Appendice 10.1

Matrice di rigidezza per elemento finito LC

DEFINT I-N
DEFDBL A-H, O-Z
SUB STIFFALC

REM

REM Subroutine STIFFALC

REM

REM *********************************************************************
REM * *
REM * STIFFALC *
REM * *
REM H¥H4 5kttt skt sk ook oo ook koo oo oo oo oo o o oo ook ok ook ok ok ook sk ook o o sk ok sk sk ok ok Kok oK ok ok
REM

REM  kskok kot stk sk sk kok ok o ook ok ok ok Kok ook ook o8 ok 3 ook ok o koo ook sk koo ook ok
REM * *
REM * Questa subroutine calcola la matrice globale di rigidezza per archi *
REM * archi piani, usando un elemento finito lineare in u e cubico in w. *
REM * *

REM e 3k ok ok sk ok ok ok ok ok sk sk ok ok ke ok ok ok ok >k ok ok sk sk ok sk skok sk ke sk sk sk ok Sk osk ok ok sk sk ok sk sk sk sk ok sk sk sk ok ok sk kook sk skeok sk skokok ks okskok

REM
DIM MEMDIS(6) AS DOUBLE, ESTIF(6, 6) AS DOUBLE, ESTT(6, 6) AS DOUBLE
FOR IELEM = 1 TO NELEM

IEND = LNODS(IELEM, 1)

JEND = LNODS(IELEM, 2)

XPROJ = COORD(JEND, 1) -~ COORD(IEND, 1)

YPROJ = COORD(JEND, 2) — COORD(IEND, 2)

SPAN = SQR(XPROJ * XPROJ + YPROJ * YPROJ)

XL = XPROJ / SPAN

YM = YPROJ / SPAN
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REM

REM sk 2k sk sk ok sk ok sk sk ok ok ok kK ok O ok sk sk sk ok sk sk sk sk ok sk kol sk sk ok ok sk sk sk ok ok ok ok sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk ok o ook ok ok ok sk ok ok ok sk ok
REM * *
REM * Calcolo matrice elementare di rigidezza *
REM * *

REM ok ok sk ok ok ok ok sk ok ok ok sk ok ok 3k 2 ok ok ke ke ke ok sk sk ke ok ok ok ok ok sk kool sk ok ko sk o ok sk sk ok ok ok ok sk ok sk sk st ke sk sk sk ok ok ok 3k ok ok ok sk skok ok ok sk

REM
LPROP = MATN(IELEM)
YOUNG = PROPS(LPROP, 1)
QINERZ = PROPS(LPROP, 2)
AREA = PROPS(LPROP, 3)
RADIUS = PROPS(LPROP, 4)
BETA = PROPS(LPROP, 5) * 1.74532925199433D -02
SPAN = RADIUS * BETA
= YOUNG * QINERZ
EA = YOUNG * AREA
ESTIF(1, 1) = EA / SPAN + EI / (SPAN * RADIUS * 2)
ESTIF(2, 1) = EA / (2 * RADIUS)
ESTIF(3, 1) = (12 * EI + EA * SPAN - 2) / (12 * SPAN * RADIUS)
ESTIF(4, 1) = -ESTIF(1, 1)

) =

) =

)
ESTIF(5, 1) = ESTIF(2, 1)
ESTIF(6, 1) = -ESTIF(3, 1)
ESTIF(2, 2) = 12 * EI / SPAN ~ 3 4+ 13 * EA * SPAN / (35 * RADIUS - 2)
ESTIF(3, 2) = 6 * El / SPAN ~ 2 + 11 * EA * SPAN " 2 / (210 * RADIUS ~ 2)
ESTIF(4, 2) = -ESTIF(2, 1)
ESTIF(5,2) = 12 * EI / SPAN * 3 + 9 * EA * SPAN / 70 / RADIUS ~ 2
ESTIF(6,2) = 6 * EI / SPAN ~ 2 - 13 * EA * SPAN - 2 / 420 / RADIUS - 2
ESTIF(3, 3) = 4 * EI / SPAN + EA * SPAN ~ 3 / 105 / RADIUS - 2
ESTIF (4, 3) = -ESTIF(3, 1)
ESTIF(5, 3) = -ESTIF(6, 2)
ESTIF(6, 3) = 2 * EI / SPAN — EA * SPAN ~ 3 / 140 / RADIUS * 2
ESTIF(4, 4) = ESTIF(1, 1)
ESTIF(5, 4) = ESTIF(4, 2)
ESTIF(6, 4) = ESTIF(3, 1)
ESTIF(5, 5) = ESTIF(2, 2)
ESTIF(6, 5) = -ESTIF(3, 2)

