NNOOES ♦ 1 
NN (2)=NN(1) ♦ NOOF*NNOOES 
NN(3)=NN(2) ♦ 3*NTRIS 
NN(4)=NN(3) ♦ 4*NTRIS 
NN(5) = NN(4) ♦ 4*NSPRNG 
NN(6)=NN(5) ♦ 3*NSPRNG 
NN(7)sNN(6) ♦ 9*NCRK8 
NN(8)aNN(7) ♦ 4*NCRK8 „ç 
NN(9)=NN(8) ♦ 11*NCRK10 
NN(10)»NN(9) ♦ 4*NCRK10 
NN(11!sNN(10) ♦ NOOF*NNOOES 

t 



c 
N 8 = 3 

N1=NN(1> 

CALL CO?IN( A.MNl ) ,NOOF| 
C 

c 

191* 

IP (INP^T.GT.C) CALL NODES (A , A (N1 ) ,NOOF) 

N 2 = NN(2) 
N 3 =NN{3) 

IP (NTRIS.GT.fi CALL TRIN ( A (N2l, A ( NJI , A ( NI I,NOOFI 

N2=NN(41 
N 3 = NN(51 

IF (NSPRNG.GT. (U CALL SPRGIN (A (N2 I, A (N3I ,A (NI) .NDOFl 

N2=NN(6) 
N3=NN(7) 

IF (NCRKÖ,GT,0 I CALL CF KINS ( A(N2I, A(N3),A(NI).NOOFI 

N2=NN(S) 
N 3 = NN(9) 
IF (NCRK1D.GT.T) CALL 
NN (12)=NN(111♦N3*NER 
NN (13)=NN(12 I 
I F ( IDTNAM, GT «G I NN(13)=NN(12)«-NB*NER 
N2=NN(12) 

KI2=í“uNJ",Gr'‘'‘N0-NLU"PS,i:i,C,Ct,-L lu'",!'«*<N1I<«IN2I,NDOF,NERI 

IFÍNIO.GT.OICALL OISPIN(AINl), A(N2).NOOF) 

NN (14))=NN(13)C,CALL L0A0IN(A(N1,,A ,N2,»n°Of» 

GO TO 194 
NN (14) -NN ( 131 ♦NB*NER 
NN(14)=NN(13)♦3*NER 
NN(14)=NN(13)♦NB^NER 
NN(14)=NN(13)♦l^NER 

CRKNin (A (N2). A(N3)tA(Nl).NOOF) 

IF (IDTNAM.EQ.C) 
IF(IDTNAM.EQ.l) 
IF (IOYNAM.EQ.2) 
IF(IDYNAM.EQ.3) 
IF (IOYNAN.EQ.4) 
NN (15)=NN(14) 
IF(IDYNAM.EQ.l) 
IF(IüYNAM.EQ.2) 
IF(IDYNAM.EQ.3) 
IF(IDYNAM.E0.4) 
NN (16)=NN(15) 

NN(16)=NN(14)*NDOF»NNOOES 
NN (15 ) =NN ( 141 «^»NER 
NN(15)=NN(14)♦NDOF*NNODES 
NN(15)=NN(14)+3*NER 

NNOOES*NDOF 

800 
001 
802 

IF (IDYNAM.GT.t) NN (16)=NN(15) 
IF (ISTATc.EQ.0) ISTAT1=ISTRN 
IF (ISTATE.EQ.1) ISTAT1=ISTRS 
WP ITE(6.810) 
IF(NNOOES.GT.0) WRIT£(6.801) NNOOES 
IF(NTRIS.GT.0) WRITE(6.8C2) NTRIS 
IF(NTRIS.GT.O) WRITE(6,811) ISTAT1 
IF(NSPRNG.GT,Q) WRITE(G.803I NSPRNG 
IF(NCRK8.GT.0) MRITE(6,3G4I NCRK8 
IF(NCRK13.GT.t) WRITE(6.805I NCRK10 
IF(NLUMPS.GT.G) MPITE(6.812I NLUMPS 

.ÎRÎ{Eïno;rÂî;D,'iD"'*",NE,?,oR-ii,,N4Hi',E-‘i" 

.¡R¿m6!'2u»GIÑ¾îs0•'IO,NA"•EO•^•OR•IO,N4''•Ell•‘,', 
WRITE(6.807) NRR 
WRITE(6.808) NIO 
NOOF 

-- NER 

FORMAT(//20X.26HMOOEL INPUT SPECIFICATIONS) 
FORMAT(13X.41HNUM8ER OF NODES.. 
FORMAT (13X.41HNUM8ER OF TRIANGULAR ELEMENTS !! Ü I.'! ! 

IF(NRR.GT.O) 
IF(NIO.GT.O) 
WRITE(6*809) 
W RITE(6.810) 
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803 FORMAT (13Xt41HNUM8£R OF TRANSLATIONAL SPRING t'LEME NTS. . » I 3) 
804 FORMAT(13X.41HNUM8ER OF 6-NOOt CRACKED ELEMENTS.. 
8C5 FORMAT <13X,41HNUMRER OF 1C-NODE CRACKED ELEMENTS.. 
806 FORMAT(13Xt41HNUMBER OF LOADED NODES............ 
807 FORMAT (13X,41HNUMBEP OF RIGID RESTRAINTS.. 
80 8 FORMAT(13X,41HNUMBER OF IMPOSED NON-ZERO FE ST PA INTS....,I 3» 
809 FORMAT(13X,41HNUMBER OF TRANSLATIONAL FREEDOMS PER NODE,13» 
810 FORMAT (13X,<,iHlGTAL DEGREES OF FREEDOM IN MODEL.. 
811 FORMAT(13X,38HTPIANGULAR ELEMENTS ARE IN..... PLANE ,A6) 
812 FORMAT (13X,41HNUM9tR OF LUMPED MASSES.......,,,.... 
313 FORMAT(13X,41HNOOAL ACCELERATIONS TO BE CALCULATED ..... ,I 3) 

IF ( INPR T. GT • 11 WRITE (6, 1C J»') (NN < I ) , 1 = 1,16 » 
1000 FORMAT (//ZX.-NFa-,15,“ JT a“,I5," TP ¿)-,15,“ JS ST.IS," SP i 

*15,“ J 80)” ,15,“ 8 P a“,I5,/lX,"JlCa“,I5,“ 10 PC”, 15, 
*” p«a",i5,“ st a“,is," SM ¿“,15," oyNa“,i5,“ P2 a",15, 
*/lX,“FREa“,I5," ENDa-,15/) 
MAXKOR=NN(ll)-1 
IF(IDYNAM.GT,C) GO TO 133 
MAXKOR = MAXKOP+MAXO((3*NTRIS),(1216+NCRK8» ,(190C♦2* NCRK10 I ) 
N2=(NK0R£-MAXK0R>/(NtR) 
M AXKOR = MA XKO.R + NER*Nf3 
GO TO 134 

133 IF (IDYNAM.GT.1) GO TO 13E 
MAXKOR=MAXKOR>2*NOOF*NNODES 
N2=(NKORE-MAXKOP)/(3* NER) 
MAXKOR=MAXKOR*3*NER*NB 
GO TO 134 

136 IF (IDYNAM.GT.2» GO TO 137 
Nl=NOOF*NNODES ♦ 6*NER 
IF(NCPK8.GT,0) N2=MAX0(Nl,2432> 
IF (NCP.K1C . GT.O) N2-MAX0(N1,38C0) 
MAXK0R=MAXK0R+N2 
N2=(NKORE-MAXKOR)/(2*NER) 
M AXKOR = MA XK0R + 2*N ER*NB 
GO TO 134 

137 IF (IDYNAM.GT,3) GO TO 138 
MAXK0R=MAXK0R*2*N00F*NN00£S*NER 
N2=(NK0RE-MAXK0RI/(2*NER) 
MAXKOR=MAXKOR+2*NB*N£R 
GO TO 134 

138 NlsN00F*NN00£S+6*NER+NER 
IF(NCRK8.GT.O) N2=MAXC(N1,2432» 
IF (NCRK10.GT.O) N2=MAX0(N1,38Ù0) 
MAXKOR=MAXKOR+N2 

134 
132 
500 

501 

131 

200 

130 

N2=(NKORE-MAXKOR)/NER 
MAXKOR=MAXKOR*NB*NER 
IF(NKORE-MAXKOR) 132,131,131 
WRITE (6,51)]) 
FORMAT(//5X,“****♦ AVAIL AELE STORAGE EXCEEDED •**•♦"//) 
WRITE (6,501) N0,N2,MAXKOR,NKORE 
FORMAT(//18X,25HCOMPUTEO BANDWIDTH = ,14, 

* /18X,25HAVAILABLE BANDWIDTH = ,14, 
* /18X,25HREQUIREO CORE STORAGE = ,15, 
%TOP /18x»25havaI«-ABLE CORE STORAGE = ,15» 

IF(IFLAG.LE.0) GO TO 130 
WRITE(6,200) IFLAG 
FORMAT(//10X,31HNUMBER OF INPUT ERRORS FOUND = ,13, 

* /10X,"*•♦***♦♦** PROGRAM STOPS *•*••*♦*♦-///) 
STOP 
WRITE (6,501) NB,N2.,MAXK0R,NK0RE 07 
RETURN 
END 
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mm 

CC0RIN3 
SU9R0UTIN-: COP.INCCCORO,NFtNOCF» 
DIMENSION COOROINCOF.l),NF<NnOF,l»fN<3»,XÍ3> 
DIMENSION XX (3 ) ,NNH) ,DL(3) 
COMMON NNûD£S»NTRIS,NSP?NG,NCRK«t NCRK10tNLUMPS, 

* NLDNDS* NRSTR*NE F » N'RR»NIO* 
* IFLAG,N3,N00FN 

NOOE=u 
NER=C 
NRR=C 
NI D=C 
NNL=C 

IP READiStlIÜ» NO,(NN(J),J=1,3»,(XX(J),J=l,3) 
100 FORMAT(415,3E10.0) 

IF(ND)20,20,30 
30 NOOE=NOOE*l 

IF(ND-NOOE) 9998, 80ü * 6C1 
80t ZL=FLOAT(NO-NNL) 

DO 11 J=l,NDOF 
11 DL(J)=(XX(J)-X(J))/ZL 

GO TO 32 
31 NOOE=NOOEU 
32 IF(ND-NOOE) 9998, 800,802 
802 DO 12 J=1,NOOF 
12 X(JI=X(J)♦OL(J) 

GO TO 803 
800 DO 13 J=1•NDOF 

X(J)=XX(J) 
13 N(J)=NN(J) 
803 DO 40 1=1,NOOF 

IF(N(I))41,42«43 
41 NID=NID+1 

NF(I,NOOE>=-l 
GO TO 43 

42 NE R=N£R*1 
NF ( I,NODE I=NER 
GO TO 40 

43 NRR=NRR+1 
NF (I,NODE)=0 

40 COORD(I,NODEI=X(I) 
NNL=NOOE 
IF(NO-NNL) 9998,10,31 

20 NIR=-NER 
DO 50 1=1,NDOF 
DO 50 J=1,NOOF 
IF(NF(I,J)»51,50,50 

51 NIR=NIR-1 
NF(I,J»=NIR 

50 CONTINUE 
NR=NRR*NID 

120 IF(NODE-NNODES >130,140,130 
130 I FLAG=IFLAG*1 

WRITE(6,5 00) NODE,NNODE S 
500 FORMAT(//10X,39HNUMBER OF NODAL RESTRAINTS INPUT = ,15, 

* //10X,39HNUMQEP OF NODAL RESTRAINTS SPECIFIED = ,15) 
140 IF(NRR+NIO-NRSTR)150,160,150 
150 IFLAG=IFLAG*1 

WRITE(6,600) NR.NRSTR 
600 FORMAT(//10X,39HNUMBER OF DISPLACEMENTS INPUT = ,15, 

• //10X,39HNUMBER OF DISPLACEMENTS SPECIFIED = ,15) 
160 RETURN 
9998 WRITE(6,601) ND 
601 FORMAT (//10X,“****NODE NUMBER **,I5," IS OUT OF SEQUENCE******//) 

STOP 
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• 

END 

COISPIN 
SU09OUTINI UISPIN(NP,P,NDOF| 
□ I MENS ION NF(NOOF,1»,PI1),PP(3) 
COMMON NNODfcSt NTRIS»NSPRNG,NCP<8t NCRK10 »HLUMPS, 

* NLONOS,NRSTR,NtR, NPR,NIO, 
* IFLAG,N9,NDCFN 

COMMCN/JLK2/INPRT »IKPRT, ITPRT,ICPRT»IOPRT 
COMMON/BLK3/IIN8,IIN1Ü »lOUTi,IOUT2,IOUT3,IOUT4, IOUT5 
N = ó 

1G REAO(5,?i)3 i I,PP( 1I,PP(2) ,PPt ?) 
200 FORMAT(15,5X,5610 .C) 

IF(II50,50,20 
20 OO 3b J=1,NOOF 

IFR=NF(J,I) 
IF(IFRI31,30 ,3^ 

31 IFR=-IFR 
N = N*1 
P(IFR)=PP(J) 

30 CONTINUE 
GO TO i: 

50 IF (N-NIO)63 » 7C ,õü 
60 IFLAG=IFLAG+1 

WRITE(6,5SO»N,NIO 
500 FORMAT (//10X,39HNUM5EP OF DISPLACEMENTS INPUT 

* /10X,3BHNUM3ER OF DISPLACEMENTS SPECIFIED 
70 IF (INPRT.LE,:) GO TO 8C 

LOC=NOOF*NNODES 
WRITE (IOUT 1,130 

100 FORMAT(//10X,"THE P VECTOR AFTER DISPIN FOLLOWS"» 
WRITE (IOUT 1 ,* ) (P(I) ,1=1,LOCI 

80 RETURN 
END 
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CLOA [)IN 

SUÍROUTINÍ LCAOIN(NF, P, Noon 
niHENSlON NF(NDOF,l),P(i)tpp(3) 

:COmoN 
* IFLAG »N9,N00FN 
C0MM0N/BL<2/lNPRTtlKpRTtITpRTfICppT . 

COK,ON/3l«3/nN.,IINlC.IOUrl.IOUTÍ.I<,UT3,IOUT4. JOUT5 

FORMAT (I5Í5XfI3£róÍ5»PP,2,,PP(3> 

1G 
20 C 

20 

40 
30 

60 
70 

500 

SO 

100 

90 

IF (1)63,6:,20 
nld=nlom 
00 30 J=l,MOOF 
IFR=NF(J,I) 
IF(IFR)30,30,40 
P(IFR)=PP(J) 
CONTINUE 
GO TO 13 

IF(NLU-NLDNDS)70,80,7C 
I FL AG= IFL AG-f 1 
WRITE (6,500) NLO, NLONOS 
FORMAT (//1 OX ,39Hnumber 

* /10X,39HNUMB£R 
IF (INPRT.LE.O) GO TO 
LCC=NOOF*NNOOF S 
WRITE (IOUT1,190) 

manz1,!*'"™*p v6ctor ^ter 
RETURN 1,M ^P d ) •Isl,LOC) 

ENO 

OF 
OF 

90 

LOADED 
LOADED 

NODES 
NODES 

INPUT 
SPEC IFI£0 

LOAOIN FOLLOWS") 

»13, 
,13) 
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CNOOES 
SUBROUTINE NOOES ÍCOORO,NF,NOOF» 
DIMENSION COORD(NOOF,U,NF(NOCF,l* 
COMMON NNODES, NTP I S, NSPRNG, NCFK 3, NCRX10 . NLUMPS, 

* NLCNDStNRSTF,N£R,NFR,NlO, 
* IFLAG.NB.NCCFN 

COMMON/BLK2/INPRT,IKPRT , ITPRT,ICPRT,IOPRT 
COMMON/3L<3/IIN3, UNIÓ , ICUT1,10UT2,I0UT3,I0UT4, IOUT5 
WRITE (6.24) I OUT 1 
IF (IFLAG.GT.[) WRITE (6,23) IFLAG 
WRITE (IOUT1,2^1 
IF (NOOF.EQ.3) WRITE (IOUT1.21) ( I,(NF(J, II , J=1, NO OF), 

* ( COORO (J, I) ,J=l,NOOF) ,1=1, NNOCESI 
IF (NU0F.EQ.2) WRITE (IOUTl,22) ( I ,(NF(J,I) , J=1,NDOF), 

* ( COORD (J,I),J=l,NOCF) ,1 = 1, NNOOESI 
20 FORMAT(14X,"MODEL ¿EOMETRY AND RESTRAINT SPECIFICATIONS"/, 

mX,"NOOe",3X,"RX",3X,“RY",3X,"RZ“,5X,-X-COOFO",4X, 
*"Y-COORO",4X,"Z-COOPO"/) 

21 FORMAT(10X,I4,2X,I3,2X,I3,2X,I3,2X,1P3E11.3I 
22 FORMAT(1uX,I4,2X, I3,2X,I3,ZX,1P2F11.3> 
23 FORMAT(IX,"IFLAG = ",I3," DATA ERRORS IN NODE SPECIFICATIONS"//) 
24 FORMAT(//13X,"MODEL GEOMETRY AND RESTRAINT SPECIFICATIONS ", 

* /23X,"ARE ECHOED ON FILE ~,I3> 
RETURN 
END / 
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CLUMPIN 

SUBROUTINE LUMPINCNF.SM.NDOF.NERI 
OIMENSION NF(NOOF.il,SM(NER,1» 
COMMON NNOOES» NTRIS,NSPRNG.NCRK8t NCRK10 tNLUMFSt 

* NLONOS.NRSTR,NOE«,NRR.NIO, 
IFLAGiNBtNDCFNtISTATE,NKORE « IOYNAM 

NL-0 
101 RE AO(5 »20") I,XM 
200 FORMAT(I5»E1E.8) 

IF(I.LE.3) GO TO 1P2 
NL=NL*1 
no 103 J=11NOOF 
IFR=nF{J,I) 
IF(IFR.GT.3) GO TO 1G<* 
WRITE(5,2U» I.IFR 

201 FORMAT (//10X ."NOOE **»15»” FREEOOM NUMBER "»Ie, 
* /10 X »"HAD A LUMPED MASS INPUT"/» 

GO TO 133 
104 SM(IFR,l) =SM(IFR,U+XM 
103 CONTINUE 

GO TO 1Ü1 
102 IF(NL-NLUMPS) 105 » 106 » 1C 5 
105 WRITE (6,23 2) NL.NLUMPS 
202 FORMAT(//10X,3<*HNUM8ER OF LUMPED MASSES INPUT 

*IFLAG=IFLAGM39HNUH,,ER °F LUMPED MASSES SPECIFIED 
NLUMPS=NL 

106 RETURN 
END 

= ,15, 
= ,15) 
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GIRINO 
SUBROUTINE TRI N(JT,TPRP,NF , NO OF) 
DIMENSION JT U ,1 » ,TPRP<4,1>♦JTEMP(3),TT£MP(4» .NF(NDOF,11 
DIMENSION JJT6 MP(3I,TTTEMP(4I 
COMMON NNODES.NTRIS.NSPRNGtNCFKS,NCR<10.NLUMPS, 

• NL0NDS,NRSTP,N£9,NRR,NI0, 
• IFLAG,NB,NOOFN 
COMMON/OLK2/IMPPT,IKPFT,ITPRT,ICPPT,IOPPT 
COMMON/OLK3/IlN8«IINlL'tIOUTl»IOUT2»IOUT3» IOUT4, IOUT5 
N t = : 

1C REA0(5,10j) It<JJTEMP(J),J=l,3».(TTTEHPÍJ»,J*l,4» 
NI =0 

100 FORMAT(4l5t4tl0.01 
IF(I)20«2ö« 3? 

30 N T-NT♦! 
IF(I-NT) 909 81 AGO « 801 

80C DO 11 J=l,3 
JTEMP(J)=JJTcMP(J) 
T T EMP(J) = TTTEMP(J) 

11 JT (J,NT) = JTEMP(J) 
TTEMP(4)=TTTEMP(4> 
GO TO 832 

801 NI=NI*1 
00 12 J=l,3 

12 JT (J,NT>=JIEMP(J) ♦NI 
802 CALL BANOUT (1,NTI ,3tNF,NOOF« NBJ 

IF(ITPRT«GE« 3) WRITE(IOUT1,101> NT «N3 
101 FORMAT(1CX,~TRI NR “,I5«~ NB = "«151 

DO 50 K = 1»4 
50 TPRP(<»NTI=TTEMpCK) 

IF (I-NTJ 9998,10.30 
20 IF(NT-NTRIS»6&,7a,60 
60 WRITE(6*200) NT.NTRIS 

200 FORMAT (//10 X,39HNUMREF. CF CST ELEMENTS INPUT = ,15, 
• /10X ,39HNUM9ER OF CST ELEMENTS SPECIFIED = ,15» 

IFLAG=IFLAG+1 
NTRIS=NT 

70 IF(INPRT190,90,80 
80 WRITE(6,3J1) IOUT1 
301 F0RMAT(//10X,“TRIANGULAR ELEMENT PROPERTIES ARE ECHOED ON FILE ",I 

*3 ) 
WRITE(IOUT1,30C) 

300 FORMAT<//10X .“TRIANGULAR ELEMENT PROPERTIES“, 
*/lX,“TRI“,lX,17HN0DEl NOOE2 N00E3,7X,1HE,10X,2HNU,9X,1HT, 
*9X,3HRH0/I 

DO 110 I=1,NTRIS 
WRITE(IOUT1,40 0) I,(JT(J,I),J=1,3),(TPRPtK,I),K=1,4) 

110 CONTINUE 
400 FORMAT(1X«I3,3(1X,I5),1X«1P4E11*3) 

90 WRITE(6,500) NB 
500 FORMAT (//10X«45HBANDWIDTH AFTER TRIANGULAR ELEMENTS INPUT IS ,13) 

RETURN 
9998 WRITE(6,501) I 
501 FORMAT (//1OX ,“****TRI ELEMENT NUMBER “,I5," IS OUT OF “, 

•“SEQUENCE****“//) 
STOP 
END 

f 
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ICO 

20 

40 

41 

CSPPGIN 

SUBROUTINE SPPGINUS.SPFP.NF.NOOn 
DIMENSION JS(4 « 1)*SPRp(3»l)tNS(4)» SP(3)•NF(NnnP 
COMMON NNOOES.NTRIStNSPPNG,NCPK8,NCRK1Q.NLUMPS, ' 

; NLONOStNRSTRtNER» NRR,NIOt 

AG ,NB, N COFN* IS TA TE» NKORE « IOVNAH 
C0MM0N/BLK2/INPRT,IKPRT,ITPRT,ICPRT, IOPRT 

Sss=oN/3LK3/IIN3,IINir,IOUT1’IOUT2*IOUT3*IOUT4*IOUT5 

IP(I)30»3ú»2C 
NSS=NSSU 
00 40 M=1,4 
JSCM,II=N3(M» 
CALL 13AND(JS (1»I) *2*NF*N00F»NB) 
00 41 M = 1» 3 
SPRP(M,I)=SP(M) 
GO TO 10 
IF (NSS-NSPRNG)53 » 60»50 
iflag=iflag*i 
WRITE(ó»200í NSStNSPPNG 
FORMAT (//13X ,39HNUM8FI< 

’ /10X,39HNUMBtR 
NSPRNG=NSS 
IF(INPRT) 90,90,80 
WR ITE(6,331) IOUT1 
FORMAT(//lax ,"SPRING ELEMENT 
WRITEÍIOUT1,3001 

FORMAT (//10X,45HSPRING ELEMENT N0(1E DEFINITION AND PROPEPTTrc 
./10X.53HNOTE VECTORS 1-3 ANO 1-Í DEFINE PLANE Îf Kl !nd 

./10X,"ELT",3X,"N1-,3X,"N2",3X,-N3-;3X^N4",6X,2k1~ 

. 9X,"K?“,9X,“K3"/> *&X* K1 
00 70 M=1.NSPRNG 

.. 
WRITE(6,500) NP 

«í3ÍNr<//15<’‘,5HB4NO“ID,M >FT£R S,,RING elehenis input is.... 
END 

30 
50 

200 

60 
80 
301 

300 
» 
« 
* 

40 0 
70 
90 

503 

OF 
OF 

SPRING 
SPRING 

ELEMENTS 
ELEMENTS 

INPUT = 
SPECIFIED = 

,13, 
,13) 

PROPERTIES ARE ECHOED ON FILE “,I3) 

K2 

,13) 
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CCRKIN8 
SUBROUTINt CRKIN8(JC,CPRP,NF,NaOF» 
DIMENSION JC ( 9 * 1 ) »CPRPI^tll , NC < 91 , CP < <♦ » ,NF(NOCF,l» 
COMMON NNODf.S» NTPIS,NSPRNG,NCRK8«NCRK10 »NLUMPSt 

* NL ONOS « NRS TR» NE R» NRR »NIOt 
* IFLAG »NBtNOOFN 

COMMON/BLK2/INPRT,IKPKT,ITPOT,ICPRT,IOPRT 
COMMON/BLK3/IIN8, IINi: ,IOUTl, IOUT2,IOUT3» IOUT**, I0UT5 
DATA ISTRN,ISTRS/6HSTRAIN,6HSTRESS/ 
NCC = Ü 

IC REAO(5»iü3J I,(NC<M»,M=l,9l 
100 FORMAT (1015) 

IF (I) 33,30,20 
20 REAO(5,101> I1,(CP(J),J=1,4I 

101 FORMAT(I5,4tlC,C) 
IFÍI-IH 51,61 

51 IFLAG=IFLAG*1 
WRITE(6,23II 1,11 

2C1 FORMAT<//TX,"DATA CAROS FOR 8-NOOE ELEMENTS “,I3, 
AND ”, 13 ,“ ARE SCRAMBLEO**! 

GO TO 33 
61 NCC=NCC*1 

DO 40 M=1,9 
40 JCCM,I)=NC(M) 

CALL 3AN0(JC(1,1),8,NF,N00F,NB» 
GO 41 J=1,4 

41 CPRP (J , 11 =CP (J I 
GO TO 1¿ 

30 IF(NCC-NCRK8I5 0,60 ,50 
50 IFLAG=IFLAG*1 

WRITE(6,20D)NCC,NCRK8 
200 FORMAT(//10X,39HNUMRER OF 8-NPOE ELEMENTS INPUT = ,13, 

* /HX,39HNUMBER OF 8-NOOE ELEMENTS SPECIFIED = ,131 
NCRK8=NCC 

60 IF(INPRT) 90,90,80 
80 WRITE (6,301) lOUTl 
301 FORMAT(//1ÖX,"8-N0DE ELEMENT PROPERTIES ARE ECHOED ON FILE “,I3I 

WPITEdOUTl, 300) 
300 F0RMAT(//14X,"8-N0DE ELEMENT NODES AND MATERIAL PROPERTIES", 

*/lX,“ELT**,4X,“l“,4X,**2“,4X,**3”,4X,"4,*,4X,**5",4X,”6**,4X,“7”,4X, 
*"8’*,“ PLANE **» 6X, **£“, 10X »"NU**, 9X,"T“,9X,**RM0“) 

DO 70 M=1,NCRK8 
IF (JC (9,M),£Q.0) IST AT=IST RN 
IF (JC (9«M).EQ.l) IST A T=ISTRS 

120 WRITE(IOUTl,4CiO> M,(JC(N,M) »N=l ,8 ) , ISTAT, (CPRF( N,M I ,N=1,41 
400 FORMAT(IX,13,815, 1X,A6,1P4E11.3) 

70 CONTINUE 
90 WRITE(6,5CQ) NB 

500 FORMAT(//10X,45HBANCWI0TH AFTER 8-NOOE ELEMENTS INPUT IS.... ,131 
RETURN 
END 

10S 
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ICO 

51 

201 

61 

40 

120 
400 

70 
50 

500 

CCRKNIO 

SUBROUTIn: G RKNIC(JC.CPRP,NF,N00F» 
DIMt.NoION JC (11» 1 ) f CPPP ( 4» 1 ) , NC (111 . CP C41 .NF ( Nfinp il 
COMMON MNOOfS,NTPIS.NSPRNG,NCRKOtNCRKlOtNLUMPS, 

* NL CMOS« NRSTRf N£R» NF.R»NID» 
* iflag »nb.ndofn 

COMMON/BLK2/IN PRT,IKPP T»ITPRT *ICPPT*IOPRT 

IIN,,Im!:’rCUTl,I0UT2’IOUTJ.I0UT«*tIOUT5 
DATA ISTRNtISTRS/6HSTPAIN,6HSTRtSS/ 
NCC=U 
R£AO(5«10J) I«(NC(M),M=1,11» 
FORMAT(1215) 
IF ( I) 30,30,2f 

20 RE AQ (5,101) II, (C P ( J) , J= 1,4 ) 
101 FORMAT (I5,4£:iC .0) 

IF(I-Il) 51,61 
IFLAG=IFLAGfl 
WRITE (6,201) I,H 

* ^anÍ1"^*’."!^-4 CÄR0S F0R 10*noo£ ELEMENTS -,13, ANO -,13,- ARî SCPAMBLEO") 
GO TO 3J 
NCC=NCC+1 
00 40 M=1,11 
JC(M,I)=NC(M) 
CALL BAND (JC(1,1), 1C ,NF,NOOF,N8) 
00 41 J=l,4 
CPRP(J,I)=CP(J) 
GO TO lu 
IF(NCC-NCRK1C)53,60,50 
IFLAG=IFLAG*1 
WRITE (6,2^0)NCC.NCRKIC 

F0RMAT(//1QX,35HNUMBER OF 10-N0DE ELEMENTS INPUT - t* 

ncrki,.nc/ÍS,<’59HNU"8" °f 15-N00f ^ehIÏÏs specified : 
IF(INPRT) 90,90,80 
WRITE(6,331) I OUT! 

ÜRmIwmü;ü“'N0DE ELEME'" PR0PER,IES «E ECHOE0 ON FILE -,13. 

./ÎTÎÎ,,ÎC1ÏÎ,C.12'N00E E1-E"EN' nodes ano hatefial frorerties- 

IF ( JC (11, M) , £Q •£ ) ISTAT = ISTRN 
IF (JC (11,M),£9,1) ISTAT = ISTRS 

WRITE (IOUT1,40 0) M,(JC(J,M),J=1,10),ISTAT•(TPPPIN uk u , a , 
F0RMAT(1X,I3,13I5,1X,A6,1P4E11.3) ^ ,M,*N 1,41 
CONTINUE * * 
WRITE (6,500) NQ 

FORMAT.//.,«.ASHaANDHiOTH AFTER 1,-NOOE ELEMENTS INPUT IS... .13. 

ENO 

41 

30 
50 

200 

60 
80 
301 

300 
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CBANO 

SUBROUTINE BANOlNO,NDttNFtNOOF,N8l 
DIMENSION Nü(i),NF(NDüF,Il ,L(10) 
N S =0 
DO 10 K=1» NOE 

1C L(K)=ND(KI 
DO 20 K=1» NOE 
LK=L<K> 
DO 20 J=K*NOE 
L J=L(JI 
DO 3Ú K<=l,NOOF 
IF CNF(KK.LK) )30»30 t4(: 

4C DO 5C KJ=1»NDCF 
IF (NF(KJfLJ) 150*50 »6C 

60 NS=IA8S(NF(KK»LK)-NFCKJ,LJ ))♦! 
IF(NS-NB) 50.50 .70 

70 NB=NS 
50 CONTINUE 
30 CONTINUE 
20 CONTINUE 

RETURN 
END 
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CFORHEX 
SU3R0UTIN 
DIMENSION 
COMMON 

4C 
50 

10 
25 
15 
20 
30 

> NOOF * NERI 

* NE RI 

FOF M(A , N) 
— A(l) ,N(1I 

NNOOFSt NTRIS,NSP«NG» NCPK8,NCRK10 »NLUMPS» 
NLONDS,NRSTP,NER,NRR,NIO, 
IFLAG.NB.NOOF 

C 0MM0N/8L K2/INPRT «iKPRTtlTRRT *ICPRT»lOPRT 

ÎSüïSIÎ^!;K3/IIN9,iin10,icut1,IOUT2»IOUT3»iout<*»iout5 
^C0HN0N/A0R/NNF;NJT;NIP;NJS« NSP*NJB«NftP* NJtO *N10 P»NPltNSTt NSHt 

IF(NTRIS)25,25*10 

ÍF*Í!isÍRÍl5fí;f<Í^Í5A'NJT’,MNT''’’‘"",l’,MMST'«*'NS"'-' 

Ííí¡¡r^íí)G(!A,^<NNn’A<NJS,,A<NSP,»A,NP1,»AÍNST»*l Irl Nt» K Ko ) 4 U t 4C t3G 

Nl=NOY*256 
N2=N1*384 
N3=N2*256 
N4=N3*384 
N5 = N4* 576 

CALL CPAK8(A,A(NNFI,A(NJ8),A(N8PI .A(NP1»,A< NST) ,A(NSM>.I 

N1=NOY *40 0 
N2=N1*60C 
N3=N2*400 
N4=N3*600 
N5=N4*900 
CALL 

.noof,ner. 

cRAK10(A,A(NNFll,A(NJ10)*A(N10P»,A(NPl),A(NSTi,AÎNSM>,NOOF* 
60 IF (TnP3i rr : <N11 * A <N2 * *A <N3*’Af ^A<N5» » 
60 îc!ïSnoI•?!,3, CALL PRTRP(N^P»A«NSn,NER,NB,IOUTl) 

RETURN^’01*31 CALL PRTRM(NeR,A(NSH) »neP*n3»I0UT1> 
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CINVEPT 
SUBROUTINt INVERTÍA,e,N,NA» 

MATRIX INVERSION 
GLOBAL VARIABLE SX 

NA IS THE OIMENSIONtO ORUEF OF THE MATRICES A ANO B 
N IS THE NUMBER OF ROWS ACTUALLY USED IN THE A ANO B MATRICES 
AINVERSE IS COMPUTED ANO STORED IN B 
THE MATRIX A IS DESTROYE0 

DOUBLE PRECISION 0,T 
DIMENSION All) ,B(1) 
DO 3 J*1,N 
DO 3 1=1,N 
L=(J-l»♦NAfI 
IF(I-J» 5,4,5 

5 B(L)=3 • 
GO TO 3 

4 B(L»=l* 
3 CONTINUE 

DO 7 <=1,N 
J= i<-l»*NAfK 
L = K 
DO 15 I=K,N 
J1=(K-1)*NA*I 
IF (ABS(A(J1))-A3S(A(J)») 15,15,16 

16 J=J1 
L = I 

15 CONTINUE 
0=A(J) 
IF (0) 2,6,2 

6 STOP 
2 DO 23 1=1,N 

J1=U-1»*NA + K 
J2=(I-1»*NA*L 
IF<I-K> 21,20,23 

20 T=A(J2>/0 
A (J2) = A(J1) 
A(J1»=T 

21 T=B(J2»/0 
8 ( J2)=8( Jl) 

23 B(Ji)=T 
00 7 I=K,N 
IFd-K» 8,7,8 

8 L=(K-l»*NAfI 
T = AIL) 
IF(T) 9.7,9 

9 DO 10 J=1»N 
J1=(J-1)*NA*I 
J2=<J-1»*NA*K 
IF ( J-K) 10,12,12 

12 A(J1)=A(J1)*A(J2)«T 
10 B(J1)=B(J1)-B(J2)*T 
7 CONTINUE 

00 1 K=2,N 
L=N-K+1 
L1=L*1 
00 1 1=1,N 
T*0. 
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DO 13 J*L1«N 
J1=U-1)#NA+L 
J2=(I-1)*NA*J 

13 T=T»A(Jl)*3(J2> 
J1=(I-1)*NA>L 

1 B(Jl)=a(Jl»-T 
RETURN 

END 
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COMMON 
COMMON 

SUBROUTINE TRI (CO*NF*JT(TPRP»PyST»SMyNOOFN*NROM) 
DIMENSION CO(NOOFNtl) *NF(NOOFN«l) «JT (S»l ) «TPRPf^ll ) »PHJ t 

ST(NROHtl)«SM(NPOMtl)«AKT(6*9)*AK(9»9)*AM(9*9I« 
líi?,:^2?ATE(9,,STV,21,*00,J*í»»B8ÍS»6lt . 
A(3)tB(3)*C(3)«0(3) 

NN00ES*NTRIS*NSPRN6« NCRKStNÇRKlO » NLUMPS« 
NNOOES » NTRIS » NSPPNC.NCRKA*NCRK1B « NLUNPS « 

* nlonos.nrstr»ner«nrr,nio* 
* iflag*nb*noof«istate«nkore«iotnam 
COMMON/BLK2/INPRT,IKPRT,ITPRT,ICPRT,IOP«T 

REAL0NUBLK3/IlN8,IlNie*I0UTl,I0UT2,I0Ü,r J,10UT4,I0UT5 

DC 31t 1*1«NTRIS 
IFCTPRP (1 »I) ,LE.r ) GO TO 31(J 
IF(TP«P(3»I).LE.C) GO TO 31C 
00 19 J*1*3 
A ( J) *(i ,p 
3(j) *u.a 
C(J)*o.c 
0 ( J) *i..O 

00 19 K*i«3 
00(J«K)*0 «0 

19 CONTINUE 
00 2C J*1«9 
00 2C K*1*9 

20 AM(JtK)* t.O 
00 21 J*l«6 
00 21 K*1*9 
T(J«K)*U.O 

21 CONTINUE 
OC 22 J*l«3 
00 22 K*1« 6 
BB(J«K)*C «0 

22 CONTINUE 
Jl*JT(1»I) 
J2*JT(2 » I ) 
J3*JT(JtX) 
A ( 3 ) *t' « 
B(3l*c« 
00 11 J*1«NOOF 
A (J)*C0(J*J2)*CO(J*Jl) 

11 8 ( J) *CQ ( J « J3) *C0 ( J« J1 ) 
CALt UNIVtC(A»MÜ0F»XLl2) 
CALL UNIVEC(3 « NOOF« XL13) 
CALL CROSS(A«BtC) 
CALL UNH/EC(C»3»XLZ) 
CALL CR0SS(C*A*0) 
00 14 J*1«3 
L1*(2*J)-1 
L2*N0üF*(J-l) 
00 14 K*1* NOOF 
T(L1«L2*K)*A(K) 
T(Ll+i,L2+K)*D(<) 

14 CONTINUE 
Kl*3*N00F 
C(2)*-XL13*00T(8»A,NDCF) 
C (3) *xL12 ... 
C(l)*-C(2)-C(3) 
IF(A8S(»C(2)«C(3))«LT«(5*E«C6*(ABS(C(2))*C(3)))) 
A(2>* XL13*00T(B«0*NOCF) 
A(1)*-A(2) 

C(1)*9«C 



c 
c 
c 

c 
c 
c 

A (31 * Í1, 
C2*-C(2) 

COMPUTE STIFFNESS MATRIX KG*TT*3T*(0*B*T) 

EX=TP\P(lfU 
NUsTP^P (2 » 11 
TSK=TPRP(3tI) 
T0V‘»A = TSK/(2.*XL12*A(2)) 
G*FX/(2»*(!•+NU)) 

GENERATE THE CONSTITUTIVE MAT»IX OC 

IF (ISTATE.GT.O) GO TC 4C1 
OCs(TOV4A*2.*G)/(l.-2.*NU) 
00(ltl)aOO*a,-MU) 
00(2,2)=00(1,11 
00(l,t:) =o:*NU 
00(2,1)=00(1,2) 

GO TO 41Ü 
4C1 0C=(TùV4â*EX)/(l,-NU*NU) 

00 (1,1) =01; 
00(2,2)=0. 

