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Abstract 
 

The development of an evolutionary optimisation method and its application to the 

design of an advanced composite structure is discussed in this study.  

 

Composite materials are increasingly being used in various fields, and so optimisation 

of such structures would be advantageous. From among the various methods 

available, one particular method, known as Evolutionary Structural Optimisation 

(ESO), is shown here. ESO is an empirical method, based on the concept of removing 

and adding material from a structure, in order to create an optimum shape. The 

objective of the research is to create an ESO method, utilising MSC.Patran/Nastran, to 

optimise composite structures. The creation of the ESO algorithm is shown, and the 

results of the development of the ESO algorithm are presented. 

 

A tailfin of an aircraft was used as an application example. The aim was to reduce 

weight and create an optimised design for manufacture. The criterion for the analyses 

undertaken was stress based. Two models of the tailfin are used to demonstrate the 

effectiveness of the developed ESO algorithm. The results of this research are 

presented in the study.  
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Graph A-1: 2D Model 1 - Area Remaining
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Graph A-2: 2D Model 1 - Stress Results
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Graph A-3: 2D Model 2 - Area Remaining
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Graph A-4: 2D Model 2 -  Stress Results
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Graph A-5: 2D Model 3 - Area Remaining
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Graph A-6: 2D Model 3 - Stress Results
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Graph A-7: 2D Model 4 - Area Remaining
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Graph A-8: 2D Model 4 - Stress Results

0

50

100

150

200

250

300

350

400

450

500

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87

Iterations

S
tr

es
s 

(M
P

a)

Removal Stress
Maximum Stress



Graph A-9: 2D Model 5 - Area Remaining

0

10

20

30

40

50

60

70

80

90

100

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

Iterations

A
re

a 
R

em
ai

ni
ng

 (%
)



Graph A-10: 2D Model 5 - Stress Results

0

100

200

300

400

500

600

700

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

Iterations

S
tr

es
s 

(M
P

a)

Removal Stress
Maximum Stress



Graph A-11: 2D Model 6 - Area Remaining
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Graph A-12: 2D Model 6 - Stress Results
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Graph A-13: L-Block Model 1 - Volume Remaining
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Graph A-14: L-Block Model 1 - Stress Results
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Graph A-15: L-Block Model 2 - Volume Remaining
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Graph A-16: L-Block Model 2 - Stress Results
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Graph A-17: L-Block Model 3 - Volume Remaining
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Graph A-18: L-Block Model 3 - Stress Results
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Graph A-19: Sandwich Hexahedral Model 1 - Volume Remaining
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Graph A-20: Sandwich Hexahedral Model 1 - Stress Results
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Graph A-21: Sandwich Hexahedral Model 2 - Volume Remaining
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Graph A-22: Sandwich Hexahedral Model 2 - Stress Results
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Graph A-23: Sandwich Hexahedral Model 3 - Volume Remaining
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Graph A-24: Sandwich Hexahedral Model 3 - Stress Results
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Graph A-25: Sandwich Tetrahedral Model 4 - Volume Remaining
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Graph A-26: Sandwich Tetrahedral Model 4 - Stress Results
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Graph A-27: Sandwich Tetrahedral Model 5 - Volume Remaining
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Graph A-28: Sandwich Tetrahedral Model 5 - Stress Results
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Graph A-29: Sandwich Tetrahedral Model 6 - Volume Remaining
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Graph A-30: Sandwich Tetrahedral Model 6 - Stress Results
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Graph A-31: Tailfin Model 1 - Volume Remaining
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Graph A-32: Tailfin Model 1 - Stress Results
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Graph A-33: Tailfin Model 2 - Volume Remaining
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Graph A-34: Tailfin Model 2 - Stress Results
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Graph A-35: Tailfin Model 4 - Volume Remaining

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6

Iterations

V
ol

um
e 

R
em

ai
ni

ng
 (%

)



Graph A-36: Tailfin Model 4 - Stress Results
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Graph A-37: Tailfin Model 5 - Volume Remaining

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10 11 12

Iterations

V
ol

um
e 

R
em

ai
ni

ng
 (%

)



Graph A-38: Tailfin Model 5 - Stress Results
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Graph A-39: Tailfin Model 6 - Volume Remaining
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Graph A-40: Tailfin Model 6 - Stress Results
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!********************************************************************** 
! 
!  PROGRAM: OptTest 
! 
!  PURPOSE: Run analysis and optimisation of model. This is the Master Control 
Program 
! 
!********************************************************************** 
 
 program OptTest 
 USE DFLIB 
 implicit none 
 
 ! Variables 
 CHARACTER(20) bdffile 
 CHARACTER(20) f06file 
 CHARACTER(20) xdbfile 
 CHARACTER(100) line1 
 CHARACTER(80) line2 
 CHARACTER(80) line3 
 CHARACTER(80) line4 
 REAL remlimit 
 REAL stepremlimit 
 INTEGER elemrem 
 INTEGER elemadd 
 INTEGER y 
 INTEGER fail 
 INTEGER failtrip 
 INTEGER stresstrip 
 LOGICAL(4) result1 
 REAL time_begin, time_end 
 
 ! Body of OptTest 
 CALL CPU_TIME ( time_begin ) 
 
 OPEN(100, FILE = 'rundata.dat') 
 READ(100, *) bdffile 
 READ(100, *)  
 READ(100, *) f06file 
 READ(100, *) 
 READ(100, *)  
 READ(100, *) remlimit 
 READ(100, *) 
 READ(100, *) xdbfile 
 CLOSE(100) 
  



 OPEN(1, FILE = 'elemremlist.dat', status = 'replace') 
 OPEN(2, FILE = 'elemaddlist.dat', status = 'replace') 
 OPEN(300, FILE = 'remlist.dat', status = 'replace') 
 
 WRITE(line1, 10) 'c:\msc.software\msc.nastran\bin\nastran ', bdffile  
10 FORMAT(A40, A16) 
 
 y = 1 
 ESO: DO  
   
  print*, 'This is iteration', y 
 
  OPEN(200, FILE = 'loopcount.dat', status = 'replace') 
  WRITE(200, *) y 
  CLOSE(200)  
   
  result1 = systemqq('clear.bat') !prepare 
   
  result1 = systemqq(line1) !analysis 
        
  WRITE(line2, 20) 'copy ', xdbfile, y, '_loop.xdb.bak' !Backup xdb 
20   FORMAT(A5, A15, ' ', I3, A13) 
  result1 = systemqq(line2) 
   