ESTIF(6, 6) = ESTIF(3, 3)
FOR 1= 1TO NEVAB
FOR J =1+ 1 TO NEVAB
ESTIF(I, J) = ESTIF(J, I)
NEXT J

NEXT I
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REM

REI\I 3k ke 3k ke e ke sk ok sk Sk 3k ke sk s sk sk sk kg sk ke sk sk ke s sk s sk sk sk sk st sk sk ok ke sk sk ok sk sk ke steoskosk e sk i sk ok sk ok ok ok sk ok kok skok ok kokok ok ok
REM * *
REM * Assembla la matrice elementare nella matrice globale *
REM * *

RENM *¥stsssommfokofokorforoksorskoko ook skoofokooorksroforofolomksroRsiorkorkorsior kooorosiorskorskok ook ol ok ok

REM

FOR IDOFN = 1 TO NDOFN

MEMDIS(IDOFN) = NODFRE(IEND, IDOFN)
MEMDIS(IDOFN + NDOFN) = NODFRE(JEND, IDOFN)
NEXT IDOFN

FOR IEVAB = 1 TO NEVAB

NEWROW = MEMDIS(IEVAB)

IF NEWROW = 0 THEN 111

FOR JEVAB = 1 TO NEVAB

IF MEMDIS(JEVAB) = 0 THEN 121

NEWCOL = MEMDIS(JEVAB) - NEWROW + 1

IF NEWCOL > 0 THEN

GSTIF(NEWROW, NEWCOL) = GSTIF(NEWROW, NEWCOL) + ESTIF(IEVAB,
JEVAB)

END IF

121 NEXT JEVAB

111 NEXT IEVAB

NEXT IELEM

END SUB



Appendice 10.2.

Matrice di rigidezza per elemento finito CC

DEFINT I-N
DEFDBL A H, O Z
SUB STIFFACC

REM

REM Subroutine STIFFACC

REM

REM #¥¥ssssioiohkok ookt ookokkskokokokooooo ookl kool ook oot tobbssokokokok kot R o fokok
REM *k %k
REM * STIFFACC *
REM * *
REM #sksksstokskkotokskoskoksk koo sodok koot sk kot sk sk sk ksl st okt ook ok stk sk kot ok ook
REM

RIEM. stttk sk ok sk s sk o ook sk sk sk s s st st sk sk ok ko
REM * *
REM * Questa subroutine calcola la matrice globale di rigidezza *
REM * per archi piani, usando un elemento finito cubico in u e w *
REM * *

REM

DIM MEMDIS(NEVAB) AS DOUBLE, ESTIF(NEVAB, NEVAB) AS DOUBLE
DIM ESTT(NEVAB, NEVAB) AS DOUBLE

FOR IELEM = 1 TO NELEM

IEND = LNODS(IELEM, 1)

JEND = LNODS(IELEM, 2)

REM
REM 313K 3 St ok sk sk ok ok sk sk sk sk sk sk ek st sk sk sk ok sk ok ke st sk ke ek st sk sk sk skeook o skook sk st st st sk ket sk sk stk sk sk ke kel kool st ok sk sk kR kR kR
REM * *

REM * Calcolo matrice elementare di rigidezza *
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REM * *
REM ***>|<*****************************************************************
REM
LPROP = MATN(IELEM)
YOUNG = PROPS(LPROP, 1)
QINERZ = PROPS(LPROP, 2)
AREA = PROPS(LPROP, 3)
R = PROPS(LPROP, 4)
BETA = PROPS(LPROP, 5) * 1.74532025199433D-02
SPAN R * BETA
= YOUNG * QINERZ
EA = YOUNG * AREA
ESTIF(1,1) = 6 * (El + EA* R "~ 2) / (5 * SPAN * R ~ 2)
ESTIF(2,1) =EA /10 +EI / (10 *R - 2)
ESTIF(3,1) = EA / (2 * R)

ESTIF(4, 1) = (10 * EI + EA * SPAN - 2) / (10 * SPAN * R)
ESTIF(5, 1) = -ESTIF(1, 1)
ESTIF(6, 1) = ESTIF(2, 1)
ESTIF(7, 1) = ESTIF(3, 1)