00(1,2) =0L •NU 
00(2,1)=00(1,2) 

41S 00(3,3)=G*TOV4A 
C 
C FORM THc. STFAIN-OISPL MATRIX SB 
C 

00 15 J=1,3 
JJ*2*J 
JIsjj-l 
SB(1,JII=A(J) 
SB(2,JJ)=C(J) 
SB(3,JI)=C(J) 

15 SB(3,JJ)=A(J) 
C 

C FORM THE ppoDJCT OO^BB^T FOR USE IN STRESS RECOVERY 
C 

00 16 J=1,3 
00 16 M=1,K1 
AKT(J,M)=C. 
00 16 K=1,3 
00 16 L=l,6 

16 AXT(J,M)=AKT(J,M)+00(J,K)*BB(K,L)*T(L»N) 
00 17 J=1,K1 
00 17 M=1,K1 
AK(J,M)=0, 
00 IT K*1,6 
00 17 L*l,3 

17 AK(J,M)=AK(J,M) ♦ T(K,J)*E3(L,K)*AKT(L*M) 
C 
C ASSEMBLE THE LOCAL HASS MATRIX 
c 

IFUOYNAM.EQ.O) GO TO 18 
RH0=TPRP(4,I) 
IF(RHO.LE.O) GO TO 18 
ZFCABS(RHO),LE,OaO) GO TO 18 
RAT12=(RH0*TSK*XL12*A(2))/24. A 
IF(I0VNAM,GT,2) GO TO 23 
L1*Q |112 
00 10 J*1«5 
L1*L1*1 
AKT(J,J)=RAT12*STV(L1) 
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L2SJ*1 
DO 10 K=t2#6 

AKT(J,K>sRAT1c*STV(L1) 
AKT (K«J)=AKT ( J* K) 

10 CONTINUE 
ClsLl*l 
AKT(6,6)=KATlt*STV(Li) 

CALL AT9A(6«T,6.AKT.9.AM*e.Kl) 

GO TO id 
23 CONTINUE 

DO 24 J=l«9 
AM ( J« J) =4 »•'CATlfc 

24 CONTINUt 
18 CONTINUE 

DO 326 Jsit N30F 
■.OCATE( J»=NF(J,Ji) 
LOCATECJ+nD3F)=NF(J,J£)_ 

326 LOCATE CJ*2#ND0F)=NFCJ.Jo) 
DO 327 Jsl.Kl , ,,, 
IF(LOCAT£(J».lE«C) 60 TO 327 
J1=LCCATE(J> 
DO 335 K=1*<1 
IF(LOCATc(K) » 329«335»33'' 

32J J2=-lCCATF(K) 
P<Ji)=f9(Jl)'"AK(J»K)*0(Jc) 
GO TO 335 

33Ú J2=LOCATL(K) 
IF(J2.LT.J1) GO TO 335 
JJSJ2-J1*! 
IFdDTNAM.GT.c;) J2 = l 
ST(JltJ3)=S>T(Ji» J3) ♦ AK ( Jt K) 
¿M(J1»J2)=3M(J1»J2) + AM(J»K) 

335 CONTINUE 
327 CONTINUE 
3iu CONTINUE 

^ETUF.N 
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CSPRNG 
SUBROUTINE; SPRNGlCOtNF, JS,SPRPfP, STfNBM» 
nOMMON NNOOES,NTRIS, NSPRNG,NCFK8,NCRK10 »NLUMPS. 

* i.Lu.SUw. rGTr,*1:0. SCO-NTO, 
* IFLAG.NS.NOOF. 1ST ATE,NKORE,IOVNAM 
C0MM0N/BL<2/INPRT,IKPRT, ITPRT,ICPPT,IOPRT 
DIMENSION CO(l ),NF<1) , JS (11 »SPRPÍ1 » , P (11 , ST OiBW.l» 

1 AK(6tb)tAKT (6.6),L0CATE (61 
REAL K1,K2.K3 
DO 10 KOUNT=l,MSPRNG 
DO 5 1=1,à 
DO 5 J = l, 6 
OICOS(I,J)=O.C 
AK(I,J)=0,0 
AKT(I,J) = 3 «C 

5 CONTINUE 
L0C=4*(KOUNT-1) 

FORM DIRECTION COSINES FOR K1-K2 PLANE 

LOCl = NOOF*(JS<LOG+ 1)-1) 
LOC3=NOOF* ( JS(L0C + 3) -1) 
L0C4=ND0F* i JS ( LOC + 4) -1) 

FORM COMPONENTS OF VECTORS FROM NODES i TO 3 AND 1 TO 
VECTOR FROM NODES 1 TO 3 DEFINES DIRECTION OF K1 

DX=CO(LOC3+1)-CO(LOC1+1) 
DY=C0(L0C3 + 2)-C0(LXl+2) 
oz=o.o 
GO TO (20,20 ,IE) * NOOF 

15 OZ=CO(LOC3+3)-CO(LOCl+3) 
23 OL13=SQRT(OX*OX+DY*DY+OZ*DZI 

Al = DX/OL13 
A2=OY/OL13 
A3=DZ/OL13 
DX=C0(L0C4+1)-C0(L0C1+1) 
DV=C0(L0C4+2)-C0(LCCl+2) 
DZ=0.0 
GO TO (30,30,25),NOOF 

25 0Z=C0(L0C4 + 3)-C0(LXl + 3) 
30 OL14=SQRT(OX*DX+OY+OY+DZ*OZ> 

B1=0X/0L14 
B2=DY/OL14 
B3=0Z/0L14 
C1=A2*B3-A3+B2 
C2=A3+81-A1+B3 
C 3=A1* B2-A2 + B1 
DLC=SQRT(C1*C1+C2*C2+C3*C3) 
Cl=Ci/DLC 
C2=C2/OLC 
C3=C3/DLC 
31=C2#A3-C3*A2 
B2=C3*A1-C1*A3 
B3=C1* A2-A1*C2 
DICOS(1,1)=A1 
O ICOS (1,2)=A2 
OICOS(1,3 )-A3 
DICOS(2,1)=B1 
0IC0S(2,2)=92 114 
DIC0S(2,3)=83 
GO TO(32,32,31),NOOF 

31 OICOS(3,1)=C1 
OICOS(3,2)=C2 

V 

,OICOS(6,6), 



n
o
n
 

o
 o

 o
 

o
o
o
 

o
 n

 o
 

OICOS(3,3)=C3 
32 Oü 35 1 = 1 «NOOF 

no 35 J=l,NnOF 
35 0 ICOS(I*N00FtJ ♦NOOF»=DICCS<I.J» 

FORM ELEMENTS OF LOCAL STIFFNESS MATRIX 

Kl = SPRP(3*KOUN T-2 I 
K2=SPRP(3*K0UNT-1) 
K3 = SPRP(3*K0UNTI 

FORM LOCAL STIFFNESS MATRIX « AK 

M=2*NOOF 
AK(1«1)SK1 
AKiltNOOFfli =-Kl 
AKI1*NOOF.1«-NOOF>=K1 
AK(2,2)=K2 
AK (2.ND0F + 2) =-K2 
AK (2+NOQF #2^ NDOF) =K2 
GO TO i<»0.4C.3 6»,NOOF 

36 A K C3«3)=K3 
AK 43»6)=-K3 
AK(6*6)=K3 

40 IJ=M-i 
DO 45 I=1*IJ 
JI*I+1 
00 45 J=JI»M 
AK(JfI)=AK(I»J> 

45 CONTINUE 

TRANSFORM AK TO GLOBAL COORDINATES 

DO 50 1=1 «M 
DO 50 J=1*M 
AKT(I»J)-0.0 
DO 50 K=1»M 
AKT (I«J)SAKT(I*J»*AK(I«K)*OICOSCK,J» 

50 CONTINUE 
DO 55 1=1»M 
DO 55 J=1*M 
AK(I*J)=0*0 
00 55 K=1.M 
AK<I.J)=AKCIt J 3+01005(KfI)+AKT(K,J) 

55 CONTINUE 

STORE INTO STRUCTURAL STIFFNESS MATRIX t ST 

DO 60 1=1.2 
NODE=JS(LOC+I) 
LOCN=NOOF+INODE-11 
JI=ND0F*II-1) 
DO 60 JsltNOOF 

60 LOCATE (J+JI»=NF(LOCN*JI 
00 65 1=1.H 
IFILOC ATE ID 16 5t 65 *70 

70 LI=LOCATEII* 
DO 75 JsltN 
IF ILOCATEIJ) )80t75*85 ns 

80 LJ*-LOCATEIJ) 
PILD=PILD-AK lit J»*PILJ> 
GO TO 75 

85 LJsLOCATE I J) 
IFILJ-LI)75*90 *90 



90 LI9AN0=LJ-LI+1 

ST<LI,LIBANO ) = ST(LI,LIHANDI+AK<I,JÍ 
75 CONTINUE 
65 CONTINUE 
13 CONTINUE 

PE TURN 
END 



^ A KHI) 

SU BROU T lUr. GRAKâ ( CO, NF « JC »CPKP ,P , ST, SM»NDOF , MR OW , SI ,S2 , S 31 T 1, T2 , 
* T3I 

01 MENS ION CO(NOOF,1),NFfNOOF,1),JC19,1),CPRP(4,1),P(l), 
* STCNCOK,i»,SM(NFOH,l» 

01 MF. NS ION SI (16,1 6», S2( 16« 2«*) , TH 16,24) ,12(24,24» « 
* T3 (24,¿4),A(3) ,0(3).LOCATE(24),S3(16,1b) 

DIMENSION OKI(16,16),0K2(16,16),0M11(16,16) ,OMI 2(16,16), 
OM22 (Ife ,16) ,0A1 (16,16),0A2(16,16) 

COMMON NNO DF S,NTPI S,MSPRNG,NCRKS.NCRKIO,NLUMPS, 
NICNOS,NRSTR,NER,NRR,NIO, 
IFLAG,N8,NOOFM,ISTATE,NKORE,IDVNAM 

COMMON/3L<2/IN°RT,IKPF T,ITPRT,ICPPT.IOPRT 
C0MM0N/lLK3/IINé, UNI,) , I CUT 1,10UT2,10UT3 , IOUT4, IOUTÇ 
OATA DL/3.3Í.5/ 
DATA ((OKI (I.J) 

, 7491Ä292F♦f5 
^,6/54 0613^+0 5 
-,721137 )5E + r 5 
-.1416j356F+,6 

J=l,16),1= 1, 2)/ 
-,344J547nE+.5, -.21599952t*16 
-.13656206E + 15, -, 75603612t*C5 

• 33SS3761E«CS« .657852C26+ '5 
-.16122o.CF- 3, .513199Ü7P + C2 

-. 344054 70E +15 
*«11655 35 3w + 6 
-,38659665L+C6 
-.1192089ftE+C 6 

DATA ((OKI(I,J) 
- « 215 99952E♦16 

.76799H31E+'5, 
,192ûl443E*l 5, 
. 5327137122 + 06, 

•,12C4j138l-?4, 
1,16),1= 3, 4 )> 
,21536:^82+:.6, 

.218Û6C 68E + C6 
• 75308C 31t + C5 
• 5142876C fc+ 36 
.466781566-14 

•12245796F+'7 
• 353 034486 +u 6 

-, 29276585E + C6 
-,1695845ù£+r 7 
- • 3315P 2 301 +i 5 

.67b271o8E + !: 6 
,496599666 +C 6 

-, 40 322366E +C 7 
DATA ((DK1(1,J) 
- * 675 4Ü618E + C 5 

»19586981E+C7 
• 18211592E + G 7 

-.10932185E+C8 
-.136562066+15 

.74512984E+L6 
-•30016365E +C 7 
-•167284126+C8 

DATA ((OKI (I,J) 
-,75603812E + Í 5 
-,20286459F +C6 
- * 1136250 7E + C 7 
-.11336448E+07 
-,663 84340E + 4 5 

,28624295E+06 
■ .11470787E+C.8 

.22616133E+C8 
DATA ( (OKI (I,J) 
- • 72113795E +0 5 

. 18211592E + P7 
• 3C187835E+C 8 
• 455215 73E +0 8 
• 33583761E +0 5 
»31062565E+07 
• 18290617E+Û 8 

-.36214069E+C« 
DATA ((OKI (I,J) 

«65785202E+05 
-.11820282E+07 
-.11373638E+07 

.229922436+06, 

.IP9C9787E+C7, 
■ »b39û9C41E-l2, 
•*3883 3F13E-C2, 
.322570806-01, 
.4150 39C 6E-"2, 
,208878526-02, 

J=l,16),1= 6)/ 
-,11655 35 36+ C 6, 

,745129846+1,6, ■ 
« 31Í 625 65E+ 0 7, ■ 

-.14919598E-C1, 
.192014436+35, 
,208223416+C 7, 
,150 82815E+07, 

-.162124636-14, 
J = 1,16) , 1= 7, 8)/ 

.75308031E+C5, 

.269530486+07, 

.97540 6346+1 6« 
-.71194526E-01, ■ 

.262451176-02, 

.630078136-02, 

.47607422E-Û2, • 
-.35675C49E+00, - 

J=l*16),1= 9,10)/ 
-.386596656+06, - 
-.300163656+07, - 

»18290617E+C8, • 
-.60854594E+00, 
-.53278712E+06, * 

.15082815E+07. 

.457Q4249E+0 8» 
,49018860E-03, 

J=l,16),I=li,12)/ 
-.514287606+06, • 

•35397209E+07, 
,5110 6232E+Q8, 

»540408946+C6 
.201937886+1,7 
• 143 838 88 6♦C 0 
• 260 3 46 60 2+ 06 
,747836846+06 
• 30 7579 78 E+ L7 
,47 391746 6-F 4 

,350004486+06 
.202864596+06 
.11820282E+C7 
•111227C4F-C1 
.229922436+06 
,26953048E+07 
.353972096+07 
.140869476-01 

.540408946+06 
• 727J0C 57E + 07 
.93734054E+C7 
.306320196-01 
.488437526+06 
• 36422817E+07 
*10329C97E+L8 
»80658495E-C3 

.29276585E+06 
»11362507E+Û7 
.11373638E+07 
.335260 39E+00 
•10909787E+07 
.975406346+06 
,511062326+48 
,88392596E+Ú0 

.201937 88E+C 7 

.93734054E+07 
,127278666+09 

-,3315ü2 30E»05, 
- «66l8<,34rE + 05, 
-.617928386+05, 
-,?9428780E-01, 
-,388336186-02, 

• 2624 5117E-0 2, 
-.72631836E-02, 
- ,236958736-04/ 

• 26C0 4660E+C6, 
»48843752E+C6, 

- , 6744 6061E + G6, 
.142931946-01, 
.435199826+06, 
.130563266+06, 

-.42768359E+07, 
• 73464159E- 0 2/ 

.67627168E+C6, 
•28624285E+06, 

-.67598636E+07, 
-»25386810E-01, 

. 322570 80E-01, 
•83fQ7813E-02, 

-.151367196-01, 
- •60C0 92116-0 3/ 

-.74783684E + 06, 
.364228176+07, 
.182139886+08, 
.295516016+00, 
.130563266+06, 
.976273356+07, 
.11776049E+08, 
.704297546+00/ 

.496599666+06, 
,114707876+08, 
.614868316+07, 
.709671016+00, 
.415039066-02, 
.476074226-02, 

-.214843756-01, 
-.437378886-03/ 

-.307579786+07, 
-.103290 976 + 08, 

.843339366+08, 
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... P* 

1 .56215C47E+C7, 
-.61792838E+C5» 
-.6759«636E»t7, 

• 614868 31E H 7, 
• 225 0 7218E ♦9, 

OATA ((nKld,J),J 

* 

» 

» 

» 

« 

-.14l6J356t*C6, 
lC982185t-»-¿ 8, 

•45521573E*C8, 
•53144446E+Ü9. 

“•1612281Oc-l3» 
-#14919598E-C1. 
•t 6U8545 94E♦ÜC » 
"•3240>*133t*Cl* 

DATA ((OKI(1 *JI «J 
.513199J7E+C2. 
# 111 2270 4E -»J 1« 
.33526039E4-CJ, 
•11597366f^ûl» 

-.29428783t-ri, 
* -.253868106-«!, 
* .709671016+00, 
* .100013436 + 0 2, 

OATA <<OK2(I,J>,J: 
* -.12283C 52E +0 6, 
* .10249154E+t6, 
* -.797247676+05, ■ 
* -.42925245E+C6, 
* •8038810 9E +C5, • 
* .147635606+05, « 
* «271494C26+C 6, 
* .581867126 + 1.6, 

OATA ( (OK2(I,J>,J = 
* .431999336+06, - 
* -.700003336+06, - 
* .585517346 + 1-6, 
* .33911229E +C 7, 
* .601795666+05, 
* -.563299046+06, - 
* -.664166346+06, 
* .300761626+06, 

DATA <<0K2(I,J>,J= 
.102491546+06, 

-.172796626+07, - 
-.18345239E+C7, - 

.207764606+07, 

.648324666+05, - 
-.270 490646+0 6, - 

.603372686+C6, - 

.243916496+07, 
OATA (<OK2(I,J),J= 

.874672126 + 00, 
-.726318366-02, 
-.151367196-01, 
-.214343756-31, 
-.1^2247246+01, 
=1,16»,1=13,141/ 
-.119288986+16, 
-.16728412E+C8, 
-.362140696+j3, 
-.324ù4133r+rl, 
-.1204C1336-C4, 
-.162124636-14, 

.490138696-Û3, 
•CôCûOOO? , 

=1.16»,1=15,16»/ 
-.4667 81566-14, 

,140869476-11, 
.883925966+00, 
•COCCOoOO , 

-.236958736-14, 
-•6CCG92116-C 3, 
-.437378886-03, 

.OôüôCCOÛ , 
=1,16»,!= 1, 2»/ 

.80 3891C9E + C 5, 
»64832466E+l5, 

■ ,10272 3396* C 6, 
«OOQGGüùO , 

•,767998316+05, 
•*960016356+05, 
.11 :392076+06, 
.C0C3CCCÛ , 

’1*16),1= 3, 4)/ 

,798593516+Oü, 
■,67446061E + C6, 
.182139886+08, 
.843339366+08, 

'.122660406-02, 

-.1695845CE+C7, 
-.113064486+07, 

,562150476+07. 
.115973666+01, 

-,639090416-02, 
-.711945266-01, 

,874672 026 + C&, 
tOOPOOOfO , 

.14383888E+OJ, 
-.3C 632t19E-C1. 

.798593516+«0» 
.03OC0OP9 , , 

.14293194C.-U , 
•295516C16+C0. 
.104925926+01, 

. OüûOQOCC . . 

.104925 926 + 01, 
-.427683596+07, 

. 1177 60496 + 08, 
,205811006 + 09, 
.76(.873116 + 01/ 

-.403223666+07, 
.226161336+08, 
.225072186 + 09, 
.100313436+02, 

-.208878526-32, 
-,356750 496 + 0 0, 
-,102247246+01, 

lOOCflûOOO / 

-.473917466-04, 
-,806584 956-03, 
-.1226 60436-02, 
CGOCOQQC , 

.734641596-02, 

.704297546+00, 
• 760 8 73116 + r1, 

C QOGGOQO / 

.431999036+16, 
• 15120530 E + C6 , 

-•131562576+C6, 
.00000000 , 
-,34C896346 + C6, 
-•26030594E+C6, 
- » 11823852E + G6, 
.00300000 

.60179566E+C5, 
•4C636926E+05, 
.128332886+06, 

.0 0000000 , 
.299453746-02, 

- .228881846-02, 
- .133759776-32, 

•cocooooc / 

• 34C896346+ «6, -.239110186+07, - .33634C356 + 06, 
-•104821376+G7, -.273359406+06, 

.991354456+06, ,101815286+07, 
. 00000000 , ,b ÜÜOGOCC , 
-.336340356+06, - .230400976 + 06, 

.228338986+06, -.161285376+06, 
»115487416+C7, .919649666+06, 

.OOGOOCC P , ,1 0000000 / 
* 

* 

* 
» 
« 
* 

+ 

* 

» 
* 

» 

« 

■*46210 810E + U6, 
.745953166+06, 
.COCOGOCO , 
.299453746-02, 
•13C15747E-C1, 
,115966806-02, 
.00000010 , 
1.16),1= 5, 6»/ 
»147635606+C5, - » 70C003336 + 06, -.563299046+06, 

»4G5721416+C&, -.232291546+06, 
,2363 7737 6+ C7, . 316083626 + 07, 

• OOOCOOCC , ,C 00300 JO , 
-.462106106 + 1,6, -.130157476-01, 
- » IG C5 914J 6+07, -.108642586-01, 
"•12191725E + C 7, .134277346-01, 
. 00000000 , •0 OOCC300 / 

.151205306+06, 
• 405 721416 +G6, 
•22722668E+G7, 
.22604767E + C 7, 
.406069266+05, 

-.232291546+06. 
-.163754026+07, 
-.430761676+07, 

DATA ( (0K2(I,J),J = 
* -.797247676+G5, 
* -.18345239E+C7, 
* -.889219516+07, 
* -.129557456+08, 

.270490646+06, 

.690818866+06, 

.00000000 , 
,96£C16356+ 0 5, 
,492483806+06, 
«197896966+Û6» 
•OOOOOOCO , 
1,16),1= 7, 8)/ 

■ ,26C 3J 594E+C 6, 
• IG 0 59140 £ + 0 7, 
•760471936+C6, 
«OOGOQCOO , 
• 228881846-C 2 » 
•1C864258E-C1, 
.131835946-01, 
«oooocooo , 
1,16),1= 9,10)/ 
, 2714940 26+ C 6, 
,633372686+06, 
.44785472E+C7, 
,00003000 

-,10 482137E + C 7, ,228338986 + 06, 
-.35280243E+C7, -.757044416*06. 
-,46936737E+C7, -,45ü469 316 + 07, 
,00000000 , «COOOCUOD , 
-.27C35940E+0Ó, -.161285376+06, 
-.7570 44416 + 06, -.116999786 + 07, 
-»26Ö48774E+G6, -.235251296+07, 
,00000000 , ,00000000 / 

.585517346+06, -.664166346+06, 

.227226686 + 07, - .163754026 + 07, 

.227398466+17, .190075106+07, 
. 00000000 , ,G 3000000 , 
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— 

-• 102723 Î9E (S, .li;392n7fc>rfe, 
-.197396Q6E»'6, 

-.^4785472.+(7, - .54**18 420E4C7, - . 51 75 61 51 L4t 7 
- .6C236947£4'V 7, .0000 0 tCJ . .COnJOCGC , 

OATA ( (OKCd.J»,J = 1,16» , 1=11,121/ 

7t.5953 16E ♦ L 6 , . 115966 «CE- ü 2 
.76 047193 24(.6, - . 1318 359UE-C 1 

-. 131562 376 4( 6, 
.2363773764:7, 
.2273984664(.7, 

-.112391406408, 
-.1283023864:6, 

.3160836264C 7. 

.190 07510640 7, 
-.2676Ul 24£4( 8, 

-.11fi238526*L 6» 
-.12191 7?5c4i. 7, 
-.51756151^4.7, 

•Gü^OOjCO , 
-.1^3759776-12, 

.13 4277346-». 1, 

.175731256-:1, 
•09046000 , 

.99135445t 4C6 
-.469367076407 
-.244110 3864(8 . -. 19C431616*0 3 

.1757 31256-01 
.aroooooc / 

.115487416407 
- .26(467746406 

coroooco , 
.1018152364(7 

OATA ((0K2(1.J),J=1.16),1=13.14»/ 

.LOOOOOQü , 
.919649666*06 

-. 45046931EU7 , - .235251 296*07 
-.19043161£*08. -.26753233E*C8 
.cccrcc^o , .cojooono / 

-.429252456* 6, 
.207764636407, 

-.129557456418, 
-.7CQ22721t4rfl, 

.JOCOOO'jO , 
•coüoncjo , 
.ooooooao , 
.occoocoo , 

DATA ((DK2 (I 
.30000000 
.OOÜOCCOO 
.00030000 
.30000000 
.000 300 JO 
.00000030 
•OCJ00003 
.00000009 

• 58186712£*u6» . 339112296+C7 , 
.24391 649£4».7, . 22 60 47676*0 7 , 

-.6020694764:7, -.112391496*08, 
.coco'cco 
COOCOOiOu 
ncccaocc 

, .00030300 
. .ooccoooo 

. J ). J = Ir 16) ,1 = 15, 
, .OOOCOO Cf 
. .ooocooc: 
, .oocooocc 
. .OOOCCCiCO 
, .ocoooooc 
, . OJfOQOOC 
, .cooccoor 
, .00000010 

DATA < (DMiHI, J),J=1,16» ,1= 1 

.3CC76162t*G6» 

.430761676*07, 
, -.2676012464C8, 
•IOQ9CCGO , 

.00000300 , 

. G ». OOCUOü , 

.0(OCCCOC 

.OC0OÛC03 

• IC -1973226 *0 4, 
-.612182 326♦£3, 

.221296326*01, 

.106274196*04, 
-.682029926*02, 
-.249169426*0 3, 
-.307159936*03, 

. 348 962 606*0 3, 

-.682029926402, 
-.636499556*02, 
-.375128526U3, 

.272576996*02, 

.143995556*03, 
-.935911116*02, 
-.551526926403, 

.518790746-16, 
OATA ((0H11(I,J»,J=l,l6»,1= 3, 4»/ 

.OOGCOO^O 
.oooorooc 
.C90ÛC0O0 
.noodcooc 
• C Q9GCG00 

6»/ 
.00000000 , .OGOOCQOU 
.00300000 I .OOOOOGOO 
• O30OCOOC , .er. CO coco 
.nooocooc , .ocooocoo 
.030QC0C0 , .00003000 
.OOOCOOSC , .C'COOJCOO 
.10000000 , .C00C3C00 
.09000000 1 

2»/ 
.116995006*04, 
.743535006*13, 
,204115866*03, 
.366605636*02, 
.399162996*03, 

-.452913566*02, 
-.592711596*03, 

.101915006-16, 

, 
/ 

» 

, 
t 
/ 

.116995306*04, 
-.160640286*04. 
-.373100196*03, 

.503962346*04, 

.449099766*01, 

.201551166*03, 

.804389566*02, 
-.401920436*03, 

.399162996+03, 
-•466762756*03, 
-.250140616*04, 

«312190806*02, 
-.633326536-15. 
-.878434156-15, 

.370222526-14, 

• 43G 205796 + C4, 
.167657316*04, 

-.111770826+04, 
.252872306+02, 
.198314116+03, 

-.135890936+03, 
-.353218896+03, 
-.193064226-16, -.203055556+01, 

DATA <(OM11(1,J),J=1,16),1= 5, 6)/ 
-.612182926+03, -.249169426+03, -.16C64C286+04, 

.689495436+03, 
,301456016+04, 

-.871731216+01, 
-.935911116+02, 

•598838336+03, 
.139915666+04, 
.438559786-16, 

.207876776+04, 

.176729496+04, 
-.260653186+04, 
-.636499556+02, 

.689495436+03, 

.340001566+03, 
-.211578886+04, 

DATA <(0M11(X,J),J*1,16),1* 7, 8)/ 

-.197835376+03, 
.249119176+04, 

-.364741956+02, 
- * 466762 756 + 03, 

.579661496+03, 
,179387326+04, 

-.599916666+01. 

.743535006+0 3, 
-.197835376+03, 

.209072386+04, 
•541293586+04, 
.568196256+03, 

-.452913566+02, 
.579661496+03, 
.991514796+03, 
.307520676+02, 
.234144306-14, 

.167657316+04, 

.328871696+04, 

.362730336+04, 
- • 164168336+C1, 

.141048006+04, 

.449099766+01, 

.5o8196 256 + 0 3, 

.138379816+04, 
-.385657766+02, 
-.633326536-15, 

.234144306-14, 

.893933716-14, 
-.252924046-16/ 

.198314116+03, 

.1410 48 Q Û6 + C 4, 

.357021606+04, 
-.890387436+02, 

.1559 63716+03, 

.182219746+02, 
- •<. 66227716 + 03, 
-.299861116+01/ 

.201551166+03, 
-.356873586+03, 
-.155815436+04. 

.126527446+02, 
- .878434156-15, 
-.639766026-14, 
- .815320036-14, 

.225378536-16/ 

-.135890936+03. 
.227133716+04, 
.623780026+04, 

-.670097406+02, 
.182219 746 + 02, 



*•356d735d£♦T 3» -.6397Ó6C2E-141 . 
• 3C50d636t + 04i -.678C6871F.-13» . 
#78757I77fc.*C4t .33298É1!£♦L2, . 

0AT4 (COMIKI, ,1= 9,13)/ 
#22129602£>l1, -.3Ü715993E»r3, -. 
• 176 72949c ♦ C 4, .340(,^1566^1, . 
• 735874356^( 4, .512242C56^04, . 
• 91702361t ♦£/ <*, .31 787652F + C 2, -. 

• . 37512852E +0 3, -.551528926 + ^3, -. 
.3014^6116 + 04, ,139915666 + C 4, . 
• 51224205l +t 4, .97256 2266 + 14, . 

- .5633 34786+14, - .5755M72f-15, -. 
DATA ( (OMil( I,J),J=l,16) ,1 = 11,12)/ 

.20-,115866 + 0 *» -.592711596+( 3, -. 

. 249119176 +C 4, . 1793873?E+1 4, . 
• 50j 56132E + C4, .110 93 7576 + ^5, . 

-.476298916 + 1 3, .60 763 5616 + 11, -, 
.138379816+14, .898933716-14, . 

-.155815436+34, -.815320036-14, . 
.527194515+14, -.24436(,0 95-12, . 
.279424785+05, .556631136+02, . 

DATA ( (OMI KI,J),3=1,16),1 = 13,14)/ 

227133716+14, 
175278O6C+03, 
13(998736-15, 

370111196+13, 
209072386+04, 
500561326+04, 
427488416+12, 
250141616+14. 
991514796+03, 
111937576+15, 
369951394+02, 

111770826+14, 
36273C 336 + 1--,, 
192830405+15, 
383657315+12, 
357021 606 + 04, 
623780026+04, 
816142256+14, 
838088286-15, 

.11627-,196+04, 
- .26G 653186 +0 4, 

.917023616+14, 
•548844636+05, 
.272576996+02, 

-.871731216+01, 
.317876526+02, 
.756821336+12, 

DATA ((OMIKI.J) 
. 366615 636♦C 2, 

-. 364741956 +0 2, 
-.427438416+12, 
-.360123366+12, 
-•385657766+12, 

.126527446+12, 
-.451952 836+1 2, 
-.154078135+03, 

DATA ( (DM12 (1,3)- 
-, 250 928 356 +C 4, 

,116464745 +0 4, 
-.588272996+13, 
-.248217906+04, 

.392609006+03, 

. 188126676+0 3, 

.393703546+13, 
-.170554026+03, 

OATA <(OM12<I,J>, 
-.155993336+14, 

,214187046+14, 
•49346692E+C3, 

-.671949795+04, 
-.680 041776+02, 
-.380068756+03, 
-.392649306+03, 
-.632322976+03, 

DATA ((OH 12(1,J), 
•116464746+04, 

-.362907136+04, 
-.257831186+04, 

.245281936+04, 
,368616656+03, 

-.121282326+04, 

,34 896260 6+c 3, 
-.211578886+04, 
- ,56 30 3 4 786+ C 4, 

.756821836+02, 
,51879b 746-16, 
.438559786-16, 

-.575548726-15, 
• 70ÛÜÛ Ü00E+C1, 

,3=1,16),1=15,16) 
• 101915C 3 E-18, 

-,599916666 + Cl, 
-.369951396+02, 

.00000000 , 
-.252924046-16, 

.225378536-16, 

.841557736-15, 
-,150000306+Cl, 
3=1,16) ,1= 1, 2) 

.392609036+03, 

.368616656+(3, 

.374608226+03, 
-.426121745+:2, 
-,2 8 7991116+13, 

•A8C55552E+r1, 
.510000005+03, 

-.552536536-16, 
3=1,16),1= 3, 4) 
-.927328116+03, 

.807880056+03, 

.405460356+04, 
-.395456616+01, 

.171789126-14. 

.175825076-14, 
-.12542 C:> 16-14, 

.999999996+01, 
3=1,16) ,1= 5, 6) 

.188126676+03, 
-.121282326+04, 
-.376753356+04, 

.301276716+32, 

.480555526+01, 
-•61297535E+C3, 

.503962346+04, 
,541293586+04, 

-.476298916+03, 
-, 361123866 + 02, 

. 312190 80E + C2, 
* 30 7520 676+ 02 , 
.637605616+01, 
.10100000 , 

/ 

.252872306+02, 
-.164168336+01, 
-.383657316+02, 
• 3300 000 06+01, 
-.890387436+02, 
-.670097406+02, 
-.585334346+02, 
-.696176386-17, 
/ 
-.155993336 + 04 , 
-. 991380 00 6+C3, 
-.272154456 + 03 , 
-•h 2612174E+G2, 
-.927028116+03, 
-.208731666+03, 

.376878766+03, 

.120000006+02, 
/ 

-.952074546+04. 
-. 300158976 + 04, 

.217633046+04, 

.395456616 + 01 , 
-,855947456+03, 
-.146235716+13, 
-.482432666+02, 
-.533562996-16, 
/ 

.214187046+04, 

.263780506+03, 
-.332158896+04, 

.301276716+02, 
,807880056+03, 

-.540648576+03, 

.291831816+04, 

.541021196+04, 
-.478431946+02/ 

.804389566+02, 

.305086366+04, 

.527194516 + 04, 
-.451952836+02, 

.370222526-14, 
-.678568716-13, 
-.244363096-12, 

.841557736-15/ 

-.353218896+03, 
.175278066+03, 
.816142256+04, 

- .585534346 + 02, 
-.466227716+03, 

,5<*10 21196 + 04, 
.229805186+05, 

-.125210876+03/ 

-.401920 436 + 03, 
, 787573776+04, 
.279424786+05, 

-.154078136+03, 
-.200055556+01, 

.332986116+02, 

.556631106+02, 
-.150000006+01/ 

-.193064226-16, 
.130998736-15, 
.838088286-15, 

-.6961763 86-17, 
-.299861116+01, 
-.478431946+02, 
-.125210 876+03, 

.324986116+01/ 

-.680041776+02, 
-.115629276+04, 
- .222786466 + 04, 

.444141356+02, 

.171789126-14, 
-.162196656-14, 
-.722729176-14, 

.ÙOCOOCC3 / 

-.855947456+03, 
-.236074106+04, 
-.425478316+04, 

.863188046+02, 
-.25^353336+03, 
-.163608466+03, 
-.30 3955776 + 03, 

.149988896+02/ 

-.380068756 + 03, 
.734409176+03, 
.178899396+04, 

-.156710 506 + 01, 
.175825076-14, 
.868749526-14, 
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-• 1229 9278t. H 4* - . 18217146F* f 4 » -^234382266 + 14, 
. 334 9471 ïfc *0 3, - .97â5bi,22£-16, « 21C JCC OCL*C2 , 

OATA ((ÜM12(I,J),J=l,lfc),I= 7, 8»/ 
- ,991 383 ] 0£ *1 3, - ,2C 87r 166E* C 3, -,30 0158 976 + 1,4, 

- .54C64857Ç + : 

.313082896-13, 
' • 16593714E-15/ 

• 26 3783 50 E+0 3, 
-,278703176+( 4, 
-,72172477-.+94, 
-.11*629276 + 0 4, 

.734439176+13, 
-, 265 341506 + 0 4, 
-.85 3690416+64, 

OATA 

! 3, 
-.676512956+'3, 
-.215958336+32, 
-.1621966 56-14, 

.868749526-14, 
.642125246-13, 

-.689999996+01, 
( (0M12(I,J),j=i,16) fi= 9,10)/ 

.146235 
-.431997396 +C4 , -.30C766 
-• 4r29C682t + i,4, -.613308 

.215958336+(2, .444561 
-.2360 74196^,4, -.1636Ù8 

3GC76649C+C4, -.273285 
-.218532036+04. -.607288 

•219903316-15, .414461 

716+03, 
496+04, 
466+04, 
336+02, 
466+03, 
096+04, 
C2E+04, 
116+02/ 

-.5882/2996+0 3, 
-.257831186+04, 
-.716023676+(4, 
-.761556616+94, 

, 374668226+0 3, 
-.376783356+04, 
-.548341146+(4, 

.234311296+(4, 

.39370 3546 + (3, 
-,122992786+.4, 
-.548341146+(4, 

,73.j745956+C1, 
.51000(006+(3, 

-.182171466+(4, 
-.81126(536+14, 

.700526126-16, 
□ ATA <<DM12(I,J>,j=i,16, ,I = ll ;¿¿)/ 
-•27215448E + C 3, ,376878766+(3, 

.493466926+(3, 
-.278763176+(4, 
-.667415096+04, 

. 73C745 95E + Ò1, 

.405460356+04, 
-.676512956+(3, 
-.92(066896+04, 

• 1975CC 00 6 + 02 , 

-•332158896+Í4, 
-.667415096+(4, 

.635065226+ù3, 
-.222786466+04, 

• 178899396 + Ci*, 
-,526079396+0 4, 
-.173147366+05, 

-.234382266+C4, 
-.92(066896+(4, 
-.296278586+(2, 
-.722729176-14, 
.313(82896-13, 
• 201¿61396-12, 

-•31875CC06+C2, 
ATA ( (0M12 11, J) »J=l,16),1 = 13,14)/ 

.217633046+(4, 

.4(29(6826+(4, 
,139386596 + f 5, 
.296278586+02, 
• 42547831£+C4, 
.613308466+04, 
.427710 676 + (4, 

-.221963296-15, 

-.392649306+03, 
-.265341506+04, 
-.526079396+04, 

.391459876+02, 
- .125420 51E-14, 

.642125246-13, 

.201061396-12, 
- .589914406-15/ 

-.482432666+02, 
• .218532336 + 04» 
» .427710 676 + 04, 
.127002286+02, 

■.303955776+03, 
■ .6072 88026 + 04, 
• #124928 75E + C 5» 
.432534426+02/ 

-.24821790E+C4, 
.245281936+(4, 

-,760550616+(4, 
-.293770706+(5, 
-.426121746+(2, 

. 3C127671F+C 2, 

.73j 745 956 +01, 
-.264465326+(2, 

-.170564(26+03, 
.334947106+(3, 
.234311296+04, 

-.264465326+^2, 
-.552536536-16, 
-.97856(226-16, 

.708526126-16, 
00000080 , 

ATA ( (OM12(I,J),J=1,16),1 = 15,161/ 

-.671949796+04, 
-.721724776+04, 

.635065226+03, 
-.264465326+12, 
-•395456616+01, 
-.215958336+(2, 
-.296278586+(2, 
.09CGG0C0 , 

.632322976+03, 

.85369(416+04, 

.173147 366 + 05, 

.659252386+02, 

.999999996+01, 
-.689999996+01, 
-.318750006+02, 

.C0C0C0C0 / 

.^26121746+(2, 

.3(1276716+02, 
• 73j 74595E+C1, 

-.264465326+02, 
.444141356+02, 
• 156 710 506 +C1, 
.391459876+02, 
.659252386+(2, 

• 120C0 00 06+C2, 
• 210 00 OC 06+ C 2, 
• 19753 00 36+C2, 
•OCOOÛCCO , 
.COCCCOC9 . 

•.165937146-15, 
■.589914406-15, 
.00 009 OC 0 , 

ATA ( <0M22(I,J),J=i,i6) ,1= 1, 2)/ 

.395456616+01, - 

.215958336+(2, - 

.29627858E+C2, - 
.00000009 , ,0 
.863188046+C2, . 

• 44456133 E+C2, 
.127002286+(2, 

*00000000 , ,0 

.533562996-16, 

.219903316-15, 

.221963296-15, 
0000000 , 
149988896+02, 
.414461116+0?, 
.432534426+02, 
OCOGOOG / 

.16728590E+C4, 
-.776431596+(3, 

• 3921820 OE +C 3, 
.165478606+(4, 
.355313086+(3, 
.125368406+02, 
.313167896+03, 
.527401906+03, 

-.355313986+03, 
-.423114656+93, 
-.152990076+(3, 

•OOCOOCOO , 
• 2C 799111E+D 3, 
•15598889E+C3, 

-.128130086+C3, 

.118121666-13. 

.396948106-14, 
-.893989746-14, 
.OOOOOOCO , , 

»69C550436+13, 
•35564907E+C3, 
•101601826+03, 

.OOOOOOCO , . .00000 000 „ . 
TA ((DH22(I,J),J=1,16),1= 3, 4)/ 
• 118121666-13* .69055C43E+C 3, .634716366 + (4, 
.228068436-13, .628428146+02, 
.60 5765446-14, 
.479173996-13, .00300090 
•181709996+C1, -.125192826-14, 
.534046276+03, -.352278976-j4, 

• 20C10598C.+ G4, 
.148165C16+C4, -.145088696+C4, 

*00000000 , ,0 
.866248 67 E + C3, 
.394172256+02, 

•645640696+03, -.372228296-14, -.646940846+03, - 

.181709996+01, 
•41C0Û4096+03, 
,752391786+03, 

? 0000030 , 
•.125192826-14. 
-.104072576-14, 
.338791496-14. 