  WRITE(line3, 30) 'copy ', bdffile, y, '_loop.bdf.bak' !Backup bdf 
30  FORMAT(A5, A15, ' ', I3, A13) 
  result1 = systemqq(line3) 
   
  WRITE(line4, 40) 'copy ', f06file, y, '_loop.f06.bak' !Backup f06 
40  FORMAT(A5, A15, ' ', I3, A13)! 
  result1 = systemqq(line4) 
   
  result1 = systemqq('FailCheck.exe') !Failcheck 
  OPEN(6, FILE = 'failchk.dat') 
  READ(6, *) fail 
  CLOSE(6) 
  IF (fail .eq. 0) THEN 
   result1 = systemqq('FailReplace_1.exe') 
   OPEN(8, FILE = 'failtrip.dat') 
   READ(8, *) failtrip 
   CLOSE(8) 
   IF (failtrip .eq. 0) THEN 
    print*, 'Model failed - failure stress reached in non-modifiable region'  
    pause 
    exit 
   ELSE  



    result1 = systemqq('FailFileAdd_1.exe')    
    OPEN(7, FILE = 'failaddelem.dat') !Write add elements to file 
    DO WHILE (.TRUE.) 
     READ(7, *, END=100) elemadd 
     IF (elemadd .eq. 0) cycle 
     WRITE(2, *) y, elemadd, 'Fail_replace' 
    END DO 
100    CLOSE(7) 
    y = y + 1    
    cycle ESO 
   END IF 
  ELSE 
   print*, 'No failure detected' 
     END IF 
  
  result1 = systemqq('StressLimit_1.exe')  
  OPEN(3, FILE = 'remlimit.dat') 
  READ(3, *) stepremlimit 
  READ(3, *) stresstrip 
  CLOSE(3) 
  print*, ' Stress limit is ', stepremlimit 
  WRITE(300, *) y, stepremlimit 
 
  result1 = systemqq('ESO_1.exe') 
   
  result1 = systemqq('FileRem_1.exe') 
  result1 = systemqq('FileAdd_1.exe') 
   
  elemrem = 0 
  OPEN(4, FILE = 'remelem.dat') !Write rem elements to file 
  DO WHILE (.TRUE.) 
   READ(4, *, END=150) elemrem 
   IF ((elemrem .eq. 0) .or. (elemrem .lt. 0)) cycle 
   WRITE(1, *) y, elemrem, 'ESORem' 
  END DO 
150  CLOSE(4) 
   
  OPEN(5, FILE = 'addelem.dat') !Write add elements to file 
  DO WHILE (.TRUE.) 
   READ(5, *, END=200) elemadd 
   IF (elemadd .eq. 0) cycle 
   WRITE(2, *) y, elemadd, 'ESOAdd' 
  END DO 
200  CLOSE(5)   
  
 IF (stresstrip .eq. 1)  THEN 



   print*, 'Stress limit reached' 
   pause 
   exit 
     ELSE 
   print*, 'Stress limit not reached' 
     END IF 
  
 y = y + 1 
 
 END DO ESO 
 
 CALL CPU_TIME ( time_end ) 
 PRINT *, 'Time of operation was ', time_end - time_begin, ' seconds' 
 pause 
  
 end program OptTest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!*********************************************************************** 
!  PROGRAM: ESO_1 
! 
!  PURPOSE:  Analysis Program 
! 
!*********************************************************************** 
 
 program ESO_1 
 
 ! Variables 
 INTEGER count 
 INTEGER count1 
 INTEGER count2 
 INTEGER count3 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: remlist 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: elemremlist 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: elemaddlist 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: addlist 
 INTEGER :: elemno 
 INTEGER elemrem  
 INTEGER elemadd 
 INTEGER, ALLOCATABLE, DIMENSION(:,:) :: ellistcomp 
 REAL, ALLOCATABLE, DIMENSION(:,:) :: remelemlist 
 REAL, ALLOCATABLE, DIMENSION(:,:) :: addelemlist 
 REAL, ALLOCATABLE, DIMENSION(:,:) :: stresslist 
 CHARACTER(len=150) :: line1 
 CHARACTER(len=150) :: line2 
 CHARACTER(len=150) :: line3 
 CHARACTER(len=150) :: nline 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER i 
 INTEGER j 
 INTEGER x 
 INTEGER y  
 INTEGER z 
 INTEGER cnrn 
 INTEGER nodes(6) 
 INTEGER elno 
 INTEGER elmat 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=10) :: tofind2 
 REAL :: stresslimit 
 REAL :: elstress 



 CHARACTER(30) bdffile 
 CHARACTER(30) bdfnewfile 
 CHARACTER(30) f06file 
 REAL addlimit 
 REAL remlimit 
 REAL time_begin, time_end 
  
 ! Body of ESO_1 
 
 !!!!!!!!!!!!!!!!!!!!!!!! File Open 
 CALL CPU_TIME ( time_begin ) 
 OPEN( 100, FILE = 'rundata.dat') 
 READ(100, *) bdffile 
 READ(100, *) bdfnewfile 
 READ(100, *) f06file 
 READ(100, *)  
 READ(100, *) addlimit 
   
 OPEN( 1, FILE = bdffile) 
 OPEN( 2, FILE = f06file) 
 OPEN( 3, FILE = 'remlimit.dat') 
 OPEN( 4, FILE = 'addelem.dat', status='replace') 
 OPEN( 5, FILE = 'remelem.dat', status='replace') 
  
 READ(3, *) remlimit  
  
 elemno = 1 
 tofind = 'CTETRA' 
 strlen= LEN(TRIM(tofind)) 
 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 100) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1) )THEN 
   elemno = elemno + 1 
  END IF 
 END DO 
 
100 CLOSE(1) 
 
 allocate(remlist(elemno)) 
 allocate(elemremlist(elemno)) 



 allocate(elemaddlist(elemno)) 
 allocate(addlist(elemno)) 
 allocate(ellistcomp(elemno,2)) 
 allocate(remelemlist(elemno,2)) 
 allocate(addelemlist(elemno,2)) 
 allocate(stresslist(elemno,2)) 
  
 remlist = 0 
 elemremlist = 0 
 elemaddlist = 0 
 addlist = 0 
 ellistcomp = 0 
 remelemlist = 0 
 addelemlist = 0 
 stresslist = 0 
 