ESTIF(8, 1) = - EI / (SPAN * R) + EA * SPAN / (10 * R)
ESTIF(2,2) =2 * SPAN * (EI+ EA*R " 2) / (15*R " 2)

) =

) =

) =

) =

)

)
ESTIF(3, 2) = ESTIF(8, 1)
ESTIF(4, 2) = - EL / (2 * R)
ESTIF(5,2) = EA /10-EI / (10 * R ~ 2)
ESTIF(6,2) = SPAN * (EI + EA*R ~2) / (30 * R * 2)
ESTIF(7, 2) = (10 * EI + EA * SPAN - 2) / (10 * SPAN * R)
ESTIF(8, 2) = - (30 * EI + EA * SPAN ~ 2) / (60 * R)
ESTIF(3,3) = 12 *EI / SPAN " 3 + 13 * EA*SPAN / 35 * R~ 2)
ESTIF(4,3) = 6 * EI / SPAN ~ 2 + (11 * EA * SPAN " 2) / (210 * R ~ 2)
ESTIF(5, 3) = “ESTIF(3, 1)
ESTIF(6, 3) = (10 * EI + EA * SPAN ~ 2) / (10 * SPAN * R)
ESTIF(7,3) = -12 * EI / SPAN * 3 + (9 * EA * SPAN) / (70 * R * 2)
ESTIF(8,3) = 6 * EI / SPAN " 2 - 13 * EA * SPAN ~ 2/ (420 * R * 2)
ESTIF(4,4) =4 * EI / SPAN + EA *SPAN ~ 3 /105 /R " 2
ESTIF(5, 4) = — EI / (SPAN * R) + EA * SPAN / (10 * R)
ESTIF(6, 4) = (30 * EI + EA * SPAN ~ 2) / (60 * R)
ESTIF(7,4) = -6 * EI / SPAN ~ 2 + 13 * EA * SPAN 2/ (420 R"2)
ESTIF(8,4) = 2 * EI / SPAN - EA * SPAN - 3 / (140 * R - 2)

4) =
ESTIF(5,5) = 6 * (EI + EA * R~ 2) / (5 * SPAN * R ~ 2)
ESTIF(6, 5) = <EA / 10 - EI / (10 * R *~ 2)
ESTIF(7, 5) = “EA/2/R

ESTIF(8, 5) = (10 * EI + EA * SPAN - 2) / (10 * SPAN * R)
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ESTIF(6, 6) = 2 * SPAN * (EL + EA*R " 2) / (15* R " 2)

ESTIF(7, 6) = — EI / (SPAN * R) + EA * SPAN / (10 * R)

ESTIF(8, 6) = EI / (2 * R)

ESTIF(7, 7) = ESTIF(3, 3)

ESTIF(8, 7) = -ESTIF(4, 3)

ESTIF(8, 8) = ESTIF(4, 4)

FORI=1TO NEVAB

FOR J =1+ 1 TO NEVAB

ESTIF(I, J) = ESTIF(J, I)

NEXT J

NEXT I

REM

REM *******************>I<*************************************************
REM * *

REM * Assembla la matrice elementare nella matrice globale *
REM * *
RENM *#kkskotsstotkotonk koeoroniopopkk ko oRaRop Rk Rk oo ook R
REM

FOR IDOFN = 1 TO NDOFN

MEMDIS(IDOFN) = NODFRE(IEND, IDOFN)

MEMDIS(IDOFN + NDOFN) = NODFRE(JEND, IDOFN)

NEXT IDOFN

FOR IEVAB = 1 TO NEVAB

NEWROW = MEMDIS(IEVAB)

IF NEWROW = 0 THEN 111

FOR JEVAB = 1 TO NEVAB

IF MEMDIS(JEVAB) = 0 THEN 121

NEWCOL = MEMDIS(JEVAB) - NEWROW + 1

IF NEWCOL > 0 THEN

GSTIF(NEWROW, NEWCOL) = GSTIF(NEWROW, NEWCOL) + ESTIF(IEVAB,
JEVAB)