I000C.000 / 

.866241676+03, 
*141251286+04, 
.485780816+03, 
0000000 , 
•328761486+03, 
«320942226+03, 
• 319502626 + 03, 
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* 
« 
« 
« 
« 
« 
» 
« 

« 

# 
* 
« 
# 
« 

* «cüóiK'Qcj » . oaococra 
OATA ((OM22(I,J>fj=itl6»,x= ç, bf/ 

77643159C+C3» .12536840£♦C2, -.22836843^-13, 
.73326^646+03, 
.l4l48764E+'4, 
«c&ccoccn , 
•15598889E+L3» 
• 62 j 5 2ü15E+ O 3 » 
.692336635+03, 

- .CGkîjûCC , 
3AT^ (<0M22(I,J»’J=i,i6»,j= 7, b)/ 

• 3556492 76+0 3, .2L0106 986 + „i*, 
.8ÛÙ14317E + C 3» .287998266+04, 
.13557898E+03, 
«GCOiJCCoo , 

-.1C437257C-14, 
-.81672' 781E-14, 
- .2660 3719E-13» 

.00 C00 JC 3 

• 241 938092+t 4, 
• 17188745E +t 4, 

-. 16352129E +C 4, 
-.423114056 + r 3, 

. 73 3263*34¿+C 3, 

.8114 7462E +Í2, 
-.14514o24E + C 4, 

.39694810 E-l4« 
-.223206876-13, 
-.398570 0 7E-13. 
-.20814947E-13, 

• 41j 00409L+C3» 
. 80389340F+f 2, 
.14935633E+Í 4, 
.285608186+04» 

,o aoccooo / 

-- ,534046276 + 03, 
-.22 320687E-13 , .80389340E + 02, 
-.10411810E-13, - .16ul5529E + 04, 
.COOL3CrC , .JÜCOOûOS , 

628423146+12, -.35227897E-14, 
.80C143176+Q3, 
.13294259E+04, 

.OOûCOCOO , , 

.268604556+04, 
.OOCCOOOC , 
.1412 5128 E+14 , 
.11588431E+C4, 

1155935 78 6 + 03 , 

* 
« 
♦ 
« 

« 
» 
« 

OATA C(DM22(I,J),J«1,16»,I= 9,îû»/ 
’’oooooro 

-•8167 07 81E-14, 
- .40 9394 74E-14, 

>30001000 f 

.39417225E+02, 
»11588431E+04, 
.246754626+04, 

uCOGCGOO , 
•32C94222E+03, 
»12997608E+04, 
•15564717E+04, 

.392182J0E+C3, 

.17138745E +C 4. 

.477349116+:4, 
•507033746+04, 

■.15299C]7E +[3, 
.141437646+04, 
• 22402944£ + l'4; 
.29123443E+C 3, 

-.313167896+03, 
.81147462E + C 2, 
.22 402 9446+ 24, 
•OOoOOOPO , 

-.128130f8E+03, 
.692336636+03, 
.29162 885E+ C 4, 
.00000000 

data ((OH22(I,J),J=1,16)tI=llfl2); 

-.605765446-14, 
-.398570 07E-13 , 
-.925162 726-13, 
.OOOGOCOC , , 
-.148165016+04, 

.135578 986 + 03, 

.313058066+0^, 
.OOCCOOOC , . 

•iûJGCùOG 

.645640 69E + 03, 

.149356836+04, 

.239979776 + 03, 
•CCÛCCGùG , 
-.372228296-14, 
-.266037196-13, 
-.626027016-13, 

>4 OQ CCOOO / 

-.893989746-14, 
-.104118106-13, 
-, 92516272E-13. 
-.222072366-12» 

. 752391786+0 3, 
-.160155296+C4, 

•23997977E+03, 
.70607JJ5E+C4, 

1Ü16U1826+C3, 
.13C 942596 + r 4» 
.313258066+04, 
.COOÛCOCO , 
.338791496-14, 

-.409394746-14, 
-.526C27C1E-13, 

coooocco 
OATA ((0H22(I,J),J=i,i6>,1=13,14»/ 

-.145088696+04, 
.268604556+04, 
.929243916+04, 
03000000 , 
.485780816+03, 
•24675462E+C4, 
.48145082E+C4, 
ÛOCûOOCÜ , 

-.64694c 846 + 0 3, 
.155935786+03, 
.481450 826 + 04, 

•00000000 , 
-.319502626+03, 

•1556471*6+04, 
•687464406+04, 

•30ÚCGÚ0C / 

.165478636+04. 
-.163521296+04, 

.507033746+04, 
>19918047E+15. 
•00000000 
.00300000 
• 000 030 JC 
.00000030 

* 

» 

•OOOOQCGO 
•OOôdOGOO 
.00300000 
• 000 000 30 
.00300000 
>00000000 
•00003000 
>00300030 

. oooococc 

. OCPt 00 00 

.ooccjoon 

.oocoooco 
. 000 ooc oc 
. 00 00 0j 00 
. 000000 ÛO 

OOCGOC ÛG 

3, 
♦ 

-.527401906+03, 
•.145146246 + 04, 
.29120 4486 + 
.00000003 
000 PO 3 00 
00 0003 00 
03 0 COP OC 
000000 OC 

□ATA ((0M22CI,J),J=1,16»,1=!^ 

« 
» 
« 
* 

* 
« 

□ATA ((0A1(I,J),j=i,16),I= 1,2)/ 
.146969386+02, 

-.257196426+02, 
-.389731316+02, 
-.760942346+02, 

•00000000 
.00000000 
•00000000 
•00000000 

.479177996-13 , 
-.208149476-13, 
-.222072366-12, 
.00003000 , 

.r oocpoop 

.C0CÜ30CC 

.POCCCOCC 

.0000L00C 
16) / 

.OOCPCOCP 
•C03C0Û0C 
.COOPOOCC 
.oonooocc 
.00000003 
.P OOOCOOP 
.ooooooor 
ooocrocc 

.182586796+03, 

.285608186+04, 

.706070056+04, 
• G O00C3OO , 

•CJOOGCOO , 
•GCCGOCOO , 
«or oooooo 
• L>. OOCCOO 

, 
/ 

•CGQGOûuC 
.u 0cnoooo 
• OC OGouGC 
.or ooopcc 
«GCGJOOOG 
.OCoocooo 
• OC' ccococ 
.00 30000 0 

, 
, 
, 
, 
, 

» 

/ 

-.120000006+02, 
-.27Û00C00E+C2, 
-.60 750 00 06 + C 2, 

.100000006+01, 
• 00 0000 00 
.OOOOOO OG 
.OOOOOO 00 
.OOOOOO OG 

-,367423466+C2, -.180000006+02, 
-.297613006+02, - .405300CCE + 02, 
-.53735681E+G2, -»911250006+02, 

. 00000000 , , 00 0 CO 0 0 0 , 
ÜOOOOOOO , .oc oooooo , 
COOOOOOO , .CGOOGGOO , 
oooooooe • .oc oocoo o , 
100000006+01, *150000006+01/ 
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OATA <<OAl(I,J),J=l,16l,1= 1, 4)/ 
.leTi^riòE»u?, 2. 
• 395 0-+8 16c ♦ L 2» .45 Ü U l, ? H E* f 21 .1 35 92<* iS £ ♦.. 3 
.275Q**444E»r 3, ,29925o . 3E* w 3, .3614^388^^.3 
. 11176328t>f 3, .1P0C0 C£I3E*D1, .nívOC^OQ ♦ 
.5261111SE»Cl, ,2C 816682E-16, -, 3619 57 86 £♦.2 

-.451436716+62, -.80CÛ1CD3E+C1» -.89f35451E+r? 
-.18895818E+C3, -.16^0 0 01:36+-3, - . 36 91 87 03 E +63 
-.Ç8626328E+U 3, .OLOOoOCt) , . 10 O ^ 0 CT CE+U 1, 

DATA ((0A1Í1,J|,J=1,16),1= 5, 6)/ 
.1377667'E + 32, -.40313OCPS+Í 1, .18830111E+C2 
.389571 JiE+C 2, .23nCjOOOE+r2, .2úC638 41E+C2 

-. 307484 j7t+': 2, - . 4-25 * OC C E+1: 2, - . 61C 74916 E+C 2 
-. 195013626+^2, .ItCCCOCOE + C1, .OCfOOtOG , 

.8514456-1^ + 1 1, -.1734 7235E-1 7, -. 2Cll2396E+r.2 
-.11484510-:+12, -.8OÓO.K0O£+: 1, - . 16 7634 64 E+12 
- * 110 32829E +6 2, -.42CüJ OCOE + o1, . 18104859E + C2 

• 464 32 8 3 7E 2, .GOOGDCrO , . 130CQ000E ♦(. 1, 
OATA ((0A1(I,J),J=1,16),1= 7, 8)/ 

.11497691E+L2, .40C0OCúÜE+r1, .50531615E+C2 
-.20 2 8-.413E+01, -.232 09 COCE*" 2, - . 78 13L535E + Í 2 

.410 606 37E + C 2, 
- * 7317915 3E + 0 2, 

.1860 3654E +C2, 
-.450 365 J5E +01, 

• 22445131E + 0 2, 
-.1151795 8E +C1, 

OATA ((OAl(I.J)tJ 
•89459798E+D1, 

-.76419656E+C2, 
.61782797E+C2. 
•1C607633E+H4» 
.29546564:+02, 

-.517938 20E +0 2, 
-•39786443E+02, 

• 47450030E+C 3. 
OATA ( (DA1(I.J),J 

• 882 33911E-17» 
-.31144112E-15, 
-.22748158E-15, 
-.55109783E-14, 

•29393877E+02, 
-.51439284E+C2, 
-.77946262E+Û2, 
-.15218847E+03, 

OATA ((DAl(ItJ).J 
.509418 73E-17, 

-•19978957E-16, 
-.16214389E-17, 
-.43645608E-17, 

.169 73563E+0 2, 
-.32998316E+Û1, 
-.55558389E+Ü0, 
-.12C 52956E + 00, 

DATA ((OA1(I,J ),J 
•84852813E+01, 

-.16499158E+C1, 
-.27779195E+C0, 
-.602647 82E-C1, 

.00000030 , 

.ooooocoo , 

.00009000 , 

.00000000 , 
OATA ((OA2(I *J ).J 

.40 2500005 +1? 2, 

.1000ÛC0OE+C1, 
- .52 0417C 4E-17, 
-.8CocaccoE+:i, 
-•400C0009E+C1, 

.OCOOOOCO , 
=1,16),1= 9,10)/ 

.12030u00E+C2, 
-.450C3COOE+02, 
-•299250C OE+r 3, 

• 10CG0 0005+01. 
.13877788:-16, 

-,799999995+Cl» 
-•1640C0C0E+13, 

.00003030 , 
= 1,16) ,1=11,12)/ 

• 12C 00 cc 0: + 5 2, 
• 27ÛC0 0ü3E+02f 
.60 750 00 0E+ C 2» 
.ICtOOOCOE+Cl, 
.00000003 , 
• 000 OG 00 O , 
• 63230 671E-15, 
.00000000 * 

=1,16),1=13,14)/ 
«400030C3E+C1, 
• 10 QC Q 00 OE+l1, 
• 25000 ÜOOE+CO, 
• 10000 OC OE+C1, 
.00000003 , 
•OOOCCOCO , 
• 26020 852E-17, 
.OOOOOCOO , 

= 1,16).1=15,16)/ 
-.40 COO 00 OE+C1, 
-.1CC0C0C0E+C1, 
-•2500000 OE + C O, 

•loocacooE+oi, 
.00000000 , . 
.00000000 , . 
,00000300 * . 
.00000000 . . 
=1,16).1= 1, 2)/ 

• 11936560 E + t2 
.OOOOOCOO , 
.1243C145E+C2 

-•36481124 E + C1 
-,296574136+02 
. lOOGGor cE+r i, 

.75925743E+C2 

.61114630E+U2 
- ,41C 08641E+ 03 

.OOCOOCCO , 
•73212942E+Ü2 
,56372657£+r2 

- * 79865569£+t2 
• 10 00 O 00 OE +C 1, 

• 16178215E-15 
.37030279E-15 
, l7298fl98E-14 
•OOCOOOCO , 

.73484692E +02* 

.5952260 1E+C2, 
.1Û747136E+03 

.lOOCOOOOE+Gl, 

.311349896-16 

.79183117 E-17 

.41099C19E-17 

.30000000 , 
. 1414213 6E+0 2, 
.12727922E+01, 

,25534412E+C0 
•100G0000E+C1, 

-.70 710678E + 01 
- « 63639619E+C0 
-•12767206E+Q0 

.OOOOOCOO , 
O 0 000040 . 
00000000 , 
cooooooo , 
10000000E+01♦ 

, -.2C10CC3ÚE+31, 
, .1515OOCCE+03, 
, •3458 75 U u E + C 3, 
-,99999999E+Ù3» 

, .48572257E-16, 
» - « *+8 OQ 0 O C G E+O 2 » 
, - • 3960 Ou C3E + C 3, 

. 15000 0ÜÛE + 31/ 

, .14C00>:3',E + ü2, 
, - .5:3C»)0C0E+30, 
, -.431250u3E+ú2, 
-. 10C00 PCOE + Ol» 

, .238166 32L-16, 
, — .16<jGGü£ü£ + C2, 
, .2830-0305+32, 

. 5 k O u 0 C C3E + 00/ 

, .14C00ÔOCE+32, 
, -.5ÛCÛÜJC3E+30, 
, -.43125C0CE+02, 
-.lOOGOOüCE+Ol, 

, -.13877788E-16, 
, .16ÙÙCO0CE+02, 
, - .28COOOCOE+02, 
-.503CÔOÛOE+30/ 

, -.2CC3000JE+01, 
, ,1515 Ou Ü0E + 03, 
, .3458750CE+03, 
-.99999999E+00, 

, -.55511151E-16, 
, .48CC0C00E+C2, 
, ,3960 úuCCE + 03, 
-,15GC0 O O 05 + 01/ 

, -•180000C0E + C2, 
, -.4050 00 30E + 0 2» 
, - .9112 50 00E+ 02, 
-. 15510 549E-17, 
-.46837534E-16, 
-.281025205-15, 

, -.63233671E-15, 
-.15GC0 Où Ot+Ol/ 

, - .20CC 00 00E+01, 
, -.5000 00 0GE + 30« 
, - . 1250 Ol) OOE + OO, 
-.517C1829E-18, 
-. 52041 70 4E-17, 
-.346944705-17, 

, -.86736174E-18, 
-.5COOOOOOE+00/ 

, -.2000000CE+C1, 
, -.5009 00 OOE+OO, 
, - . 1250OCOCE + OO, 

.00000000 , 
.03000000 , 
•00000000 , 
.ooooocoo , 

• 5 0000 0 00 6 + 00/ 
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* -.29393877LH 2, 
* .51439294t♦CZ, 
* .77940242E+C2, 
* .1521ft947£>ö3, 
* .32033010 . 
* .OüOOQJüO i 
* .0CG0ú«J3 • 
* «OOúOCOlO « 

O ATA ((0A211«J )< J 
* - . 308 41520t +0 2. 
* .81900025t+11, 
* -.15693356t: ♦LT, 
* -.390842185+1 3, 
* - • 9338C61G£♦('!, 
* .31042217E<-L2, 
* •847 83537E>L2, 
* -.31633333£>l3, 

DATA ( (Í1A2(I,J),J 
* -.21586839^+1 2, 
* - .229 69C 211♦t 2 » 
* .55355577E+Û1, 
* .13768772EH2, 
* -.13341431E+C2, 
* .9Û0 73G11E + PI, 
* -.200195386+02, 
* .178321776+02, 

OA TA ((OA2(I,J),J 
* -.13341431E + 02, 
* .90Q73011E+01, 
» -.20018538E +¿ 2, 
* . 178 32177E +C 2, 
+ -.21586839E+L2, 
* -.229690 21E +C 2, 
* •55355577E +01, 
* .13768772E+L2, 

DATA (COA2(I,J),J 
* -•93380610 E +01, 
* .81042217E+L2, 
+ •847 83587E +0 2, 
* - .31633333E + 0 3, 
* -.3Q841520E+G?, 
* .81960C25E+01, 
+ - . 15683866E +0 3, 
* -.39084218E+03, 

DATA ((OA2( I ,JI,J 
* -.15197172E-16, 
+ .22220819E-15, 
* . 10 387729E-14, 
* .12868998E-14, 
* - . 293 938 77E +0 2, 
* .51439294E +0 2, 
* .77946262E+L2, 
* •15218847E +G 3, 

DATA ( (DA2 (1 * J), J' 
» -•87740914E-17, 
* .14254662E-16, 
* .740 41455E-17, 
* .10191933E-17, 
* -.16973563E+02, 
* .32999316E+01, 
* .55558389E+00, 
* •120 52956E + 00, 

DATA (<OA2(I.J>,J: 
* -.16970563E+02, 

.120 00i>00E+j2, 

.27000 00*5E+22, 

.60 75fi OC (JE + C2. 

. TOGOi000 , 
ocoroocc , . 
CO cooooc , . 
G003G00C , . 
J 0 û 10 0 ü 0 , . 
1,16»,1= 3, 4»/ 
.120 00 OC 0E+ . 2, 

•.89999999E+L1, 
■ .14925 CO 0 E + C 3• 
• C CG9 0 CO 0 , 
• 7 9999999E+ L1, 
.46CÜ00C0E+12, 
.30 504 OOCE + t 2, 
.0 3000 or ? , 
1,161,1= 5, 61/ 
.4000,: or-OE+oi, 
.iiooocro£+r.2, 
.1025ijOrOE + L2, 
.30000000 , 
.830040136+:1, 
.20003 OOOE+ri, 
.95L0Û OOOE + C1, 
. 0 C 3 . G 0 0 , 

1,16),1= 7, 8)/ 
.•,0030 OG OE + C 1, 
• 11000 000E+P2, 
.13 250 LÖ0E + C2, 
.C300CGC0 , 
.ACGOuiCOE+ul, 
*200ü0 CCOE+Ol, 
•94999999E+C1, 
.OGOQOGCO , 
1.16) ,1= 9,13)/ 
.12CCQ0CÛE+C2, 
.89999999E+01, 
,14925 CC ÖE + C 3, 
.0000J000 , 
.79999999E + M, 
•46000 úGQE+62t 
.30 500 CG3E + 02, 
• GOCOOCOü , 
1.16) ,1=11,12)/ 
.120030306+^2, 
,27303GLOE+LC, 
•607530006+02, 
.OOCOOOCO , 
• 12 40 8 43 9E“ 16 » 
.837569E4E-16, 
.314Û8861E-15, 
.0000 J LG 0 , 
1.16) ,1=13,14)/ 
• 40CC0 Û00E+C1, • 
.lOCOOOCOE+31, 
• 25C 00 OC 3E + C0 , ■ 
.OOGCCOCO , 
,41361464E-17, 
.31021098E-17, • 
•12925457E-17, 
,00 G Oü OG Q , 
1.16) , 1 = 15,16)/ 
.400000006+01, 

. 73484692F + G2 , 

.595226016+02, 

.10747136t+r3, 
.30000000 • 
CCOOÜOOt , . 
cooctoor , . 
00000000 , . 
rooGCoro , . 

.61540366 6 +j2 , 
-.53C 34337E + C2 , 
-,29417963E+ 13 , 
.coococoo , 

.74747686E+C2, 

.1CP10C05E+01, 
-•272 6 62 50 E + C 2 , 
.000C00G0 , 

-,42466444E+01» 
-.15807969E+r2 , 

,209449991 +12 , 
. 0 J G 0 0 Gr 0 , 

.47C96CP8E+C2, 
-.142447146+02, 
-.41121995E+C1, 
.aoooooro , 

-.47C 9 6C 08 E + C 2, 
• 14244714 E + C2, 
.41121995E+01, 

.ooooooco , 
.42466444E+ul, 
.159079696 + 02 , 

-.209449996+12, 
.00000000 , 

-.74747686E+02, 
-.10010^056 + 33 , 

.27266250E+C2, 
.030C000C , 
-.61540366E + 02 , 

• 5 3L 343 37 6 + C2 , 
.29417963E + L 3 , 

.OOCCOOCO , 

-.11397879E-15, 
-.52518567 E-15, 
- • 117051 C6E-14 , 
.00000000 , 
-■734846926+C2, 
-.595226016 + 02 , 
-.107471366+03, 
.80 G 0000 C , 

.219352 29E-16, 

.112302266-16, 

.27810477E-17, 
00000000 , 
.141421366+02, 
» 12727922E+Cl, 
.255344126+00. 
OOOOOOCO , 

.14142136E+C2, 

.180000006+02, 
,4050 C0006 + C2, 
.91124999E+02, 

• C O J30000 , 
OoOCOOOO • 
CG UC0000 , 
Go CbOCÜO , 
üuOOOCOQ / 

.lCüOOOOOE+02, 
-.59500C00E+O2, 
-.254375C0E+03, 

• :coúüúüü , 
.24CC00C0E+02, 
.600000006+02, 

-.103500006+03, 
.’OOOOOOO / 

- .óC0ü0u3CE + 01, 
- ,35COOCf06 + 01, 

«1462 SOG 06 + 02, 
• 3 ÚCCG0G3 , 

• 8QCÚCOOOE + 01, 
-.12G00C C0E + 02, 

• 54999999E+ Û1♦ 
•C0000000 / 

-.60C0000CE+01, 
- * 3500 CC COE + 01, 

.14625Cn0E+02, 
..OÚOOOCO , 
-.79999999E+01, 

. 1200 00 00E + 02, 
-.55CO0000E+01, 

.00000000 / 

• 100000 OOE + O 2, 
-.5950000CE+02, 
-.254375006+03, 

.00000000 , 
- ,24000 0 OOE + O2, 
-.ÒOCOOQOCE+Q2, 

.103500006+03, 
.30000000 / 

•18C00C00E+Q2« 
•405000006+02, 
.911249996+02, 

.0 OOOGOOO , 
-. 372253176-16, 
- .30802653E-15, 
-.151381966-14, 

.00900000 / 

.200000006+01, 

.500000006+00, 

.125000006+00* 
.30000000 , 
- .413614646-17, 
-.3802 79676-17, 
-,207657006-17, 

• u GCOOOOO / 

.200000006+01, 
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» 

* .32991316E+U1, 
* • 555 59 3 89F! ♦C O * 
* • 120 52956t♦C3* 
* «oOOJltOO V 
* .UÓ33CÚOO t 
* .0CC0C330 . 
* «OOGOtOJO ( 

N P = 8 
IP=2*N P 
IP2=3*N3 

dCCOOOOOE + Cl* 
.25UOnOOO£*PO, 
.0000000" . 

(OROOCCOO » 
.0QGÙ03CC . 
(OCOOCLLO • 
.DCCuCjfL . 

.12727922E»fl 

.2563^4120 + 00 
.000C3C0G . 
COOOOOOC . 
C30&C00C . 
oaoococr , 
C 03000GC , 

, .5CCGCCCCE+0C« 
, <1250 GOOOE + O 0. 

. 3 C 0 3 r û 0 0 . 
.GlOuOGOO . 
(GCCüüOüO . 
.et 030100 . 
.CGCOOPOO / 

00 800 KT = 1» NCRK8 
N 0 RHO= 3 
IF(CPRP(l.KT>.LE.O» GO TO 800 
IF(CPPP(3» KTI.LE.C) GO TO 800 
IF(CPRP(4,KT).LE.P» NORHO=1 
SIG=CPRP(2.KTI 
G=CPRP(l,<T)/(2.«(l.+SIG)) 
IF(JC(9.KT).GT.3) SIG=SIG/C1.+SIG) 
THICK=CPRP(3,KT» 
RHO=CPRP< 4.KT) 
WTS=DL#G*THICK 
IF(ICPRT.GT.CI HRITE(IOUTl,20f1» 

•CPRPd.KT) »G.CPRP (2.KTI , SIG »RHO.THICK 
2001 FCRHAT<//1CX,“E.G»NU.SIG.RH0,THICK”,/1CX,1P6L1G.3/1 

J1 = JC ( 1. K T) 
J2=JC( 2.K T) 
J 8 = JC ( 8 « KT) 
A(31=0 . 
0(3)=0 • 
DO 17C I=l«NOOF 
A m=CO(I. Ji)-CO(I.J8) 
0(I)=CO(I,J2)-CO(I.J1) 

170 CONTINUE 
CALL UNIVEC (A.NOOF.OEL) 
CALL UNIVEC (ö,NOOF,OEL1» 
IF (ABS(OELl-DEL) .GT. (5.E-06* (OEL + OELim WRITE (6,1001) KT 

1001 FORMAT C//10X,••+•+* WARNING 8-NOOE ELEMENT NUMBER ",I3. 
* //27X.-IS NOT RECTANGULAR WITHIN (-CE)“) 

W TM=THICK*DEL+ DEL•RHO 
00 16J 1=1.IP 
DO 160 J=1,IP 
S2(I,J)=0A1(I,J)+SIG*OA2(I,J) 

160 T1(I,J)=S2(I.J) 
IF(ICPRT.LT.3) GO TO 201 
WRITE(IOUT1,20 03) 
CALL PRTRM(IP,S2.IPfIPtI0UTl) 

2003 FORMAT(//13X,“A IS“/) 
201 CONTINUE 

CALL INVERT (S2.S1»IP,IP) 
IF(ICPRT•LT.3) GO TO 202 

■ WRITE ( IOUT1,2C 34) 
CALL PRTRMIIP,S1.IP,IP,ICUT1) 
WRITE(IOUT1,2G05) 
CALL MABC(IPtSl,IP.Tl,IP2,T3fIP.IP.IP) 
CALL PRTRN(IP2,T3,IP,IP,I0UT1) 

2004 FORMAT(//10X,“AINV IS“/) 
2005 FORMAT(//10X,“A*AINV IS“/) 

00 159 1=1.IP2 
DO 159 J=l.IP2 125 

159 T3 (I.J)= 0. 
202 CONTINUE 

DO 161 1=1,IP 
00 161 J=l,IP2 

161 S2 (I.J)=0• 



00 16¿ 1*1,NP 
10C = 2M-1 
LOC1 = NO')F-» (I-l I 
00 1Ó2 J=1,N00F 
S3(L0C,L0C1+J)=A(J) 
S2 (LOC»l,LOCl*J) = B(J) 

162 CONTINUE 
LOC=NOOF*np 
IF ( ICPRT. LT. 2 ) GO TO 2CIJ 
M 9ITE CIOUT1 » 22 20) 
CALL PRTRN(IP,S2,IP,LOC,I0UT1) 

2023 FORMAT (//1?X ,”THE T MATRIX 155"/» 
2C3 CONTINUE 

CALL MAHC IIP,SI, IP,S2,IP, TI,IP,IP,LOO 
C (AINV*T) IS IN Tl 

I F (lOV NAM.GT «G• WRITE (25) OEL,G,T H ICK,H TlCJ,K),J = 1, I*|,K=1,1 
*OC) 

IF (ICPRT.LT.3)GO TO 323 
WRITEdOUTl, 3w 32 ) 

3030 FORMAT<//13X,"THE AINV*T MATRIX IS*V) 
CALL PRTRM(IP,Tl,IP,IP.ICUTl) 

303 CONTINUE 
00 163 1=1,IP 
DO 163 J=1,IP 

16 3 S 3 ( I,J) = ( OKI (I,J)♦SIG*0<2(I,J)I*WTS 
CALL AT3A ( IP,T 1,1P,S3,IP2,T2,LOC, I®) 
IF (ICPRT.LT.3) GO TO 204 
WRITEdOUTl,2C 21) 
CALL PRTRMdP? ,T2, LOC.LOC, IOUT1) 

2021 FORMAT (//1CX,“THE GK MATRIX IS**/) 
204 CONTINUE 

IF (lOTNAM.EQ.n WRITE ( 25 ) ( DEL ,G, TH ICK, SI ,S2, T2 ) 
IF(NORMO.Ea.l) GO TO 165 
IF (IDTNAM.Lt.U.OP.IDYNAM,GT.?)GO TO 165 
S IGSQ= SIG’SIG 
DO 164 1=1,IP 
00 164 J=1,IP 

164 S2 (I,J) = (0M11(I,J)+SIG*0M12(I,J) + SIGSQ*OM22(I,J))*MTM 
C CM IS IN S2 

CALL ATOA ( I P, Tl , IP, S2 , IP2 , T3 , LOC , IP ) 
IF(ICPRT.LT.3) GO TO 205 
WRITc(IOUTl,20Q6) 
CALL PRTRM(IP2,T3,LOC,LOC,I0UT1I 

2006 FORMAT (//10 X ,,*TH£ GM MATRIX IS"/) 
205 CONTINUE 

GO TO 167 
165 00 166 1=1,IP2 

00 166 J=1,IP2 
166 T3(I,J)=0. 

IF(IOYNAM.LT.3)GO TO 167 
00 169 1=1,NP 
00 168 J=1,NOOF 
K = J + NOOF*( I-1) 
T 3(K,K)=W TM/8.0 

IF(I.EQ.S.OR.I.E0.4.0F.I.FQ.7.0R,I,EQ.8)T3(K,K)=(5.0*WTM)/8.0 
168 CONTINUE 
169 CONTINUE 

167 CONTINUE 
00 91 1=1,NP 
LOC=JC(I,KT) 126 
L0C2=N00F*(I-1) 
DO 91 J=1,NOOF 
LOCATE(J*L0C2)=NF(J,LOC) 

91 CONTINUE 



LOC=NP*NOOF 
IMICPRT.GT.il WRITE U0UT1,2C]7I KT, (LOCATE (J), J=1 .LOCI 

2007 FORMAT (//IX,“ LOCATMJI ••,/lX,I5,10 15,2 (/6X.1CIE 171 
DO 112 I=l,LOC 
IF(LOCATE(II.LE.P1 GO TO 112 
IR=LOCATE(It 
00 111 J=1,L0C 
IF (LOCATE(J)I ITC t111,14Q 

130 IC= -LOCATEiJI 
R(IRt=P(IRI-T2(I,Jl*P(IC I 
GO TO 111 

li»0 IC=LOCATE(Jt 
IFdC.LT.IRl GO TO 111 
IC=IC-IR*1 
ST (IR,IC1=ST(IR.ICI ♦ T2(I,JI 
IF(IDYNAM.GT.2IIC=1 
IF(IOYNAM.GT.ÙISM(IR.ICI =SW(IF,ICt ♦ T3(I,JI 

111 CONTINUE 
112 CONTINUE 
800 CONTINUE 

END FILE 25 
RETURN 
FNO 

127 

-_i—^,--,-„1 „i. 



OlfldNSION 

CCPKICO 

^SUBROUTINl CPA<10 «CO,NF,JC,CPRP, P,S T,SM,NOOF,NROW, SI,S2, S3, Tl,T 2, 

DIMENSION CO (NOOF ,1) ,NF(NtiOF,l),JC(ll,ll,CPRP(4,l) ,PC1) , 
* ST(NPCW,ll,SM(NROW,ll 

DIMENSION SI (20,2 Ci ) « S 2 ( 2 G « 13) , T1 ( 2 0,30 ,T2(3C ,301 , 
‘ 13(30,301,A(3> »8(31 ,LOCAT£(30),S3(20,2P) 

OK1(20, 2Û) ,0K2 (20,20 ,OM11(20,20» ,DM12(2û,2CI , 
OM??(2Q,2C>,DAl(2Ü,20»,nA2(20,20» 

DIMENSION SUMO DO(10»,SUMEVN(1C » 
COMMON NNOOES,NTRIS,NSPRNG» NCFK8,NCRK1Q »NIUMPS, 

* NLDNDS,NRSTR,NER,NRR,NID, 
* IFLAG,Nfl,NDOFN,ISTATE,NKOPE,IOVNAM 
C0MM0N/flLK2/INPRT , KPRT , ITPRT , ICP RT , IOPPT 
COMMON/DLK3/IIN8,1INIO , I CUTI ,IOUT?,I0UT3,I0UT4,IOUT5 
DATA DL/0.Üf25/ 
DATA ( (0Kl(I,J),J = l,2C'>, 1= 1, 2»/ 

«2E3854hQ¿6, -,98855985£>i5, - ,57599873E + C6, -, 85996789E»05, 
• 15459Ç37E + C5, -.187165P8E + C1 , -.63836¿80E»05, 

-.2580urb7c+CÇ, ,00000000 , .00000040 , 
.ooccrûon , ,00000000 , .ocoooooo , 
• OCJOOOCO , .OOOCOOCO , ,04 OCOOOû , 

.20479911E*‘:6, . 56252495E*C6 , -, 489425 66E-0 2, 
-,204798755+06, -. 16776253£>06 » -.20751953E-02, 
-•54613 222F+ C 6, . 00000000 , .OOOOCOCO , 
•OOÜûOCOC , .COOOCOOP , .ocoooooo , 
«00Q10C00 , .ÜOOOOOOC , .00000000 / 

-, 10 u 962 76E♦C 6, 
-.917951465+15, 

.3CÛ030JC , 

.00003000 , 
-.988559856+05, 
-.37124756E+C6, 
-.20712976E+Ü6, 

.00003000 , 

.00000000 , 
DATA ((OKI (I,J»,J = 1,2C>,1= 3, 4»/ 

-.57599873E+06, .56252495E+C6, 
. 115126J 7E + C1, 

-.7241Î776C+C6, 
.30000000 , 
«OùiiOOCOO , 

-.85996789E+C5, 
. 12Ú 23359E + Ú7, 

-.73726304E+G6, 
.00303000 
•CG3ÚÚ0G0 

DATA ( (OKl(I,J),J=l,2C»,1= 5, 6»/ 
-.100 962 76E +£ 6, -.37124 756E+C6, 

--- - - •27546923E+C7, .53494079E+06, 
-.33153449E+C6, -.60 755P52E + C6, .17109200E + C5, 
-.16 650 697E+ C 7, .OQOOCPOO , .00C00000 , 
.OOOCJOüC , .OOOOOOOf , .OCOOOCOü , 
. PC '3000 OC » .OOOOÛÛOC , .00 000000 , 
-.48942566E-C2, .53494C79E+C6, .81919811E+06, 

• 41 320 80 lE-r 1, - . 15058143E + C7 , - .9830 <,222E + 06, 
•42114258E-Û2, .00000000 , .COOCOOCO , 

.OCOCÜùOC , .00000000 , .OCOOOOOO , 
•GOOCOOCC , «COOCOOOC , .00000000 / 

• 35512267E + C 7» 
- • 18019692E +07, 

.00303030 , 

.Ouu 00030 , 
•15459537E+C5, 
.16787275E+07, 

- . 42159821E +{.7, 
.002 0'jû:0 , 
.30000033 

• 16 787275E+P 7, 
.124746326+0 7, 

.OOOCOOCu , , 

.00030000 , , 
-.20479875E+C6, 

.3P31J258F+C7, 
-.24576278E+C7, 
.CO0C3OCO , , 
. 0000000(1 

ATA ((OKI (I,J),J = 1,2C»,1= 7, 8»/ 
.1871650 86+1.1, -.167762506+06, 

• 11512607E + 01, * 120 2 83 59E + Û 7, 
-.50177133E+C6, -.15462737E+C7, 

•OOOOOPOO , •ObOCOOCC , 
00030000 , .OCOOOOOO t 
roopocoo , .CtOQOOûO , 
-.3315u449t+06, .41320801E-01, 

.36196245E+C7, .34332275E-02, 

.OOCOOPOO , .00000000 , 
OOOPCOOC , .03000000 , 
OOOUCOCC , .04300000 / 

-.501771336+06, 
-.494293966+(2, 

•00000300 , 
.ooooacco , 

-.638360806+05, 
-.15462737E+07, 

• 110 38290E + C8, 
.00000000 , 
.00300000 

. 361962456+17, 
-.433673726+07, 
• 00 0 0 0 û OC • 
. 000 0OR OC , 
-.207519536-02, 

* 34332 2 75E-12, 
.267944346-01, 

.00000000 , , 

.OCOOOOOO 
ATA ((OKI(I,J),J=i,20»,1= 9,10»/ 
-.91795146E+C5, -.20712976E+f6 , 
-.18019692E+07, -.42159821E+07, 

.254987466+08, .167828356+08, 

» 63 7550 52E + C6, - .15058143E + 07» 
.94687366E+G7, .58304316E+G7, 
• OCOOGOGO , * GGGGOOGO , 

O 00CQ00G , ,00 000000 , 
ÛOOPOOOC , .0( 000000 « 

• 17109200E + 05, -.98304222E + 06, 
. 58304316E+C7, .10111179E + 08, 
.00000000 , .00000000 , 

00000000 , .OCOOOOOO , 
00000000 , .OCOOOOOO / 

-.72413776E+06, -.73726304E+06, 
-.49429396E+C2, .11C38290E+08, 

•uCOOGOCO , .90000000 • 
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.30:03000 • 
•0GÍ33CÚ3 t 

-.258000 c7t>:5. 
.iZ'iTueozc+tz. 
.167828352 + 0 8. 
.00033000 
.OOCOOtCO 

«OUQGQwjG . 
• DC ú C U 3 00 . 
-.5461 3 32 C F+ j 6» 
-.245762786+:7, 

• 29595378fc+r 8, 

,C03C0a08 
,roC03300 
- • 1665u697t +1.7 , 
-.413673726+07, 

.oocooono » 

• Ok. OkCiOOú 
.GwGOCÜOQ 

. 000CC 0 00 

.ccocc 
DATA ( (0K1(I,J»,J = 1.2C» 

.00030300 
:cr , .looocoon 
, 1=11,121/ 

.421142586-02, 

.2679 44 342-01, 
00000000 , 
000000 .Oí 

.( jCliOOÜO 
, 
/ 

.oocooctc , 

.00003GGC , 
• 0033G 333 , 

- • 384030 396 +3 5, 
-.11 4625 702+01, 

•OCOOOCOG , 
•C30000CÜ • 
.CÛ001C0C , 

-.596396526-11, 
.137727186+01, 

.oocccjOw , .'’ooroocr , .ucoocoo , 

.OOOC'OiOC , .COOGCOOO , .tí UùûOOO , 

.OCrrOÍLC , .60767ü49C+t5, -.265951276-01, 
-,659ü3 989E + C5, -.642909896 + 05 , -.2460 30 106 + 0 5, 
-.21151 595c + c5, -.110336296+06, -.7210 97 826 + 0 5, 
.OOOOöCOU , .ÍÜOCCOOC , .0 0 000000 , 
, OGGlGi. GO , .0 GOGOOOO , • 
.OCOnOCjC , -. 265951276-21, 
-.1672 31C7E-r2, -.166976446 + 03, 
-.142 31573 6-Gl, , 355329536 +Cl, 

000300 , 
ÚOOOQQO , 
.169975946-02, 
.485919506+01/ 

DATA ( (0K1(I,J»,J=1,2í!> , 1 = 13,141/ 
.0(003000 , 
.00003030 , 
• GOO OJOOO , 
.374638496+06, 

-,458681956+í6, 
• COO OOGGO , 
.00003000 , 
•üGOQOüOO , 
.225 039966 +C6, 

-.186402352+C6, 
DATA 

.OOGOOG30 , 

.00000030 , 

.OOGOGOCO , 
-.676528922+00, 

.119469516 + 0 6, 

.00000000 , 

.30300000 , 

.00309000 , 
-.382757406+06. 

.173594106+07. 