 OPEN( 1, FILE = bdffile) 
 
 y = 1 
 tofind = 'CTETRA' 
 strlen= LEN(TRIM(tofind)) 
 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 109) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1) )THEN 
   READ(line1(strlen+1:), *) elno, elmat, nodes(1), nodes(2), nodes(3), nodes(4), 
nodes(5), nodes(6) 
   READ( 1, '(a)') nline 
   ellistcomp(y , 1) = elno 
   ellistcomp(y , 2) = elmat 
   y = y + 1 
  END IF 
 END DO 
 
109 CLOSE(1) 
 
 !Input results 
   
 z = 1  
 tofind = 'GRID' 
 strlen = LEN(TRIM(tofind)) 



 tofind2 = 'CENTER' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(2, '(a)', END=200) line2  
  indx = INDEX(line2, trim(tofind)) 
  IF (indx .eq. 24) THEN 
   READ(line2, 110) elno 
110   FORMAT(T5, I7) 
   loop: DO WHILE (.TRUE.) 
    READ(2, '(a)') line3 
    indx2 = INDEX(line3, TRIM(tofind2)) 
    IF (indx2 .eq. 18) THEN 
     READ(line3, 111) elstress 
111  FORMAT(T118, E18.8) 
    END IF 
    IF (elstress /= 0) exit loop 
   END DO loop 
   stresslist(z, 1) = elno 
   stresslist(z, 2) = elstress 
   z = z + 1  
   elstress = 0   
  END IF 
 END DO 
 
200 CLOSE(2) 
 
 y = 1 
 DO count1 = 1, elemno 
  IF (ellistcomp(count1, 1) .eq. 0) THEN 
   exit 
     ElSE 
   IF (ellistcomp(count1, 2) .eq. 1) THEN 
   remlist(y) = ellistcomp(count1, 1) 
      y = y + 1 
   END IF 
  END IF 
 END DO  
  
 DO count2 = 1, elemno 
  IF (remlist(count2) .eq. 0) exit 
  remelemlist(count2, 1) = remlist(count2) 
  DO count3 = 1, elemno 
   IF (stresslist(count3, 1) .eq. remlist(count2)) THEN 
    remelemlist(count2, 2) = stresslist(count3, 2) 
   END IF 



  END DO 
 END DO     
 
    CALL Elemremoval(remelemlist, elemno, elemremlist, remlimit) 
 
 y = 1 
 DO count1 = 1, elemno 
  IF (ellistcomp(count1, 1) .eq. 0) THEN 
   exit 
     ELSE  
   IF (ellistcomp(count1, 2) .eq. 2) THEN 
    addlist(y) = ellistcomp(count1, 1) 
    y = y + 1 
      END IF 
  END IF 
 END DO  
 
 
 DO count2 = 1, elemno 
 IF (addlist(count2) .eq. 0) exit 
  addelemlist(count2, 1) = addlist(count2) 
  DO count3 = 1, elemno 
   IF (stresslist(count3, 1) .eq. addlist(count2)) THEN 
    addelemlist(count2, 2) = stresslist(count3, 2) 
   END IF 
  END DO 
 END DO    
 
 !ESO 
  CALL Elemaddition(addelemlist, elemno, elemaddlist, addlimit) 
 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Output of results 
 remfile: DO count = 1, elemno 
  IF (elemremlist(count) .eq. 0 ) exit remfile 
  WRITE(5,*) elemremlist(count) 
    END DO remfile 
 
    addfile: DO count = 1, elemno 
  IF (elemaddlist(count) .eq. 0 ) exit addfile 
  WRITE(4,*) elemaddlist(count)  
    END DO addfile 
 
 CALL CPU_TIME ( time_end ) 
 PRINT *, 'Time for ESO was ', time_end - time_begin, ' seconds' 
  
 end program ESO_1 



 
  
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 SUBROUTINE elemremoval(array, arrayno, arrayrem, limit) 
     implicit none 
 
 INTEGER :: arrayno 
 INTEGER, DIMENSION(arrayno) :: arrayrem 
 REAL, DIMENSION (arrayno , 2), INTENT(INOUT) :: array 
 INTEGER :: ctta 
 INTEGER :: arrayremstress 
 INTEGER :: z 
 INTEGER :: count1 
 REAL :: limit 
     
 arrayrem = 0 
 z = 1 
    loop: DO ctta = 1, arrayno  
     IF (array( ctta , 2) .lt. limit) THEN  
   arrayrem(z) = array( ctta, 1) 
   z = z + 1 
  END IF 
 END DO loop 
 
 END SUBROUTINE elemremoval 
  
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 SUBROUTINE elemaddition(list, no, addlist, limit) 
     implicit none 
 
 INTEGER :: no 
 REAL, DIMENSION (no,2), INTENT(INOUT) :: list 
 INTEGER, DIMENSION(no) :: addlist 
 INTEGER :: count 
 INTEGER :: x 
 REAL :: limit 
  
 addlist = 0 
 x = 1   
    loop: DO count = 1, no  
     IF (list(count , 2) .gt. limit) THEN  
   addlist(x) = list(count, 1) 



   x = x + 1 
     END IF 
 END DO loop 
 
 END SUBROUTINE elemaddition 
  
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!********************************************************************** 
! 
!  PROGRAM: StressLimit_1 
! 
!  PURPOSE:  Calculate the stress limit for The optimisation 
! 
!********************************************************************** 
 
 program StressLimit_1 
 implicit none 
  
  
 INTEGER count1 
 INTEGER count2 
 INTEGER count3 
 INTEGER count4 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: avglist 
 INTEGER :: elemno 
 INTEGER, ALLOCATABLE, DIMENSION (:, :) :: ellistcomp 
 REAL, ALLOCATABLE, DIMENSION(:, :) :: elemlist 
 REAL, ALLOCATABLE, DIMENSION(:, :) :: stresslist 
 CHARACTER(len=150) :: line1 
 CHARACTER(len=150) :: line2 
 CHARACTER(len=150) :: line3 
 CHARACTER(len=150) :: nline 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER y  
 INTEGER z 
 INTEGER nodes(6) 
 INTEGER elno 
 INTEGER elmat 
 INTEGER trip 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=10) :: tofind2 
 REAL :: stresslimit 
 REAL :: elstress 
 CHARACTER(30) bdffile 
 CHARACTER(30) f06file 
 REAL sumstress 
 REAL avgstress 
 REAL rem 
 REAL time_begin, time_end 
 REAL RR0 