END IF

121 NEXT JEVAB

111 NEXT IEVAB

NEXT IELEM

END SUB



Appendice 10.3

Matrice di rigidezza per elemento finito CQ

DEFINT I-N
DEFDBL A-H, O-Z
SUB STIFFACQ

REM

REM Subroutine STIFFACQ

REM

RIEM ek okttt sk kok ks ok ok ok sk sk sk ok oo sk sk ok o ook sk oo oo kot ook oo ook b ok ook o oo ok ok ok ke o
REM * *
REM * STIFFACQ ¥
REM * *
RIEM okorok ks sk skttt ok ook sk kot ook ok kot o ook ok ok o ook sk o ook ok ook K 3ok ook o ko ok ok ok ok ok ok ok
REM

R etk stk sk ok ok ke sk ok ok sk sk ok ok ok sk koo sk ok o ook ok ok o o sk ook ok ook Rk ook ook ek o
REM * *
REM * Questa subroutine calcola la matrice globale di rigidezza per archi *
REM * piani, usando un elemento finito cubico in u e quintico in w. *
REM * ¥

REM kksksoksrorsorokosdookskorskokor ook ookt okt ok skokskorok ok kg ook ook sk ook sk ok sk ook sk sk ok ofsk o sk o

DIM MEMDIS(NEVAB) AS DOUBLE, ESTIF(NEVAB, NEVAB) AS DOUBLE
DIM ESTT(NEVAB, NEVAB) AS DOUBLE

FOR IELEM = 1 TO NELEM

IEND = LNODS(IELEM, 1)

JEND = LNODS(IELEM, 2)

REM

REM *¥¥sssokokskorskor ok koot ot od ko ookokok ok ok ook ook sk skok sk ok koo ks sk kKo oo ook ok ok ok o
REM * ¥
REM * Calcolo matrice elementare di rigidezza, *

REM * ¥
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REM >k sk 2k ok ok ok ok ok ok sk ok sk ok ok sk >k ok >k Sk k Sk Sk sk sk sk sk sk ok sk Kok sk sk ok sk sk sk ok sk sk sk sk ok ke sk stk ok ok Sk sk sk sk ke sk ok sk ke ok sk sk ke ok skokok

REM
LPROP = MATN(IELEM)

YOUNG = PROPS(LPROP, 1)

QINERZ = PROPS(LPROP, 2)

AREA = PROPS(LPROP, 3)

R = PROPS(LPROP, 4)

BETA = PROPS(LPROP, 5) * 1.74532025199433D-02

SPAN = R * BETA

EI = YOUNG * QINERZ

EA = YOUNG * AREA

ESTIF(1,1) =6 * (EI+ EA* R ~2) / (5 * SPAN *R - 2)

ESTIF(2,1) =EA /10 + EI / (10 *R ~ 2)

ESTIF(3,1) = EA / (2 * R)

ESTIF(4, 1) = (168 * EI + 17 * EA * SPAN -~ 2) / (140 * SPAN * R)
ESTIF(5, 1) = (28 * EI + 3 * EA * SPAN - 2) / (280 * R)

ESTIF(6, 1) = -ESTIF(1, 1)

ESTIF(7, 1) = ESTIF(2, 1)

ESTIF(8, 1) = ESTIF(3, 1)

ESTIF(9, 1) = -ESTIF(4, 1)

ESTIF(10, 1) = ESTIF(5, 1)

ESTIF(2,2) =2 *SPAN* (EI + EA *R " 2) / (15* R - 2)

ESTIF(3,2) = - EI / SPAN / R + 3 * EA * SPAN / (28 * R)

ESTIF(4, 2) = - (336 * EI + EA * SPAN ~ 2) / (840 * R)

ESTIF(5, 2) = (84 * EI * SPAN + EA * SPAN - 3) / (1680 * R)

ESTIF(6, 2) = -ESTIF(2, 1)

ESTIF(7,2) = (EI * SPAN + EA * SPAN *R "~ 2) / (30 *R * 2)

ESTIF(8, 2) = (28 * EI + 3 * EA * SPAN - 2) / (28 * SPAN * R)

ESTIF(9, 2) = — (504 * EI + 19 * EA * SPAN -~ 2) / (840 * R)

ESTIF(10, 2) = (28 * EI * SPAN + EA * SPAN - 3) / (560 * R)

ESTIF(3, 3) = 120 * EI / (7 * SPAN - 3) + 181 * EA * SPAN / (462 * R ~ 2)
ESTIF(4, 3) = 60 * EI /(7 * SPAN - 2) + (311 * EA * SPAN - 2) / (4620 * R - 2)
ESTIF(5, 3) = 3 * EI / (7 * SPAN) + 281 * EA * SPAN ~ 3 / (55440 * R ~ 2)
ESTIF(6,3) = - EA / (2 * R)