. OGOOOuGG , .coorooac , 
• OOOOOüGO , .«00 *3 0009 , 
• OCOCüOOC , -. 384000396+05 , 

,2250c 9966+-6. -.676528922 + (0, 

.CwOGGCOG , 

.CGOCOCOO , 
-.596096526-01, 

- ,380757406 + 0 6, 
-,173870216+(6, .92162676F+C5, -.269512696+06, 
.00000300 , .20000000 , .GwOCGCOO , 
• 00C00Û 00 , • OOOGGOOC , .0( 000000 , 
•OOGOOCOÛ , -.659039896+(5, -.167231Û7E-02, 

.273065646+(6, .318211902+26, -.365887642-01, 
-.109224316+(6, .263615052+06, -.171373956-01/ 

< IOKKI,J>,J=1,20> , 1=15,161/ 
• 0003CG Cf , . " OOCOOOO , ,Ou 900(00 , 
. OOüOOOCC , . 0000000( , *0( 000(00 * 
.000000(0 , -.642909896+05, -.166976446+00 , 

.318211906+06, .165575176+27 , .1128 30116+07, 
-.141187(46+(7, -.151265502+(7, -.613346006+06, 
, OCOCQüOC , .00000000 , .0 0 020000 , 
•Q000UCO9 , .20003000 , .0(000000 , 
• 00COG9 OC , -.246030106+05, .169975946-02, 
-.365887646-21, .112830116+07, ,155647576+07, 

• 2181C 7866-Cl, -.121088892+07, -.936212 886 + 06/ 
DATA { (OKI (I, J ), J = 1,20» ,1=17.18)/ 

• 000000 OC , «COOCGOOO , ,00 000000 , 
.000000 00 , .00000000 , «0( 000000 , 
,00000000 , -.104625706+11» -,137727186+01, 
-.186402356+06, .119469512+06, .173594106+07, 

.389335846+07, .292523356+02, -.469375926+07, 
•000009u0 , ,(0000000 , .OCOOOOOO , 
*00000000 , ,00000000 , .02000000 , 
,00000000 * -,211515956+05, -.142315736-01, 
-•109224316+06, -,141187046+07, ,218107866-01, 

•561735606+C7, .594608876+(7, ,531732526-02/ 
((0K1(I,J),J = 1.2L) , 1=19,20)/ 

.00000000 , .00000000 , 
• 00000000 , .00000000 , 
,00000000 , -.110336296+06, »3 55329536+01, 

•263615056+06, -.151265506+07, -.121088896+07, 
.594608876+07, ,173397756+08, .121226426+08. 

• 00000000 , .00000000 , .OCOOOOOO 

•COOOOGGO * 
•OCOOOOOO , 
.00000000 , 

-.458681956+06. 
.574413976+07, 
.00000000 * 
,00300000 , 
.00000000 , 

-.173870216+06, 
.389335846+07, 

DATA 
.OCOOOOOO 
.00000000 * 

,00300090 , 
.921626766+05, 
.292523356+02, 
•00000000 * 
,00000000 , 
.00000030 , 

-.269512696+06, 
-.469375926+07, 

• CO 000000 
,00 090000 

,00000000 , *00000000 • »GüOOOGGO , 
,00000000 , -.721097826+05, .4 8591950 6+01, 
-.171373956-01, -,613346006+06, -,936212886+06, 

.531732526-02, .121226426+08, ,178921506+08/ 
DATA ((0K2(I,J),3=1,20) . 1= 1, 2)/ 

+ -.406134566+06, ,245220386+06, .115199756+07, ,109428986+06. 
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w 
■IPIPPI—^ ^ ~ .. 

.30727256£<-C0, 
-.21.47^1 31¿+l 6, 

•COOQjCJJ • 
t ö t } JCiû J J , 
.24522J3ai*.f>, 
• 19253Ó 31L♦1 6 * 
.286415 34£»r 6. 
• QOOOOu'JO . 
.COiOCJ00 

” • 6442^5 j 6¿ ♦ Vj 0 , 
.14432529E+W 7, 
.oorOwjJo . 
• 3CL30t.3y « 
•13942898E+C6, 

“ .628 112 73£ ♦». 6* 
• 51b 2480liH 5♦ 
.COwOOrjO . 
• CCjOOCijO t 

-.23 286492E+f5, . 26878635E1 , - .29886835t*05. 
“.25aC2525E4-L6. .OOGOJCCO « .OOOCOOOP . 
• OOOC'OtiLC . .[OGLCOOC t .JlüOOCÛü . 
. enodoe &c t .cooofjct . .l^ooccjc . 
”•2^47 9911E+C6» - . 841221876+16 , .22888184E-C4. 
-.10617332E + 1 1, -,l«.64(j797£ + t6, . 1C 83 37 4? £-û 2 . 

• 273CÖ972E + C 6* .jrCOOGûù * .HCCOOOCD . 
. où o c c ii oc . .oncocooc . .irooucoo . 
.OüCCùOCC . .OOOüCaCf * .crocouoo / 

□ ATA ( (aK2(I,J).J = l,2C),I» 3, 4»/ 
.115199 756+^7, -,8<*122 187£ + f 6» - . 44t 750 24E + C 7 , - .44769433E + C6, 

. 3276« lC6E + f 5, 349186 25 t+CO . . 25C0 4496E + 0'6t 

.1-70 523 46+(: 7, .COCQOCtiO . .OOCCGOCC . 
• 00 C 000 OC . .COC09000 . .CtOOyüQO , 
.C^OC 33 OC . .fOûLCOPr . .iccooroo t 
.22888184E-C4, -.447Ó9433E + 16 . - . 273t66«4E + 06. 

”.14C 07563t“"l. • 445253 78 E + Cb » .21845617E + 06. 
.5722i; 459E-f 3. .9ÛC00PC0 • .COOCOOuO « 

.ojcioooo , .yoocccar » .luocoooo v 
• 00 OC 00 Ou . .OOOOPOüO . .occcocco / 

□ ATA ( COK2(I,J),J = l,23l , 1= 5. SU 

.30 727256E + 00. . 19253f31E+: 6, -.64425506c+CO . -.62811273E + C6» 
-. 362232 73E+L6, .10C35298E+C7 , .74489177E + 06. 
-.6C347943E+06, .GJGCOOOO . .noCOOCOO , 
.OOCOOJCO . . 0 CüCCOCP , .CCOOOOOU v 
.C0P30C oo , .coooooüo . .cuooocoa , 
-.10617332E+C 1, .82768106E♦C5. - .14G3 7568E-C1 » 
-.32767705E+.6. 47646843E+C6, -.83923340E-Ü3. 

.30 5459146+0 2. .9OÚOOC0O , .OOOCüOCO , 
• COOCOOOC . .COOCOOOO * .Ou oaocoo . 
.COCOCGCü , .t'OOOCOOO • .OC 000000 / 

□ ATA ((91(2(1,3),3=1,20),1= 7, 81/ 

.268 78636E + C1, -.1464u797E+C6, -.34918625E+00 , .44525378E+06, 
••47646843E+G6, -,26120713E+C7, -,12689389E+07, 

• 80903916E + Í, 6, ,00000000 , .OûOOOOCû , 
.00000900 , .00000000 , .CiCLOCOO , 
,00000000 • .oooooooc • .ocoooooo • 

.IC833740E-G2, .25304498E+C6, .21845617E+06, 
-.83923340E-03, -.12689389E+G7 , - .11234422E + 07, 
-.61035156E-02, .00000009 • .OGOOOOOO , 
.OOOOOùCO , .UOOGOOOC , .Grcroooo , 
.CCDOOGOC , .0000^000 , .CLOOOOOO / 

-. 218537G9E+07, 
.93715927E-1 1, 
.00090000 , 
.00009000 , 

-.202864 32E + U5, 
-•362232 73E +C6. 

•21218618E+u6. 
.00009000 , 
.OC 0 00 300 , 

• 100 35298E +G7. 
•49077034F+L2. 
.00003COO . 
.90009000 « 

-.398869356+05. 
.74489177E+C6, 

-.1130 IC 48E +Ú 7, 
.00009090 . 
.00900090 , 

ATA ((9K2(I,3).3 = 1,2G) , 1= 9,10)/ 
-.24478131E+06, .28641534E+C6, 

.93715927E-11, 
-. 38489772t + L 7, 

. 00 J OOC 3 3 , 

.OOûOOCOO , 
-.25902525E+C6, 
-.60347948E+G6, 
-.26284711E+07, 

.00009C90 , 

.00900000 , 

.14482629E+G7, .516248OlE+O5, 
.21218618E+C6, .496772 34E + ('2 , - . 1130lu48E + 07, 

“.2628u711E+C7, .OC 000000 , .COOOOOCO , 
.OGCOOOÛC . •3 OOCCOCO , .CCOOOGOO , 
.ÜOCOÛOCQ , .00903000 , .OCOüOOOO , 

.27306972E + C6, . 14765234E + 07 , .572204 59E-Û3, 
• 30 545 914E+ C 2, . 80903916E + 06 , - .61035156E-02, 

-.30683064=+97, .OGOOCOC3 
. 00 009 9 00 , .'jOOOOOGO 
.OOOOOOOC , .9OOC0OCO 

ATA ((0<2(I.3),3=1,20),1=11,12)/ 

.G0G90O00 
• OC COGOOQ , 
.CCOOOOOU / 

lOOOOCOOO 
.00303000 , 
.00000000 , 
.76799973E+C 5« 
.10921021E+01. 
.00000000 , 
.00000000 
.00000000 

• OOC903 00 , .GOOCOOOO , 
• 0G0900 GO , •(OOQCOOO , 
.OOOOOOOC , 45126239E+Û5, 

.75687 028E+G5. 
•59776670E+C5» 

•OwOOCùOO , 
.CLOUOOOO , 

-.2 6595127E-01, 
.23C59845E-&1, -.42746934E+05, 
• 51923222E+C5, - .17922027E+05, 

•59609652E-01» 
.13772718E+01, 

. 00 0003 00 , . 00000000 t .0«, 000000 t 

•oooooooo , .rooocooo , .cooooooo , 
. 00000000 , . 26595127E-01» .0 0000000 , 

• 16723107E-02» .16697644E+Û0 . -.16997594E-02, 
.142315736-01, -.35532953E+C1, -.48591950E+01/ 

130 

;.......unüy,. , 



OATA 
* »acjoocao 
* »ocúaocoo i 
* .ocoiQcao , 
* -»176300 77F. + W6, 
* -»5¿36ai64í:'-Ql, 
* .00jJOCCO , 
* .OOOOOOOÙ , 
* .00300000 , 
* -.1^335/37^416. 
* ".36155741E4L5, 

DATA - 

* 

* 

«OOGQUtOQ 
.cooooaoo , 
•oocooooo , 
•8Uú137h7E*P0, 

-.23893532E4C6» 
«OO003QÛO , 
.acooüooo , 
.OüOOOOOC , 
• 121131*»4t4r 6, 

•.6ü 8 474 8/t *0 6» 
DATA ((0<2 (I.J),j 

•00030003 , 
* .OüGOOOüO , 
* .00000000 , 
* -.52368164E-C1. • 
* -.80619630E4C6. ■ 
* .QCOOOOOO , , 
* .00000000 , 
* .000000JO t 
* -.193011945406, 
* -.52026312E406, 

OATA -- 

.00300300 • .flOú^rnnn 

:SLeL°.Jií • : 

: ' ¡ ,5Í,3 7 - *:’6 •'7 • ^ “«'i 

•0000 , .caocoooo , 
-02733-^ c ’ * 75687028E4CÇ, 

--1529946154^ 
llnisiiT .. 6, - 

0000430J 
•OOOlOCOO , 
• OOOGGOO , 
-.152994615416, 
-.8160757154C4, 
«GOGbOGOG , 
•OGOCGOGC , 
• 000 3 00 GC , . 
.357813475-01, 
.144344435-01 

• GkOOUCOO , 
•C.OüOOOO , 
.596096525-01, 

• .121131445406, 
» *4975 3546540 5, 
•3-300000 , 
•CrCGGCOO , 
*1672311.76-02, 

• «357813475-01, 
» »943410205-02/ 

>00000300 , 
'O003C0GG , 
230598455-Cl, 
-.4C13951554C6 
“ • 831386 43 5-¿2 

•OOOüOCCC , 
.OCOOCOOO , 
.427469346405, 
-.459016375406 

* 313132705406 1*20),1=17,181/ 
000G0300 , ,00000000 , 

.00000030 
•00000030 , 
•00303000 , 

-.184323355436, 
-.296332865432, 

•00003030 , 
•00300030 , 
•OOOOOCOO , 
•497535465405, 
• 188058245406, 

.000000 00 
• 000003 30 
-.361597415405, 
-•52G26312E406, 
• 000000 CC 
«OOOOOCOO 
« 000 GO 3 úG , 
-.2184559ÛE4C6, 
-.112348745407, SI.OAft ▼ _ _ _ 

óó»í?o ’ 

«cooooooo , 
.1092102154 ci, 
“.238935825406 
-.296332 865402 

.COOOPOCC v 
«GOOOOOGO , 
•597766705465, 
-.816075716404 
-.988030 615406 

^ATA ( (0H11 * I, Jl, J«l,20) f jf ! 2 
•104679045 40 4, -.42590 781 r » 
.1067^,^.03, - Jlulllllll: 

'ÍJÍ!««00 * *0 OOGOOOO , 
.OOOGOOOú , .COOOOOOO 
:ooocooCo . 

'fîf8d8<*5Ef°6» -.801086435-02 
-.988330615406, -»155863feftF4o7 
•;?;;;«» . .oJJíoío, ,“7 
•oooooooo , .oooocooo 
* ^943410205 * 17922027E405. 
-•MmSfSrS!’ -• 924385115*05 
j=i,20).?f * ^.:,697956C2e+c6 

• « 

227630465403, 
•00000030 , 
•OOOOOOOO , 
• 425 937815 40 2, 
•163120945403, 
• 315883915402, 
•OOOOOOOO , 

OOOOOOOO 

•351625475402, 
«OOOOOOOO , 
•OOOOOOOO , 
•853333325402, 

-.119466675403, 
.30000000 , 

•03000000 y 
OOOOOOOO DATA IïnûT; . , * *»0000000 

* Lil0811*1» J,»J*1,20) ,1 = * a 99QQQQOac~ i n -» _ 
_■ -“■■ii i *» 

j959999995403, 
-•298666665403, 

• 862040815 403, 
•OOOOOOOO , 
•OOOOOOOO y 
■ 135886865403,- 
•165906925403, 
•004249405402, 

-231371235403, 
-.436029215403, 

.49728679E4C2, 
•OOOOOOOO 
•OOOOOOOO 

•OOOOOOOO 
•OOOOOOOO , 
•106666675402, 

21/ 

.959999995403 
138240005463 

•OOOOOOOO , 
OOOOOOOO , 
COOOOOOO , 

.231371235403 
-.118177725403 
•OOOOOOOO , 

•COOOOOOO , 
•OOOOOOOO , 

4)/ 

•OcDÜOCGO , 
•ÜJC3QPCC , 
•166976445400, 

• -.459J16C754Ü6, 
• *»924385115405, 
• lu CüOCOU , 
• GC ÜQCCOG , 
-.169975945-02, 
• -•8191999854C6, 
• -«188147445402/ 

• OvOOOGOO , 
•COOOOOOO , 
.137727185401, 

• -»608474875406, 
, *188358245406, 
«Cu CúúGOO , 
•COOOOOOO , 
•142315735-01, 

» -.144344435-01, 
• -.538692625-02/ 

•OCOOOOOO , 
•OOOOOCOO , 
-.355329535401, 
» *313132705406, 
» ”.697956025406, 
• COOCQOOO , 
•OúOOOOOO , 
-.485919505401, 
» -»188147445402, 
- -.124822855407/ 

» «135886865403, 
• »296157295403, 

•OOOOOOOO , 
•OOOOOOOO , 
•OCCOOOOO , 
• .OOOOOOOO , 
• «OOOOOOOO -, 
•oooooooo , 
oooooooo , 
cooooooo 

.2885031654()4 
•958033655401 
«OOOOOOOO , 

• 000000.00 , 
•OOOOOOOO , 
*359392785403, 

-.474335645402, 
-OOOOOOOO , 

• *359392785403, 
• »669807645403, 

^ * ■ A A M A A A au •oooooooo , 
•oooooooo , 
•oooooooo , 

• 142222225403, 
• 390095235402, 
•OOOOOOOO , 
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.OcOCüuûO 

.0jOOPOüO 
* 

/ 

.00000000 « •OCQOQGCO , .OOOCOOÛC 
• OCUOJOOO ( .OGFOOJ<:0 t * 0 0000000 

DATA C (DM1HI, J), J=lt20» ,1= 5, 6»/ 
- • 10 6 735 32E*t 3* - .16 312riq4E*C 3, - . 29866666c*C3 , .16590692E+03. 

.53491285E+C3. .46080000£♦03 , - .12339307E + 02, 

.97048905t*l1, .OCOOOCfO , .00000003 , 
.oocooooü , .oooocoor * .ûuuooroo . 
.OOOJOtOO , .ooooooon , .00000000 , 
“.119466676+03. -.436029216+C3. .COOOOOOO • 

.97975420E+C3, 
-.61592458E+D2, 

• 030 OùOOO , 
.00000030 , 

-.631128356+02, 
•53491285E+C3, 

-•261123126 + û 3, 
.00003000 , 
•0000CCÙ3 , 

• 528422946 + 03 . .OOCOCOOO 
. 0 0 J CO OC 0 « •0 OQOOOOO ï 
C û 0 00 000 , . C Q OOCOO C . 
c 0000000 t .oc 000000 / 

• 482742856+ f 3, 
•OCOCuCOO . 
00000000 , . 
OCOGOûuO , , 

DATA <(OM11(I,J),J=1,20Iyl= 7, 81/ 
• 13824C3DE+C 3y -.116177726+03, .958033656 + 01 , -.474335646 + 02, 

.528422946+13, .10715664E+C4, .562512856+03, 

.824035726+01, .00000000 , .00000000 , 
OOOCOt CO , . 0 0000000 . .OLOGOCOO • 
03 0 3 00 CO , •C GOGCOÛC , .00000000 , 
.00000000 « .66980764E+C3. .390095236+02. 
•OOüOOCOO , ,562512856+03, .34520634E+03, 

• 46u 83C 336+03, 
.289645716+03, 
.00300030 . 
.00003003 , 
•29615729E+P3, 

-.123393076+C2, 
.950797686+03, 
.00000030 , 
.00000030 , 

DATA (CûMll(I.J) 
.22763G46E+C3, 

-.615924586 +C 2, 
•15821252E+Ú4, 
•00030000 , 
.00003000 , 
• 351625 47E + 0 2, 
•97C48905E+C1» 
• 200 8 7732E+C 2» 
.00003000 , 
.00000030 , 

.17066*; ' 6c + t2, 
. OG 0 JOG Ct , 
. oooco; oc 
J = 1» 201 ,1 = 

OüCOOCOO 
, .OOOGbOGC 
, .0030000C 

9,131/ 

.OGCOOOOO 
»03GGOGOb , 
>00 GOOCOO / 

.315883916+02, .86204C816+G3, .804249406+02, 
-.251123126+03, .28964571E+C3, .953797686+03, 

.200877326+02, .0GC00003 , .00000000 , 
• 00 0 000 GO , .COOOOOOG , .00 000000 , 
. 00 000300 , .r oooosoo , .OC 000coo , 

.00G0C000 , . 49728679E+C2, .IG 666667E + 02, 

.GOGOOPOO , .82408572E+01, .17066666E+02, 

.400COC03C+:i, .00000000 
.00C30Ú 00 , .Û0O3C00G 
.OOOOÜCOG , .00000003 

DATA ((0M11CI,J>,J=1,2C»,1 = 11,121/ 

. 00000000 
.ü L JCOOOO 
.Ct OOûûûC 

•OOOOOCGO , 
.00000003 , 
.00000000 , 
• 640 0003OE+O 2» 
.76799999E + 0 2, 
.00000000 , 
.OOOOOCOO , 
.00003000 , 

-.478692546+01. 
• 17518769E + CÏ* 

.00000000 
>00000000 

.OC OOCOOO 

.03000000 
.OOCOCOOO , 
.ooogodoc 
.00003000 , .140796376+03, -.58Û62991E+01, 
-.1CjC3922E+02, -.313206776+02, .687356786+01, 

.19051143E+C2, -.991118296 + 02 , -.1460 87006 + 02, 
.OOOCCCCC , ,03000000 , .OLGOQCOO , 
.ocorocoo , .ooooooco , .oooooooo , 
.00000000 , -.580629916+01, .400000006+01. 
-.10666667E+C2» -.77919343E+Cl, .00000000 , 

•GCCCOGOO , -.76690757E+C1, .OOOOOOCO / 
ATA ((OM11(I,J),J=1,20>,1=13,14)/ 

.00003000 , 

.00000033 , 
' .00000030 , 

.17561062E+C 3, 
- .550694 866+02, 

.00300030 

.003,)0000 , 
•üûûüOOOO , 
.110 25337E +03« 

-,125232726+03, 

• OQCQCC OP , .300030CC , .OoûGOOOO , 
.OOCûO 7 OU , . 0 0 000000 , .GCOOOCOO , 
.OCCOCOOC , .64OCCOO0E+O2, -.478692546+01, 

.Í1C25 337E + 03. .767999996 + 02, - .21551297E + 02. 
-•90 517002E + C2» - .10971428E + G3♦ -.125724036+02, 
• OOGOCO 00 , .COOGOOOC , .00 00000 0 , 
.00030000 , .00000000 , «OJOOOOOO , 
.0008000° , -.100039226+02, -.106666676+02, 

.16497778E+03; .167214566+03, .OOOOOOOO , 
-•11702857E+G3, .139986086+02, «OOOOOOOO / 

ATA ( «DMIHI, J), J = l, 20) , 1 = 15,16) / 
•OOOOOOOO , 
.OOOOOOOO , 
.OOOOOOOO , 
.767999996+02, 

-.109714286+03, 
.OOOOOOOO . 

.OOOOOOOO 

.OOOOOOOO 
.OOOOOOOO , .oooooooo , 
•OOOOCOCC , .OOOOOOOO , .uuuuuuvw . 
.OOOU03CC , -.313206776+02, -.779193436+01, 

.167214566+03, .282786206+03, .913756476+02, 
-.2 0 47140 3E + C3, -.882476436+02, .944340616+00, 
•OOOOOOOO , .OOOOOOOO , .60000800 , 

132 



.Gocaujo , 
•00G03G00 , 

• • 21551297E♦G?» 
.144 242íi4£<'U3» 

• 00303000 
> 00 b O G O 00 
• OC 00Q 000 
•GQGOOüOO 

O A TA ( CDM1KI, J| tj = it 201,1 = 17,18)/ 
.30000000 , 
.oocooooo , 
.03000000 , 

-.55669436E+02, 
•49910220E>C3, 
.00000000 , 
.0UO0C0C3 , 
•00Q03C30 , 

-.90517032F+02, 
• 29J44056£'»C3, 

«OOOúCOCC , 
.eaTí^s/eE+ci, 

. 9137564 7E *0 2, 
-. 12340741E*G3, 

.3C0C330Û , 
.GCOOCOOC , 

. 13165714E«-03, 
42666b66E^01/ 

tGooooruo , 
•Cl003000 , 

•17518769E+01, 

DATA C (0M1KI, J), J = l,20) »1=19,201/ 

03000000 , .cooonooc , 
OOOCOOOG , .C OOCQOOO , 
GO OCCO01 , .76799999E+02, 
• 12528272t*C3, -.10971428L + C3, .14424284E + C3, 
.293440565 + ^3, - . 170 66666E + 03 , - .12214004E+C2, 
O003CO 00 , . 0 0000000 , ,0t 00C300 , 
OOGOOLOü , .00000000 » .LJ300GO0 , 
OOOCOOCC , •19051143E+ f2, .0 0000000 , 
• 117C2857E + Í 3, - . 20471403E + 03 , .00000000 
•35628698E+C3, .22982660E+C3, .OOCOOOOO / 

•OOOOOOOC 
.00000000 
.ococoooo 

.00000000 
•00000000 

.00300030 , 

.00000003 » 

.00000300 , 
-.10971428E+03, 
-•17Ú66666EH3, 

•00000000 • 
.00000000 , 
.00000300 , 

*•12572403E+42, 
-.12214004E+02, 

DATA I (DM12CI,J), J=l,20),1= 
-.26445231E+04. 

•18042182E-12, 
••57506644E+C 3, 

•00000000 , 
.00300000 , 
•34465863E+03, 
• 158 40115E+0 3, 

••22540745E+02, 
.00003000 , 
•OOCOOOOO 

OOCOOOOO , . 0 0000030 , .bu 300000 , 
OOCOOOOO , .OOOuOOOO , .Gu O G u G O O , 
00000300 , -.99111829E+02, -.76690757E+0Jv 
• 13998CG8E + Í2, -.88247643E+02, -• 12340741E + 03» 
• 22982 660E+03, • 91858730E+03, .18425132E + 02, 

•OOOOOOOC , .00000000 
• o ooocooo • «oaoooooo ,' 

-.14608700E+02» .00000000 « 
.94434061E+C0, -.42666666E+01, 

• .18425132E +G 2, 
1» 2)/ 

• 34465863E + C 3, -.12800000E+04, 
• 10019021E+C3, *•18432C00c+03, 

”•52581444E+02» .OOCOOOOO , 
• OOObOÚ 00 , «COOOOOOO • , 
•oooooooo , 

•26666666E+01/ 

”•17 066666E+Û3» 
• 10 240 00 0E+03, 
•OOOOOOOO , 

•OOOOOOOO , , 
•OOOOOOOO 

-.31555515E+03, 
” .50426580E+03, 
•OOOOOOOO , 
ooooooo , 

oooooooo • .oooooooo » 
“•55259457E+03t .OOOOOOOO • 

•61377748E+C2, .OOOOOOOO , 
•OOOOOOOO , .COOOOOOO , 
OOOOOOOO « .úuGOObOQ , 
OOOOOOOO • .00 000090 / 

ATA ( CDM12CI, J), J=l,20) ,1= 3, í,)/ 

-.12800000E+G4, -.55259457E+03, -,602093552+04, -.71131093E+03, 
•70071186E+03» .OOCOOOOO , -.83306949E+03, 

-•25794052E+C2, .OOOOOCOO , .OOOOOOOO 
» «oooooooo 

•39822222E+G3, 
- .114938776 + 04, 

•OOOOOOOO , 
•OOOOOOOO , 

-•31555515E+03» 
”.17294342c+0 3» 
-•20521405E+03» 

•OOOOOOOO « 
,00300000 , 

ATA ((0H12(I,J)*j3i,20),1= 

•OOOOOOOO 
•OOOOOOOO 

•OOOOOOOO 
•OOOOOOOO 
•00000L09 

•oocooooo 
00000300 

•18042182E-12« 
-•13436629E+04» 

•OOOOOOOO , 
•OOOOOOOO • 
•OOOOOOOO , 
• 100190 21E+0 3, 
•64920827E+03, 
•41289770E+02, 
•OOOOOOOO • 
•OOOOOOOO , 

5, 
• 15840115E+0 3, 

-•64920 827E+0 3« 
.84762894E+01, 
•OOOOOOOO , 
•OOOOOOOO , 

•102400GOE+03, 

• .OOOOOOOO » 
•OOOOOOOO • «OOOOOOOO , 
-•71131093E +C3, -. 13653333E + 03, 
”•93396413E+02» -.14628571E+03, 

•OOOOOOOO • .OOOOOOOO , 
•OOOOOOOO v .OOOOOOOO , 
•OOOOOOOC • .oooooooo / 

61/ 

• 39822222E+03, -•17294342E+03* 
-•61439999E+03, -.738421802+01, 
•OOOOOOOO , .OOOOOOOO , 

•OOOOOOOO , «OOOOOOOO • 
• OOOOOOOO , .OOOOOOOO 

.70071186E+C3, .OOOOOOOO , 
-.409599992+03, -.44875663E+03, .OOOOOOOO 

•OOOOOOOO , .OOOOOOOO , .OOOOOOOO 
•OOOOOOOO , «OOOOOOOO , .oooooooo 
•oooooooo , .oooooooo , .oooooooo / 

ATA <(0H12(I,J),J*1,20),IS 7, 81/ 
-,184320006+03, 

•61439999E+03, 
• 38619428E+0 3, 
•OOOOOOOO , 

• 613777482+02, «OOOOOOOO , -, 933964132+02, 
’•^«f!63E+03’ *• 935185232+03, -.446416072+03, 
-•113942362+02, «OOOOOOOO , «OOOOOOOO 
•OOOOOOOO , .OOOOOOOO , .OOOOOOOO , 
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* .ÎOiOQOJÛ , 
* ”•504265 0OE+G 3» 
* -.738<*2190¿>C1, 
* -.673 J4Ö UE «-i ?, 
* .00300030 . 
* .00300COO , 

OATA ( (OMI2(If J) 
* -.575066446*03» 
* .00000000 , 
* -.9149640 06 ^03, 
* .ooooooao , 
* .30003000 , 
* -.525614446+12. 
* .847628946+01, 
* -• 803 63275E + C1, 
* .OOOOoCüO , 
* .0000^000 , 
□ ATA ((OMI2( I,J), 

* .00300000 , 
* .00003033 » 
* .00000030 » 
* -.853333326+02, 
* - .162400 0 36+13, 
* .00300030 , 
* .30300000 , 
* .OOC 30000 , 
* -.515881036+01, 
* -.633313396 +C1, 

OATA ((OM12(I,J) 
* .00000030 , 
* .ocooocoo , 
* .00033030 , 
* -.240837426+03, 
* .00000403 , 
* .00300300 , 
* .00003000 , 
* .00000000 , 
* -.164873206+03, 
* .176386746+03, 

DATA ( (0M12( I,J), 
* .00000000 , 
• .00000000 , 
* .00003000 , 
* -.102400306 +0 3, 
* •1462857 IE +0 3, 
* .00000030 , 
* .00000300 , 
* ,00030000 , 
* -.2347505JE+Q2, 
* -.106356686+03, 

OATA ( (OM12( I,J) 
* .00000000 , 
* .00000030 , 
* .00000000 , 
• .00000000 , 
* -.288637426+03, 
* .00003000 , 
* ,00003000 

.OCGJOüûO , .OOOCOOCO , 
•OCOCCtCO , -.833C6949E+03, 
• CCCüüOCO , -• 446416P 7E ♦( 3, 

-•85333332E+01, .30C00000 , 
•3CQC0CG0 , .OOOOuOGO , 
.00030ÜÒ0 , .C0000Q0C , 
J = 1.2CI ,1= 9,10)/ 
-.22543745E + C2, - .114938776 + 64 
.4128977CE + 0 2, - . 38619428E+C3, 
-.803632756+11, .00000000 , 
.OOOCOOCO , .00000000 t 
.OOOCJOOC , .OOOCOOCO , 
.00Ô0CC00 , -.25794052E+C2, 
•CQüOTGQQ , -.11394236E+C2, 
0CO03 CCO 

. ocoaoc or 

. 000000 3C 

.GOOCOOOO 
.OOOCGOOO , 
.POPOOOOC , 

* .00000030 , 
* .616597406+02, 
* -.147098376+0 3, 

DATA { (DM 12 (I,J), 
* .00000000 , 
* .00000000 , 

,3=1,20),1=11,12)/ 
.00030JÜC , .^0000000 . 
.ooocooor , .cooccooc , 
. 000 300 00 , -. 2 93 835 90E+ C 3, 

• 95756644E+ Cl, . 00000000 , 
.447117616+01, .121983796+03 

.OOOCOCOO , .COOOOOOO , 

.GOOOOÚOC , .00000000 , 

.OOOOOOOC , . 17527146E+C2, 
.OOOOOOfO , .36326954E+C1, 

-.853333326+01, -.511402666+01 
*3 = 1,20) ,1 = 13,14)/ 

.OOOOGO no , . 00000000 , 

.00000000 , .00000000 , 

.OOOOOOOC , -.853333326+02, 
-.16h87320£+03, -,102400006+C3 
.616 59740 E +0 2 , . 1462857 IE+03, 
•OOCOoOGO , .00000000 , 
.00000300 , .ooocooor , 
•oocccaco , .957566446+01, 
-.273066666 + 6 3, -.237736036+03 

.146285716+03, .123597986+02 
,3 = 1,20) ,1 = 15,16)/ 

.OOOOOOOC , .00000000 
• ÛGOCGC OG , .OOOOOOOC , 
. OCCÚGG GG , .00002000 , 
-.237736036+03, - . 24679523E + D3 

,1 39785896+C3» •OOCOOO 00 , 
.00C10GOC , .oooocoor , 
•OOOOQCCC , .00030000 , 
.OOGOCOOC , -,56J07752£+C2, 

,0000000 0 , -. 49958477E+02, 
,00030 COO , . 12718566E+03, 

. J=l,20) ,1 = 17,18)/ 
• OOOGOO 00 , .OOOOOOOC , 
•COOOOOOO , .COOOOOOO , 
. 000000 GO , -. 102400006+03, 
.17638674E+C 3, .14628571E+C3, 
-.14709837E+03, .227555556+C3 
•00000000 , .00000000 , 
•00000000 , .OOOOOOOC , 
• 000000 GG , .447117616+01, 

.14 628 571E + P 3, .13978589E + L3 
-.18724571E+03, -.198608436+02 
J=l,20),1=19,20)/ 
»0000C0C0 , .OOOPOOOC , 
,OOOOGO 00 , .COOOOOOO , 

• Ob OOOGOO , 
-.14628571E+03, 
-.5513J459E+03, 

•OGOCOOOO , 
.00 OGOdOQ , 
• OC OGOOOO / 

» -.205214056+03, 
-.673348816+03, 

.00000000 , 
«bú OOOGOO , 
.CC00 G 00 0 , 

.OOQOGOOO - , 
-, 85333 3326+01, 
,COOOOOOO , 

.OtOOOOOO , 
•CCOGOQOO / 

.OG000000 , 
•GGûnoOOG , 
.175271486+02, 
-•56CC77526+02, 

. .144847386+02, 
• GO OOOOOG , 
.OGOCOOOO , 

. 0 0003000 t 
.OÛOOGOGO , 

, .0 OCOOOCO / 

• GO 000000 , 
.00 000000 , 
-.515881036+01, 
, - .234750536+02, 

. 131936346 + 02, 
• OG 000000 , 
• OG 000000 , 
.0 0000000 , 

• *00000000 , 
, . 0 OG 0 00 00 / 

•GuOOOGOO , 
• OG 000000 , 
.363269546+01. 
• -.499584776+02, 
“. 47150 58 36+01, 

• 02 OOOGOO , 
•GG000000 , 

• G COOCCOO , 
-.117028576+03, 

• 00000 OG 0 / 

• UGOOOOOfi , 
.00 000000 , 
-.6 33013096+01. 
-.106358686+03, 

» .397583036+01, 
.00 300000 , 
.00 000000 , 
-.853333326+01, 
• .00000000 , 
* .00000000 / 

13 

ocoooooo , 
oooooooo , 



,, wT" 

.CCOJCCOO « 
•1462H571E+03* 
* 22755555E *C 3* 
.00000000 , 
*00000000 . 
.oooocooo . 
* 13193634E + Í. 2, 
* 397583C3E + Í1* 

.COOCOOtr , *12198379E+03 * -.511402666+01. 
• 12359798E+ C 2. .03 000000 . . 12718586E + 03. 

-.19860843F + 02» - .370 522 61£♦t3 » - . 83160590E♦01 
00030C 00 

.0C03G0QC 

.0C0C00 0C 
• CCtiuO COO 
.0 3000 COO 

oooooooc 
•00300000 , 
.14484738E+ C2. 
-.47150 58 3E+11, 

_ . . -•83160590E +01. 
DATA (COM22(I.J»,J=1,2CI.1= 1, 2»/ 

.176301546+0 4» -.34763371E +33, .00 0000 03 . 

.00000000 « -•894C4488E+P2» .80000000 . 
•co3oooro « .ooocooro . 

• 0003COÜC , . 0 0000 000 . 
.00000000 f .00000000 . 

• 170 666666+ C 3. .527745356 + t3 
. 5725195 6E+C2, 

>00 030000 
.Ot 000000 
.100ÛC0CC 
.00030000 
.oooooooc 

. 

• 38337762È + 0 3. 
.00003000 . 
.00000000 * 

-.34763371E+C 3, 
-.88C14421E+C2. 
- • 1045+474E + C 3. 

.00003000 , 

.00003000 

OCuOQOCO 
.00300 COO 

.ooccoo cc 
003000 Oti 

DATA ((0H22(I,J),J=lt2C| ti = 
.00003000 . 
.00003300 . 
•0030C0C0 . 
•oocooooo , 
.00300030 , 
.11476071E + C 3, 
»24255361E+C 3. 
.619335036+12. 
.00000000 
•00003000 

. 
3, 

.52774535Ü+9 3, 
-.194445536+03, 

• 00 0003 CC , 
•OC03COOO , 
•00003CCC , 

.00000000 , 

.00000 coo , 
•OOOÜCOGO , 
00000000 
00000000 

ATA ( COM22(1,J),Jsl,2G),1= 5, 
.00000000 , -.880144216+02» 
.895775276+03, 

30 0 OOOC C 
.03ÛÛ300C , 
•OOOOOOCO , 

4)/ 
. 401395706 +C 4, 
•OOCOOOOO , 

.OOOOOOCC , 
•COOCOOOC , 
•OOOOOOOC , 

. 51189231E+C3, 
-. 74699907E+C2, 

.00000000 , 
.00000030 , 
.00000000 

6)/ 

.114760716+03, 
.1 7255978E + 03, 
•QOGOOOJO , 

• Ci OC300Q , 
.OCOOGGOQ , 
, .OCCOOOOO , 

• 0C300C0 0 , 
• C 0030000 , 

• OC OGGGQU , 
.00 OOOOUC / 

.511892316+03, 
.174923606+03, 

• 0 L OOùOOÛ , 
.OCOOOOOÛ , 
•00000000 • 

. 1592888 96+03, 

.OOOOOOCO , 
.0 0030000 , 

•OCCOOOOO , 
•OCOOOCOO / 

.00003000 
•00000000 t 
•oocooooo , 

-.89404488E+02, 
.255259356+03, 

-.803844236+02, 
.00000000 , 
.00000000 

.00030000 
•255259356+C3, .OOOOOOCO 
OOOOOOOC , .OOOOCOOC 
OCOOOCOO , .oooooooc 
OOCCOO 00 , . 00300000 
•ooooocoo , 
.175542856+03, 
.OOOOOCOO 

.00000000 
OOOOOüOO 

-.194445536+C3, 
.21340075E+C3, 

.00000000 , 

ATA < C0N22U, j),j=lf20) ,1 = 
.00300000 
.00003000 . 
.00003000 , 
.00000000 , 
.00000000 • 
•17255978E+G3» 
•106260956+03. 
•234852906+03, 
•00003030 , 
.00000030 , 

, 
7, 

.572519566+02, 

.213400 756+03, 

.00000000 , 

.00000300 , 
•OOOOOOOC , 

.OOOOOOCO , 

.00300 000 , 
•00003000 , 

. 000000 00 , 
oooooooc , 

ATA ((0M2?(I,J),Jsif¿O)'is 9,10)/ 
•383377626+03, -.104544746+03, 
•00000000 , -.803844236+02, 

.00000000 , 

.OOOOOOOC 
•OOOOOOOC , 

8)/ 
•ooooooro , 
• 6234568 36+03, 

.00000000 , 

.00000000 , 
•00000000 , 

• 174923606 +C3, 
• 237G643 86+03, 
•00000000 , 

•OOOOOOOC , 
00000000 , 

.242553616+03, 
-.106260956+03, 

•OcOCQOOO , 
.GCOOOOOO , 
•ocoooooo , 

• ooocoooo , 
•ooooocoo , 

•cccocooo , 
ooocoooo , 
ocoooooo / 

-.7 46999076 + 0 2, 
.237364386+03, 

•OCOOOOOO , 
.00000000 , 
•OCOOOCOO , 

•OOOCOOOO , 
. 215852706+03, 

.00000000 , 
•ocoooooo , 
.00000000 / 

• 609976006+03, 
.00000000 
•00000000 
.00000000 
.00000000 
.00000000 
•00000000 
•00000000 

.00000000 
•00000000 
.00000000 
.00000000 
.00000000 
.00000000 
.000000 00 

DATA ((DM22(I,J),Jal,20),1=11 

•oocooooo 
•oooooooc 
.00000000 

.00000000 
•00000000 
.00000000 
.00000000 
•oooooooc 
.00000000 
.00000000 

12)/ 

, .619305036+02, 
• 234852906+03, 
.00000000 , 

.00000000 
•00000000 
• 00 000000 
.00000000 
.00000000 
.00000000 
.00 000000 

...A.r -- 



* .303100:0 
* .OUúOJbuO 
* «OQOQOÜOO 
* .OOGOOOuO 
* .00 OJO CIO 
* .JOÜOJOOO 
* .oooaoGoo 
* .aooo'jcco 
* .LJ003000 
* . JOCOOOOO 
OATA ( (ÜM22(11 

* .ooúooúia 
* .00000003 
* .OCOJJJOO 
* .16C55828E*0 
* .003000QO 
* .00000 COO 
* .iiCOQGuOO 
* .OOCOJOOJ 
* .10237846E+0 
* “•41499949E fO 
0 A TA ((0M22(I. 