 REAL ER 
 INTEGER LC 
 REAL stressmax 
 
 ! Body of StressLimit_1 
 
 !!!!!!!!!!!!!!!!!!!!!!!! File Open 
 CALL CPU_TIME ( time_begin ) 
 OPEN( 100, FILE = 'rundata.dat') 
 READ(100, *) bdffile 
 READ(100, *)  
 READ(100, *) f06file 
 READ(100, *) elemno 
 READ(100, *)  
 READ(100, *) stresslimit 
 READ(100, *)  
 READ(100, *)  
 READ(100, *) RR0 
 READ(100, *) ER 
  
 OPEN(200, FILE = 'loopcount.dat') 
 READ(200, *) LC 
  
 OPEN( 1, FILE = bdffile) 
 OPEN( 2, FILE = f06file) 
 
 !Input nodeconn 
 
 elemno = 0 
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 10) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   elemno = elemno + 1 
  END IF 
 END DO 
 
10 CLOSE(1) 
  
 allocate(avglist(elemno)) 



 allocate(ellistcomp(elemno,2)) 
 allocate(elemlist(elemno,2)) 
 allocate(stresslist(elemno,2)) 
  
 OPEN( 1, FILE = bdffile) 
  
 y = 1 
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 100) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   READ(line1(strlen+1:), *) elno, elmat, nodes(1), nodes(2), nodes(3), nodes(4), 
nodes(5), nodes(6) 
   READ( 1, '(a)') nline 
   !READ( nline, *) nodes(7), nodes(8), nodes(9), nodes(10) 
   ellistcomp(y , 1) = elno 
   ellistcomp(y , 2) = elmat 
   y = y + 1 
  END IF 
 END DO 
 
100 CLOSE(1) 
  
 !Input results 
   
 z = 1  
 tofind = 'GRID' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CENTER'  
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(2, '(a)', END=200) line2  
  indx = INDEX(line2, trim(tofind)) 
  IF (indx .eq. 24) THEN 
   READ(line2, 110) elno 
110   FORMAT(T5, I7) 
   loop: DO WHILE (.TRUE.) 
    READ(2, '(a)') line3 
    indx2 = INDEX(line3, TRIM(tofind2)) 



    IF (indx2 .eq. 18) THEN 
     READ(line3, 111) elstress 
111  FORMAT(T118, E18.8) 
    END IF 
    IF (elstress /= 0) exit loop 
   END DO loop 
   stresslist(z, 1) = elno 
   stresslist(z, 2) = elstress 
    z = z + 1  
   elstress = 0   
  END IF 
 END DO 
 
200 CLOSE(2) 
 
 y = 1 
 DO count1 = 1, elemno 
  IF (ellistcomp(count1, 1) .eq. 0) THEN 
   exit 
     ElSE 
   IF ((ellistcomp(count1, 2) .eq. 1) .or. (ellistcomp(count1, 2) .eq. 3)) THEN 
   avglist(y) = ellistcomp(count1, 1) 
      y = y + 1 
   END IF 
  END IF 
 END DO  
  
 DO count2 = 1, elemno 
  IF (avglist(count2) .eq. 0) exit 
  elemlist(count2, 1) = avglist(count2) 
  DO count3 = 1, elemno 
   IF (stresslist(count3, 1) .eq. avglist(count2)) THEN 
    elemlist(count2, 2) = stresslist(count3, 2) 
   END IF 
  END DO 
 END DO  
   
    stressmax = elemlist(1,1) 
    DO count4 = 2, elemno 
  IF (elemlist(count4, 2) .gt. stressmax) THEN 
   stressmax = elemlist(count4, 2) 
  END IF 
 END DO 
  
 rem = (RR0 + (LC-1)*ER)*stressmax 
 IF (rem .gt. stresslimit) THEN 



  trip = 1 
 ELSE 
  trip = 0  
 END IF    
  
 OPEN(3, FILE = 'remlimit.dat', status = 'replace') 
    WRITE(3, *) rem 
    WRITE(3, *) trip 
    CLOSE(3)   
 
    CALL CPU_TIME ( time_end ) 
    PRINT *, 'Time for StressLimit was ', time_end - time_begin, ' seconds' 
 
    end program StressLimit_1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!********************************************************************** 
! 
!  PROGRAM: FailCheck 
! 
!  PURPOSE:  Determines Failure for the Optimisation Process 
! 
!********************************************************************** 
 
 program FailCheck 
 
 implicit none 
 
 ! Variables 
 INTEGER :: elemno 
 REAL, ALLOCATABLE, DIMENSION(:,:) :: stresslist 
 CHARACTER(len=150) :: line2 
 CHARACTER(len=150) :: line3 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER y  
 INTEGER z 
 INTEGER elno 
 INTEGER fail 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=10) :: tofind2 
 REAL :: elstress 
 CHARACTER(30) f06file 
 REAL faillimit 
 
 ! Body of FailCheck 
 OPEN( 100, FILE = 'rundata.dat') 
 
 READ(100, *)  
 READ(100, *)  
 READ(100, *) f06file 
 READ(100, *) elemno 
 READ(100, *)  
 READ(100, *)  
 READ(100, *) faillimit 
  
 OPEN( 1, FILE = 'failchk.dat', status = 'replace') 
 OPEN( 2, FILE = f06file) 
 !Input results 
 



 elemno = 1  
 tofind = 'GRID' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CENTER' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(2, '(a)', END=100) line2  
  indx = INDEX(line2, trim(tofind)) 
  IF (indx .eq. 24) THEN 
   elemno = elemno + 1 
  END IF 
 END DO    
 
100 CLOSE(2) 
   
 allocate(stresslist(elemno,2))  
 
 OPEN( 2, FILE = f06file) 
   
 z = 1  
 tofind = 'GRID' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CENTER' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(2, '(a)', END=200) line2  
  indx = INDEX(line2, trim(tofind)) 
  IF (indx .eq. 24) THEN 
   READ(line2, 110) elno 
110   FORMAT(T9, I3) 
   loop: DO WHILE (.TRUE.) 
    READ(2, '(a)') line3 
    indx2 = INDEX(line3, TRIM(tofind2)) 
    IF (indx2 .eq. 18) THEN 
     READ(line3, 111) elstress 
111  FORMAT(T118, E18.8) 
    END IF 
    IF (elstress /= 0) exit loop 
   END DO loop 
   stresslist(z, 1) = elno 
   stresslist(z, 2) = elstress 
   z = z + 1  
   elstress = 0    
  END IF 