ESTIF(7, 3) = ESTIF(8, 2)

ESTIF(8, 3) = -120 * EI / (7 * SPAN ~ 3) + 25 * EA * SPAN / (231 * R ~ 2)
ESTIF(9, 3) = 60 * EI / (7 * SPAN ~ 2) - 151 * EA * SPAN ~ 2 / (4620 * R * 2)
ESTIF(10, 3) = -3 * EI / (7 * SPAN) + 181 * EA * SPAN ~ 3 / (55440 * R -~ 2)
ESTIF(4, 4) = 192 * EI / (35 * SPAN) + 52 * EA * SPAN ~ 3 / 3465 / R ~ 2
ESTIF(5, 4) = 11 * EI / 35 + 23 * EA * SPAN - 4 / (18480 * R * 2)
ESTIF(6, 4) = — (168 * EI + 17 * EA * SPAN "~ 2) / (140 * SPAN * R)
ESTIF(7, 4) = (504 * EI + 19 * EA * SPAN - 2) / (840 * R)
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ESTIF(9, 9) = ESTIF(4, 4)

ESTIF(10, 9) = -ESTIF(5, 4)

ESTIF(10, 10) = ESTIF(5, 5)

FOR T = 1 TO NEVAB

FOR J =1+ 1 TO NEVAB

ESTIF(I, J) = ESTIF(J, I)

NEXT J

NEXT I

REM

REM 3k sk s st sk 3k ok s s ok sk s ke s s sk s sk sk st sk sk sk sk s ok sk ok sk ke sk sk skt sk sk sk sk sk ok sk sk ok ok sk ok sk sk ok ok Sk sk ok ok sk sk sk sk ok sk sk sk sk sk skoskok
REM * *

REM * Assembla la matrice elementare nella matrice globale ¥
REM * *

REM e 3 e sfe sk 3k sk sk sk st sk sk st sk sk skt ke sk sk sk ke sk sk sk s sk s ke ok s sk sk sk sk sk sk sk sk sk ot ke s sk sk sk sl ke sk sk sk sk sk sk sk sk sk sk skoskok sk sk skokoske skosk
FOR IDOFN = 1 TO NDOFN

MEMDIS(IDOFN) = NODFRE(IEND, IDOFN)

MEMDIS(IDOFN + NDOFN) = NODFRE(JEND, IDOFN)

NEXT IDOFN

FOR TEVAB = 1 TO NEVAB

NEWROW = MEMDIS(IEVAB)

IF NEWROW = 0 THEN 111

ESTIF(8, 4) = -ESTIF(9, 3)
ESTIF(9, 4) = 108 / 35 * EI / SPAN — 19 / 1980 * EA * SPAN “ 3 /R ~ 2
ESTIF(10, 4) = -4 / 35 * EIl + 13 / 13860 * EA * SPAN "4 /R " 2
ESTIF(5, 5) = 3 * EI * SPAN /35 + EA*SPAN 5/ (9240 *R -~ 2)
ESTIF(6, 5) = — (28 * EI + 3 * EA * SPAN - 2) / (280 * R)
ESTIF(7, 5) = (28 * EI * SPAN + EA * SPAN - 3) / (560 * R)
ESTIF(8, 5) = -3 / 7 * EI / SPAN + 181 * EA * SPAN - 3 / (55440 * R - 2)
ESTIF(9,5) =4/ 35* EI - 13 / 13860 * SPAN ~4 /R " 2
ESTIF(10, 5) = EI * SPAN / 70 + EA * SPAN ~ 5 / (11088 * R ~ 2)
ESTIF(6, 6) = ESTIF(1, 1)
ESTIF(7, 6) = ~ESTIF(2, 1)
ESTIF(8, 6) = -ESTIF(3, 1)
ESTIF(9, 6) = ESTIF(4, 1)
ESTIF(10, 6) = ~ESTIF(5, 1)
ESTIF(7, 7) = ESTIF(2, 2)
ESTIF(8, 7) = ESTIF(3, 2)
ESTIF(9, 7) = -ESTIF (4, 2)
ESTIF(10, 7) = ESTIF(5, 2)
ESTIF(8, 8) = ESTIF(3, 3)
ESTIF(9, 8) = ~ESTIF(4, 3)
ESTIF(10, 8) = ESTIF(5, 3)