•OCColJÍC , 
•OOüOCuCO » 
.ooooooco t 

-. 382535 71E+02, 
■.5751992bE*G 2. 
•OOGOOCüC , 
• OCCüOu üC , 
.OOOOOOCú , 
.OOOüJOCC , 
•OOOCOOOC 

.J=1,2CI,1=13,141/ 

•00000000 , 
•00300000 , 
.19589060E*03, 

.00000000 , 
-. 81322526E*C2, 
• C OdQOOGO ( 
.00300000 , 
.00000000 , 
• 0 QOOCOOO , 
•Qooroooc , 

• ocoooooo , 
•oooooooo t 
•00000000 f 
.2 9801496E + 02 

.OOOOOOOO 
•OuOOOOOO , 
•OOOOOOOO , 
•OCOOOOOO , 
•OCOOOOOO , 
• CG 000000 / 

oooooooo 
, .0OCGO3CP , 
* .OOCOOüCC , 
3. .1C 2378h6£+ G3» 
» .34984719E+02, 
• .OCOOOOOO 
, .00030000 

COOúCOOO 
ooiooooc 
oooooooo 

. OCCOOOOú 
•COOGOCCO 

.o ooonooc 
cooooooc 

•oooooooo 
•oooooooo 

* .oooooooo 
* .oooooooo 
* .oooooooo 
* .oooooooo 
* .oooooooo 
* .oooooooo 
* -.38889136E+Ü 
* .11855597EK 
OATA ( (0M22 ( I. 

* .OOOOOOOO 
* «OOOOOOOO 
* .OOOOOOOO 
* .OOOOOOOO 
* .19242495E+Û 
* .OOOOOOOO 
* .OOOOOOOO 
* «OOüOOQGO 
* .34984719E+0 
' .13170243E+C 
OATA ((0H22(It 

’ .03000000 
•oooooooo 
.00003000 
•30000000 
•oooooooo 
.00000030 
•0003000' 
•oooooooo 
.00000030 
• OOu 30333 

OATA ( (QA 1 ( I , J 
.00003030 
•OOOOOOOO 
•oooooooo 
•oooooooo 
•oooooooo 
•00300000 
•oooooooo 
•oooooooo 
•oooooooo 

OOOGOCOG , -. 38253571E*C2, 
.15928889E>l3, .10395155t+t3 
.00300000 , .3941C321E+C2, 

J).J=1.20I.1=13,16)/ 

, «oooooooo ( 
, .0 0003COC 

3, 

2. 

* QOGCOO 00 
• OGCOGO UO 
•GJOCOQQG , 
. 10 395155E *0 3, 

-.4554C409E»02, 
•OOOOOOOO t 
•OOOOOOOO , 
• 00 OCO G 00 , 

•OCOOOOOO , 
0 Ou CC Ob0 

» 
« 

f 

2, 
3, 

J),J=1,20).1=17,18)/ 

.oooooooo , .oooooooo 
t 

.30300000 , 

. 16453015E+0 3. 
•OOOOOOOO , 

•OOOCOOOG , 
•OOOOOOOO , 

.29801496E*02, 
• 10 939686E«-C3, 

-.51153724E+C2, 

.01303000 , 
•CCOCOOOO , 
•OCOOOOOO , 

-. 38 88910 6E♦O 2 
• OOOOOOOO f 

•LC 030000 , 
•UCOGOCOO , 
.0 0003000 , 

, .00300000 
•OOOCOOOO / 

•CCOúOCOO t 
•oiaosooo , 
.CO 000000 , 

• 10939686E + Q3, 
•OOOOOOOO , 

• ocoooooo , 
.ocoooooo , 

• oooooooo , 
.17554285E*03, 
•00030000 / 

» «UWUUUUUU t 
•ooooorob , 

« .oooooooo , 
, -.41499949E+02, 
3, 

•OOOOOOOO 
•oooooooo , 
•oooooooo , 

. 1317u 243E + C 3. •OCOOOOOO , 
, • 00 0 303 CP , .CO30COÛO . 
» . 00 0 000 Cü y . 0 0100000 « 
, .COCOCOCO , -.57519926E«-02y 
2. .OOOOOOOO , -.45543409E+G2, 
-3, .21 585270E*C 3, . 14945185E + 03 
J),J=ly20),1=19,20)/ 

, .OOOOOCCC y .00003OOP , 
. .OOOCOOOC , .oooooooo , 

, .OOOOOOOO , ”.81322526£♦02, 
» .39410 320E+02, 
, .14945185E*03, 
, .OOOOOOOO , 

.00 000300 , 
• OOOOOOOO , 
• OOOOOOOO , 
.11855597E+03, 

• OOOOOOOO , 
• CüOOOOOO , 
.OCOOOOOO , 

• C COOOOOO 

' • 00 0 003 GO 
• OOOCOOOO 
. 00 0000 CG 
•OOOCOOOC 

,J=1,20),1= 

•COOCOOOC , 
•OOOOOOOO , 
• 1C 00 03 OOE ^01 y 
• OOOOOOOO y 
•OOOOOOOO , 
• 00 C 000 CO , 

.OOOCOOOO y 

. 247C 150 7E+C 3, 
•G30GC000 , 
.OOOCOOOO 

> OOOOOOOO 
> oooooooo 
> oooooooo 

30000000 
•oooooooo 
•OOOCOOOC 

2)/ 

.00003000 
•oooooooo 
•oooooooo 

•oooooooo 
•oooooooo 
•oooooooo 
•oooooooo 
•oooooooo 
•oooooooo 

00300000 , 
•oooooooo 

•oooooooo , 
• ocoooooo y 
.C 0000000 y 

-.51153724E*02, 
•oooooooo , 

• oooooooo y 
• oooooooo , 
.00300G00 y 
•ocoooooo , 
• ocococoo / 

• OCOOOOOO y 
• OOOOOOOO « 

• G 0000000 y 
• OOOOOOOO , 
• ocoooooo y 
•ocoooooo y 
•OOOOOOOO y 
• 10 OOQOQOE+Oly 
•OCOOOOOO y 



.00000030 . 
DATA ((OAl(ItJ).J 

.0001)0000 . 

.00000000 , 

.00000000 . 
•80Q0)0QQE*ul. 
.80COOOJOE+01, 

-.240 Ü0C00E+C2. 
.18666667E *C2* 
. 125 71429E 2« 
.00090030 . - 
.00000000 , - 

DATA (lOAKI.JI.J 
. 10122400E *T 2, 

-.35525969E+02, 
.99341473E+C2, 
.24182149E + 01, 

-.55623538E+C2, 
“. 244 376 36E♦(2» 

. 192647'}4E+r 2. 
-.18839G09E + i 2, 
-.3770Ü878E+00, ■ 

•17891270E+L2» 
DATA ( (OAKI.J», J = 

. 1272 7922EK 2* 

.23098821E*C2, 
-.24445691E+02. 
-.98994949E*01, 

• 15556349E + C 2. 
-.12727922E+02, 

•32993316E+G1. 
-.11111678E+C2. 
”•14142136E+31. 

.7071Q678E+01. 
DATA ( (OAKI.J),J = 

•15114992t+C2, - 
• 44749737E+0 2» 
• 640 3 310 4E+0 2, 

•.190 22296E +C2, - 
.244500 80E + G1, 

-.62608347E+P1, 
• 260 00 341E + C 2» 
• 650146 94E+G 2, 

-•530 49161E + 01» - 
-.18332963E+C2, 

DATA ( (OAKI.J),J = 
• 120 0003 OE +3 2« - 

-.93333333E+G1. - 
-.62857K3E+C1, 

.06000090 , . 

.00000090 . . 

.00000000 , . 
•00000000 . . 
.00000000 , . 

” . 4000Q00OE+ 01, • 
-•40000000E+01. - 
ATA ((OA1(I.J),J* 

•15114992E+G2» - 
•44749737E+C2» 
• 640 33104E + G2, 
.190 22296E +0 2, 

-.24450080E+01. - 
• 62608347E+0 1, 

••260 00341E + 02, • 

, .ccooco&n • 
3, 4)/ 

.ooocooro , 

.ooocoooo , 
“•890Ü0CP0E+Q1, 
••SOrCOCCOE+Gl, 
-.sooccoroE+ci. 
-.430COOGOE+G2, 
-.144G00r0E+C2, 

•oooooooc • 
.oosrooFC , 
.OOGGOOPr , 

«OOOGOPOG , .CGOOCOGfi , .GO GJQCQO 
= 1,20,1= 
.800600 GDE + P1, 
. 8000C9 0CE + C1, 
•IQCOQ^úCE+Ol» 

•G30G0Ô30 , 
•0ÚGC0GG9 , 
•OOOOOOCO , 
.OGDOOCG9 , 
.OOGOCOCO , 

.8ÛOOC3 GOE+C1. 
• 80C000 OC E+01. 
-1,20,1- 5, 6)/ 

.899O01COE+C1, .64036902E+G2, 
-.4000GGCOE+C2, - . 13668772E + C2 , 

»99999999E + C0 , -.9433P671E*G1, 
• 16G0ÛGC0E+G2, . 22819177E+C2 , 

”,32C 00 GCOE+C 2, .5832 72 84E+C2, 
.OOOOOOCO , -.39396466E+L2, 
»79999999E+11, -, IC624989E+C2, 
.00030 GOO , -. 26658547E+CC, 

-.aonCOCCOE + n, -.23535304E + ri, 
.0CD30OP0 . “•48654425E +G 2» 

=1,20),1= 7, 8)/ 
.OOGOGOC9 , .35355339E+G2, 
• OOJGGGQO , -,22910259E +C 2, • 
• 1PC00 OG 0E+C1, -.7071C678E + C1, 
.00000000 , .12727922E+G2, 
•OOOGOPOO , -.18384776E+C2, 
*00 OGC GO 9 , . 70710 678E+C 1, 
.8CUG0 OP OE+G1, .76367532E+ Cl, 
.OOCGOGPO , -,14142136E+G1, 
• OC C 30 CP0 , -,424264C 7E+G1, 
,800000006+01, •98994949E+ Gl, 

=1,20),1= 9,10)/ 
-.79999999E+01, .78C81076E+C0, 

• 40C03 C00E+02, .77748C24E+C2, 
• 99999999E + 00, - .51944928E+01, 

■ * 160 C 0 00 0 E+0 2, -.24014888E + 02, 
,32000000E+C2, . 70498738E+02 , 
• OOPOOOOO , •29190435E +C 2, 
,80 000 OC OE+01, .414720 43E+G2, 
.00000000 , -.37511422E+G1, 

■•79999999E+C1, -.11897021E+C2, 
.00000000 , -.55904472E+C1. 
1,20),1=11,12)/ 
• SOCOOOGOE + Cl, -.20C00000E + G2, 
• 80 000 00 9E+C1, -.720 OOP OOE+G1, 
• 10000 00OE+01. . 00000000 , 
00000000 , .00000000 
00000000 , .oooooooc 
00000000 , .oooooooc 

.oooooooc 

-.79999999E+01, 
-•8 00G00UÚ E+01. 

•OOOOOOCO , 
•OGOCOCOO , 
•COCCOÜÚO , 
.OOOCOOuO . 
.OGOGOOGC • 

.10OOGOÜÜ E + 01, 

.8Ú03D0ÚÜE+01, 
-.1OGGGúüC E + 01/ 

•79999999E+C1, 
.64C00Û0CE+C2. 
.00000000 , 

-.8000 OG OOE + O1. 
.99999999E + 0 0, 

. OGOOGCiOO , 
-.3200 00OOE + O2. 
.99999999E+00, 

•80COOGOOE+01. 
-.10OGG OC 0E + 01/ 

.160U0a00E+02, 
-.240C03G0E+02, 

•OCOOOOOO , 
.16GG00G0E+02, 
.100G0000E+01, 
.OOGGCOOO , 

.OOOCOOOO , 
. 10000 00 GE+01, 
.OOOCOOOO , 

.00000000 / 

•79999999E+01, 
.64C 0GCC0E + 02, 
.06000000 , 

-.79999999E+01, 
.99999999E+0 0, 

.00000000 , 
•32000000E+02, 

. 99999999E + 00, 
-.79999999E+01, 
. 99999999E + 00/ 

-.79999999E+01, 
-•80GGOOOOE+01, 
•OOOOOGOO . 

.00 000000 , 
•OCOOOOOO , 

ooocoooo 
00000003 . -.40000000E+C1« 
.80000 00 OE + O1, -.400000 OOE+Ol, 
.80000 OOOE+P1, -•40GOOO 00 E+ul, 
1.20),1=13,14)/ 
•79999999E+C1, .78081076E+00, 
• 40000 OOOE+02, .77748C24E+02, 
,999999996+00, .51944928E+01, 
• 160C0000E+02, . 24014888E+02 , 
• 32000 OP OE+O 2, -•70498738E+C2, 
«00000000 • -,29190435E+02, 
.8000000OE+C1, -•41472043E+02. 

OCOOOCOO , 
00 000000 , 
• 1 0000000 E+01, 
-.8000000CE+01, 

•10000000E+01/ 

•79999999E+01, 
.64000000E+02, 
•00000000 • 
•79999999E+01, 
•99999999E+00, 
00000000 , 

' .32000000E+02* 
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” • 65C 14694t>02, 
-.53Û49161E+C1, 
-.18332963EU2, 

□ATA ((ÛAl(ItJ)tJ 
• 12727922E + C 2» 
• 23C 98821E ♦1*2» 

-.24445691t+02, 
• 98 994949E♦£1« 

-.15556349E+C2, 
• 127 2 7922E+C2, 

-.32998316t+01, 
•11111678E+C2, 

-•14142136E+n1, 
•707l3678t+Cl, 

DATA ((aAi(I,J),J 
• 1Û122400E+C2, 

-.35525969E+02, 
• 99341*»73t+C'2» 

-.24182149E+C1, 
• 556235 38E +0 2, 
•24437636E+L2, 

-•192 647C 4E +0 2, • 
.18839069E+C2, 

- .37703878E +C J, ■ 
•17891270E+P2, 

DATA ( (DA1(I,J>,J: 
•ooooocoo , , 
.00000000 , , 
.00030000 , , 

-.800 00000E+C1, 
-.80000000E+01, 

• 240 3000 OE + 02, 
“•18666657E+C2, 
-•12571429E+02, 

.00000000 , -. 

.00003000 , -. 
DATA ((0A2(I,J),J= 

.00000000 , . 
•00000030 , . 
.00300030 , . 
.00000000 , . 
.00000000 , . 
•00300000 , . 
•ooooooco , . 
.00000000 , . 
.00000030 , . 
•00000000 , . 

ATA ((OA2<I,J>,J= 
.00003000 , -. 
.00000000 , -. 
.00300000 , . 

- .800 00 0 0 0E + 01, 
-.80000000E+01, 

• 243 Q0000E+02, 
-•18666667E+02, 
-.12571429E+02, 

.00000000 • 
•00000000 • 

ATA ( (OA2(I.J),J 
-•10922157E+02, 

.41017540E+G2, 
-.22O84519E+02, 
-.51487540E+01, 

• 24860384E+0 2, 

.00003003 , - 
•79999999E+C1. 
•33003000 , - 
1,201,1=15,1617 
. 30 0 G C 03 3 , 
.30003 0C0 , - 
.10303 300E+C1, 
.00003000 , - 
•ocooccoo , 
.00003000 , - 

-.80003 CGOE + t1, 
.tocoacco , - 
.30000300 , - 
.80003300t+01, 

=1,20»,1=17,181/ 
.80000 GOOE + Ol, 

-.40CCÙÛ00E+02, 
.99999999E+C0, 

-.160 COOOOE+02, 
• 32L 00 300E + 02, 
•OOOOUOGO , 

-.79999999E+01, 
•OOOC30CO , - 

-.80000 000E + Q1, 
.oorooooo , - 

=1,20),1=19.23»/ 
. 800 000 OOE+C1, 
.800030COE+C1, 
• 100 00 3 CO E+01. 

.OOOOOCOO , 

.OOOOOCOO , 

.0CC30000 , 

.ooooocoo , 

.ooooocoo , 
.8000CÜOCE+G1, 
.8COQ03GOE+01, 
=1,20),1= 1, 2)/ 
>30000000 , . 
«OOGOÛGOG , . 
>00000000 , . 
.oocuoooc , . 
>00000030 , . 
.00000300 , . 
00 3000 GC , . 
OOOOOOuO , . 
000030 GO , . 
OOOOOOCO , . 
1,20),1= 3, 4)/ 
80OC00 COE +01, 
800000 OOE + Ol, 
QOOOOUOO , . 
.0003C COO , 
.OOOOOCOO , 
.00003000 , 
•ooooocoo , 
•00000000 , 
800GOG OOE+Ol, 
80 000 0 OOE+01, 
1.2 0).1= 5, 6)/ 
• 80C00 OOOE+C1, 
• 16000 000E+02, 
.00000000 . 
•16GGO000E+02, 
.00003000 , 

. 37511422E +C1, 
-.11897021E+C2 
.559C 447 2E +C1« 

.35355339E+02, 

.22910259E+C2, 
.70 710678 E+ Cl 

• 12727 922E+C 2, 
. 18384776E+02, 
. 70710678E+Ù1, 
-.763675 32E + U 
.14142136E+tl, 
.4242640 7£ +C1, 

.98994949E+01. 

.99999999E+00, 
. -.79999999E+01, 

.99999999E+00/ 

.160 CO 30 
-.240000C 

.300300 
-.160C03C 
-.1CC000G 

.rcocoao 
.009000 

.1GC00G0 

.OOQOOOG 
.030000 

0E+02, 
0E+02, 
00 , 
OE+O 2• 
0E+01, 
0 , 
00 • 
OE+O1 , 
0 
00 / 

• 64G 369 C2E+C2 
•13668772E+C2 
.94330671E+Cl 

-.22819177E+92 
-.58327284E+02 
.39396466E+02, 

•1Q624989E+G2 
. 26658547E+CC, 
-.23535304E+C1 
.4865442 5E+02, 

♦ .7999 9999E + 01, 
, .64C00C 00E + 02, 
« .OOOOüôOC , 
, . 80C00COOE + Gl, 
, -.99999999E+00, 

.00000000 , 
, .32COOOOOE+02, 

.99999999E+00» 
, •833000 OOE + Ol, 
-.10000OGOE+Ol/ 

.00000000 , 

.00030000 , 

. 80 00 0 00OE+O 1» 

.S3GOOOO OE +01. 
• 80 0 00 00 OE +C1» 
.40COOOOOE +02, 
.14400000E+02, 
.00000000 , 
.00000000 , 
.00000000 , 

-.79999999E+01, 
-.8 OOOOOOOE+Ol, 

.00000000 , 
•00000000 , 
.00000000 , 
.00000000 , 
.00000300 , 

•1OOOOOOOE+Ol, 
• 8 OOOOOOOE+Ol, 

-.1OOOOOOOE+Ol/ 

COOOOQGO 
coooooor 
ÛOOGCOOC 
ooooooco 
0 ÛÛ0Q0QG 
90000000 
00003000 
C 000300C 
00000000 
ooooocoo 

.OC 000000 

.00 000000 

.30 900000 
• OC QOOOOO 
.00 000000 
.00 000000 
.00 000000 
.OC oooooo 
.CG OOOOCO 
.CO oooooo 

•ooooooco • 
.ooooooco , 
80000000E+ 01, 
.80003COOE+01, 
• 8000 0 00 OE +01, 
• 400 COOCOE+02» 
. 1440000 OE +02, 
.00000000 , 
.00000000 , 
•ooooooco , 

-.62150959E+02 
-.18535514E+02 
.8789472 8E<01, 
- • 72 814378E+01 
.35157891E +C 2, 

.7 9999999E + 01, 
• 7 9999999E+01, 
.00000000 , 
.00000000 , 
.00000000 , 
.ooouoooo , 
.00000000 , 

.00000000 , 
-.8 00000OOE + Ol, 

• C 0000000 / 

, .00000000 f 
, *•32CQQ000E+02, 

•00000000 , 
• .16C00000E+02, 

.00000000 , 
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t26368419£*C2f 

• 16 99ÎQ21L *0 2» 
.55249115E+C2, 

-.12V30192E402, 
-.1C297508E+Ü2, 

-.79999999E + 1 1, 
-.16C0')CC0t*û2» 

•00CCOCCQ f 
• otcoorci , 

-.32üt(OQCOE*C2» 
DATA (<0A2(I«J),J=lt2Q)ti= 7f 

-.16970563E+02, 
*•13199327E2» 

•88893423E♦Cl» 
•56568542E+L1« 

-.56568542E+C1, 
• 169 70563E *d2» 
•Í3199327E+C2» 

-.88893423E+C1, 
-.56568542E+C1, 

•56568542E+C1, 

•ooooacoo , 
•OCCOOCOO , 
•OOCGCCCO , 
•0CG00CC3 « 
•OOOOOOCO « 

“ »80 00Û Cü i3E*r i» 
• 803C0 OCOEtOl, 
•3PC00CC3 , 

-.SOCCCüCOE+Ci, 

• 25 7437 70 E + C 2 • 
*■•447486 90 E*C2* 
• 3640718 9E ♦( l, 
• 17578946E+L2, 
-.145628 76E*C2, 

81/ 
» -.28284271EH2, - 
. • 10182 33 8E ♦[ 2» 
. • 56568542E +01» 
* -.565685^22+01, - 

• 5656854 2E +C1, 
-.28284271E+L2, 

•10182338E+C2, 
• 56568 54 2E + CIt 
-.56568542E+C1, 

•56568542E+C1. _ .80000 OC QE+C1. 
OATA ( (OA2(ItJ)tJ = 1.2JltI= 9,10/ 

• -.263684192+02, ,79999999E+y1, .25743770E+02, 
-•16000ÛCOE+02, -,447486 90 E+ C2, 

•OCCOOCOO t .364C7189E+01, 
.1600aCl0iJE+02, • 17578946 E + C 2, 
•00G0000Û , -.14562876E+12, 

-•79999999E+?!, -.62150959E + 12 , 
-.160000002+02, -.185355142+02, 

.03000 00 3 , ,8789472 8£ +01, 

.(Í00CCC03 , -.72814378E+C1, - 
-.32000 0C0E+C2, -.35157891E+C2 , 

.16CÚÚ000E+02, 
•CCCOOÚGO , 

•ÛCOaOOQO , 
.16010 00 OE+0 2, 

.COJOOOGO / 

.79999999E+01, 

. 7 9999999E +G1, 
»GOuOüGOC , 
,snooCOOCE+Olt 
• CGGGQOQ O , 

.OOCOúOOC , 
•00003000 , 
OOOOOüCO , 
•00C0030G , 
•occaoooc / 

-.1699C021E+G2, 
-.55248115E+C2, 

.124331922+02, 
• 102975Q82 + Û 2, 
•10922157E+02, 

-•4101754(j£:+C2f 
.228845195 +C2, 
.51487540E+Ü1, 

-•24860384E+02, 
O A TA ( (DA2(I,J), J = i,2c», 1=11^2)/ 

.00000000 , 
-.32dOöC 00E + G2, 
• QOGGOOGO , 

.lóCOOCiPOE + OE, 
. 00030000 , 
-.1600 00 OOE+O 2, 

.00000000 , 
•CQOGOOOO , 
•16OGOOC0E+O2, 

•00000000 / 

* 

« 
* 
* 

* 
* 

-.240 030Q0E + G2, 
• 18666667E +C2, 
•12571429E+C2, 
.003030)0 , 
.00003000 , 
.00000030 , 
«ocoooooo , 
•GCOOOOOO , 
•80000000E+01, 
. 800 30003E + C1, 

•8OQOOCOOE+OI, 
.800030032+01, 
•OOOOOCOO , 

.00000300 , 
•OOGOCOOC , 
•OOCOÚOOC , 
•COOOOCCC , 
•00000000 , 

• 80000 OCOE+01 » 
• 80000 OC O E+C1, 

« 

# 
m 

« 

m 
» 

» 

oA TA (<0A2(I,J),J = 1,2C),1=13,14»/ 

• 4GC 00CC0E + C2, 
• 14400C COE + 02, 

•OOOCOOOO , 
.00000000 
•OOOCOOOO 
•COOOOOOC , 
. O 0030000 , , 
•80000300E+Cl, 

•80COOCOOE+O1, 
.800 000 C0E + G1, 

• 26368419E + 0 2, 
-•16990021E+G2, 
-.55248115E+C2, 
-•124 30192E+D 2, 
-•10297508E+C 2, 
-•10922157E+C2, 

. 41017540E + 0 2, 
-.22884519E+0 2, 

•51487540E+01, 
-•24860384E+02, 

•79999999E+G1, .25743770E+G2, 
-•160G0000E + C2, -.44748690E+C2 , 

• OOOCOOOO , -•36407189E +01, 
-•160 00 00 0E+G2, -.17578946E+G2, 

» 
* 
♦ 
♦ 

» 
» 

» 
» 

--•^CUUUUUUC 
OATA ((OA2(1,j),js1,20»,1=15 

•OOCOOGOO , 
•79999999E+G1, 
»16000C00E+02, 
,OOOCOOOO , 

* “•^2814378E+01, -.160000C0E+02, 
-.32000000E+02, -.35157891E+02, ,00000000 / 

• 14562876E+02, 
•62150959E+C2, 
•18535514E+C2, 

•87894728E+C1, 

•79999999E+01, 
•79999999E+01, 

•00000000 , 
•CCOOOGOO , 
•GCOOOOOO , 
•CCOOOGOO , 
•GCOOOOOO , 
.00000000 , 

. 80r0Q000E+01, 
•oocooooo / 

.00000000 , 
-•32000000E+02, 
•00000000 , 
- • 1600 00 00E+02, 
•00000000 , 

• 1630 0 O GOE + O 2, 
•00000000 , 
cooooooo 

-.16970563E+02, 
-.13199327E+02, 

•88893423E+01, 
-•56568542E+01, 

•56568542E+01, 
-•16970563E+02, 
-.13199327E+G2, 

•88893423E+C1, 
-.56568542E+01, 

•56568542E+01, 

>16)/ 
OOOOOCOO 

•00000000 
•00000003 
•oaoooooo 
•00000000 
•800C0000E+01, 

-•800 0 0 00 OE+C1, 
•00000003 , 

-•80000 OOOE+Ol, 

-•28284271E+C2, 
• 1018233 8E+C2, 

-•56568542E+01, 
•56568542E+01, 

-•56568542E +01, 
.28284271E+C2, 

-.10182338E+G2, 
• 56568542E +C1, 
-. 56568542E+01, 

•56568542E+01, •80000OCOE+Cl, 
O A TA ( (DA2(I,J),J = i,20),1=17,18»/ 

* “•®000°0®OE+01, -.62150959E+02, I #Í!ÍÍ17540£+02, *16000CCOE+02, -.18535514E+02. 
-•22884519E+02, .00000000 , -,878947282+01, 

-.79999999E+01, 
.799999992+01, 
•OOOOOOOO , 
• 8000000 02 + 01, 
•OOOOOOOO , 

•OOOOOOOO , 
•OOOOOOOO , 

•OOOOOOOO , 
•OOOOOOOO , 
• OOOOOOOO / 

•OOOOOOOO , 
-*320000002+62, 
•OOOOOOOO , 

139 



» 
. 514875hOE«-C It 

-.2486T384E*Ü2, 
’ • 26368419c ♦!] 2t 
‘ •16990C21E+C 2t 
■ • 552481156^1) 2, 
•.124311926+02, 
• 1 10297508E +0 2, 

•16001i00E+02, 
•OGOOJOOO , 
•79999999E+C1, 
• 160 00 0CdE+C2, 
•OOCOCOCO , • Out 00 000 , 

-.32000^006 + ( 2, 
TATA ((OA2(I»J),j=if2G),1=19,20)/ 

.^28143786 + 01, 
• 35157891E+C2, 
-.257437706+02, 
.447486 90c + 02 , 

.3640 718 9E +01, 
• 1757894 6E +C2, 
- * 145628 76E + C2, 

.ooooocoo 
♦ .ÛCC0ÛC30 
* .00000000 , 
* •8C0 30 010E + C1, 
* ,80000000t+Cl, 
* -.240 000 00£+0 2, 
* •18666667E + C2, 
' •125714296 + 4 2, 
* .00100030 , 
' .ooooooco , 
NP = 10 
IP=2#NP 
IP2=3«NP 
OO 800 KT=1,NCR<10 
NORHO=Q 
IF(CPRP(l,Kn.LE,C» 
IF(CPRP(3,KT),LE.0) 
IF(CPRP(4,KT),L£.0> 

-.16C00ÛQCE+02, 
•00000000 , 
-•160000SOE+02, 

.00000000 , 
.00000000 , 
•16OCO0OOE+O2, 

.00000000 / 

-.800000006+01, 
-.atcooo ooe+pi, 

.ooooococ , . 
•CblOCOOO , 
.OOCOCOCO , 
•COGOCCOO , 
.0GCC00C3 , 
.OCJOG 000 , 

• 80 00 00 00 E+G1, 
.8O05U0 OCE+C1, 

•OOOGOCOO , 
•OOOGOOCO , 

• 80000000 E+ Cl, 
-. 8000 0 OC CE+C1, 
-. 800G0OC 0E+C1, 
-. 400 00 00 OE +C 2, 
-•144000C OE +0 2, 

• OOOCOOCC , 
.OOOOOOCO , . 
.00000000 , 

.79999999E+01, 
• 7 9999999E + 01, 
•COGOGOOC , 

.CCOOCOOC , 
•OOOÚÚOOO , 
•00000000 , 
,00000000 , 

>0 0000000 , 
>80000000 E+01, 
,00000000 / 

GO TO 800 
GO TO 800 
NORHO=1 

170 

SIG=CPRP(2,KT> 
G=CPRP(1,KT)/12»*Cl.+SXGI ) 
IFCJC{ll,KT),GT.O) SIG=SIG/(1.+SIGI 
THICK=CPRP(3,KT) 1. 
RH0=CPRP(4,KT1 
hts=ol*g*thick 

^ IF (ICPRT.GT.CI MRITE(IOUT1,20C11 

2001 
J6=JC(6,KTI 
Jê=JC (8,KT) 
A (3)=0, 
8(3)=0. 
00 170 1=1,NOOF 
A(I)=CO(I,J6)-C0(I,Jl) 
8(1)=00(1,J8)-CO(I,Jl) 
CONTINUE 
CALL UNIVEC (A,NDOF,OEL) 
CALL UNIVEC (B.NOOF.OELl) 

FORMAT(//10X,“++i+Gí¡RNI*NG0+*iíELiJEJ¡JJÍ,pWRITE (6*i001) KT 

00 160 1=1,IP 
00 160 J=1,IP 
S2 (I,J)=DA1( I,J)+SIG*OA2(I,J) 
Tl d, J) =S2 ( I, J) 
IF(ICPRT,LT.3) GO TO 201 
MR ITE ( I OUT 1,20 03) 

. PRTRMÍIP»S2*IF»IP-,ICUT1) 
2003 FORMAT (//10X,“A IS~/) 
201 CONTINUE 

CALL INVERT (S2,S1,IP, IP) 140 
IF (ICPRT,LT. 3) GO TO 202 
WRITE ( I OU Tl, 20 04) 
CALL PRTRM(IP,sl,IP,IPfiouTl) 
MRITEdOUTl,20051 *luurl» 

1001 

160 

..i.. 



200 4 
2005 

159 
202 

161 

162 

2020 
203 

163 

505 

2021 
204 

164 
C CM 

CALL MARC(IP,S1,IP,T1,IP2tT3,IP,IP,IP» 
CALL PRTRM<IP2tT3fIP.IP,IOUT1) 
FORMAT <//10Xt"AINV IS"/» 
FORMAT(//10X,"A*AINV IS"/» 
DO 159 1=1,IP2 
DO 159 J=1,IP2 
r3(i,j»= o. 
CONTINUS 
DO 161 1=1,IP 
DO 161 J=1,IP2 
S2(I,J»=0. 
DO 162 1=1,NP 
L 0C=2*1-1 
t-OCl=NOOFMI-l> 
DO 162 J=l,NDOF 
S2(LOC,LOCl»J»=A(J» 
S 2(LOC+1,LOC1+ J» = B(J) 
CONTINUE 
LOC=NOOF*NP 
IF(ICPRT#LT,2» GO TO 203 
WRITE <IOUT1,20 20» 
CALL PRTRM(IP,S2,IP,L0C»IOUT1» 
FORMAT(//10X,"THE T MATRIX IS"/» 
CONTINUE 

mtNv'îï' 

^IFCIOYNAM.GT.O» WRITE (26» DEL,G, THICK, (IT1 (J,K » ,J = 1, IP» , k= 

00 163 1=1,IP 
00 163 J=1,IP 

S3(I,J>s(DKi(itj),sjQ#0K2<I,J»»«WTS 
00 505 1=1,IP 
S3 (1C,1) = 3.0 
S3(I,10)=0.0 
S3(12,1) = 0.0 
S3 (1,12)=0.0 
S3 (2C, I) = o,o 
S3 (1,20)=0.0 
CONTINUE 
CALL ATBA(IP,T1,IP,S3,IP2,T2,L0C,IP) 
IF (ICPRT.LT.3) GO TO 204 
WR ITS (IOUT1,20 21) 
CALL PRTRM(IP2,T2,L0C»L0C»I0UTi) 
FORMAT(//10X,"THE GK MATRIX IS"/) 
CONTINUE 
IF(IDYNAM.EQ.C) WRITE (26) DEL*G,THICK,SI.S2.T? 
IF (NORHO.EQ.l) GO TO 165 M^K,SI ,S2,T2 

IF(IOYNAM,LE.0.OR.IDYNAM.GT.2) GO TO 165 
SIGSQ=SIG*SIG 

'00 164 1=1,IP 
00 164 J=1,IP 

IS<nÔw>IN0S21<I,J,+SIG#0H12<I’J,+SIGSQ*OM22 tI,JH*MTH 

*IP»T1*IP»S2.IP2.T3,L0C,IP) 
IF(ICPRT.LT.3) GO TO 50« 
SUMO=0. 
SUNE=0 • 
DO 506 1=1,NP >■ 
SUMODO(I)=0. 
SUMEVN (I)=0 « 141 ‘ 
12=2*1 
11*12-1 
00 506 J=1,NP 
J2=2*J 

l,LO 



SUM000(I)=SUM000(I)fT3(JltIl) 
SUMEVN(I)=SUM£VN{I)*T3(J2,12) 

506 CONTINUE 
00 507 J=1,NP 
SUMO=SUNO>SUMO00(J) 
SUME=SU“iE ♦SUME VN ( J ) 

507 CONTINUE 
DO 509 1=1,NP 
SUMOOO (I) = (SUM ODD (D/SUM 0*10 0 . 

509 SUMEVN(I) =(SUMFVN< n/SUMEIMOG . 
WRITE (6,7 30) SUMO,SUME 
WRITE (6,731) (SUMOOO(K),K=1,NP) 
WRITE(6,732) <SUMEVN(K),K=1 ,NPI 

730 FORMAT C//10X,**XMASS ISX 'MPEll. 3./lCX,**YMASS ISX ", 
♦1PE11.3/) 

731 FORMAT Í//10X ,"U MASSES ARE (PERCENT! X 2</1QX ,1P5E11. 31/! 
732 FORMAT (//10X,“V MASSES ARE (PERCENT!X •*, 2(/10X,1P5E11. 3)/1 
508 CONTINUE 

IF(ICPRT,LT.3> GO TO 205 
WRITE(IOUT1,2C06) 
CALL PRTRM(IP2,T3,L0C,L0C»I0UT1I 

2006 FORMAT (//10X,**THE GM MATRIX IS"/! 
205 CONTINUE 

GO TO 167 
165 DO 166 1=1,IP2 

00 166 J=1, IP2 
166 T 3 ( I,JI=0• 

IF (I0YNAM.LT.3!G0 TO 167 
00 169 1=1,NP 
00 168 J=1»NDOF 
K=J*N00F*(I-l) 
T3(K,K)=(20.0*WTM1/9.0 
IF (I.EQ.ÜT3 (K,K) = (2.0*WTM!/9,0 

168 CONTINUE 
169 CONTINUE 

167 CONTINUE 
DO 91 1=1,NP 
LOC=JC(I,KTJ 
L0C2=N00F*(1-1) 
00 91 J=1,NOOF 
LOCATE(J+L0C2I =NF(J,LOC> 

91 CONTINUE 
L0C=NP*N00F 

IF(ICPRT.GT.l) WRITEdOUTl,2007! KT,f LOCATE IJ!,J*1,L0C! 
2007 FORMAT(//IX," LOCATE(J) “,/lX,I5,10I5,2 (/6X,1015 !/! 

DO 112 1=1,LOG 
IF(LOCATE(I!tLE*0 ! GO TO 112 
IR = LOCATE (I) 
00 111 J=1,L0C 
IF(LOCATE (J!) 130,111,140 

130 IC= -LOCATE(J) 
P(IR)=P(IR1-T2(I,J!*P(IC> 
GO TO 111 

140 IC=LOCATE(J! 
IF(IC.LT.IR) GO TO 111 
IC = IC-IRM 
ST(IR,IC!=ST(IR,IC! ♦ T2(I,J) 
IF(IOYNAN,GT «2 !IC = 1 
IF (IDYNAM,GT.C!SM(IR,IC!=SM(IR,IC! ♦ T3!I,J! 

111 CONTINUE 
112 CONTINUE 1421 
600 CONTINUE 

ENO FILE 26 



^TURN 
END 

PRTRM 
cprtrm 

201 
202 

in" 'p«£. 0PCR: aR0M ' * • -c. N r ILf, 
DIMENSION A (AP,u 

FOrIÍtÍi1« ^p10£ll, J) 

<s 
IP <KS.EQ.OI 
IRcM * 12*ks 

GO TO 
♦ 1 

l.KS 
9 

555 

00 1003 K = 
LI = 10♦< - 
L2 = 10*K 
WRITE ( NFILê » 20 2) 
00 lUü3 1 = 1,PR 
WRIT£(NFILE:,201| 
IP (iREM.Gr.PO GO TO 5<5P 
-Jire.NFKE.jcj,6?!1; 556 
00 1035 1 = 1 f pR * IREPtPC) 

WRITE(NFILE,201> 
GO TO 556 
W RITE (NFILE* 202) 
0° 1006 1=1,PR 

J006 WRITE(NFIL£,2C1) 
556 CONTINUE 

RETURN 
END 

1003 

1005 

555 

<I»I=L1,12) 

I»(A(Ifj)tj*Ll,L2) 

I»(A(I*J>,J=IR£M,PCI 

(1,1=1,PC) 

I*(A(I,j),J=ifpc) 

143 



... „, mwmm,mmímrí ... ,u, iM.mui^.iwu'iNi!« ..... 
„fv'W'W . ^ ' ’ ™u ■fPKW- rwwr W«!P! m 

FUNCTION 00T (VI, V2, NI 

ç THIS FUNCTION E,»tU4TES THE 00T FNOOUCT OF THE VECTORS VI «NO VE 

DOUBLE PRECISION OOTO 
DIMENSION Vl(l), V2(l) 
OOTO-O,0 
00 10 1= 1,N 
D0T0= DOTO ♦ OBLE (VI( 111*D3LE(V2(11) 
OOTsOOTO 
RETURN 
ENO 

10 



CROSS 
CCROSS 

SUBROUTINE, CROSS <A,B,AXB) 
DIMENSION ’ A (1)* B(1)«AXB(1) 
DOUBLE PRECISION Z 
Z=A(2)*B(3»-A(3»*B(2> 
AXB(l) «Z 
Z=A(3)*3C1)-AC1)*B(3) 
AXB(2) *Z 
Z=A(1)*B(2)-A(2»*B(i) 
AXB(3)-Z 
RETURN 
END 



AT BA 
CATBA 

SUBROUTINE ATBA (AR,A,BR,B,CR .C»N,NB» 
C THIS SUBPROGRAM FORMS THE MATRIX PRODUCT CAT*B*A*C! 

INTEGER AR«BR*CR 
DIMENSION A(AR«1),B(BR,1)«C(CP*1I 
DOUBLE PRECISION Z 
DO 10 1= ItN 
00 10 J= 1 » N 
z»o» 
00 11 K= ItNB 
00 11 L= l.NB 

11 Z« Z ♦ A(<»I>*BCK,L)*ACLtJ) 
10 C(I»J)> Z 

RETURN 
ENO 



MA BC 
CM A BC 

THIS SUBPROGPáJA?SoííRí¡c3R,B,CR,C,NRA,NCARB»NCB» 

ik^er «r‘br"r IHE "‘,RI>( ,,R00UC, 
DOUBLE PRECISION Z 

DIMENSION A(AR«U tC(CRf 1) 
DO 10 I* 1 • NRA 
DO 10 K= 1«NCB 
Z = 0. 