 END DO 
 
200 CLOSE(2) 
 
 fail = 1 
 DO y = 1, elemno 
  IF (stresslist(y, 2) .gt. faillimit) THEN 
   fail = 0 
      exit 
  END IF 
    END DO 
 
 WRITE(1, *) fail 
 close(1) 
 end program FailCheck 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!********************************************************************** 
! 
!  PROGRAM: FailReplace_1 
! 
!  PURPOSE:  Select elements for re-addition after failure 
! 
!********************************************************************** 
 
 program FailReplace_1 
 
 implicit none 
 ! Variables 
 INTEGER count 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: tempnode 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: failnode 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: tempfaillist 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: failaddlist 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: tempadd 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: faillist 
 INTEGER :: elemno 
 INTEGER, ALLOCATABLE, DIMENSION (:, :) :: ellistcomp 
 REAL, ALLOCATABLE, DIMENSION(:, :) :: stresslist 
 CHARACTER(len=150) :: line1 
 CHARACTER(len=150) :: line2 
 CHARACTER(len=150) :: line3 
 CHARACTER(len=150) :: nline 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER r 
 INTEGER s 
 INTEGER t 
 INTEGER x 
 INTEGER y  
 INTEGER z 
 INTEGER nodest(10) 
 INTEGER nodesh(8) 
 INTEGER elno 
 INTEGER elmat 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=10) :: tofind2 
 REAL :: faillimit 
 REAL :: elstress 
 CHARACTER(30) bdffile 
 CHARACTER(30) f06file 



 REAL time_begin, time_end 
 REAL sumfailadd 
  
 ! Body of FailReplace_1 
 
 !!!!!!!!!!!!!!!!!!!!!!!! File Open 
 CALL CPU_TIME ( time_begin ) 
 OPEN( 100, FILE = 'rundata.dat') 
 
 READ(100, *) bdffile 
 READ(100, *)  
 READ(100, *) f06file 
 READ(100, *) elemno 
 READ(100, *)  
 READ(100, *)  
 READ(100, *) faillimit 
   
 OPEN( 1, FILE = bdffile) 
 OPEN( 2, FILE = f06file) 
   
 !Input nodeconn 
  
 elemno = 1 
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen = LEN(TRIM(tofind2)) 
 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 100) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   elemno = elemno + 1 
  END IF 
 END DO 
 
100 CLOSE(1) 
 
 allocate(tempnode(elemno)) 
 allocate(failnode(elemno)) 
 allocate(tempfaillist(elemno)) 
 allocate(failaddlist(elemno)) 
 allocate(tempadd(elemno)) 
 allocate(faillist(elemno)) 



 allocate(ellistcomp(elemno,12)) 
 allocate(stresslist(elemno,2)) 
  
 !Input results 
   
 z = 1  
 tofind = 'GRID' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CENTER' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(2, '(a)', END=200) line2  
  indx = INDEX(line2, trim(tofind)) 
  IF (indx .eq. 24) THEN 
   READ(line2, 110) elno 
110    FORMAT(T5, I7) 
   loop: DO WHILE (.TRUE.) 
    READ(2, '(a)') line3 
    indx2 = INDEX(line3, TRIM(tofind2)) 
    IF (indx2 .eq. 18) THEN 
     READ(line3, 111) elstress 
111  FORMAT(T118, E18.8) 
    END IF 
    IF (elstress /= 0) exit loop 
   END DO loop 
   stresslist(z, 1) = elno 
   stresslist(z, 2) = elstress 
   z = z + 1  
   elstress = 0   
  END IF 
 END DO 
 
200 CLOSE(2) 
  
 OPEN( 1, FILE = bdffile) 
 
 y = 1 
 tofind = 'CTETRA' 
 strlen= LEN(TRIM(tofind)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 300) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  IF (indx .eq. 1) THEN 
   READ(line1(strlen+1:), *) elno, elmat, nodest(1), nodest(2), nodest(3), 



nodest(4), nodest(5), nodest(6) 
   READ( 1, '(a)') nline 
   READ( nline, *) nodest(7), nodest(8), nodest(9), nodest(10) 
   ellistcomp(y , 1) = elno 
   ellistcomp(y , 2) = nodest(1) 
   ellistcomp(y , 3) = nodest(2) 
   ellistcomp(y , 4) = nodest(3) 
   ellistcomp(y , 5) = nodest(4) 
   ellistcomp(y , 6) = nodest(5) 
   ellistcomp(y , 7) = nodest(6) 
   ellistcomp(y , 8) = nodest(7) 
   ellistcomp(y , 9) = nodest(8) 
   ellistcomp(y , 10) = nodest(9) 
   ellistcomp(y , 11) = nodest(10) 
   ellistcomp(y , 12) = elmat 
   y = y + 1 
  END IF 
 END DO 
 
300 CLOSE(1) 
 
 r = 1 
 DO y = 1, elemno 
  IF (stresslist(y,1) .eq. 0) exit 
  IF (stresslist(y,2) .gt. faillimit) THEN 
   tempfaillist(r) = stresslist(y,1) 
   r = r + 1 
  END IF 
 END DO 
 
 s = 1 
 loop1: DO x = 1, elemno 
  IF (tempfaillist(x) .eq. 0) exit loop1 
  DO y = 1, elemno 
   IF (ellistcomp(y,1) .eq. 0) cycle loop1 
   IF (ellistcomp(y,1) .eq. tempfaillist(x) .and. (ellistcomp(y,12) /= 2)) THEN 
    faillist(s) = tempfaillist(x) 
    s = s + 1 
   END IF 
  END DO 
 END DO loop1 
 
 DO z = 1, elemno 
  IF (ellistcomp(z,1) .eq. faillist(1)) THEN 
   tempnode(1) = ellistcomp(z,2) 
      CALL combine(tempnode, failnode, elemno) 



  END IF 
 END DO 
  
 loop2: DO x = 1, elemno 
  IF (faillist(x) .eq. 0) exit loop2 
  DO y = 1, elemno 
   IF (ellistcomp(y,1) .eq. 0) cycle loop2 
   IF (ellistcomp(y,1) .eq. faillist(x)) THEN 
    tempnode(1) = ellistcomp(y,2) 
    tempnode(2) = ellistcomp(y,3) 
    tempnode(3) = ellistcomp(y,4) 
    tempnode(4) = ellistcomp(y,5) 
    CALL combine(tempnode, failnode, elemno) 
   END IF 
  END DO 
 END DO loop2  
 