(9,

(

(
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FOR JEVAB = 1 TO NEVAB
IF MEMDIS(JEVAB) = 0 THEN 121

NEWCOL = MEMDIS(JEVAB) - NEWROW + 1

IF NEWCOL > 0 THEN

GSTIF(NEWROW, NEWCOL) = GSTIF(NEWROW, NEWCOL) + ESTIF(IEVAB,
JEVAB)

END IF

121 NEXT JEVAB

111 NEXT IEVAB

NEXT IELEM

END SUB



Appendice 10.4

Matrice di rigidezza per elemento finito QC

DEFINT I-N
DEFDBL A H, O 7
SUB STIFFAQC

REM

REM Subroutine STIFFAQC

REM

RE]\({ **************************>|<>i<**************>|<**************************
REM * *
REM * STIFFAQC *
REM * *
RIS KRt sk ko ok ok sk s st sk s ksk ok ook ok o ok ok o ok o o ok ok ok o ok s ok sk o sk o o 5K ok o 3K 3 o sk ok o koo koo ook sk o
REM

RIEM kkkskokskskok st ko skstokofsteskokoskokof ok ok ok sk 3ok o ok o sk skofe o stk s ok sk sk o sk sk sk o sk ok o sk ek ok s o sk koo
REM * *
REM * Questa subroutine calcola la matrice globale di rigidezza per archi *
REM * piani, usando un elemento finito quintico in u e cubico in w. *
REM * *

RIENL ks ko otk ot stk o sk koo sk sk ook ko o ok koo sk ke sk sk ko ok sk sk ook o ok ok o sk ook ok ok sk sk ok o
REM

DIM MEMDIS(NEVAB) AS DOUBLE, ESTIF(NEVAB, NEVAB) AS DOUBLE
FOR IELEM = 1 TO NELEM -

IEND = LNODS(IELEM, 1)

JEND = LNODS(IELEM, 2)

REM

REI\I Kk sk s sk ok ok ok kool ok sk sk ok sk sk sk ok ok ok sk ok ok e sk sk sk sk ok 3k sk sk ok sk ok sk ok sk st ok sk ok sk sk K ok sk sk sk sk ok ok ok ok sk ok ok ok sk ok
REM * *
REM * Calcolo matrice elementare di rigidezza *

REM * *
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REM >k ok ok sk sk K 3k sk koK 3R KK K K sk K sk sk ok sk sk ok sk sk sk sk skesk sk ok sk sk ok ok sk sk ko sk ok sk ke sk ok sk sk ok ok sk ok sk otk ke sk ok sk ok skoskok ok sk kK

REM
LPROP = MATN(IELEM)
YOUNG = PROPS(LPROP, 1)
QINERZ = PROPS(LPROP, 2)
AREA = PROPS(LPROP, 3)
R = PROPS(LPROP, 4)
BETA = PROPS(LPROP, 5) * 1.74532925199433D-02
S = R * BETA
= YOUNG * QINERZ
EA = YOUNG * AREA
" CC=EI+EA*R"2
ESTIF(1,1) =10 * CC / (T*S* R " 2)
ESTIF(2,1) =3*CC /(14 * R ~ 2)
ESTIF(3,1) =S *CC / (84 * R ~ 2)
ESTIF(4, EA / (2*R)
ESTIF( (28 *EI+3*EA*S - 2)/(28*S*R)
(6, 1) = ~ESTIF(1, 1)
( ESTIF(2, 1)
~ESTIF(3, 1)
= ESTIF(4, 1)
)——EI/(S*R)+(3 EA * S) / (28 * R)

ESTIF

4

5

67
ESTIF(7
8

1) =

1) =

1)

1) =

ESTIF(8, 1)

ESTIF(9, 1) =

ESTIF(10, 1

ESTIF(2,2) =8*S$*CC/ (35 *R ~ 2)

ESTIF(3,2) =S~ 2*CC/ (60 * R ~ 2)

ESTIF(4,2) = — (168 * EI + 17 * EA *§ ~ 2) / (140 * S * R)

ESTIF(5, 2) = (504 * EI - EA * § ~ 2) / (840 * R)

ESTIF(6, 2) = —-ESTIF(2, 1)

ESTIF(7,2) = -S*CC / (T0 * R ~ 2)

ESTIF(8,2) =S~ 2*CC /(210 * R " 2)