DO 11 J= 1* N CA R8 
11 Z= Z ♦ ACI.JMBCJ.K» 
10 C(I«K)*Z 

RETURN 
END 



IU» 1 ... ' --mmmrnm ... ' " TW»,,|PÎ ..i 11111(111111^11111111)11111111 

...... .. 

UNIVEC 
CUNIVEC 

SUBROUTINE UNIVEC fA.N.XD 
DIMENSION A(Il 
DOUBLE PRECISION XL1 
XL1*SQRT(OOT (A «A# NH 
XL*XL1 
IF(XL.LT.(l.E-08)» GO TO 11 
DO 10 1=1,N 

10 A (I)=SNGL(OBLE (A(I))/XL1) 
GO TO 12 

11 MRITE(6,100) 
100 FORMAT I//"*** PROBABLE ZERO VECTOR IN UNIVEC ♦••“✓/I 
12 CONTINUE 

RETURN 
END 

14Í 



OYNAN 
C0VNME4 

SUBROUTINE DYNAM (A,N) 
DIMENSION A(l)tN(l) 

:C0NH0N 
C0N«0N/«D»/NNF8|;,1ÏOu;ÎSI,,E’NK0RE’IO,,N*h 

NDTjNFíÍNÜ*’NUN’NSP’NJ,"N8P,NJ10’,,15P'NP1'NS,,NSI’> 
IF(lOYNANiEOaJ) CALL OVNAHl(AINNFI,AfNJA)VA(NJICA(NP1A(NSTI 

IF(ZOVNAH FQ r. ND^f,N0',’,“NP2’,‘'NU'',t 
IF <IO¥NAN*EQ>?) CALL «A <NAF» . AINJ.I ,A .NJ, 0,, ,(Np„ , . 

'"F»(NPZ l,A INUVI,NP1, 

IF IIOVNAN*EQ,3ICALL 0VNAH3(A(NNF),A(NJ8>,A(NJ10I, A(NPI,,A(NSM, 

NOOF NFPi*8"* WOT I, A1NP2) ,A (NUVI, * 

IFIID»»,H.E0.4,C,LL OVNAPA ( MNNF^aÏnjS, ,A<NJiQ,,A(NP1),A(NST,( 

END 

149 



Dy NA Hi 
COYNAHl 

rnuMn210^ V*3®•»S2*2C»30)»IN(3)»C<2fl| * 
^COMMON NNOOES.NTRIS.NSPRNG.NCRKa.NCRKlO.NLUMPS 

NLDNDS#NRSTRtNER,NRR,NIDt * 

C0MM0N/8LK2/INPRT»IKPRT^ITPRT*ICPRTJjOPRT 

lours 
WRITE(6f200) 
A1*1HN 

CZHïÎM'âîmî'âk-- 
WRITE(6»20l> WIt MF» NSTEP 

WRITE(6*202) 

READ(5*102) "il MISH T° C°RRECT ™IS» TVP^ YES**, 

300 

200 

201 

202 

102 FORMAT(A1) 
IFCAl.EQ.1HY) GO TO 300 
WI=WI»PI*2. 
WF=HF*PI*2» 
OELW*NF-HI 
IF(NSTEP.LE.1I 21=1. 
IFCNSTEP.LE.l) go TO 799 
Zl=i./FUOAT(NSTEP-l» 

799 CONTINUE 
DO 800 KT=1,NSTEP 

C CALCULATE OMEGA SQUARED 
W=WI*(KT-l)*OELW*Zl 
W2=N*H 

C INITIALIZE P2 ANO OVN 
DO 801 I*1,NER 
P2(I)=P(I) 
DO 801 J=1,N0 

801 OYN(I.J)sST(I.J) - H2*SM(I.J) 
c p2 

c RECOoT,ï?o;.L1:îNs„p^E'eNis- in "«>»«• point oros. 

C ZERO THE NODAL OISPLACEHENTS 
DO 803 J=lfNDOF 

*03 U(J,I)=o. 
c RECOVER THE FREEDOM NUMBERS OF 

DO 804 J=lfNDOF 
CALL INTEGR( IN (J)fNF(J.I )) 

*04 IN(J)=IABS(IN(J)) 
C IN(J) CONTAINS FREEDOM NUMBERS 
C RECOVER THE NODAL OISPL FROM P2 

DO 805 J=lfNDOF 
K*IN(J) 
IF(K.EQ.O) GO TO 805 
U(JVI)=P2(K) 

*05 CONTINUE 
*02 CONTINUE 

C WRITE OUT THE DISPLACEMENT VECTOR 
w=w/(2.*r,i) 
WRITE(lOUTlt203) W 
WRITE(6.203) W 

the nodal displacements 

OF NODAL OISPL. OR ZERO 

ISO 



i 

204 

80 52 
205 

8054 
206 
8053 

FOR GNEGA= **» lPE11.3t** FCLLOMSZ**) 

207 

C 
C 

C 
C 

C 
C 

203 FORMAT(/5X,“THE OATA 
HRITEdOUTl, 2041 
IF IIOPRT•GT.0) WRITE(6t204) 
FORMAT(/5X*"NODAL POINT OISPLACEMENTS"t 

* /5X»“NODE“» 7X »“U“»10X t"V“f10X »“W“/1 
IFÍNOOF.EQ.2» GO TO 8051 
00 8052 1=1•NNOOES 
IFdOPRT.GT.O» WRITE (6t205) I , CU( J , I ) , J=1 | 
WRIT£(IOUT1,205) I, CU C J, I », J= 1.3» 
F ORMAT C/3XfI5»2X»lP3£ll,3l 
GO TO 8953 

8051 00 8054 I=l,NNOOES 
IFCIOPRT.GT.O» WRITE(6«2C6t I,CUCJ,I»,J=1t2» 
W RITE ( IOUT1120 6) I» (U ( J, I) t J=i 12) 
FORMAT </3XtI5t2X,lP2E11.3> 
I1=8*ND0F 
IF(NCRK8.LE.0> GO TO 836 
REWIND 25 
W RITE <IOUT1* 207) 

FORMAT(/6X,“8-H0DE ELEMENT STRESS INTENSITY FACTOR“, 
• /6X,“ELENENT"t7X,”K ONE"» 

NODAL POINT DISP NOW IN U IN NODAL POINT ORDER 

REC000R807NÎ-ÏINCRK8NO CALC STRESS INTENSITY FACTORS 

READ IN THE PARAMETERS ANO GEN COORD RECOVERY matdtv 
generate the elehent oispl.cehentvector RIX 

00 808 J=l,8 
C FIND THE NODE NUMBERS FOR THE ELEMENT 

K=JC8( J,I) 
I2=NDOF*(J-l» 

C STUFF DISPLACEMENTS INTO THE V VECTOR 
00 809 L=l,NOOF 

809 V(I2*L»=U(L,K) 
808 CONTINUE 

00 810 J=l,16 
C(J)=0. 
00 810 K=i,n 

810 C(J)=C(J)^S2(J,K)*VCK)/0EL 

C ieaoÏng'cÔÊf iTthTÍiÍl0?^ «rÎeHsE *'N00E ELEH6nt- c,‘' is 

c K 0NE 
WRITE CI0U71,20 9» I,SIF 
WRITEC6*299) I.SIF 

C0NTINUE6X,,,8’N0DE ELEHENT “•I^SX.-K ONE = “,1PE11.3/» 

CONTINUE 

C MRIT^N^|JOING PREPARATORY TO 10-NODE CALCULATIONS 
A1•IQ* NDOF 
IFCNCRK10.LE.0) GO TO 811 
REWIND 26 
W RITE(I0UT1* 210) 

210 FORMATC/5X.-10-NOOE ELEMENT STRESS INTENSITY FACTORS“. 

00 ¿ÎÂ"1'-"-'* '•»-* 

GENERATE î!!r?uT*ST‘Sîsp“ÏEcïSR0 REC°’'E*Y 
00 813 j»l,10 / I 

FINO NODE NUMBERS FOR THE ELEMENT 1 151 ' 
K«JC10 (J,I) 
I2*N00F* CJ-1) 

STUFF OISPL INT THE V VECTOR 

THE 

209 
807 
806 



00 814 L=i»NOOF 
814 V(I2+L)=U(LtKl 
813 CONTINUE 

REA0(26) OEL*GtTHK,HS2(J.K)*J«l,20) *K*1« III 
C MULTIPLY C*(AINV*T >*W 

00 815 J*lt20 
CtJ)«0* 
00 815 Ksl«I1 

815 C(JI-C(J)«S2(J*K)*V(K)/0EL 
C FOR 10-NODE ELEMENT» C(ll AND CC11I ARE THE RELEVANT GENL COORO 

SIF=12.*SQRT <2»*PI*0ELÍ*G*C111 
THK*4»•SORT C 2« *PI*OELl*G*C(11) 
MRIT£(I0UT1»211) I»SIF,THK 

211 FORMAT(/6X«I4*5X»1PE11»3(4X «1PE11»31 
WRITE (6« 212) I»SIF»THK 

212 FORMAT </5X»"lG-N0DE ELEMENT ~»I4.3X»“K ONE * •*» 
* 1PE11.3» - K TWO * “»1PE11.3» 

812 CONTINUE 
811 CONTINUE 
800 CONTINUE 

WRITE(6*213) 
213 FORMAT(//5X.“IF YOU WISH TO RUN 0YNAM1 AGAIN»TYPEX YES“/1 

REAO(5»102) A1 
IF(Al.EQ.lHY) GO TO 300 
RETURN 
END 
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0YNAM2 
C0YNAM2 

SUBROUTINE OYNAM2 tNF,JC8,JCIO»PtST,SH,F,U,U2, NPl,NOOF,NROHI 
DIMENSION NF(NOOF,l),JC8(9,1).JC10(11 « 1)tST (NPOW,1),SM(NROH,1), 

* F(NROW'l)tU(NROM,l),U2(N00F,1)*P<1) 
DIMENSION PP(3) 
COMMON NN0DES»NTRIS,NSPRNG,NCRK8, NCRKIO »NLUMPS. 

* NL CNOSt NRSTP»NER»NRRtNIOt 
* IFLAGfNBfNDOFNtlSTATEfNKORE»IOYNAM 
COMMON/8LK3/IIN9, IIN10»IOUTl,IOUT2f I0UT3, I0UT«*,I0UT5 
COMMON/BL<2/INPRT,lKPRT,ITPRT,ICPRTtIOPRT 
A1=1HN 
00 29/ 1 = 1 » 3 
00 297 J=1*NER 
U(J.1)=0.0 
F (Jtl)=0.0 

297 CONTINUE 
97 FORMAT <Ai> 
98 FORMAIT//10X»**IF YOU WISH TO CORRECT THIS,TYPE» YES“) 

IFLAG=0 
3091 REA0(5,103) I, (PP(J),J=1,NOOF) 

IF(I.LE.C) GO TO 305 
00 306 J=l,NOOF 
NO=NF(J,I) 
IF(NO.GT.O) GO TO 307 
IF (PP(J).LE.1.E-06) GO TO 306 
IFLAG=IFLAG*1 
WRITE(6,109) I,NO 

109 FORMAT (/10X,“****NODE “,15,“ FREEDOM NUMBER “,I5, 
* /10X,“HAS A SPECIFIED INITIAL DISPLACEMENT”/) 

GO TO 336 
C UZERO IS IN U(J,1) 

307 U(NQ,1)=PP(J) 
306 CONTINUE 

GO TO 3051 
305 CONTINUE 
300 REA0(5,103) I,(PP(J),J=1,NOOF) 
103 F ORMAT(I5,3E15.8) 

IF(I.LE.O) GO TO 301 
DO 302 J=l,NOOF 
NQ=NF(J,I) 
IF(NO.GT.O) GO TO 303 
IF(PP(J)•LE.1.E-06) GO TO 302 
IFLAG=IFLAG+1 
WRITE(6,104) I,NO 

104 F ORMAT(//5X,“****NOOE “,15,“ FREEDOM NUMBER “,I5, 
* /5X»“HAS A SPECIFIED INITIAL VELOCITV**•*“//) 

GO TO 302 
C VZERO IS NOW IN U(I,3> 

303 < U(NO,3)=PP(J) 
302 CONTINUE 

GO TO 300 
301 CONTINUE 

C SAVE ST,SM,UZERO,VZERO FOR RERUN WITH DIFFERENT TINE STEP 
C ACTIVATE WHEN NEEDED* WILL NEED TO REINITIALIZE UO ANO VO 
C WRITEÍ27) ST,SM,(U(J,1),J=1,NER), (U(J,3),J=1,NER) 

IF(INPRT.LT.3) GO TO 108 
WRITE(6,106) 

106 FORMAT(//10X,“FREEDOM NUMBER“,7X,“UZER0“,7X,“VZERO“/) 
WRITE(6,107) ( (J,U(J,1),U(J,3)),J=1,NER) 

107 F ORMAT(14X,15,10X,1PE10.3,2X,1PE10,3) 
108 IF(IFLAG.EQ.O) GO TO 298 

WRITE(6*1111) IFLAG 
1111 FORMAT(//10X,“****THERE WERE “,15,“ ERRORS IN INITIAL CONDITIONS“ 
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* f/lOX,-PROGRAM TERMINATES***»“//» 
STOP 

29« CONTINUE 
C INPUT INTEGRATION INTERVAL ANO STEP LENGTH 

MRITE (6.101) 
101 FORMATC//10X*“ENTERl DELTA T, NUMBER OF TIME STEPS“) 

READ (5.*) DT.NTS 
WRITE (6.99) OT.NTS 

99 FORMAT(//10X,“THE PARAMETERS ARE» OT = “,£15.8, 
* “NTS * “, 15) 

WRITE (6.98) 
READ (5,97) A1 
IF(A1.EQ.1HV) GO TO 298 

C SET UP STRESS INTENSITY FACTOR CALC FREQUENCY 
IF((NCRK8.NE.0).OR.(NCRK10.NE.0>) GO TO 312 
NTSIF=0 
GO TO 356 

312 WRITE(6,112) 
A1=1HN 

112 FORMAT(//10X,“MOW OFTEN MUST I CALCULATE S.I. FACTORS?“) 
REAO(5,*) NT SIF 
WRITE(6,113) NTSIF 

113 4^Ü;T,//18X’*’S-I‘ factop wILL BE CALCULATED EVERY “,15,“ TIME ST 

WRITE(6,98) 
RE AO(5,97) A1 
IF(Al.EQ.lHV) GO TO 312 

C SET UP ACCELERATION CALC FREQUENCY 
356 IF(NLONOS.NE.0) GO TO 350 

NT ACC-0 
GO TO 340 

350 WRITE(6,120) 
A1=1HN 

120 FORMAT(//10X,“HOW OFTEN MUST I CALCULATE ACCELERATIONS?“) 
REAO(5 »*) NT ACC 
WRITE(6*121) NTACC 

121 FORMAT(//10X,“ACCELERATIONS WILL BE CALCULATED EVERY “»15, 
*“ TIME STEPS") 
WRITE(6,98) 
REA0(5»97) Ai 
IF(A1.EQ.1HY) GO TO 350 
I T5=Q 
NO =NOOF*NNOOES 
00 341 1*1,NO» 

341 IF(IFIX(P(I)).EQ.l) IT5*IT5+1 
C COUNTS THE NUMBER OF ACCELERATIONS TO BE CALCULATED 

IT3=NTS/NTACC 
IF(MOO(NTS,NTACC).EQ.O) IT3*IT3-1 

C WRITE ON 29 1+IT5 TIMES EACH ACCEL CALL 
340 CONTINUE 

HSQ0V4*(OT*DT)/4, 
C BEGIN FIRST STEP CALCULATION» F(1,3)=OT*H*VZERO 

CALL PBMULT(NER,NB,SM,U(1,3), F (1,3),01) 
C FORM D=M ♦ HSQ0V4*K, 8*2*(M - HSQOV4*K) 

DO 309 1=1,NER 
00 309 J=l,Ne 
ZM=SM(I,J) 
ZT*ST(I«J)»HSQ0V4 . 

C 0 MATRIX FORMED IN SM 
SM (I, J)=ZM+ZT '154 

C B MATRIX FORMED IN ST 
309 ST(I,J)*2.*(ZN-ZT) 

C CONTINUE CALC FOR RHS FIRST STEP» FCI,i)«0.5»B*UZERO 
CALL P8MULT(NER,NB,^T,U(1,1),F(1,1),1,5) 
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00 31Ü I=i,NEP 
U(I,2)=FfIt3)+FII»ll 

C ZERO APPROPRIATELY 
F(I,3I=0.3 
F<I»1»«0.0 

310 Ufl(3)«0.0 
C NOW CALC FZERO, FONE 

T = C. 
C 

C FVEC *MUST* RETURN NODAL FORCES AT TIME T IN FREEDOM NUMBER ORDER 

CALL FV£C(NF,T,F(ltlM 
T=T*DT 
CALL FVEC<NFtT,F(lt2»l 

C COMPLETE CALC OF RHS IN FIRST STE® 
DO 311 1=1,NER 

311 U(I,2)=U(I,2)*HSQ0V4*(F(I,2>+F(I,1)> 
C TRIANGULARIZE 0 

CALL BANS0L(SM,U(1,2},NER,NB,NER) 
C SOLVE D*UONE=RHS 

CALL SOLVE(SM,U(1,2),NER,N9,N£K) 
UONE IS IN U(I,2) 
VECTOR UTILIZATION! UZERO IN U(I,1), UONE IN U<I,2) 

FZERO IN F (I , 1 ), FONE IN F(I,2) 

INITIALIZE INDICES FOR GENERAL STEP OF INTEGRATION 

IT1=NTSIF 
IT =1 

IF ( IT. NE.IT1) GO TO 326 
WRITEI28)IT,T 

CALL SIFACINF»JC8,JC10,U<1,2),U2,NOOF) 
326 CONTINUE 

IT4=NTACC*1 
NO =0 
N1 =3 
N2=2 
N 3=1 

C THIS IS THE GENERAL INTEGRATION STEP LOOP 
DO 313 IT =2«NTS 

C BEGIN RHS CALCULATION U<I,N1>= B*UCI,N2) 
CALL BMULT(NER«NB,ST,U(1,N2)*U(1,N1)) 
T=T*OT 
CALL FVEC(NF,T,FC1,ND) 
DO 314 J=l,NER 

314 U(J,N1)=UCJ,N1)*HSQ0V4*<FCJ,N1)+2,*F(J,N2)( 
C USTAR= USUB(N*2) ♦ USUB(N) 
C CALCULATE D*USTAR= RHS 

CALL SOLVE(SM* U(1,N1),NER«NB* NER) 
DO 315 1=1,NER 

315 U(I,N1)=U(I,N1)-U(I,N3) 
C AT THIS POINT,UN+2 IS ALWAYS IN UtI,Nl) 
C U(I,N3) IS NON AVAILABLE FOR WORKING SPACE 
C CALCULATE THE S,I, FACTORS AT SPECIFIED STEPS 

IF (NTSIF.EQ.fi) GO TO 316 
IF (IT.LT.ITl) GO TO 316 
iti*iti+ntsif 
WRITE(28) IT,T 
CALL SIFAC(NF,JC8,JC10,U(1,N1),U2«NOOF) 
IF(NTACC.EQ.fi) GO TO 360 ; 
IF(IT,LT.IT4) GO TO 360 
IT4*IT4*NTACC 
TH1»T-0T 
I-IT-1 

316 

F(J,N3)) 

155 



MRITE(29> ItTM1 
CALL ACCEL(PtU(l*Nil fU(ltN2)tU(l«N3)tOTI 

360 CONTINUE 
C CYCLE INDICES FOR NEXT STEP 

NO =N3 
N3 = N2 
N2=N1 
N1=NÛ 

C INITIALIZE U(ItNl) ANO F(I«N1) 
00 317 1*1,NEP 
U ( I,N11=0 • 

317 F ( I,N1)=C t 
C END OF INTEGRATION LOOP 

313 CONTINUE 
C RECOVER STRESS INTENSITY FACTORS ANO WRITE ON IOUT1, FORMATTED 

IFINTSIF.EQ.OI GO TO 325 
REMIND 28 

114 FORMATÍ/1ÚX,“TIME STEP “,I5,5X,“T = “,1PE10.3» 
115 FORMAT (13X,“8-N00E ELT “,13,“ K-ONE * "»1PE10.3» 
116 FORMAT C13X»“10-NODE ELT “,13,“ K-ONE * “,1PE1G.3,“ K-TWO * “.1PE1Û 

*.3) 
IT2=NTS/NTSIF 
00 319 1=1,IT2 
RE A0(28l IT1,T 
IFtlOPRT.GT.l) MRITE(6,114) IT1,T 
MRITE (IOUTl,1141 IT1,T 
IF(NCRK8,E0« OI GO TO 320 
00 321 J=1,NCRK8 
RE AD(2 8) IT1,T 
IF (IOPRT.GT,1) MRITE(6,1151 IT1,T 

321 MRITE(I0UT1,115) IT1,T 
320 IF (NCRK10«EQ,GI GO TO 319 

DO 323 J=1,NCRK10 
REA0(28> IT1 ,T,DT 
IF(IOPRT.GT.l) WRITE (6,116) IT1,T,0T 

323 MRITE(I0UT1,1161 IT1,T,0T 
319 CONTINUE 

C RECOVER ACCELERATIONS ANO MRITE ON I0UT1, FORMATTED 
325 IF(NTACC.EQ.O) GO TO 370 

REWIND 29 
CALL ACCOUT(NF,P,F»IT3»IT5,NOOF} 

370 CONTINUE 
RETURN 
END 

l 
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0YNAM3 
C0YNAM3 

SUBROUTINE DYNAN3 (NF , JC fltJCIC,P, ST, SM, OYN, P2tU»NDOFN,NROHI 
DIMENSION NF(NDOF N , 1) , P ( 11, ST (NPOW,11 ,SM (1», DYN INROW,11 , 

* P2(l>,UC NOOFN,11, JC 0(9,1), JC 10(11,1), 
* V(30),S2(2C,30),IN(3),C(20) 

COMMON NN00ES,NTPIS,NSPRNG,NCFt<8, NCRK10 ,NLUMPS, 
* NLONOS,NRSTR,NER,KRR,NIO, 
* IFLAG.NB.NOOF, ISTATE,NKORE , IOYNAM 
C0MM0N/8LK2/INPRT, IKPRT, ITPRT,ICPRT, IOPRT 
C0MM0N/3L<3/IIN8,IIN1C,I0U11,I0UT2,IOUT3,IOUT4,IOUT5 
DATA PI/3.1415926/ 

300 WRITE(6,200) 
A1=1HN 

200 FORMATl/5X,"ENTERZ INITIAL FREQ, FINAL FREQ, NR OF STEPS", 
* //5X,"FREQ IN HZ, FREE FORMAT, ORDER INDICATED") 
REAO(5,*> WI,WF,NSTEP 
WRITE (6,201) WI, WF, NSTEP 

201 FORMAT(/5X,"THE PARAMETERS AREZ",/6X,"WI",9X,"WF",4X,"NSTEP" 
' //1X,1P2E11,3,I5/) 

REWIND 26 
WRITE(6,202) 

202 FORMAT(/5X,“IF YOU WISH TO CORRECT THIS, TYPEZ YES") 
REAO(5,102) Al 

102 FORMAT(Al ) 
IF (Al.EQ.IHY) 60 TO 300 
WI=WI*PI*2. 
WF=WF*PI*2. 
OELW=WF-WI 
IF(NSTEP.LE.l) Zl = l, 
IF (NSTEP,LE, 1) GO TO 799 
Z1=1,/FLOAT (NSTEP-1) 

799 CONTINUE 
DO SOU KT=1,NSTEP 

C CALCULATE OMEGA SQUARED 
W = WIMKT-1)*D£LW*Z1 
W2=W«W 

C INITIALIZE P2 AND OYN 
008011=1,NER 
P2 (I)=P(I) 
00801J=1,N8 
IF(I.EQ.J) GO TO 801 
OYN(I,J)=ST(I,J) 
GO TO 8011 

801 OYN(I,J)=ST(I,J)-W2»SM(I ) 
C CALCULATE NODAL DISPLACEMENTS, RETURNED IN P2 

8011 CALL BANS2L(DYN»P2 «NER,NB,NER) 
C RECOVER NODAL DISPLACEMENTS, IN NODAL POINT ORDER 

DO 802 1=1,NNOOES 
C ZERO THE NODAL DISPLACEMENTS 

DO 803 J=1«NOOF 
803 U(J,I)=0. 

C RECOVER THE FREEDOM NUMBERS OF THE NODAL DISPLACEMENTS 
DO 804 J=l«NOOF 
CALL INTEGRdN(J) ,NF(J,I)) 

804 IN (J) = IABS(IN(J)) 
C IN(J) CONTAINS FREEDOM NUMBERS OF NODAL OISPL, OR ZERO 
C RECOVER THE NODAL OISPL FROM P2 

DO 805 J=l,NDOF 
K = IN(J) 157 
IF(K.EQ.O) GO TO 805 
U(J,I )=P2(K) 

805 CONTINUE 
802 CONTINUE 
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C WRITE OUT THE DISPLACEMENT VECTOR 
WsW/<2.*PII 
WRITE(IOUTl,2C3) M 
WRITE (6«2C3) W 

203 FORMAT(/5Xt“THE OATA FOR OMEGA* ",1PE11.3»“ FOLLOWSX"! 
WRITE(I0UT1,2CL> 
IFCIOPRT.GT.OI WR ITE(6* 2 GA) 

204 FORMAT(/5X,"N00AL POINT 01SPLACEMENTS", 
* /5X,"NODE”» 7X,**U" ,10 X*"V", 10X,"W"^I 
IF(NOOF*EQ,2) GO TO 8051 
DO 8052 1*1,NNOOES 
IFCIOPRT.GT.O» WR ITE(6,2 051 I, <U<J,I),J*1,3 » 

8052 WRITE(IOUTl,2i,5) I . <U < J, I > , J=1,31 
205 FORMAT(/3X,I5,2X, 1P3E11# 31 

GO TG 8G53 
8051 OC 8054 I=l,NNOOES 

IFCIOPRT.GT.O» WRITE(6,20c» I, (U(J,I),J = 1,2» 
8054 WRITE(I0UT1,2C6» I, (U ( J, I ), J*l, 2) 
206 FORMAT C/3XfI5,2X,lP2E11.3) 
8053 I1=8*N00F 

IF(NCRK8.LE.G) GO TO 506 
REWIND 25 
WRITECI0UT1,2C7) 

207 FORMAT C/6X,"8-HOOE ELEMENT STRESS INTENSITY FACTOR", 
• /6X,"ELEMENT",7X,~K ONE") 

C NODAL POINT OISP NOW IN U IN NODAL POINT ORDER 
C RECOVER GEN. OISP. AND CALC STRESS INTENSITY FACTORS 

DO 807 1*1,NCRK8 
C READ IN THE PARAMETERS ANO GEN COORO RECOVERY MATRIX 
C GENERATE THE ELEMENT DISPLACEMENT VECTOR 

DO 808 J*1,8 
C FIND THE NODE NUMBERS FOR THE ELEMENT 

K*JC8(J,I) 
I2=NDOF*CJ-l) 

C STUFF DISPLACEMENTS INTO THE V VECTOR 
00 809 L*1«NDOF 

809 V CI2+L)=U CL » K) 
808 CONTINUE 

REA0C25) DEL,G,THK *CCS2CJ,K) ,J*l,16),K*l,Il) 
C MULTIPLY C=AINV*T*V 

00 810 J*l,16 
C(J)=0. 
00 810 K*1« 11 

810 CCJ)=CCJ)^S2CJ,K)*VCK)/0EL 
C THE CCJ) ARE THE GENL COORD FCR THE 8-NOOE ELEMENT, CCD IS THE 
C LEADING COEF IN THE WILLIAMS SERIES 
C CALCULATE THE STRESS INTENSITY FACTOR, K ONE 

SIF=12.*SQRTC2.*PI*0EL)*G*C<1) 
WRITECIOUT1,209) I,SIF 
WRITE(6,209) I,SIF 

209 F0RMATC/6X,"8-NODE ELEMENT ~,I4.3X,"K ONE * ",iP£11.3/) 
807 CONTINUE 
806 CONTINUE 

C WRITE HEADING PREPARATORY TO 10-NODE CALCULATIONS 
Ii*10*NDOF 
IF CNCRKIO.LE.O) GO TO 811 
WRITE CIOUT1,210) 

210 FORMATC/5X,"10-NODE ELEMENT STRESS INTENSITY FACTORS", 
* /5X,"ELEMENT",7X,"K ONE-,10X,"K TWO") 
DO 812 I*1,NCRK10 

C READ IN PARAMETERS AND GENL COORO RECOVERY MATRIX 
C GENERATE THE ELEMENT OISPL VECTOR ~ , ’ 

00 813 J=l, 10 ; 'i5* / 
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C FIND NODE NUMBERS FOR THE ELEMENT 
K*JC10(J.I) 
12=NDOF* CJ-l) 

C STUFF OISPL I NT THE V VECTOR 
DO 814 Lsl*NOOF 

814 V(I2*L)sU(L.K) 
813 CONTINUE 

READ(26) OEL.G,THKt(<S2(J,K),J*1,201,K=1,I1I 
C MULTIPLY C*(AINV*T)*V 

DO 815 J=1120 
C(J)*0. 
DO 815 <=1,I1 

815 C (J)=C(J) »S2 (J*K)«V(K)/OEL 
C FOR 10-NODE ELEMENT, C<1) AND C(ll) ARE THE RELEVANT GENL COORD 

SIF=12»*SQRT (2«*PI*OEL)*G,C(l) 
THK=4.*SQRT(2.*PI*0EL)*G*C(11) 
WRITE(IOUTl,211) I,SIF,THK 

211 FORMAT C/6X*I4,5X,1PE11.3,4X,1PE11.3) 
MRITE(6,212) I,SIF,THK 

212 FORMAT (/5X*“10"NODE ELEMENT •,,I4t3X,"K ONE = •*, 
* 1PE11.3, •* K TWO = ",1PE11.3) 

812 CONTINUE 
811 CONTINUE 
800 CONTINUE 

WRITE(6,213) 
213 FORMAT (//5X»**IF YOU WISH TO RUN OVNAM1 AG AI N, TYPE*/. YES“/) 

READ(5«102) A1 
IF(Al.EQ.lHV) GO TO 300 
RETURN 
END 

' 

159 

.. -- .^.-. ...... ---:...-à..-... 



o
 o

 o
 o

 o
 o

 

0VNAM4 
C0YNAM4 

SUBROUTINE OYNAM4<NF,JC8,JC10,P,ST,SM,F,U,U2,NPi.NDOFN.NROtO 
DIMENSION NF (NOOFN»l) » JC6 (9,11 ,XiO Ilit 1» «ST(NROH , 1) VSM (i) t 

* F ( 1 ) *U C NROM «1) « U2 (NDOFN »1)«P(D ,PP<3» 
COMMON NNOO£S,NTRIS,NSPRNG,NCRK«,NCRK10.NLUMPSt 

* NLDNDS,NRSTR,NER,NPR.NIO» 
* IFIAG,NB,NDOF,ISTATE,NKORE,IOYNAM 
COMMON/9LK3/IIN8,IINiG.I0UTl,I0UT2tI0UT3fI0UT4»I0UT5 
C0MM0N/3LK2/ INPPT »IKPRT»ITPRT «ICPRT «IOPRT 
MRITE(6*9999) 

9999 FORMAT (IX,"ENTERED DYNAM4"* 
A1«1MN 

STORES ST»SM,UZERO,VZERO FOR FUTURE USEZ. ACTIVATE WHEN NEEDED 
N0»2*NER*(NB+1) 
DEFINE FILE 27(i,NO,V,IP » 

INITIALIZE F ANO U 

DO 297 J=1»NER 
F(j»=o.a 
DO 297 1=1,3 
U(J,1)=0.0 

297 CONTINUE 
97 FORMAT (Al) 
98 FORMAT!//10X,"IF YOU WISH TO CORRECT THIS*TYPEX YES") 

IFLAG=0 
3051 READ(5,103) I,(PP(J),J=l,NOOF) 

IF(I.LE.C) GO TO 305 
DO 306 J=l*NOOF 
N0=NF(J,I) 
IF(NC.GT.O) GO TO 307 
IF(PP(J).LE.l.E-06) GO TO 306 
IFLAG=IFLAG+1 
WRITE (6,109) I,NO 

109 FORMAT(/1()X,"*«'**NOOE ",I5," FREEDOM NUMBER ",15. 
* /13X,"HAS A SPECIFIED INITIAL DISPLACEMENT"/» 

GO TO 306 
C UZERO IS IN U(J,1) 

307 U( NO,1)=PP(J) 
306 CONTINUE 

GO TO 3051 
305 CONTINUE 
300 REAO(5,lQ3) I, (PP(J),J=1,NOOF) 
103 FORMAT(I5,3£15,8) 

IF(I.LE.O) GO TO 301 
DO 302 J=l,NOOF 
NO =NF(J,I ) 
IF(NO.GT.O) GO TO 303 

.IF<PP(J).LE.i.E-06> GO TO 302 
IFLAG=IFLAG+1 
WRITE(6,104) I,NO 

104 FORMAT(//5X,“****NOOE “,I5," FREEDOM NUMBER ",I5, 
* /5X,"HAS A SPECIFIED INITIAL VELOCITY*•*♦"//» 

GO TO 302 
C VZERO IS NOW IN U(I,3) 

303 U (N0,3)=PP(J) 
302 CONTINUE 

GO TO 300 
301 CONTINUE 

C SAVE ST,SM,UZERO,VZERO FOR RERUN WITH DIFFERENT TIME STEP 
C ACTIVATE WHEN NEEDEOX WILL NEED TO REINITIALIZE UO AND VO 
C MRITEI27~IP) ST,SM,(UCJ,1),J=1,NER), (U(J,3) ,J=1,NERI 

IF (INPRT.LT.3) GO TO 108 ( 160 
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106 

107 
108 

lili 

101 

99 

WRITE(6*1C6) 

TF??Í|Tíí^«In.*10X’1PFl0,3,2X,1PE10*3> IFCIFLAG.EQ.O» GO TO 299 
WRITE(ôtllll> IFLAG 
FOR MA T (//10X »*•*•*• THERE WERE “,15,“ ERRORS IKí twttt». 
’stop •'“«••"»o«»" tírhinates«..-//, 1n initi“- 

298 CONTINUE 

C INPüírÍ?T|FRfíí?N INTERVAL AN0 STEP LENGTH write (6(101) 

pcr;^Mos;:NE;'£Rz oeli‘ t> num8er «« 
WRITE (6,99) DT,NTS 

^FORMAT (//13X,~THE = PARAM£TERS AREX OT = “,E15.8, 

WRITE (6,98) ^ 
RFAO (5,97) A1 
IF(Al.EO.lHV) GO TO 298 

SE,tF<l«CPK»S»íNr7fNLITT F‘CT0R CaLC F PEQUE NC Y 
NTSIF=0K8,NE*C,'0R*<NCRKlc,NÇ,3n G0 T0 312 
GO TO 340 
WRITE(6,112) 
A1=1HN 

0F,EN "USt 1 C,LCUL4T£ S-‘- f*CTORS»-| 
WRITE(6,113) NTSIF 

-s.!. F4CT0|! -ILl x C,ICUL,IE0 E>ERY , t5i 

WRITE(6,98) 
REA0(5,97) A1 
IF(A1.£Q,1HV) GO TO 312 

SET UP FILE FOR SIFAC 

312 

112 

113 

C 
C 

?îî?,Tr°LS£NIRAL 0IFfrERENCE TIME INTEGRATION FOR 

»0INH^oÄLR2r°IN,R' °IFF"EN,I*L EOU.TIO« 

BEGÎÎI. STEP CALCULATI0NX U(I,2)=ST*UZFRO 

N01|CCÄLCULATE ,FNSe-STlUU 
T = 0.0 

FVEC ♦MUST* RETURN NODAL FORCES AT T IMF T tki fbcc DOM NUMBER ORDER '’UKUtb AT TIME T IN FREE- 
CALL FVEC(NF,T,F) 

CALCULATE UONE 
003091=1,NER 

CALCULATE INVERSE OF M 
SM (1) = 1,/SM(I) 

Ü(It 2)=FZERO-K*UZERO 
U(I,2)«F(I)-U(I,2) 

U(I,3) *0,0 
WRITE(10,1001) 
FORMATC10X,-UZERO-,10X,“U ONE") 

?5¾¾«;î5S;í.87fI#1,,ÜIX,^,’IÄl’NER, 
UONE IS IN U(I,2) • 
VECTOR UTILIZATION* UZERO IN UCI.l), 

UONE IN U(I,2) 

309 

1001 

1000 
1161 

CONDITIONS" 

TIME ST 



c 
c 
c 
c CALCULATE STRESS INTENSITY FACTORS FOR 

FIRST TIME STEP 

c 
c 
c 

IFCNTSIF.LE.O» GO TO 310 
I T = 1 
WRITE (28) IT«T 

310 cJI¡riNÍE‘C'NF’JCÍ’Jclt’u,1’í'lUÍ'NOW'<» 

INIT tALIZE INDICE S FCR GENERAL STER OR INTEGRATION 

IT1*NTSIF 
NO-O 
Nl*3 
N2=2 
N3*l 

THIHS5=SOTT«2GENt:R,L INTeGR'iri0N 3TEP LOOR 

DO 3131T=2 fNT S 

,RHS CâLCULATIONX U(JfNl» = K*UCNI 

caubmultcner.nb.st.ucÍIn^Í.ScHÍm 

CALL FVEC(NF»T»FI 
D0314J*!« NER 

U CJt N1)=F (N)-K*U(N> 

U(J»Nl)=FCJ)-U(J,Nll 

. 

SPECIFI£0 

ní-'nilÑfsíí G° 10 316 
WRITE(10*1002) IT 

1002 FORMAT(5X,//,-DISPLACEMENTS FOR NT » - içxi 

...3 
W RITE(28> IT»T 

c^cycle'inoÎceAs^or JSe8;ÎCsÎÈp 11 ’N1 * »1/2»N00FN» 

N 3=N2 
N2*N1 
ni=no 

C INITIALIZE U(11NI) ANO F(I) 
OO 317 1=1,NER 
U(I,N1)=0. 