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(1)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
  
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(2)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
 
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(3)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 



  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
 
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(4)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
   
 DO x = 1, elemno 
     t = 1 
  IF (failnode(x) .eq. 0) exit 
  DO y = 1, elemno 
   DO z = 2,11 
    IF (ellistcomp(y,z) .eq. failnode(x)) THEN 
     IF (ellistcomp(y,12) .eq. 2) THEN 
      tempadd(t) = ellistcomp(y,1) 
   t = t + 1 
     END IF 
    END IF 
   END DO 
  END DO 
  CALL combine(tempadd, failaddlist, elemno) 
 END DO     
 
 deallocate(ellistcomp) 
 
 allocate(ellistcomp(elemno, 10)) 
  
 OPEN( 1, FILE = bdffile) 
 
 y = 1 
 tofind = 'CHEXA' 
 strlen= LEN(TRIM(tofind)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 400) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  IF (indx .eq. 1) THEN 
   READ(line1(strlen+1:), *) elno, elmat, nodesh(1), nodesh(2), nodesh(3), 



nodesh(4), nodesh(5), nodesh(6) 
   READ( 1, '(a)') nline 
   READ( nline, *) nodesh(7), nodesh(8) 
   ellistcomp(y , 1) = elno 
   ellistcomp(y , 2) = nodesh(1) 
   ellistcomp(y , 3) = nodesh(2) 
   ellistcomp(y , 4) = nodesh(3) 
   ellistcomp(y , 5) = nodesh(4) 
   ellistcomp(y , 6) = nodesh(5) 
   ellistcomp(y , 7) = nodesh(6) 
   ellistcomp(y , 8) = nodesh(7) 
   ellistcomp(y , 9) = nodesh(8) 
   ellistcomp(y , 10) = elmat 
   y = y + 1 
  END IF 
 END DO 
 
400 CLOSE(1) 
  
 faillist = 0 
 failnode = 0 
 tempnode = 0 
 tempadd = 0 
 s = 1 
 loop3: DO x = 1, elemno 
  IF (tempfaillist(x) .eq. 0) exit loop3 
  DO y = 1, elemno 
   IF (ellistcomp(y,1) .eq. 0) cycle loop3 
   IF (ellistcomp(y,1) .eq. tempfaillist(x) .and. (ellistcomp(y,10) /= 2)) THEN 
    faillist(s) = tempfaillist(x) 
    s = s + 1 
   END IF 
  END DO 
 END DO loop3 
  
 DO z = 1, elemno 
  IF (ellistcomp(z,1) .eq. faillist(1)) THEN 
   tempnode(1) = ellistcomp(z,2) 
      CALL combine(tempnode, failnode, elemno) 
  END IF 
 END DO 
  
 loop4: DO x = 1, elemno 
  IF (faillist(x) .eq. 0) exit loop4 
  DO y = 1, elemno 
   IF (ellistcomp(y,1) .eq. 0) cycle loop4 



   IF (ellistcomp(y,1) .eq. faillist(x)) THEN 
    tempnode(1) = ellistcomp(y,2) 
    tempnode(2) = ellistcomp(y,3) 
    tempnode(3) = ellistcomp(y,4) 
    tempnode(4) = ellistcomp(y,5) 
    tempnode(5) = ellistcomp(y,6) 
    tempnode(6) = ellistcomp(y,7) 
    tempnode(7) = ellistcomp(y,8) 
    tempnode(8) = ellistcomp(y,9) 
    CALL combine(tempnode, failnode, elemno) 
   END IF 
  END DO 
 END DO loop4 
 
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(1)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
  
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(2)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
 
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(3)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 



 
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(4)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
  
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(5)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
  
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(6)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
  
 DO y = 1, elemno 
  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(7)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
  
 DO y = 1, elemno 



  DO z = 2,11 
   IF (ellistcomp(y,z) .eq. failnode(8)) THEN 
    IF (ellistcomp(y,12) .eq. 2) THEN 
     tempadd(1) = ellistcomp(y,1) 
    END IF 
   END IF 
  END DO 
 END DO 
 CALL combine(tempadd, failaddlist, elemno) 
   
 DO x = 1, elemno 
     t = 1 
  IF (failnode(x) .eq. 0) exit 
  DO y = 1, elemno 
   DO z = 2,11 
    IF (ellistcomp(y,z) .eq. failnode(x)) THEN 
     IF (ellistcomp(y,10) .eq. 2) THEN 
      tempadd(t) = ellistcomp(y,1) 
   t = t + 1 
     END IF 
    END IF 
   END DO 
  END DO 
  CALL combine(tempadd, failaddlist, elemno) 
 END DO     
  
 sumfailadd = SUM(failaddlist) 
 
 IF (sumfailadd /= 0) THEN 
  OPEN( 3, FILE = 'failtrip.dat', status='replace') 
  WRITE(3, *) 1 
  CLOSE(3)  
  OPEN( 4, FILE = 'failaddelem.dat', status='replace') 
  fw: DO count = 1, elemno 
   IF (failaddlist(count) .eq. 0) exit fw 
   WRITE(4, *) failaddlist(count) 
  END DO fw  
  CLOSE(4)  
 ELSE 
  OPEN( 3, FILE = 'failtrip.dat', status='replace') 
  WRITE(3, *) 0 
  CLOSE(3)  
  OPEN( 4, FILE = 'failaddelem.dat', status='replace') 
  CLOSE(4) 
 END IF   
 



 end program FailReplace_1 
 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!  
 SUBROUTINE Combine(add, orig, no) 
 implicit none 
   
 INTEGER no 
 INTEGER, DIMENSION(no) ::  add 
 INTEGER, DIMENSION(no) ::  orig 
 INTEGER, DIMENSION(no) ::  temp 
 INTEGER count1 
 INTEGER count2 
 INTEGER w 
 INTEGER z 
 
 z = sum(orig) 
 IF (z .eq. 0) THEN  
  orig = add 
    END IF   
  
 loop1: DO count1 = 1,no  
  IF (add(count1) /= 0) THEN 
   IF (add(count1) < orig(1)) THEN 
    temp(1) = add(count1)    
    DO w = 2, no 
     temp(w) = orig(w-1) 
    END DO  
       orig = temp 
   END IF 
   loop2: DO count2 = 2,no 
    IF (add(count1) .eq. orig(count2)) cycle loop1 
     