ESTIF(9, 2) = (168 * EI + 17 * EA * S ~ 2) / (140 * S * R)
2) = (504 * EI + 19 * EA * S ~ 2) / (840 * R)
)=8°"3*%CC/(630*R "~ 2)

) = (8*EI+3*EA*S“2)/(280* R)
3)=-S* (84 *El + EA *S ~ 2) / (1680 * R)

) = er*CC/(84*RA2)
3)=-8°2%CC/ (210 *R " 2)

3)
3) =

ESTIF(10,
ESTIF(3, 3
ESTIF(4, 3
ESTIF (5,
ESTIF(6, 3
ESTIF(7,
ESTIF(8,3) =S * 3 * CC / (1260 * R ~ 2)

(

(

(

(

(

ESTIF ~ESTIF(4, 3)
ESTIF(10,3) = - S * (28 * El + EA * S (560 * R)
ESTIF )

ESTIF
ESTIF

4)=6*EI/S " 2+11*EA*S"2/ (210 *R " 2)

8,

9,

10 )/

4 4)—12%EI/S 3+ 13*EA*S/(35*R
5,

6,4)=-EA /2 /R
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ESTIF(7, 4) = (168 * EI + 17 * EA * S ~ 2) / (140 * S * R)
ESTIF(8, 4) = ESTIF(4, 3)

ESTIF(94) —12*EI/S 3+9*EA*S/(T0%R " 2)
ESTIF(10,4) =6 *EI /S~ 2-13*EA*S "2/ (420 *R " 2)
ESTIF(5,5) — 4 *EI /S + EA*S -3/ (105 *R - 2)
ESTIF(6,5)=-El/S/R+3*EA*S/ (28 *R)

ESTIF(7, 5) = (504 * EI + 19 * EA * S ~ 2) / (840 * R)
ESTIF(8,5) = - S * (28 * EI + EA * § ~ 2) / (560 * R)
ESTIF(9,5) = -6 *EI /S~ 2+ I3*EA*S "2/ (420*R - 2)
ESTIF(10,5) =2*EI/S-EA*S "3/ (140 *R "~ 2)
ESTIF(6, 6) = ESTIF(1, 1)

ESTIF(7, 6) = -ESTIF(2, 1)

ESTIF(8, 6) = ESTIF(3, 1)
ESTIF(9, 6) = -ESTIF(4, 1)
ESTIF(10, 6) = ESTIF(5, 1)
ESTIF(7, 7) = ESTIF(2, 2)
ESTIF(8, 7) = -ESTIF(3, 2)
ESTIF(9, 7) = ESTIF(4, 2)
ESTIF(10, 7) = —-ESTIF(5, 2)
ESTIF(8, 8) = ESTIF(3, 3)
ESTIF(9, 8) _ESTIF(4, 3)
ESTIF(10, 8) = ESTIF(5, 3)
ESTIF(9, 9) — ESTIF(4, 4)

ESTIF(10, 9) — —ESTIF (5, 4)
ESTIF(10, 10) = ESTIF(5, 5)
FOR I =1TO NEVAB

FOR J =1+ 1 TO NEVAB
ESTIF(L, J) = ESTIF(J, I)

NEXT J
NEXT I
REM sk sk sk sk sk ok sk sk sk ok ok sk ok sk sk sk R ok ok sk sk sk sk sk ok sk sk sk o sk ok ok ok kool sk sk sk sk skok skoskesk sk kokok skok sk skokok Rk kskoskosk kR kkkokk
REM * *
REM * Assembla la matrice elementare nella matrice globale *
REM * *

REM sk sk sk sk ok ok sk ok 3k ok sk 3K ok sk sk sk ok sk sk ok sk sk sk sk sk Sk sk sk sk sk koo sk sk ok sk sk sk ksk ok ko sk sk ok sk kokok skok sk skkskskokskskskok skekokok ok k

REM

FOR IDOFN = 1 TO NDOFN

MEMDIS(IDOFN) = NODFRE(IEND, IDOFN)
MEMDIS(IDOFN + NDOFN) = NODFRE(JEND, IDOFN)
NEXT IDOFN

FOR IEVAB = 1 TO NEVAB

NEWROW = MEMDIS(IEVAB)

» -
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[F NEWROW = 0 THEN 111
FOR JEVAB = 1 TO NEVAB