317 F(I)=o,0 
C END OF INTEGRATION LOOP 
313 CONTINUE 

c *» "«« <*- «OT1. ro«h., 
rewind 28 

FORMAT cÎ3X?"8-N00ESELT -Îi3!-,ÎIone",1-EiÎf3> 
.FORNAT<13X.-10-NODE elt -.1,:- li:¡ : K.T|(0 

IT2*NTS/NTSIF 162 
DO 319 1=1,IT2 
REAO(28) IT1,T 

114 
115 
116 

»1PE10 

WMHHIMIIÉÉHIII --- aso 
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321 
320 

323 
319 
370 

IFdOPRT.GT.l» WRIT£(6tll4» 
MRIT£(I0UT1,114) ITl.T 
IF(NCRK8.E(J.C» GO TO 320 
00 321 J=1» NCR K8 
REA0C28) IT1,T 
IF(IOPRT.GT.l) WRITE(6#115l 
WRIT£(I0UT1,115> I TI t T 
IF CNCRKIO.EQ.O) GO TO 319 
00 323 J = 1»NCRKIC 
READ(28) ITl.T.OT 
IF(IOPRT.GT.1) WRITE(b»116> 
WRITEdOUTl.lie» ITl.T.OT 
CONTINUE 
CONTINUE 
RETURN 
ENO 

ITl.T 

ITl.T 

ITl.T.OT 
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BANSOL 
CBANSOL 

SUBSOUTINF BANSOL(AK.R,NEQ.IBANO»NOIMI 
SYMMETRIC BANO MATRIX EQUATION SOLVER 

ENTRY 3ANS0L TRIANGULARIZES THE BAND MATRIX AK 
ENTRY SOLVE SOLVES FOR RIGHT HAND SIDE R, SOLUTION RETURNS IN R 

DOUBLE PRECISION PIVOT,CP 
DIMENSION AK(NOIM,1),R(1) 
IF(IBANO.EQ.i) GO TO 121 
NRS = NEQ - 1 
NR = NEQ 

C TRIANGULARIZE MATRIX 
00 120 N = 1,NRS 
M * N • 1 
MR = MINCI IBAND,NR-Ml 
PIVOT = AK(N ,1 ) 
00 120 L » 2,MR 
CP = AK (N ,L) /PIVOT 
I = M ♦ L 
J * 0 
00 110 K = L »MR 
J = J ♦ 1 

110 AK (I,J) = SNGLIOBLECAKCI,J»l-CP*AKCN,Kn 
120 AK(N*L) * CP 

121 RETURN 
ENTRY SOLVE 

C REDUCE VECTOR 
IFÍIBANO.EQ.l) GO TO 321 
00 220 N = 1 »NRS 
M = N - 1 
MR = MINO <IBANO,NR-M» 
CP = RCN» 
RIN) = CP/AK CN,1) 
DO 220 L = 2,MR 
I * M ♦ L 

220 RCI) = SNGL(OBLE(R(I))-AK(N»L)*CP) 
R( NR) = SNGL(OBLE(R(NR))/OBLE(AK(NR,1))) 

C BACK SUBSTITUTION 
00 320 I = 1,NRS 
N = NR - I 
M = N - 1 
MR = MINO(IBAND,NR-M> 
00 320 K = 2,MR 
L = M ♦ K 

320 R (N) = SNGL(QBLE(R(N))-Ct)LE(AK(N,K>)*OBL£(R(Lm 
GO TO 322 

321 CP=OBLE(R(l))/OBLE(AK(l,l)l 
R(i)=SNGL(CP) 

322 RETURN 
END 
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BMULT 
CBHULT 

C 
C 
C 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE BMULT <N,IBW, A,X,B» 

global parameters 
* = OKOER of band matrix 
IBM = UPPER band WIDTH CF MATRIX 

200 
300 

UPPER BAND OF MATRIX 
VECTOR TO BE MULTIPLIED 
PRODUCT VECTOR 

100 

REAL A (N»l) * X (1) tB (1) 
double precision sum.xo 
N1 = N- IBM ♦! 
DO 300 1= 1,N 
SUM* 0.0 
Jl= IBM 
IF (I.GT.N1) J1= N- If I 
DO 100 J= 1,J1 
XO= X(IfJ-i) 
SUM* SUM* A(I,J)»X0 

Jl=lC<I'EQ*l,#OR#<l0M#EQ*in G0 TO 300 
J2*I-1 

^•OT'IBW) J1=I-IBH*1 
DO 200 J* J1.J2 
XD* XIJ) 
SUM* SUM* A ( J,I-JfII *XD 
3(1)= SUM 
RETURN 
END 
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PBHULT 
CPBHULT 

SUBROUTINE PBMULT (N,IBM ,A,X,B,PI 

THIS SUBPROGRAM MULTIPLIES A BANDEO SYMMETRIC MATRIX 
VECTOR. ONLY THE UPPER-BAND PORTION OF THE MATRIX IS 
P IS A SCALE FACTORX B= P*A*X 15 

GLOBAL PARAMETERS 
N = OROER OF BAND MATRIX 
IBM = UPPER BAND MIOTH CF MATRIX 
A = UPPER BAND OF MATRIX 
X = VECTOR TO BE MULTIPLIED 
B = PRODUCT VECTOR 
P = SCALE FACTOR 

REAL A(N*l)tX(l).B(l) 
DOUBLE PRECISION SUM.XO 
Ml » N- IBM ♦! 
DO 3CC Is l.N 
sums o.a 
Jl= IBM 
IF (I.GT.N1) Jls N- If 1 
DO 103 Js l,Jl 
XO* XCIfJ-1) 

100 SUMs SUM* A ( I.J)*XO 
IF ia.EQ.1) .OR. CIBM.EQ.il» GO TO 300 
Jl*l 
32*1-1 
IF (I•GT.IBM) JlsI-lBMfl 
DO 203 Js J1.J2 
XDs X(J) 

200 SUM= sUMf A ( J.I-JfII*XO 
300 8(I)s SUM*P 

RETURN 
END 

MITH A 
STORED. 
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SIFAC 
CSIFAC 

THE NODAL DISPLACEHENTS 

OF NODAL OISPL, OR ZERO 

SUBROUTINE SIFAC(NF,JC8,JC10*P2,U,NOOF> 
I ENSION ^‘NCOF,l)fJC8(9,ll,JClP<ll,l),P2li>tUíN00Ffl», 

C(2C)*V(3Q)*S2(20«?Q)tIN(3) 
COMMON NN00ES»NTRIS,NSPRNG,NCPK8, NCRK10tNLUMPS, 

NLDNDS» NRSTRtNER,KRR,NID* 

♦ IFLAG»NRtNDOFN,ISTATE,NKOR€,IOrNAM 

oStHÍ/jÍÍÍÍs«; "N1C ’ICUT1’ I°UT2 • IOUT3, lOUtu, IOU15 

c im noo‘l 9oim cRaze 
C ZERO THE NODAL DISPLACEMENTS 

DO 803 J=ltNOOF 
803 U( J»I)=0. 

C RECOVER THE FREEDOM NUMBERS CF 
00 804 J=l,NOOF 
CALL INTEGRdN(J) » NF ( J, I ) | 

804 INCJ)=IA8S(IN(J)) 
C IN(Jl CONTAINS FREEDOM NUMBERS 
C RECOVER THE NODAL OISPL FROM P2 

DO 805 J=l,NOOF 
K=INÍJ» 
IF(K.EQ.O) GO TO 805 
U(J«I)=P2 C<) 

805 CONTINUE 
802 CONTINUE 
8053 I1=8*N00F 

IFCNCR<8.LE.0I GO TO 806 
REHINO 25 

NODAL POINT OISP NOW IN U IN NODAL 
RECOVER GEN. OISP. AND CALC STRESS 

00 807 1=1.NCRK8 
C READ IN THE PARAMETERS ANO GEN COORO RECOVERY MATRIX 

. ™READ<25’ DEL»G*THK,C(S2<J.K),J=1.16I.K=i;ilf 
C GENERATE THE ELEMENT DISPLACEMENT VECTOR 

DO 808 J=l«8 
C FIND THE NODE NUMBERS FOR THE ELEMENT 

K=JC8(J.I) 
I2=NOOFMJ-l) 

C STUFF DISPLACEMENTS INTO THE V VECTOR 
00 809 L=l.NOOF 

809 V(I2+L>=U(L,K) 
808 CONTINUE 

C MULTIPLY CSAINV*T*V 
00 810 J=l*16 
C(J)>0. 
DO 810 <=1,H 
C(J)=c(J)>S2(J.K)*V(K»/OEL 

c le«oihg'cÓef íüE,Sr¡¡,SsFs°E%íEH| "NOOE ELEBENT- c'1* Is r"E 

c c*lcsu“ii2M0Rs,Tîi^î.NoiiLNf”:c:1ToR- k one 
HRITEI2«! ItSIF 
CONTINUE 
CONTINUE 
I1=10*NOOF 
IF(NCRK10.LE.0I GO TO 811 
REMIND 26 
00 812 I*1,NCRK10 

C READ IN PARAMETERS ANO GENL 

C 
C POINT ORDER 

INTENSITY FACTORS 

810 
C THE 

807 
806 

READIES) 
GENERATE THE ELEMENT OISPL 

DO 813 J=1.10 

COORO RECOVERY MATRIX 
DEL tG.THK* ( (S2 ( J*K).«1=1.20) *K=1* III 

VECTOR 
1167 



mm 

FOR THE ELEMENT 

V VECTOR 

C FIND NODE NUMBERS 
K3JC1û (J, I) 
I2*ND0F* CJ-l) 

C STUFF OISPL INT THE 
00 814 L=1,ND0F 

#14 V(I2+L)=U(L.K) 
#13 CONTINUE 

C MULTIPLY Cs(AINV*T)*V 
DO 815 Jal,20 
C fJ|=0. 
00 815 K*1,I1 

C ( J)sC(J)*S2 (JtK)*V(IO/OEL 
10-NODE ELEMENT, C<1> ANO CC11» 

SIF=12.*SQRTC2.*PI#0EL»*G*CI1) 
THK=4,*SQRT(2,*PI* DEL >*G*C111) 
WRITE(28) I.SIF.THK 
CONTINUE 
CONTINUE 
RETURN 
END 

815 
C FOR 

812 
811 

ARE THE RELEVANT GENL COORD 

168 
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ACCEL 
CACC 

SUBROUTINE ACCEL(PtU2«Ul«U» DT I 
DIMENSION P(l> tU2Cl)tUl(l)«Um 
COMMON NNOOEStNTRIStNSPRNGtNCRK6»NCRK10tNLUMPS. 

» NLONOS« NRSTRtNER» NPR«NIO» 
* IFLAG»N0tNOOF*IST ATE »NKORE tIOYNAM 

DOUBLE PRECISION OTSQ.AO 
NO=NDOF*NNODES 
OTSQ=DT*OT 
DO 10 1 = 1.NO 
IF(IFIX(P(I)). NE.1) GO TO 10 
AO=iU2<I)-2.*Uim*um>/OTSQ 
ACCLER=SNGL(AO) 
WRITE (29) ACCLER 

10 CONTINUE 
RETURN 
END 

169 
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.. RMIM mm 

11 

10 

14 

15 

13 
20G 
201 
202 
203 

ACCOUT 
CA CC OU T 

oS?siíNNVísr:rr.’pp¡íf;í"j'íí-oor. 
:C0NH0N sí:«“Síí'-„...„HPs, 

ç.HHoN,elK.{?s:j^:;ií?ni^í:{ísí;:IoUI,IOÜt! 
00 9 J*1#IT5 
00 9 1*1,3 

9 KP (I,j)=o 
00 10 1*1,NER 

IT»ÍtÍÍIP<I> n 10»10»^ 
KP(1,IT)*I 
CONTINUE 
00 12 1=1,ir 
00 12 J*i,NNODES 
00 12 K=l,N00P 

KFC2rí)=j,*NE*KF<1’In 50 r0 12 
KP (3,I)=k 
CONTINUE 
00 13 1*1,IT3 
PEAO(29) IT,T 

MRITE<6,2C0) 
"RITE(I0UT1,200) IT,T 
00 13 J*1,IT5 
REAO(29) AX 
IP (KF(3,J),NE#1) GO TO 14 

ÏSÎI«!10011*2011 KF(2»J),AX 

60(T0 ÎÎ*61*1* NRITE(6»2«1» 

^KP(3>J),NE»2) GO TO 15 
JRJI£,iout1,202) KF(2,J) ,ax 

CO tTÍ3T,GT#1> MRITeí^2í2» 

cIhu^I‘GUU 
!°?Ü*I?^0**"TIHE STEP -,15,. 

12 

IT,T 

KF(2, J) , Ax 

KF(2,J),AX 

KF(2,J),AX 

FORMAT(13X,"NODE -,15.- 
FORMAT(13X,-NOOE -,15,- 
EORMAT(13X,-NOOE -,i5!- 
RETURN ' 
ENO 

y â^«..TIMC * "»IPEIO.S) 
Î’ÎS5L * "*lPtl0.3) 
ï’îïïfh * "»ipeío.íi 
Z-ACCEL * "flPE10.3) 

r 
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OUTPUT 
COUTPUT 

SUBROUTING OUTPUT(A,N» 
DIMENSION A(l),N(1) 
COMMON NNOOES,NTRIS,NSPPNG,NCR<8t NCRK10,NLUMPS, 

* NLONDS,NRSTR,NER.NPRtNIO, 
* IFLAG.NB.NOOF 

COMMON/BLK1/NLC.NTCOMP,NCCOMP 
C0MM0N/BLK2/INPRT yIKPRT«ITPFT,ICPPT,IOPRT 
C0MM0N/9LK3/IIN8,IIN1C,IOUT1,I0UT2,I0UT3,I0UT4»IOUT5 
COMMCN/AOR/NNF.NJT,NTP,NJS,NS P,NJ8,N8PtNJ10,N1CP»NPI,NST,NSM» 

* NOY,NP2,NUV»NUN 
IF (IOPRT.GT.O» WRITEdüUTltlULOI NNOOES»NTR IS»NSPP NG, NC RK 8« NCRK1C » 

* NRR.NIO 
1400 FORMAT (lt)X»"NNOOES = ”,15/, 

* 10X»**NTRIS = -,15/, 
* 1ÚX,"NSPRNG = -,15/, 
* 10 X,“NCPK8 = -,15/, 
* 10X,-NCRK10 = “,15/, 
* 10X,”NRR = -,15/, 
* 10X.-NIO = “,I5» 

N12=N0Y+N00F*NNODES 
CALL BANS2L (A(NST),A(NP1),NER,NB,NERI 
IF(I0PRT.GT.2)GO TO 67 
WRITE(6,600) 
GO TO 65 

600 FORMAT(1H1/,40X,19HNODAL DISPLACEMENTS//, 
*ilX«4HN00E, 12X,2HOX,13X,2HOY,13X,2HOZ/) 

67 HRITE(IOUT1,650) 
650 FORMAT(40X,“NODAL DISPLACEMENTS-) 

65 DO 66 I=1•NNOOES 
LOC*NDOF*a-l) 
CALL INTEGR<IFR1,A(KNF*LCC>) 
CALL INTEGRfIFR2,A(NNF+LOC+1)) 
IFR1*IABS(IFR1) 
DX=A(NP1*IFR1-1) 
IF(IFRl.EQ.O) DX=0.0 
IFR2=IABS(IFR2) 
0Y=ACNP1*IFR2-1) 
IF(IFR2,EQ«0) OY= 0 ,0 
DZ=0 
GO TO (60,60,50) ,NOOF 

50 CALL INTEGR(IFR3,A(NNF*L0C*2)) 
IFR3=IABS(IFR3) 
IF(IFR3*EQ,0) GO TO 60 
DZ=A(NP1+IFR3-1) 

60 IF(IOPRT«LT,3)GO TO 61 
WRITEÜOUT1,500) I,OX,OY,OZ 
GO TO 66 

61 WRITE(6,500) I,OX,OY,OZ 
66 CONTINUE 

ZERO OUT CKFOR«SX,SY«SXY ARRAYS 

LOCsNDOF*NNOOES 
DO 70 1=1,LOC 

70 A ( NOY + I-1)=0*0 
IF(NTRIS)78, 78 »76 ' ' 

76 N13=N12*NTRIS 1 
N14=N13*NTRIS 1171 
DO 80 1=1,NTRIS 
A(N12+I*l)=0,0 
A(N13+I-1)=0,0 

60 A(N14+I-1)=0,0 



IF dOPRT» 56,86,85 
85 MRIFE(6,1200) 

1200 FORMAT (/2OX,14HENTEREO TPIOUTI 
86 CALL TRIOUTU, A(NNF», AÍNJT» , A (NTP > , A (NP1 > ,A (NOY), A (N12),A (N13), 

* A(N14),NOOF) 
IF(IOPRT,GT.O)GO TO 77 
NRIT£(6,109) 

100 F0RMAT(1H1/,4CX,27HTRIANGULAR ELEMENT STRESSES) 
IF(NTCOMP)IO,10,20 

10 WRITE(6,200) 
200 FORMAT(45X,18HL0CAL COORDINATES//) 

GO TO 30 
20 WRITE(6,300) 

300 FORMAT(45X,18HGL0PAL COORDINATES//) 
30 WRITE(6,400) 

400 FORMAT(14 X,8HTRIANGLE,9X,7HSIGMA X,6X,7HSIGMA Y,8X,8HSIGMA XY/) 
WRITE(6,500) (I,A(N12+I-1),A(N13*I-1),A(N14*I-1),I*1,NTRIS) 
GO TO 75 

77 WRITE(IOUT1,690) 
690 FORMAT(4CX,"TRIANGLE STRESSES") 

W RITE(IOUT1,5C 0) ( I,A(N12+I-1),A(N13*I-1),A(N14tI-l),I=l,NTRIS) 
500 FORMAT(IX,I4,3E15.8) 

78 IF(NSPRNG)75,75,79 
79 IFdOPRT) 87,87,88 
88 WRITE (6,1210) 

1210 FORMAT(1H1/,5X »14HENTERE0 SPROUT) 
87 CALL SPROUT(A,A(NNF),A(NJS),A (NSP ) , A (NPD ,A(NDY),A(N12)) 

IFdOPRT,GT,0)GO TO 89 
WRITE(6,1220) 

1220 FORMAT(1H1/,40X.13HSPRING FORCES//9X«7HELENENT,11X*5HF(K1)«10X, 
* 5HF(K2) ,10X,5HF(K3),1CX,5HP(12)/) 
WRITE(6,1230) (I, A(N12*4#I*4), A(N12*4*I«3),A(N12*4*I«2)• 

* A(N12*4*I-1),I*1,NSPRNG) 
1230 FORMAT(10X,I5,5X,4E15«8) 

GO TO 75 
89 WRITE(I0UT1,122C) 

WRITE(IOUT1,12 30) (I, A(N12*4*I-4) « A(N12*4*I-3), A(N12*4*I~2) , 
* A(N12>4*I-1),I*1,NSPRNG) 

75 IF(NCRK8)110.110,120 
120 N13=N12>24*24 

N14=N13*16*16 
N15=N14+16*24 
IF(IOPRT)126,126,125 

125 WRITE(6,1300) 
1300 FORMAT(/20X,14H£NT£RED CRK0T8) 
126 CALL CRKOT8 ( A ( NNF ),A(NJ8),A(N8P),A (NP1) ,A(NOY),A(N12),A(N13), 

* A (N14),A(N15 ) ) 
WRITE(6,1000 ) 

1000 FORMAT(1H1/,10X,47H8-NOOE CRACKED ELEMENT STRESS INTENSITY FACTORS 
* //,10X,7HELEMENT,11X,8HMOOE 1 K/) 

WRITE (6, HOC) (I,A(N15*I-ll ,I = 1,NCRK8) 
1100 FORMAT(11X,15,5X 1E15,8) 
110 IF(NCRK10)140,140,150 
150 N13=N12+30*30 

N14=N13*20*20 
N15*N14+20*30 
N16=N15+NCRK10 
IF(IOPRT,GT*0) WRITE(6,1500) 

1500 FORMAT(/20X,14HENTEREO CRKOIO) 
CALL CRKOIO(A(NNF),A(NJ10),A(N10P),A(NP1),A(NOV ), A(N12),A(N13)• 

* A(N14),A(N15),A(N16)) f 
140 IFdOPRT.GT.l) GO TO 145 ll7, 

WRITE(6,700) ’i7Z 
700 FORMAT(1H1/,40X,23HNOOE EQUILIBRIUM CHECKS//, 

-......-.-. ■ÜÉk ,..---- ujLkdibiUii, . J «iiaiLA, 



.. 

’lF<NOOFUi:5rM£;r4o,HX'FORCE,,,X’,H,*f0lieE,'’<’m*FORCt/' 

GO TO 130 

oo’S ?SÎMn;a,3!!5.<5IJÎmïrM1'5,’“NO',*3’I'2,’*,"II’"I*I-u,i*1-NNOMS' 
GO TO 130 

145 HRITE(I0UT1,675» 
675 FORMAT(40X.-NOOAL EQUILIBRIUM CHECKS“» 

GO 10(146*146»147»»NDOF 

146 ÜS'ío'»“11’“"” 'I,*,NO',‘î*I-2*’*«»»,'*.*t-l».I*l,NNOOESI 

,4,Æ!0Uri-9““’.. 
130 CONTINUE 

RETURN 
ENO 
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BANS2L 
CBANS2L 

SUBROUTINE BANS2L(AK»R*NEQ*IBANO«NOIN) 
C SYNHETRIG BAND MATRIX EQUATION SOLVER 

DIMENSION AK(N0IM«l)t R(l) 
DOUBLE PRECISION CP»PIVOT 
IF ( IBA NO» EQ« 1 ) GO TO 321 
NRS = NEQ - 1 
NR = NEQ 
00 12U N = 1«NPS 
M = N - 1 
MR » MING (I6AN0fNR«M) 
PIVOT - AK(N.l) 
DO 120 L 3 2 »MR 
CP = AK(N,D/PIVOT 
I = M ♦ L 
J s 0 
DO 110 K = L»MR 
J = J ♦ 1 

110 AK(ItJ) = AK(ItJ) - CP*AK(N*K) 
120 AK(NfLI - CP 

DO 220 N 3 1 « NRS 
M = N - 1 
MR - MINO <IBAN0,NR-M) 
CP = R(N) 
RIN) 3 CP/AK (N *1 ) 
DO 220 L 3 2,MR 
I 3 M ♦ L 

220 R(II 3 R(I) - AK(N,L)*CP 
R(NR) 3 R(NR)/AK(NR«1) 
DO 320 I 3 ItNRS 
N 3 NR - I 
M 3 N - 1 
MR 3 MINO(IBANO.NR-M) 
DO 320 K 3 2 «MR 
L 3 M ♦ K 

C STORE COMPUTED DISPLACEMENTS IN LOAD VECTOR R 
320 R(N) 3 R(N) - AKCN»K)*R(L) 

GO TO 322 
321 CP3R(1)/AK(1«1) 

R(1»3CP 
322 RETURN 

END 
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TRIOUT 
CTRIOUT 

311 

SUBROUTINE TRIOUT «CO.NF, JT,TPRP,PfCKFOR» SX*SY, SXV .NOOFI 

1 NnNOOF^ïi^sr (n^sxvií»<3,i>,TPRP<4,1>,PÍ1,*CKF0R *N00F*i>*SX(l», 

COMMON NNODES,NTRIS,NSPRNG,NCRK8,NCRK10,NLUMPS, 
' NLONDS* NRSTR*NEP» NPRfNIO» 
1 IFLAG tNBtNOOFN«IS TA TE 

C0MM0N/8LK1/NLC « NTCOMPiNCCOMP 
COMMON/BLK?/INPRT *IKPRT »ITPRT »ICPRT»IOPRT 
COMMON/BLK3/IIN9,HN10f ICUTlt I0UT2, IOUT3» I0UT4* I0UT5 

DIMENSION AK(9t9)«AKT(9»9)«T(9*9)•XLOC(3>tVLOC(3) 
DIMENSION F NODE(91»OF(9>«U(3)tV(3) 

REAL NU 
DO 310 Isl» NTRIS 

IF (TPRP(ltl) .LE.Ü ) GO TO 310 
IF(TPRP(3,I).LE.O)GO TO 310 

NTCOMP=0 
LOC=3*NOOF 
DO 311 J=l,LOC 
DO 311 K=1♦LOC 
AKT(J«K)=0. 
AKCJ»K)=C• 
T(J,K)=0. 
J1=JT(1,1) 
J2-JT(2,1) 
J3=JT(3,1) 

COMPUTE DIRECTION COSINE MATRIX T 

OX*CO(l, J2) -CO(l,Jl) 
0Y=C0(2,J2)-C0(2,Jl) 

D Z=C 
GO TO (312,312,313) ,NDOF 

313 OZ=CO(3,J2)-CO (3,J1I 
312 XL12-SQRT (OX*OX'*-DY*OY+OZ*OZ) 

A1=DX/XL12 
A2=Or/XL12 
A3=OZ/XL12 
OX=CO(l,J3)-CO(l,Jl) 

DY=CO(2,J3) -C0(2,J1) 
OZ=0 
GO TO (314,314,315),NDOF 

315 DZsCO(3,J2)-CO(3,Jl) 
314 XL13=SQRT(DX*0X*0Y*DY+DZ*0Z) 

Dl=OX/XL13 
D2*DY/XL13 
D3=DZ/XL13 
C1=A2*D3-A3*02 

* C2=A3*D1-A1*D3 
C3=A1*D2-A2*D1 
XLZ=SQRT(C1*C1^C2*C2*C3*C3) 
C1=C1/XLZ 
C2=C2/XLZ 
C3*C3/XLZ 
BlsC2*A3-C3*A2 
82sC3*Ai-Cl*A3 
B3sCl*A2-C2*Al 
T(1,1)>A1 
T(1,2)=A2 
T(1,3)=A3 
T (2,1)=81 
T(2t2)«B2 
T(2,3)=B3 
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31S 
C 

320 
319 

322 
321 

C 
C 

00 318 J=1«NOOF 
00 318 K=1» NOOF 
T <J*2tK*ND0»r)*T(JtK) 
T <J*4t<f2*N00F)=T(JfK) 

GOHPtne LOCAL COORDINATES 
0V=C0(2,J2»-C0(2.J1J 

DZ*0 

n50rI?,<3l9*319,32C,»N°0'r 
OZ=CO(3,J2»-CO(3,Jll 

XLOC(11=0 
VL0C(1I=3 

ÍlOcÍ2¡:oOX*'<1’1'*D'"T,1’í,*OZ*T,1*3' 
0X=C0ll,J3)-C0(lfJU 

0Y=C0(2#J3)-C0(2»Jl» 
OZ=0 

n50rI?,<321,321’322,»NOO»r 
OZ=C0C3tJ2)-C0(3.Jl) 
XL0C(3)=0X*T(l,i)♦OY*T(1f 2) + DZ*T f1 ?» 

YLOC(3>=OX^112^1)♦OY*T(2t2)+DZ*T(2t3) 

401 

COMPUTE ELEMENT LOCAL STIFFNESS MATRIX 

EX=TPRPCi,i) 
NU=TPRP(2fI) 
TSK=TPRPC3,I) 
G=EX/(2»*(1+NU)) 

T0V4A*TSK/(2»*XL0CC2)*YL0C(3)) 

Ut.TE . „ (PLANE STRAIN) . IST.,E = , (PLANE STRESS) 

IF(ISTATE.GT.C) GO TO 401 
DO=2«*G/(1.-2» *NUI 
011=03*(1,-NU> *T0V4A 
012=00*NU*T0V4A 
022=011 
033=G* T0V4A 
GO TO 410 

00=EX/(1,-nu*NU) 
Dll=O0*TOV4A 
012=00*NU*TOV4A 
022=(EX/(1.-NU*NUI)*T0V4A 
033=G*T0V4A 

410 CONTINUE 

^ RKI1»l,*^011PTLOC(3.*TLCC <3,TOSS*(ALOCÍS,»X10C(2))P(XL0C(3> 

íí(1:2)’ri!?|f;;^í*'?t5?'?':*LX(2)).TLoc.j) 

1 •TLOCIJ)01 L 0,2 ,*,XL0C,3,'),I-X(2))*[)33PTL0C(J) 

*K(3« 2)»*o}2PTLOC IT) • (XLOC (3)-TL0C(pÏi 3p xLX(3l-KL0C(2)) 

RKU#2)* I»22PXL0C(3)P(xL0C(3)-»L0fiipi»3f[**XL0C *31 "XLX(2)) 
»K«,.3).-(012*033).XLOCm”ioSSÎ ’,L0C,3,,,L0C<3> 

:n^Dii:^:i;;sL^?i;so?,,3,,'Loc'3' *033*XL0C I? I «vi nri»» * ÄL0C|Z»> 

AK (4 
AK (5 
A K (5 
AK (5 
AK (5 

_, --- "•-«v/icfTiÄLUUij 

2)=-033*XLOC(2)*YLQC(3) 

-."-í";í2?cí3,',"-oc‘2’ 

««'?!* ?33*x'-»Er2).XL0CI2) 
íííí’íí*"012 XL0C,2**YL0C<3Ï 
AK(6» 21= 022*XLOC(21*(XLOC(3)< 

.177 i/i 

xLocfzn 



AK<6,3>=-AK(6,i» 
®K(6,<»»=-022*XL0CC2>*XL0C(3» 
A K(6 * 5)= 0. 
A K(6» 6)= 022*XL0CI2)*XLCC(2Í 
00 323 J=2,6 
M=J-1 
00 323 K=1.M 

323 A K(K« J) = AK(J* K) 
C 
C COMPUTE ELEMENT GLOBAL STIFFNESS»AK 
C 

M*3*ND0F 
DO 324 J=1,M 
00 324 K=1»M 
00 324 L = 1» M 

324 AKT(J*K)=AKT(J,K)4AK(J»L)*T(L«K) 
00 325 J=1,M 
00 325 K=1,M 
AK(J* K)=C • G 
00 325 L = i»M 

325 AK(J»K) = AK(J»K)«T (L«J)4AKT(L»K) 
00 332 J = 1»NOOF 
IFRl=IABS(NFU»Jin 
IFR2=IA8S(NF(J« J2)) 
IFR3=IABS(NF(J,J3n 
OFIJ) =P(IFR1J 
IFdFRl.EQ.O» DF(J|*0.3 
0F(J+NDOF) =P(IFR2) 
IFÍIFR2.EQ.0) OF(J+NOOF) = 0 »0 
OFCJ*2*NOOF)=P(IFR3I 

332 IFdFRJ.EQ. 0) DFC J*2*N00F» =0.0 
00 333 Jsl«M 
FNOOE(J)=0•O 
00 333 K:1»M 

333 FNOOE íJ)=FNOOE(J)>AK(J»K)*OF(KI 
C 
C COMPUTE NODAL FORCE SUMMATIONS 
C 

DO 334 J=1» NOOF 
CKFOR(J« Jt)=CKFORtJ»Jll-FNOOECJ) 
CKFOR(J»J2)*CKFOR <J»J2)-FNOOE«J+NOOF» 

334 CKFOR(J«J3)=CKFOR(J»J3)-FNOOE«J*2*N00FI 
IF (NTCOMP)340»340,310 

340 011=2.*011/TSK 
012=2.*012/TSK 
033=2.*D33/TSK 
00 335 K=1,3 
L0C=N00F*«K-1) 
U(K)=O.G 
V(K)=0.0 
00 335 J=1,NOOF 
U(K)=U(K)*OF(LOC*J)*T«1,J1 

335 V(K1=V(K)*DF«LOC+J)*T(2•J) 
U21=U(2)-U(1) 
U31=U<3)-UC1) 
V12*V(1)-V(2) 
V31=V(3)-V(II 

C 

C COMPUTE ELEMENT STRESSES IN LOCAL COORDINATES 
C 

iGX=011*yL0CC3»*U21+012* «XLOCfîï*V12*XL0CC2>*V31I 
ÎGY=012*YL0C(3)*U21*011*(XLOC«3)*V12*XL0CC2)*V31I 
T. Y=-O33*(YLOC(3»*V12*XL0C«3**U21-XL0Cf2»*U31l 
IF(NTCOMP»336.336.337 5 V 
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336 

C 
C 
C 
337 
339 
190 

336 

310 

SXCI)=SGX 
SY(I)*SGY 
SXY(I»=TXY 
GO TO 310 

TRANSFORM TO GLOBAL COORDINATES 

IF(NOOF-2)336,338,339 
WRITE(6,1091 

NTC0MP-lH1/,iaX’4i*HSTRE:SSES WIU SE 0UTPUT IN LOCAL COORDINATES) 

GO TO 310 

SX(I)*T(1,1)*T(1,D* SGX ♦ T (2,1)*T(2,1)*SGY+T(1,1)*T(2,1)*TXV 
SY(I)=T(l,2)«T(l,2)*SGX+T(2,2)n(2,2)*SGY»T(l,2)*T(2,2)*TXY 

CONTINUE<l,Í,*T{1,2,#SGX + T <2,1,#T <2»2,*SGY+T <1,1)*T(2,2)*TXY 

RETURN 
END 
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SPROUT 
CSPROUT 

SUBROUTINE SPROUT(CO,NF,JS,SPPP.P,CKFOR,FLFOR I 
COHMON NNOO£S*NTRIS,NSPRNG,NCRK8,NCRK10,NLUNPS, 

• NLDNOS,NRSTR,NER,KRR,NIO, 
* IFLAG,NB,NOOF,ISTATE'NKORE,IOVNAN 
COHMON/TLK2/INPRT,IKPRT,ITPRT,ICPRT,IOPRT 
DIMENSION C0(1),NF(1),JS<1)»SPRPCil,P(l),CKFOF(l) 

1 ,OICOS(6,6)»AKT(6,6),AK(6«E),DF(6)»FNOOE(E) 
REAL K1,K2,K3 

,ELFOR(1) 

DO 10 KOUNT=i,NSPRNG 
DO 5 1*1,6 
DO 5 J*l,6 
DICOS(I,J)=U*G 
AK (I,J)=0.0 
AKT(I,J)=3.C 

5 CONTINUE 
LOC=4*(KOUNT-1) 

FORM DIRECTION COSINES FOR K1-K2 PLANE 

LOCl=NOOF*(JS(LOC*l) -II 
L0C3=ND0F*(JS(LOC + 3) - II 
L0C4=N00FMJS(L0C*<il-ll 

FORM COMPONENTS OF VECTORS FROM NODES 1 TO 3 AND 1 TO 4 

OX=CO(LOCJM)-CO(LXl*il 
DY=CO(LOC3*21-CO(LOCl*2l 
DZ«0.0 
GO TO (20,20,151,NDOF 

15 OZ=CO(LOC3*3)-C0(L0Cl*3l 
20 DL13=SQRT(DX*OX*OY*OY*DZ*OZI 

A1=DX/DL13 
A2*OY/DL13 
A3-OZ/OL13 
DX=C0(L0C4*1)-CO(LOCl*ll 
DY*CO(LOC4*2)-CO(LX1 + 2I 
oz*o* 0 
GO TO (30,30,251,NOOF 

25 0ZvC0(L0C4*31-C0(LXl*3i 
30 0L14=SQRT(OX*DXfDY*DY*DZ*DZI 

31=0X/DL14 
B2=DY/0L14 
83=DZ/0L14 
C1*A2*B3-A3*82 
C2*A3*81-A1*B3 
C3*A1*B2-A2*B1 
DLC=SQRT(C1*C1♦C2*C2*C3*C3I 
Cl*Cl/OLC 
C2=C2/OLC 
C3*C3/OLC 
B1*C2*A3-C3*A2 
B2*C3*A1-C1*A3 
B3*C1*A2-A1*C2 
DXCOS(l,l)«Al 
OICOS(1,21*A2 
DIC0S(1,3)=A3 
OICOS(2,1)*B1 1 
OICOS(2,2)=82 18Ó 
OICOS(2,3)=83 
GO TO(32,32,31l,NBOF 

31 OICOS(3,l)=C1 
OICOS(3,2)=C2 
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DICOS(3t3)=C3 
32 00 35 I=i*N00F 

00 35 J=1•NOOF 
35 OICOSd + NOOF♦ J+NDOF) = OICOS 11» J) 

FORM F LEME NTS OF LOCAL STIFFNESS MATRIX 

Kl=SPRP(3*K0UNT-2» 
K2=SPRPC3*K0UNT-1I 
K3=SPRP(3*K0UNTI 

FORM LOCAL STIFFNESS MATRIX, AK 

M=2*N00F 
AK (1,1)=)(1 
AK C1,NG0F*1)=-K1 
AK (1*ND0F,1*N00F» = K1 
AK(2,2»=K2 
AK(2,ND0F*2)=-K2 
A K C2♦NOOF,2 + N00F)=K2 
GO TO (40,4D ,36),NOOF 

36 AK(3,3)-K3 
AK (3,6)=-K3 
AK (6«6)*K3 

40 IJ=M-1 
00 45 1=1,IJ 
ji=ih 
00 45 J=JI,M 
A K(J,I)=AK(I,J) 

45 CONTINUE 
00 50 1=1,M 
00 50 J=1,H 
A KT11,J) = 3.0 
00 50 K=1,M 
AKT(I,J) = AKT(I »J)♦AK(I,K)*OICOS(K,J) 

50 CONTINUE 

C COMPUTE ELEMENT FORCES 
C 

00 55 1=1,2 
L0C1=N00F*(JS(LOC+I)~1) 
IJ=NOOF* CI-1) 
00 55 J=1,NOOF 
L0C2=NF(L0C1*J) 
DF (IJ> J) = P (L0C2) 
IF(IABS(NF(L0C1^J)),EQ,3)OF(IJ^J)=0,0 

55 CONTINUE 
00 60 1=1,NOOF 
ELFOR(LOC*I)=0.0 
•DO 60 J=1,N 
ELFOR(LOC^I) =ELFOR (LOC+D+AKT (I,J)*DF(J) 

60 CONTINUE 
ELFOR(LX>4) =SQRT (ELF0R(L0C*1)*ELF0R(L0C*1) ♦ELFOR( L0C*2) 

• *ELF OR(L0C*2)) 
C 
C COMPUTE NOOAL EQUILIBRIUM. CHECKS 
C 

00 65 1=1,M ! 
00 65 J=1,M I 
AK(I«J)=0,0 181 
00 65 K=1,M 
AK(I,J)=AK(I,J)^0IC0S(K,I)*AKT(K,J) 

65 CONTINUE 
DO 70 1=1,N 



FNOOE<II=O.Ü 
00 70 J*1* H 
FN00E(I)=FNODECI)♦AK(11J) *0F(J) 

70 CONTINUE 
00 75 1=1 ,2 
IJ*ND0FMI-1I 
L0C1=N00FMJSIL0C*I) -1» 
00 75 J=1,NOOF 
CK FOR ( LOCI* J) = CKF CR (LOCI ♦ J !-FNOOE (IJfJ» 

75 CONTINUE 
10 CONTINUE 

RETURN 
END 
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400 

2Ü 

200 
C 
C 
C 

cRKora 
CCRKOT9 

.o. 

p0î.Nr:^i?:^os;u.i,,!6,>LocA,E,^,-^‘i 
co»h°n Ss;^.s:nN|p^6 «p CRKltiNLu«ps> 

* IFLAG *NB«NOOF 
COMMON/9LK2/INPRT t IKPRT , ITPRT , TrPPT moor 

î?~oK?:î,i:R;îE^:;aiïrTi’i<>üi2-;»“”.ioUu.IouT5 

REMINO<25)<,15HCRA,<OT8 ENTEReo/> 
00 90C K0UNT=1,NCRKS8 

:FÍwc{l5“U<:’mc'‘,DIN,’^cos’cu"'!C' 
5 SIFlCK0UNT)=0• 0 

GO TO 900 
6 CONTINUE 

L0C=9* (KOUNT-11 
00 10 1=1,8 
LOCI=NOOF* CI-1 ) 
NODE=JCíLOC*II 
LOCNO=NOOF*fNOOE-l) 
DO 10 J=1,NOOF 
LOCATE (LOCI* J) SNF (L0CN04-J) 

LOCt*NOOF»a-ll 
00 20 J*1,NOOF 
LOCNO=IABS(LOCATE(LOCI+J)) 
OF (LOCI+J) =P<LOCNO) 

coN^ÎNUE<LOCNO, •«•«»^‘-oci^.o.o 

10 

100 

25 

30 

300 
C 
C 
C 

41 

CONFUTE THE C(I|-S «NO STRESS INTENSITY F.CTOR 

II=8*NOOF 
00 25 1=1,16 
0(1)=0.0 
00 25 J=i,H 

O (1)=0(1)+01003(1,J)*OF(J) 
CONTINUE 

5ï"ÎPîn?tTÉ1’“,ITE,IOUT1’2M' 
c(1)=0.0 
00 30 J=1,16 
C(I)=C(I) + DINV(I,J) + D(J) /DEL 
P1=4.0*ATAN(1.0) 

rÍÍ}rS2!íNítalZ,*SQRTÍ2*#PI*OEU*6*C(l) 

FORN«mi?íw af,«,í?!'í1:3’"MC,i’,**1*1H uunAi(ix,%HC(I)•5X,0E15 *01/10 X«0E15,0) 

CONFUTE ELEMENT NODAL FORCES 
/ ' ' 

00 40 1=1,11 
FNOOE(I)=0.0 
00 40 J=1,II 

ofono50í,ii:í:;ooe,iwcu^cíi’jí-°^^ 

K ( 1) 
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50 
900 

NOOe=JC(LOC«-I) 
LOCNO*NOOF*<NOOE-1) 
lOCI=NDOFMI-i» 
00 50 J»l«NOOF 

Î«uS?<l*0CN0*J> *CKFOR(LOCNO+J»-FNOOE (LOCI* J» C 0 NTINUE 
RETURN 
ENO 



CRKOIC 
ÇCRKOIO 

SUBROUTINE CRKOlO CNF*JC.CPRP.P.CKFOR.CUHKC*OINV»OICOS.SIF!,SIF2I 
DIMENSION NF (1), JC(1) tCPRPdl «CKFORd) «CUMKC(30 «30 ) * 

* 0INV(2C*2a) * SI FI ( 1) *C (20) «LOCATE« 30 «OF (301 .FNODE(30)» 
• P(l) «0(301 «QIC OS (20 «30) « SIF2 ( 1) 