    IF ((add(count1) < orig(count2)) .and. (add(count1) > orig(count2-1))) THEN 
  
  temp(count2) = add(count1) 
  DO w = 1, (count2 - 1) 
   temp(w) = orig(w) 
  END DO 
  DO w = (count2 + 1), no 
   temp(w) = orig(w - 1) 
  END DO 
     orig = temp 
  cycle loop1 
    END IF 
        
    IF ((add(count1) > orig(count2-1)) .and. (orig(count2) .eq. 0)) THEN  



     IF (orig(count2-1) .eq. 0) cycle loop1  
  temp(count2) = add(count1) 
  DO w = 1, (count2 - 1)  
   temp(w) = orig(w) 
  END DO 
  DO w = (count2 + 1), no 
   temp(w) = orig(w - 1) 
  END DO 
       orig = temp 
  cycle loop1 
    END IF 
   
      END DO loop2    
  END IF 
 END DO loop1 
   
 END SUBROUTINE Combine   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!********************************************************************** 
! 
!  PROGRAM: FailFileAdd_1 
! 
!  PURPOSE:  Add elements back to model after failure 
! 
!********************************************************************** 
 
 program FailFileAdd_1 
 USE DFLIB 
 implicit none 
 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: elemaddlist 
 INTEGER elemadd  
 CHARACTER(len=150) :: line1 
 CHARACTER(len=150) :: nline 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER check 
 INTEGER z 
 INTEGER y 
 INTEGER nodes(6) 
 INTEGER elno 
 INTEGER elmat 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=6) :: ident 
 CHARACTER(len=10) :: tofind2 
 CHARACTER(len=6) :: ident2 
 LOGICAL(4) result1 
 CHARACTER(30) bdffile 
 CHARACTER(30) bdfnewfile 
 CHARACTER(100) line 
 REAL time_begin, time_end 
 REAL remlimit 
 INTEGER elemno 
 
 ! Body of FailFileAdd_1 
 CALL CPU_TIME ( time_begin ) 
  
 OPEN( 2, FILE = 'failaddelem.dat') 
 OPEN( 100, FILE = 'rundata.dat') 
 
 READ(100, *) bdffile 
 READ(100, *) bdfnewfile 



 
 OPEN( 1, FILE = bdffile) 
 OPEN( 5, FILE = bdfnewfile, status='replace') 
 
 elemno = 0 
 tofind = 'CTETRA' 
 strlen= LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END = 10) line1 
  indx = INDEX(line1, TRIM(tofind)) 
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   elemno = elemno + 1 
  END IF 
 END DO 
 
10 CLOSE(1) 
 
 allocate(elemaddlist(elemno)) 
 
 elemaddlist = 0 
 z = 1 
 DO WHILE (.TRUE.) 
  READ(2, 100, END=101) elemadd 
100  FORMAT(T7, I7) 
  IF (elemadd .eq. 0) cycle 
  elemaddlist(z) = elemadd 
  z = z + 1 
 END DO 
 
101 CLOSE(2) 
  
 WRITE(line, 110) 'copy ', bdfnewfile, bdffile 
110 FORMAT(A6, A24, A20) 
  
 OPEN( 1, FILE = bdffile) 
   
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 
 



 DO WHILE (.TRUE.) 
  READ(1, '(a)', END=300) line1 
  indx = INDEX(line1, TRIM(tofind))  
  indx2 = INDEX(line1, TRIM(tofind2)) 
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   READ( line1, *) ident, elno, elmat, nodes(1), nodes(2), nodes(3), nodes(4), 
nodes(5), nodes(6)  
   READ(1, '(a)') nline 
   !READ( nline, *) nodes(7), nodes(8), nodes(9), nodes(10) 
   check = 0 
   DO y = 1, elemno 
    IF (elno .eq. elemaddlist(y)) THEN 
     check = 1 
       END IF 
   END DO 
   IF (check .eq. 1) THEN 
        WRITE(5, 201) ident, elno, 1, nodes(1), nodes(2), nodes(3), nodes(4), nodes(5), 
nodes(6) 
201     FORMAT(A6, T9, I6, T18, I1, T26, I6, T34, I6, T42, I6, T50, I6, T58, I6, T66, I6) 
     WRITE(5, 202) nline 
202     FORMAT(A) 
    ELSE 
     WRITE(5, 203) line1 
203     FORMAT(A)          
     WRITE(5, 204) nline 
204     FORMAT(A) 
       END IF  
  ELSE 
   WRITE(5, 205) line1 
205   FORMAT(A) 
  END IF 
 END DO 
300 CLOSE(1)         
 CLOSE(5) 
 
 result1 = systemqq(line) 
 
 CALL CPU_TIME ( time_end ) 
 PRINT *, 'Time for FailFileAdd was ', time_end - time_begin, ' seconds' 
 
 end program FailFileAdd_1 
 
 
 
 
 



!********************************************************************** 
! 
!  PROGRAM: FileRem_1 
! 
!  PURPOSE:  Remove Elements from Model 
! 
!********************************************************************** 
 
 program FileRem_1 
 
 USE DFLIB 
 implicit none 
 
! Variables 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: elemremlist 
 INTEGER :: elemno  
 INTEGER elemrem  
 CHARACTER(len=150) :: line1 
 CHARACTER(len=150) :: nline 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER y  
 INTEGER z 
 INTEGER check 
 INTEGER nodes(6) 
 INTEGER elno 
 INTEGER elmat 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=6) :: ident 
 CHARACTER(len=10) :: tofind2 
 CHARACTER(len=6) :: ident2 
 LOGICAL(4) result1 
 CHARACTER(30) bdffile 
 CHARACTER(30) bdfnewfile 
 CHARACTER(100) line 
 REAL time_begin, time_end 
 
 
 ! Body of FileRem_1 
 CALL CPU_TIME ( time_begin ) 
 
 OPEN( 2, FILE = 'remelem.dat') 
 OPEN( 100, FILE = 'rundata.dat') 
 



 READ(100, *) bdffile 
 READ(100, *) bdfnewfile 
  
 OPEN( 1, FILE = bdffile) 
 OPEN( 5, FILE = bdfnewfile, status='replace') 
   
 elemno = 1 
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END=10) line1 
  indx = INDEX(line1, TRIM(tofind))  
  indx2 = INDEX(line1, TRIM(tofind2))  
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   elemno = elemno + 1 
  END IF 
 END DO    
  
10  CLOSE(1) 
 
 allocate(elemremlist(elemno)) 
 
 elemremlist = 0 
 z = 1 
 DO WHILE (.TRUE.) 
  READ(2, 100, END=101) elemrem 
100  FORMAT(T7, I7) 
  IF (elemrem .eq. 0) cycle 
  elemremlist(z) = elemrem 
  z = z + 1 
 END DO 
 
101 CLOSE(2) 
  
 OPEN( 1, FILE = bdffile) 
 
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END=300) line1 
  indx = INDEX(line1, TRIM(tofind))  
  indx2 = INDEX(line1, TRIM(tofind2))  



  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   READ( line1, *) ident, elno, elmat, nodes(1), nodes(2), nodes(3), nodes(4), 
nodes(5), nodes(6)  
   READ(1, '(a)') nline 
   !READ( nline, *) nodes(7), nodes(8), nodes(9), nodes(10) 
   check = 0 
   DO y = 1, elemno 
    IF (elemremlist(y) .eq. elno) THEN 
  check = 1 
       END IF 
   END DO 
   IF (check .eq. 1) THEN 
        WRITE(5, 201) ident, elno, 2, nodes(1), nodes(2), nodes(3), nodes(4), nodes(5), 
nodes(6) 
201     FORMAT(A6, T10, I6, T18, I1, T26, I6, T34, I6, T42, I6, T50, I6, T58, I6, T66, 
I6) 
     WRITE(5, 202) nline 
202     FORMAT(A) 
    ELSE 
     WRITE(5, 203) line1 
203     FORMAT(A)          
     WRITE(5, 204) nline 
204     FORMAT(A) 
       END IF  
  ELSE 
   WRITE(5, 205) line1 
205   FORMAT(A) 
  END IF 
 END DO 
300 CLOSE(1)         
 CLOSE(5) 
  
  
! WRITE(line, 310) 'copy ', bdfnewfile, bdffile 
!310 FORMAT(A6, A24, A20)! 
! result1 = systemqq(line) 
 
 CALL CPU_TIME ( time_end ) 
 PRINT *, 'Time for FileRem was ', time_end - time_begin, ' seconds' 
 
 end program FileRem_1 
 
 
 
 
 



!********************************************************************** 
! 
!  PROGRAM: FileAdd_1 
! 
!  PURPOSE:  Add Elements to Model. 
! 
!********************************************************************** 
 
 program FileAdd_1 
 USE DFLIB 
 implicit none 
 
 ! Variables 
 INTEGER, ALLOCATABLE, DIMENSION(:) :: elemaddlist 
 INTEGER :: elemno  
 INTEGER elemadd  
 CHARACTER(len=150) :: line1 
 CHARACTER(len=150) :: nline 
 INTEGER indx 
 INTEGER strlen 
 INTEGER indx2 
 INTEGER strlen2 
 INTEGER check 
 INTEGER y  
 INTEGER z 
 INTEGER nodes(6) 
 INTEGER elno 
 INTEGER elmat 
 CHARACTER(len=10) :: tofind 
 CHARACTER(len=6) :: ident 
 CHARACTER(len=10) :: tofind2 
 CHARACTER(len=6) :: ident2 
 LOGICAL(4) result1 
 CHARACTER(30) bdffile 
 CHARACTER(30) bdfnewfile 
 REAL addlimit 
 CHARACTER(100) line 
 REAL time_begin, time_end 
 
 ! Body of FileAdd_1 
 CALL CPU_TIME ( time_begin ) 
  
 OPEN( 2, FILE = 'addelem.dat') 
 OPEN( 100, FILE = 'rundata.dat') 
 
 READ(100, *) bdffile 



 READ(100, *) bdfnewfile 
  
 OPEN( 1, FILE = bdffile) 
 OPEN( 5, FILE = bdfnewfile, status='replace') 
  
 elemno = 0 
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END=10) line1 
  indx = INDEX(line1, TRIM(tofind))  
  indx2 = INDEX(line1, TRIM(tofind2))  
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   elemno = elemno + 1 
  END IF 
 END DO 
 
10 CLOSE(1) 
 
 allocate(elemaddlist(elemno)) 
  
 elemaddlist = 0 
 z = 1 
 DO WHILE (.TRUE.) 
  READ(2, 100, END=101) elemadd 
100  FORMAT(T5, I10) 
     IF (elemadd .eq. 0) cycle 
  elemaddlist(z) = elemadd 
  z = z + 1 
 END DO 
 
101 CLOSE(2) 
 
 WRITE(line, 110) 'copy ', bdfnewfile, bdffile 
110 FORMAT(A6, A24, A20) 
  
 OPEN( 1, FILE = bdffile) 
  
 tofind = 'CTETRA' 
 strlen = LEN(TRIM(tofind)) 
 tofind2 = 'CHEXA' 
 strlen2 = LEN(TRIM(tofind2)) 
 DO WHILE (.TRUE.) 
  READ(1, '(a)', END=300) line1 



  indx = INDEX(line1, TRIM(tofind))  
  indx2 = INDEX(line1, TRIM(tofind2))  
  IF ((indx .eq. 1) .or. (indx2 .eq. 1)) THEN 
   READ( line1, *) ident, elno, elmat, nodes(1), nodes(2), nodes(3), nodes(4), 
nodes(5), nodes(6)  
   READ(1, '(a)') nline 
   !READ( nline, *) nodes(7), nodes(8), nodes(9), nodes(10) 
   check = 0 
   DO y = 1, elemno 
    IF (elno .eq. elemaddlist(y)) THEN 
     check = 1 
       END IF 
   END DO 
   IF (check .eq. 1) THEN 
     print*, elno 
  WRITE(5, 201) ident, elno, 1, nodes(1), nodes(2), nodes(3), nodes(4), 
nodes(5), nodes(6) 
201     FORMAT(A6, T9, I6, T18, I1, T26, I6, T34, I6, T42, I6, T50, I6, T58, I6, T66, I6) 
     WRITE(5, 202) nline 
202     FORMAT(A) 
    ELSE 
     WRITE(5, 203) line1 
203     FORMAT(A)          
     WRITE(5, 204) nline 
204     FORMAT(A) 
       END IF  
  ELSE 
   WRITE(5, 205) line1 
205   FORMAT(A) 
  END IF 
 END DO 
300 CLOSE(1)         
 CLOSE(5) 
 
 result1 = systemqq(line) 
 CALL CPU_TIME ( time_end ) 
 PRINT *, 'Time for FileAdd was ', time_end - time_begin, ' seconds' 
 end program FileAdd_1 
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