COMMON NNOOE S,NTRIS.NSPRNG,NCRK8»NCRK10,NLUMPS, 
• NL CNOS« NRSTRyNE R,NRR*NIO, 
* IFLAG «N8,NQ0F 
C0MM0N/3LK2/INPRT,IKPRT«ITPRT,ICPRT,IOPRT 
C0MM0N/8LK3 / IIN8, UNIO « I CUTI, I0UT2 « I0UT3« IOUT<». I0UT5 
IF (ICPRT«GT.DPRINT 400 

400 FORMAT (/20X«15HCRAKO10 ENTERED) 
REMIND 26 
00 900 KOUNT =1«NCPK10 
RE AO(26) OEL«G,THICK*OINV,DICOS,CUMKC 
IF (THICK)5*5,6 

5 SIF1(KOUNT)=0.0 
SIF2(KOUNT)=0.0 
GO TO 900 

6 CONTINUE 
LOC=il*(KOUNT-l) 
00 10 1=1,10 
L0CI=N00FMI-1) 
NOO£=JC(LOC*I) 
LOCND=NOOF*(NODE-1) 
00 10 J=1«NOOF 

10 LOCATE(LOCI*J)=NF(LOCNO^J) 
II=10*NOOF 
IF (ICPRT. GT.DMRITEdOUT 1,100) (LOCATE (I) ,1=1,11) 

100 FORMAT(1X,9HLOCATE(I),5X,10I5) 
00 20 1=1,10 
LOCI=NOOF*(1-1) 
DO 20 J=1«NOOF 
LOCNO=IA8S(LOCATE(LOCI*J)) 
OF(LOCI+J)=P(LOCNO) 
IF (lABS(LOCNO) ,EQ. 0) OF(LOCI*J)=C.O 

20 CONTINUE 
IF (ICPRT.GT.DMRITEdOUTl,200) (OF (I) ,1=1,11) 

200 FORMAT(1X,5HOF(I)*4X,8E15,8,/10X,8E15.8) 
C 
C COMPUTE THE C(I)"S ANO STRESS INTENSITY FACTOR K(l) 
C 

00 25 1=1,20 
0(1)=3.0 
00 25 J=1,II 
0(1)=0(1)+01005(1,J)*OF(J) 

25 CONTINUE 
IF (ICPRT.GT.DMRITEdOUTl,200) (0(1),1=1,20) 

' 00 30 1=1,20 
C(I)=C.O 

, 00 30 J=l,20 
30 C(I)=C(I)+Ol‘NV(I, J)*0(J)/0EL 

PI=4.0*AT AN (1•0) k 
SIF1(KOUNT)=12.+5QRT(2,+PI*OEL)*G*C(1) 
SIF2(KOUNT)=4.+SQRT(2.*PI+OEL)*G*C(11) 
IF (ICPRT.GT.DMRITEdOUTl,300) (Cd) ,1=1,20) 

300 F ORNAT(IX,4HC(I)« 5X,6E15.6,/10X«SEI5.8,/1OX,4E15.8) 
C 
C COMPUTE ELEMENT NODAL FORCES 
C 185 

00 40 1*1,11 
FNOOEd) *0.0 
00 40 J=1,II 



I»c FN00em*FN00E (II ♦CUMKC(I»J)*OFU) 
00 SO I*l«10 
NOOE«JCCLOC»X» 
LOCND=NOOF*(NODE- il 
L0CI*H00F*<I-1) 
DO 50 J=1«NDOF 

50 CKFORÍLOCNO* J» »CKFORILOCNO+J» -FNOOE(LOCI^JI 
900 CONTINUE 

PRINT 500 
500 FORMATClHl./lOX.-IO-NOOE CRACKED ELEMENT STRESS INTENSITY FACTORS“ 

* //10X»“ELEMENT“*1IX♦ “MODE 1 K“.TX.“NOOE 2 K“/l 
PRINT 600. (I*SIF1(I)»SIF2(I) *1*1 » NCRK101 

600 FORMAT(10X»I5«12X,1PE1C.3»SX» 1PE10.3/) 
RETURN 
END 
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1.3 NAS TRAN SUBROUTINES 

Following are listings of the subroutines which are to be inserted as 

dummy elements into the Armament Laboratory's version of NASTRAN. These 

subroutines compute the stiffness matrix (subroutines KDUM1, KDMKlA, KDMK2A, 

KDMK2A, KDMKlB, and KDMK2B), the lumped-mass matrix (subroutine MDUMl), and 

the time-dependent Mode I and Mode II stress-intensity factors (K^ and K^) 

subroutines SDUM 11 and SDUM 12) for any 10-node crack element contained in a 

NASTRAN model. For analysis of a purely symmetric (Mode I) crack problem, 

multipoint constraint options (MPC) are specified to guarantee that the nodal 

displacements for the 10-node element are symmetric about the line of the 

crack. For such analyses will be calculated to be zero. 
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SUBROUTINE KDUMl 

r ÏiIS9R?JÎI?EaCSM?,ÏEL?Î 104 6X6 M*™1®8 K(NPVT,NPVT) AND K(NPVT,J) 
^¿*J¿2»3»4*5,6,7,8,9 FOR A 10-NODE CRACK ELEMENT ; 

C CALLS FRCM THIS ROUTINE ARE MADE TO TOE FOLLOWING 
C MESAGE - ERROR MESSAGE WRITE l 
C MAT - MATERIAL DATA ROUTINE 
C SMALB - INSERTION ROUTINE 
C INVERD - DOUBLE PRECISION INVERSE ROUTINE 
r ‘ D0UBLE PRECISION TRANSFORMATION SUPPLIER 

OWATD - DOUBLE precision matrix multiply and transpose 

c 
LOGICAL HEAT 

C 

C 

C 

C 

C 

c 

c 

c 

c 

c 

c 

c 
c 

c 

c 
c 

DOUBLE PRECISION KE,A,B,DZ(1),PI,FR2,UR,UT 

DIMENSION IZ(1),IECPT(1) 

REAL NU 

COMMON I COM 

COWQN /SYSTEM/ I SYS,NO 

COMMON /SMA1X / RZ(1) 

CCWON /aiAlBK/ ICSTM ,NCSTM ,IGPCT ,IPOINT,NPOINT 
1» I6X6K ,N6X6K ,16X64 ,N6X64 

CCM40N /3ÍA1IO/ IFCSTMJIMPT ,IFDIT ,UXJM1 ,IFECPT,IGECPT 
J* IFGPCT,IGGPCT,IFGEI ,IGGEI ,IFKGG ,IGKGG 
Z» IF4GG »IG4GG ,IFGPST,IGGPST,INRW ,OUTRW 
3> CLSNRWjCLSRW ,NEOR ,EOR ,MCBKGG(7) ,MCB4GG(7) 

CCfMDN /SMA1CL/ IOPT4 ,K4GGWS,NPVT .LEFT ,FROWIC,LROWIC 

2 doStC,noSWS,JMAX 'NLINICS»LINK^1°)»IDErCK 

COMON /SMA1HT/ HEAT 

CCMON /SMAIET/ ECPTC56),INDC44) 

CCMCN /MATIN / MATID ,INFLAG,TBÍP ,PLAARG,SINTO ,COSTO 

CCaWON /MATCUT/ E ,G (NU ,RHO »ALPHA ,TSUBO 
1> GSUBE ,SICT ,SIGC ,SIGS 

THERMAL CONDUCTIVITY 
COMON AWTOUT/ FK 

C(Mf)N /SMA1DP/ KE(36),A(219),B(45) 

EQUIVALENCE (RZ (1), IZ (1) ,DZ (1) ), fECPT(l) , IECPT(1) ) 

DATA PI,PR2/3.141592653589793200,1.189207115002721000/ 
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o
 o

 o
 

C 
£**«** 119,120 

CHECK ELEMENT GECKETRY AND LOCATE PIVOT POINT 

NOPVT-O 
DO 10 1-2,11 

10 IF (IECPT(I),EQ.NPVT) NOPVT-I-1 
IF (NOPVT.EQ.O) GO TO 2010 
IF (ECPTC13) 2020,2020,20 

20 L(™52-LT-^^ • (IBCPT(15).GT.2)) GO TO 2020 

J-(1/4-4)*3 
A(J+1)-ECPT(I+l) 
A(J+2)-ECPT (1+2) 

30 A(J+3)-ECPT(I+3) 

^A(216)*DSQRT((A(28);A(l))*(A(28);A(l))+(AC29)-A(2))*(A(29)-A(2)) 

40 A(1+29) -DSQRT ( (A(3*I- 2) -A(3*I- 5) ) * (A(3*1 - 2) -A (3*1-5) )+ 
? "AC3*1"4))*(A(3*1-1)-A(3*I-4))+ 
DO 50 1-3,9 (A(3 1 )-At3,I-5))*(AC3*I )-A(3*I-3))) 

SO A(I+37)-DSQRTC(A(3*I-2)-A(l))*(A(3*I-2)-A(l))t I CAC3*1- i) -A(2) )* (A(S*I-1) -A(2) ) ♦ 
DO 60 1-4,10 CA(31 )'Af3))‘(A(3‘I ’’A™» 

60^A(I+43)-A(217)*(A(3*I-2);A(l))+A(218)*CAC3*I-l)-AC2))+ 

^A(S4).DSQRT((A(28);A(4))*(A(28);A(4))+(A(29)-AC5))*(A(29)-AC5)) 
0 
C ARE NODES 2 AND 10 COIN CIDENT 
C 

IF (A(54)/A(216).GT.1.0D-4) GOTO 2020 

IS NODE 1 AT CENTER OF ELEMENT 

DO 70 1-41,45,2 
70 IF (DABS(1.0-A(I)/A(216)).GT.1.0D-4) GOTO 2020 

C 
C ARE NODES EQUALLY SPACED 
C 

DO 80 1-31,39 
c 80 IF (DABS(1.0-A(I)/A(216)).GT. 1.0D-4) GOTO 2020 

C IS ELEMENT SQUARE 
C 

DO 90 1-40,46,2 

90 IF (DABS(DSQRT(2.0DO)-A(I)/A(2I6)).GT.l.OD-4) GO TO 2020 
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CHECK ELEMENT GEOMETRY AND LOCATE PIVOT POINT (CONTINUED) 
C IS ELEMENT PLANAR 
C 

DO 100 1-47,53 
C 100 IF (DABS(A(I))/A(216)/A(216)/A(216),GT.1.00-2) GO TO 2020 

ELEMENT GEOMETRY CHECK COMPLETE 
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c 
£***«* 

C 
C SET UP ELEMENT LOCAL COORDINATE SYSTEM DIRECTION COSINES 

A(212)«A(43) 
A(214)«(A(16)-A(1))/A(43) 
A(217)-(A(22)-A(1))/A(4S) 
AC215)-(A(17)-A(2))/AC43) 
A (218)» (A(23) -A(2) )/A(45) 
A(216)-CA(18)-A(3))/A(43) 
A(219)-(AC24)-AC3))/A(45) 

r 

C LOCATE THE ELEMENT MATERIAL PROPERTIES (E,G,NU) 
C 

MATID-IECPTC12) 
INFUG-1 
TEMP-ECPT(56) 
CALL MAT(IECPT(1)1 

C 
C BRANCH ON HEAT FORMULATION 
C 

IF (HEAT) GO TO 500 
C 
C CALCULATE PLANE STRESS OR PLANE STRAIN PARAMETER 
C 

ÏÏ *(213)-DELE (NU)/(1.0D0+DBLE(NU)) 
IF (IECPT(15) .EQ. 2) A(213)-DELE (NU) c 

C CALCULATE ELEMENT LOCAI COORDINATE SYSTEM STIFFNESS MATRIX 

C 
DO 200 ^1,2 
DO 110 J-1,5 
I-J+5 
DO 110 N-1,9 
GO TO (101,102),M 

101 UR-(N+2.0D0)/(N+2.0D0*(-1.0D0)**N) 
S“‘tT5S-?D0_8-0D0*A(2135-N)*DCOS((n-2-0D0)*(I-6.0D0)*PI/8.0D{ 
¡2" (¡¡*2; 0D0)*DCOS ((N+2. ODO)* (I-6.0D0)*PI/8. ODO) 
UT- (N+ 2. ODO) / (N+2. ODO* (-1. ODO) **N) 
¡ít'HTS*0D0-8-0D0*A(213)+N)*DSIN((N-2.ODO)*(1-6.0D0)*PI/8 ODf 

(N+2. ODO) *DSIN ( (N+2. ODO) * (I - 6. ODO) *PI/8. ODO) 
GO TO 103 

102 UR-(N+2.ODO)*((N-2.ODO*(-1.0D0)**N)/(N+2.ODO))*DSIN((N+2.ODO)* 

2 (I-6.‘0D0)*PI/8‘0^)+(6'0D0‘8'0D0*A(213)‘N)*DSIN(^"2'0D0) 

UT-(N+2.0D0)*((N-2.0D0*(-1.0D°)**N)/(N+2.0D0))*DCOS((N+2.0D0)* 
2 (I-ó!ODO)*PI/8*ODO)" 6*0D°"8‘^0^213)^1^(N"2-°D0)* 

103 IF (I-(I/2)*2) 104,105,104 
104 UR-(FR2**N)*UR 
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mm 

SET UP ELEMENT LOCAL COORDINATE SYSTBf DIRECTION COSINES (CONTINUED) 

UT-(FR2**N)*UT 
105 A(10*N+2*J+89)-UR*DCOS((I-6)*PI/4.0D0)-UT^DSIN((1-6)*PI/4.0D0) 
110 A(10*N+2*J+90)“UR*DSIN((I-6)*PI/4.0DO)+UT*DCOS((I-6)*PI/4.0D0) 

IF (M.EQ.2) GO TO 120 
DO 111 1*102,182,10 
A(I)«A(I-1) 
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111 A(I-1)-0.0D0 
DO 112 1*191,200,2 
A(I)*1,0D0 

112 A(>1)«O.ODO 
A (192)-1.0D0 
GO TO 130 

120 DO 121 1-101,181,10 
121 A(I)«0.0D0 

DO 122 1-111,120,2 
A(I)-0.0D0 

122 A(1+1)-1.0D0 
A(111)-1.0D0 
A(191)- O.ODO 
A(192)- l.ODO 
A(193)—l.ODO 
A(194)- l.ODO 
A (195)-l.ODO 
A(196)- O.ODO 
A (197)-l.ODO 
A (198)—l.ODO 
A(199)* O.ODO 
A(200)-1.0DO 

130 rí1 »10 >A (201) » O » A (211), IND (31), IND (1) ) 
în CALL MESAGEC-SO^óJECPTU)) 
IF (M,BQ.l) CALL KEMK1A(B) 1 iJ 
IF ^.EQ.2) CALL KEMK1B(B) 
DO 135 1-1,45 

135 A(I)-B(I) 
IF (M.EQ.l) CALL KEMK2A(B) 
IF (M.EQ.2) CALL KEMK2B(B) 
DO 140 1-1,45 

140 B(I)-A(213)*B(I)+A(I) 
DO 150 1-1,10 
DO 150 J-1,10 
A(10*J+I-10)-0. ODO 
DO 150 K-1,9 
DO 150. L-1,9 
IF (K.GE.L) KL-L 
IF (L.GE.K) KL-K 
N—9 
DO 145 LK«1,KL 

145 N-N+(11-LK) 
N«N+IABS(K-L) 

150 ÍF1^"2))COTO*Í75‘10)+Aa0*I+K+90)*B(N)‘A(10*J+L+90) 

155 S ^6^,Jo0,160»160»160»165»170.170.170,170),NOPVT 

KE(2*I-1)-Á(I) 
156 KE(2*I )-0. ODO 

GO TO 200 
160 J-120-20*NO?VT 

DO 161 1-1,10 
N-J+I 
KE(2*I-1)«0.5D0*A(N) 

193 



(CONTINUED) 
161 KE (2*1 )-.5D0*A(N+10) 

GO TO 200 
165 DO 166 1-1,10 

KE(2*I-1)*A(I+10) 
166 KE(2*I )-0.0D0 

GO TO 200 
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170 J“20*NOPVT-120 
DO 171 1-1,10 
N-J+I 
KE(2*I-1)-0.5D0*A(N) 

171 KE(2*I )-0.5D0*A(N+10) 
GO TO 200 

nn ^8J»JJ5»185»18S»185,190,195,195,195,195),N0PVT 
AoU IAJ 181 1-1,10 

A(2*I+119)-0.0D0 
181 A(2*I+120)-A(I) 

GO TO 200 
185 J*120-20*NOPVT 

DO 186 1-1,10 
N-J+I 
A(2*I+119)-.5D0*A(N) 

186 A(2*I+120)-0.5D0*A(N+10) 
GO TO 200 

190 DO 191 1-1,10 
A(2*I+119)«0.0D0 

191 A(2*I+120)-A(I+10) 
GO TO 200 

195 J-20*NOPVT-120 
DO 196 1-1,10 
N-J+I 

A (2*1+119)-0.5D0*A(N) 
196 A(2*I+120)-0.5D0*A(N+10) 
200 CONTINUE 

DO 210 1-1,20 
210 A(I+100)-KE(I) 

DO 245 1-1,20 

2is1A(i>Aal?i^°:^:^:^:^),'”,227,225,227'Z30'235'240'240' 
A(2)-A(102) 
GO TO 245 

220 A(3)«A(121) 
A(4)-A(122) 
GO TO 245 

225 J-12-I 

A(2*I-1)-0.5DO*A(2*J+ 99)-.5D0*A(2*J+119) 
A(2*I )-0.5D0*A(2*J+100)-.5D0*A(2*J+120) 
GO TO 245 

227 J-14-I 

* 5D0*A(2*J+ 99)+. 5D0*A(2*J+119) 
A(2*I )-. 5D0*A(2*J+10O)+. 5D0*A(2*J+120) 
GO TO 245 

230 A(21)-A(103) 
A(22)-A(104) 
GO TO 245 

235 A(23)-A(123) 
A(24)-A(124) 
GO TO 245 

240 ^J!ï‘1J"0*5D0ftAi2*I+79)+0.5D0*A(2*I+ 99) 

245 CONTINUE"0’ ^0^^2^^80^0,500^^14100) 

• ' '..."inn in i (WMliifflMiiiMiliMMMMiMi 
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--—....-.. !ssfr 

(CONTINUED) 

C ELEMENT LOCAL COORDINATE SYSTEM STIFFNESS MATRIX COMPLETE A(l) ,A(40) 

C TRANSFORM TO GLOBAL COORDINATES AND STORE INTO KGG MATRIX 
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....... 



..... .. ... 

DO 400 1-1,10 
DO 310 J-1,36 

310 KE(J)-0.0D0 
A (41) -. 25D- 2*DBLE (G) *DBLE (ECPT (13) ) *A (4*1 - 3) 
Í^"-ÍSÍ!DBLE(G^DBLE (^(13))^(4-1-2 
A(4 3)-.25D-2*DBLE(G)*DBLE(ECPT(13)) *A (4*I-11 
A(44)-.25D-2*DBLE(G)*DBLE(ECPT(13)) *A(4*I 
CALL ®WA,n)(A(214) ,2,3,1,A(41) 2 2 0 ArSlll 

CALL TRANSD(ECPT(J),A(71)) 

>SNWwn2A(71)’3'3’1,A(61) ,3’3,0,A(M)) 
CALL TRANSD(ECPT(J) ,A(91) ) 

^(Li>A(ioi)(81),3,3,0,A(91),3,3,0,AC101)) 
KE( 2)-A(104) 
KE( 3)-A(107) 
KE( 7)-A(102) 
KE( 8)-A(105) 
KE( 9)-A(108) 
KE(13)«A(103) 
KE(14)«A(106) 
KE(15)-A(109) 

IF (I0PT4) 320,400,320 
320 IF (GSUBE) 330,400,330 
330 K4GGS1^1 

A(111)-GSUBE 

400 gj^^^-K'TCI^.-l.^.Adll)) 

RETURN 
£***** 

C^ffiAT POBWUTION. FIRST GET MATERIAL PROPERTY -K- FRCW HUAT ROUTINE 

500 CALL fWAT(IECPT(l),RZ(l)) 

C a*M*' BI0CK a*n'AINS ’«E "xm.w. 

C ra0PERTIES ARE NOT YET DEFINED FOR THE 10-NODE CRAKED 
c 

WRITE(NO,501) IECPT(1) 
501 FORMAT(50H0***USER WARNING MESSAGE —-, THERMAL PROPFRTTFC 

RETURN 12HreR ’I8’18H ^ "«S) PROraRTIES - 
c 
C OUTPUT FATAL ERROR MESSAGES 
C« 

2010 CALL MESAGE(-30,34,IECPT(1)) 
2020 CALL MESAGE(-30,31,IECPT(1)) 

RETURN 
END 
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subroutine: kohkiaiai 
DOUBL t PRECISION BI«t5>(All) 
DATA IB ( 1) • 1=1 t AS) / 

* .25383561957813b3«06t-.98 8 563 75210 3 79AD«0 51 
*-.859968 16 0856 7993 «OS» -.100962 570712 33 1 D*3 6 # 
9-.26999999 9982 5 300^01, -.638 365 9 8 77 93 58 30^0 5, 
* .2088000300030003«06, .56252632760]3210«36, 
♦ -.37129 8 09 79500693«Ob, -.2097990900000300«3 6, 
• .1681872919112553-09,-•20712S966528268D«06, 
9 .53898133 5270377D«06, .396666666693989090 1, 
9-.607 550261579 6153«06, .1710839797399170«3 5, 
* .61920069 00030003«06, .12028399569211 7093 7, 
♦ -•15058181 26 33 5773 «07, -.98 309391 3329600D«3 6, 
9 .35512399 751969S3«07, .16 78 72 7795 8887 3093 7, 
• -.15962793897?2063«07, -.1801969285769300«0 7, 
* . 361963 37 6122 39 33 «07, .6393356959 959020-0 9, 
9 .986877733062 81 03 «07, .53 30992929 935590^3 7, 
• .1011121566979553«08, .1103632136900310^38, 

DO 5 1-1,8 5 
5 Alll=b(Il 

RETURN 
END 

SUBROUTINE KDNK2AI A1 
DOUBLE PRECISION 3 «85» 
DATA (BUI ,1=1,85) / 

9-.9061369913250183«06, 
♦ .1098290366592903«06, 
9 .3671999999876963 «01, 
*-.208 8 0003 0000 0 003 «06, 
« •192 53625 7559 6120 «06, 
•-.3123958828878963-09, 
♦ -.88 769557 8 532 8263 «06, 
9-.20879261 7895 5220 -08, 
♦ -.2 73 06752 0000 0003 «06, 
♦ .985259531921871D«06, 
*-.2185375361628593«07, 
9 .7998919279738633«06, 
♦ -.9 76 86906 60 33 1993 «06, 
*-.26120 768 2229 2280 «0 7, 
9-.112 398 13 5905 1353 «07, 

DO 5 1 = 1,85 
5 Am = B(l) 

RETURN 
END 

• All I 

•295221019380623D«06 
• 129069999609663D-0 9 

-.39 88 58 96 73 5628 8D«0 5 
-.89 1225 6618 96 31 7D«0 6 
-.1120030000056890«01 

•286915767721968D«06 
-.81 99999999 7871 6D«D 1 

.250085328538639D«06 
-.628119098193959D«06 

•2189 55 31 99 95800 D«06 
-.36 223?3705 3838 3B«0 6 
-.27 8705 2983 6205 90-0 9 
-.98 8183 7156 7899 50-0 9 
-.12 6893 6 50719793D«0 7 
-.11 301338 7865029D«0 7 

-.5 760 00 000003 0 000 «06, 
• 1595 95 075206 5 930 «0 5, 

-.9179 58 521 319 9 290 «0 5, 
-.129780186183 6 710-1 0, 
-.167762629139 7 380«06, 
.2 758 709137 329 370 «07, 

-.3 315 036506 19 9 860 «06, 
-. 7 281 806B5682 3 200 «06, 
.2 909 50 379903 7 870-09, 

-.7 37263597013 7 22D«06, 
-.5017 72 319989 382D«06, 
.3031 03 3600005 600 «0 7, 

-.9 215 986729 338 160 «07, 
-.5121 60000005 1520 «02, 
.2 589 88299 69 0 7 170 «08/ 

•1152000000000000«07, 
’•202865 1512822 513«05, 
•299780286782699D«06, 
.9836575589977030-1 1, 
.1969 08 3821 85 2 910« 06, 
-.9 807 52 6619 7? 6 980 «07, 
.8 276 73 395565 0 380 «05, 
.1998256228539990«07, 
-.2 902 22956778 0 52 0-09, 
.516288 285998 8 8C0«0 5, 
.1003531199933863«07, 
.3276768000082000«06, 
.2121 8622 3571 8 220 «06, 
.5179900000097730«02, 
.38988799192?5920«07/ 
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SUBROUT INC KONKlbl 
OOUBL L PRECISION 3 
LATA (BID • 1-1 «AD 

* ^5076712391 Sb?7 33 
* -• 65906074 89 72 8 700 
*-•1160000300115660 
* .0000000000000003 
* .0000000000000003 
* .0000000300000003 
* .2250103437302653 
*-.458682234681 4773 
* .2730662600000003 
*-.186 40259 2043 0743 
* .16 5 5 7 5 61 0 5 36 6 5 50 
*-.1411872129116880 
* .1735942552399303 
* .574414 95 3965 3C63 
* .5617376548590090 

DO 5 1-1.4 5 
5 All l-btil 

RETURN 
END 

.AU I 

.000003000300o300*00. 
-.64 2908457564 99 50*0 5. 
-.2115168457420780*0 5. 

•0000000003000000*00. 
.0000030003000300*3 0. 
.0000030003000300*30. 

-.9800030003170520*0 0. 
-.17 38695314 92 5000*0 6. 

• 31821169214998 70*36. 
-.1092241066704000*06. 

.1128304709167690*37. 
-.15 126570244665 10*0 7. 
-.5427155659555250-1 1. 

• 38 933673 B8 0861 50*07. 
.59 461358 32285770*3 7. 

A ) 
(45) 
/ ♦ 05, 

*05, 
«01, 
«00, 
*00, 
«00. 
«06. 
«06. 
«06. 
«06. 
♦ 07, 
♦ 07, ♦ 07, 
♦ 07, ♦ 07, 

SUBROUTINE KDNK2B( AI 
DOUBLE PRECISION 8(45) 
DATA (Bill »1-1 ,451 / 

*-•45126332 3694 4 640*05, 
* .756671436371 3080*05, 
* .1320000300072833*01, 
* • 000 00003 0000 0003 «00, 
* .0 0 0 0 0 0 03 0 0 00 0 0 03 «00, 
* .0000000300000003 *00, 
*-.188 5576514471953*06, 
* .3001590387592370-09, 
*-•273 06624 0000 0000 «06, 
*-•361597838 082 2 003 *05, 
*-•40139541 9482 8013*06, 
*-•816 08626 4 8 34 14 03*04, 
*-.60847466 4969 0193 «06, 
*-.80619642 6617 9740*06, 
*-•112348964571 8 023 «07, 

DO 5 1=1,45 
5 AtIUBtl) 

RETURN 
END 

• All I 

•0000000000000000*00 
-.1151567733062200-1 0 

.5977677466443160*0 5 
•0000000003000000*0 0 
•0000000000000000*00 
•0000000003000000*00 
•1000000000029760*01 

-.1930122911198000*06 
-.15299411559792 00*0 6 
-.218456 319995 60 00*0 6 
-.4590168805832420*06 

•46 21174554 1313 50-0 9 
• 17338667461963 70-1 0 

-.5202633757062150*06 
-.9880 31 2845 3002 50*0 6 

-.3 840 00000003 0 000*0 5, 
-.2460 31267489 4 610*05, 
-.1103 35965265 8 510 «06, 
•0000000000030000*08, 
• 0000 00000003 0 000 *00, 
.3746 39 7626 76 7 940*06, 

-.380758368471 8480*06, 
.9216 33599959 3120*05, 

-.1865 3223 7379 5 770-09, 
•2636146322054930*06, 
.1194 6959999S2 820*06, 
.1556 48127999 7 200*0 7, 

-.12108884 03 37 5 450 *07, 
• 3005 33333346 9 370*02, 
•1733984021461180*08/ 

• 7680 00000003 0 000*05, 
-.4 274 68442389 6 970*05, 
.5192 309113571 320*05, 
.000000000003 0 000*00, 
.0080 00000000 0 000*00, 

-.1763010647890 790*06, 
• 1211 31747845 8 460*06, 

-•1843 23519995 3 630*06, 
• 1815101361551 100-09, 

-.2618 08 3205588 010 «06, 
-•2 389 35 999995 0 630 *06, 
-•819201919996 5 000*06, 
• 3131 324300597800*06, 

-•3024 000000110 870*02, 
-•155B6373226S1 740*07/ 
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SUBROUTINE MDUMl 
C ***** 

C mis SUBROUTINE CALCULATES TUE 
CRACK ELEMENT 

C ***** 
LUMPED-MASS MATRIX FOR TOE 10-NODE 

DOUBLE PRECISION X,Y,Z,AREA,EMASS,AMASS,MASS 
DIMENSION IECPT(1) 
CO^ON /SMA2I0/ DU*m(10),IFMGG,DlMW2(25) 
COMMON /SMA2CL/ DUNWY3(2) ,iWt 

rSÎÎSîi /â!îoDP/i X»Y»Z*AREA»emasS»AMASSC10),MASSC36),NOPVT 
COWON /SMA2ET/ ECPT(56),DUMW4(44) " 

COWON /MATIN / MATIDC,MATFLG,ELTEMP,DOWY5(6) 
COWON /MATOUT/ RHO 
EQUIVALENCE (ECPT(l),IECPT(1)) 
MATIDC-IECPT(12) 
MATFLG-4 
ELTEMP»ECPT(56) 
CALL MAT(IECPT(1)) 
X-DBLE (ECPT (37) ) - DBLE (ECPT (17) ) 
Y'DBLE (ECPT (38) ) -DBLE (ECPT (18) ) 
Z-DBLE (ECPT (39) ) -DBLE (ECPT (19) ) 
AREA-4.0D0*(X*X+Y*Y+Z*Z) 

S”.CS*Ä’oB“(ECP1'tl3))*DM(ECPr(14))) 
DO 10 1-2,10 
AMASS( I)-EMASS/18.0 

10 CONTINUE 
NOPVT=0 
DO 20 1-2,11 

20 IF(IECPT(I).EQ.NPVT)NOPVT=I-l 
IF(NOPVT.EQ.0)CALL MESAGE(-30,34,IECPTr)) 
DO 30 1-1,36 

30 MASS(I)-O.ODO 
MASS(1)-AMASS(NOPVT) 
MASS (8)-AMASS (NOPVT) 
MASS (15) -AMASS (NOPVT) 
CALL SMAB2(MASS(1),NPVT,-1,IFMSG,0.0D0) 
RETURN » "J 

END 
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SUBROUim SOUMll 
CM*** 

C ÎHIS ROUTINE IS PHASE 1 DF STRESS DATA RECOVERY FOR THE 10 N09E 
C CRACK ELEMENT 
C***»* 
C 

DIMENSION lECPTUI 

COMMON /SDR2X5/ ECPT 156 )alNDEX1*H) 
1* IEL10 tISlLNO(10l«Sll30) vS2t30l •SI6VCCI29I 
2 i FORVEC(25) 

C 
C 
c 
c 

COMMON /S0R2XS/ A(10V10|,BI10t10ltC(10IVISIN6V0CTERM 
lt SIGMA .PI •FR2*UR»UT»[)ELlAtAlt20lvA2l2 0ltTLI6l«TGI9ltXI6lyV(6l 

C 

COMMON /MATOUT/ EvG.ANU«RHO.ALPHA.TSUB0,GSUBE.S16T«G16C«SIGS 
C 

COMMON /MATIN / HATIOC.MAIFLGvELTEHPtSTRESS.SINTH.COSTH 
C 

EQUIVALENCE tlECPT ( 11.ECPT 11 >1 
C 

DATA P1.FR2/3.191S92BS.1.18920712/ 
C 
C CALL MAT TO GET MATERIAL PROPERTIES 
C 

HATIDC=IECPTtl2» 
MATFLG=1 
EL TEMP=ECP TI SG > 
CALL HAT I1ECPT (11) 
IF IIECPTI15l.EQ.il SIGHA=ANU/I1.0«ANU> 
IF IIECPTI 1SI.EQ.2 I SIGMA=ANU 

C 
C CALCULATE U PARTITION OF 0 MATRIX ANO INVERT 
C 

DELTA-SQRT ISQR T IIECPTI 37I-ECPTI17I (••Z* IEC PT 138 l-E CPTI18 II **2* 
1 IE CPTI391-ECPT11911**2 11 

00 10 J=l«10,2 
00 10 N=lv9 
I=IJ-ll/2*b 
UR=-IN*2I*C0SI I N*2 1*11 -6I*PI/B.0I-I IN*2.I/ IN*2*|-1 |**N 11*16 .0-8 • 0* 

1 SI6HA-NI*COSIIN>21*I1>6I*P1/8.01 
UT= IN«2I*SINI IN«2 1*11-6|*P1/BV0I-IIN*2.I/ IN*2* 1-1 18^11^6.0-8.06 

1 S16HA*NI*SINtl M-21 *11-618PI/8.01 
1F «1-11/21*21 *t5 «N 

* UR=IFR2**N1*UR 
UT =IFR2**Nl*UT 

S UM=IO£LTA**MI*UR________ 
UT=IOELTA**NI*UT 
ALJ yNI=UR*C0SIII-61*PI/*.01-UT*SINIII-6l«PI/*»0l 

10 A«J*1tNI^UR*SINIII-61*PI/A.0l*UT*COSI«I-6I«RI/*.01 
-MP 10 I=l,t---—__ 

A«2VIISA«1VII 
20. Al l ,11=0.0_____-.,. , , . . 

00 30 1 = 1.10.2 
—-AU-»101=8.088--- - 

30 All*l.101=0.0 
--AI2.101=8.086____ 

CALL INVERSI10.A.10.C. O.OE TERM.1SI NG.I NDEX I 
-I£L ÍISIM8.NE.U-XAU^ MESA6E 1-30^ 6.IE CPU LJA_ _ __ 
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00 *0 J=lt10#2 
DO «0 Nr],9 

«/..o........... 

IF II-II/2)«2» «>HV»S.II9 
URr(FR2*«» )*ua 
uT:irR2**ii i*ur 

*5 UR=I0LLTA*«N)»UR 
UT=(0CLTA9*NI*UT 

kn **,*“UR*C^S* ** •0)-UT9SII((( I-t» 9PI>fc nt 

00 J50 *ÏîiürSIM 11 ^ ,#PI/% l-bt •»»îiî:¡¡¡ 
so Bd.Dro.D 

00 60 1=1,10,2 
B(I .21=0.0 

60 B(l«l,21=9.090 
0(1,21=9.09G 
B( 1,10)= 0.0 
B( 2,10)= 9.09G 
B( 3,10)=-9.096 
B( 9,10)= 9.09G 
B( 5,10)=-9.09G 
B( 6,10)= 0.0 
B( 7,10)=-9.096 
B* 8.10)=-9.096 
B( 9,10)= 0.0 
B( 10, 10)=-9.096 

c SING. ME .1 ) C»LL HE SA 6E (-30 ,26, IE CPK 1)) 

C EITRACI ROWS FOR FIRS! SYMMETRIC ANO A NT1-S YHM £ TRI C TERM 

A1(1)=A(1,1)99.096 
- *112)=0.0 

*2II)=0.0 
A2(2)=B(1,1199.096 
00 70 1=3,10,2 

*1 (1)= A(1 ,-1« 12)92.096 
70 A2(I)=-BII ,-I* 12)92.096 

- DO 80 1=9, 10,2 

*1 *I)-~A *1 t-U 19)92.096 " " ... 
- 80 A2 (1)= B(1 ,-1919)92.096 

Allll I = AI1 ,2)99.096 - 
— A1 (12 )=Q.Q 

A?(11)=0.0 

— A2 112)=011 ,2)99,096 
00 90 1=3,10 - 

- A1(I910)=A 11,1)92.096 
»0 A2(1910)=8 41,1 )92,09G 

I DE,,I¥£ 81 AND All RECOVERY FACTORS 

0CLTA=OELT A992 

U 

U9LIA=U6L1 A992 

J^-^^J^IECP 1(37 ) -ECFÏ(17))/or • ta 
TL (2)=(ECPT ( 38 ) -£CPT (18))/DELTA 
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N-I3I-IECPTI39I-CCPTI19II/DELTA 
TLI9I = IECPTUS l-LCPllI7>l/0CLTft 
iLISiriECPTItibl-ECPTIiail/OELTA 
TL(6I = IECP II97 l-ECPT 11911/DELIA 
41=1 
42=1 
00 100 1=1t10 
CALL 6HHAI&IA1IJllt1*2•0«TLI11t2t3t0VXI1II 
CALL 6HNAI SIA2(Jll«lt2*0«IL<ll»2a3«0aVll)l 
4=991^12 
CALL TRANS S I1CCPI I4lt T6I 
CALL 6HNAISIXIll,l,3t3vTGt 11.3,3,9 vSlt42l) 
CALL GNNATSt¥l11,1,3,9,18111,3,3,9,32(4211 
41 =41 «2 

100 42=42 *3 
00 110 1=1 ,30 
SI 111=7.51 9889829S IC II 

110 52(11=2.50662B279S2I1I 
C . 
C SI OR E ELEMENT 10 ANO SIL NUMBERS 
C 

1ELID = IECP Till 
00 120 1=1,10 

120 ISILNOd 1= 1ECPT( 1* 11 
RETURN 
END 
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SUBROUTINE S0UH12 

C THIS ROUTINE IS PHASE 2 OF STRESS DATA RECOVERT FOR THE 10 NODE 
C CRACK ELENEN( 

C 
CONNON /SDR2XX/ 22 111 

C 
CONNON /SDR2XI/ DJHHVt3S1»1VEC 

C 
CONNON /S0R2X7/ IE LIO. 1S1LN0I101,S 11 301 tS2 1301 •0UNHT1I29I 

1# JSEL10(SIRES(9IVDUNNT?I90I 
2» JFELI3 «FORCE 19 I «DÜNNTHIS) 

C 
CONNOR /S0R2XB/ SU NK II 101 . SUNK 2(13 I •IUTA»I UTB 

C 
1D1SP=IVEC-1 
IUTB=-2 
00 10 1=1,10 
1UTA=1DISP*IS1LNOI11 
1UTB=1UTB«3 
CALL 6NNAI SI SI IIUTBI(lt3«0«Z2l I UTA 1,3,1 ,0, SUNK 1 11 I I 

10 CALL ONNAISIS2(IUTBI,1,3,0,2ZI1UTAI,3,1,0, SUNK2 1111 
00 20 1=1,9 

20 STRÉS111=0.0 
00 30 1=1,10 
STRES 11 I =S TRES 11 It SUNK 1 111 

30 STRES121 =S TRES 12It SUNK 2111 
00 «0 1=1,9 

90 FORCE III=STRESI1I 
JS£LI0=IEL1D 
JFELI0=1EL10 
RETURN 
END 
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INITIAL DISTRIBUTION 

Hq USAF/SAMI 1 
Hq USAFE/DOQ 1 
Hq PACAF/DOOFQ 3 
Hq TAC/DRA 1 
ASD/ENFEA 2 
AUL/LSE 71-249 1 
OC/ALC/MMWMP 2 
AFIS/INT 1 
DDC-TC 2 
AFATL/DLODL 2 
AFATL/DL 1 
AFATL/DLD 1 
AFATL/DLY 1 
ASD/XRP 1 
US Army TRADOC Sys Ana Act/ 

ATAA-SL 1 
COMIPAC/I-232 1 
School of Engineering Science and 

Mechanics/Georgia Inst of Tech 15 
Off of Engineering Research/ 

Oklahoma State University 1 
AMSAA/DRXSY-J 1 
Inst of Fracture and Solid Mech/ 

Lehigh University 1 
Systems, Science and Software 1 
AFFDL/FBR 1 
AFFDL/FBR(ASIAC) 1 
NSWC/DL 1 
PACMISTESTCEN/Code 1245 1 
BRL-BLV 1 
NWC/Code 3261 1 
Dept of Engineering Sciences/ 

University of Florida 1 
Univ of Florida Grad Center 1 
AFATL/DLYV 10 
TAC/INAT 1 
AFFDL/FES 1 
NWC/Code 318 2 
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