IF MEMDIS(JEVAB) = 0 THEN 121

NEWCOL = MEMDIS(JEVAB) - NEWROW + 1

IF NEWCOL > 0 THEN

GSTIF(NEWROW, NEWCOL) = GSTIF(NEWROW, NEWCOL) + ESTIF(IEVAB,
JEVAB)

END IF

121 NEXT JEVAB

111 NEXT IEVAB

NEXT IELEM

END SUB



Appendice 10.5

Matrice di rigidezza per elemento finito QQ

DEFINT I-N
DEFDBL A H, O Z
SUB STIFFAQQ

REM

REM Subroutine STIFFAQQ

REM

REM >k ok 3k 3k 3k sk sk sk sk ok sk ok ok sk sk ok sk sk sk ok 3k sk ok ok sk sk kook ok ok sk sk ok ok sk ok sk ok ok sk sk ok s ki kR sk skok kR skokokok sokekok ok Sk R RkoR ok
REM * *
REM * STIFFAQQ *
REM * *

REM 3t ok sk >k ok ok 2k sk st ok sk ok ok ok ok ok sk ok ok sk sk ok ok ok 3k sk ok ok sk sk ok sk sk sk stk sk sk sk sk skok sk skosk sk sk skeok sk skosk sk skok ok skok sk skokoskokokokokok ook

REM

REM sk sk 3k ok 3k sk sk ok v sk sk 3k sk sk sk sk sk sk ok ok sk ok sk 5k sk sk 5k ok sk skook sk sk ok stk o ok sk ok ok o ok sk ok sk ok ok R kR ek sk skokosk skskok skokokskskok kb

REM * *
REM * Questa subroutine calcola la matrice globale di rigidezza per archi *
REM * piani, usando un elemento finito quintico in u e w. *
REM * *

REM sk 3k ok ok sk 3 e ofe ok sk ok ok ok sk sk 3k ok ok sk sk ok sk ok ok ofe ok ok sk sk ok sk ok s sk sk s sk ke ok sk ok sk sk sk sk sk stk ok ik skokok kol ok skokok s kokoskok Sokokok

REM

DIM MEMDIS(NEVAB) AS DOUBLE, ESTIF(NEVAB, NEVAB) AS DOUBLE
FOR IELEM = 1 TO NELEM

IEND = LNODS(IELEM, 1)

JEND = LNODS(IELEM, 2)

REM

REM sk ok 3k sk sk Sk ok ke sk ok sk sk 3k sk ok sk sk sk sk sk 3k Sk 3k ok 3k 3k ok ok ok ok ok koK ok ok ok ok ok ok ok ok o ok sk sk sk sk kool sk sk sk sk sk sk ok ok o sk skokoke sk sk ok koo okk
REM * %
REM * Calcolo matrice elementare di rigidezza *

REM * *
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REM ke sk 3k sk sk ke sk ok 3k sk sk ok ook sk sk sk 3k 3k vk ok sk sk ok e sk ok kool i sk ok sk sk ko> 3k 3k sk ok sk sk ok ok kg ok sk sk ok sk sk sk sk skook sk sk sk skoskosk skok kb ko

LPROP = MATN(IELEM)
YOUNG = PROPS(LPROP, 1)
QINERZ = PROPS(LPROP, 2)
AREA = PROPS(LPROP, 3)

R = PROPS(LPROP, 4)

BETA = PROPS(LPROP, 5) * 1.74532925199433D-02
S = R * BETA

EI = YOUNG * QINERZ

EA = YOUNG * AREA
COST=EA +EI/R" 2
ESTIF(1, 1) = 10 / (7 * §) * COST
ESTIF(1, 2) = 3 / 14 * COST

(1,
(1,
ESTIF(1, 3) = S / 84 * COST
ESTIF(1, 4) = -ESTIF(1, 1)
ESTIF(1, 5) = ESTIF(1, 2)
ESTIF(1, 6) = -S / 84 * COST
ESTIF(2, 2) = 8 * S / 35 * COST
ESTIF(2,3) =S -~ 2 / 60 * COST
ESTIF(2, 4) = -ESTIF(1, 2)
ESTIF(2, 5) =S / 70 * COST
ESTIF(2, 6) = S ~ 2 / 210 * COST
ESTIF(3,3) =S ~ 3 / 630 * COST
ESTIF(3, 4) = -ESTIF(1, 3)
ESTIF(3, 5) = -8 ~ 2 / 210 * COST
ESTIF(3,6) =S ~ 3 / 1260 * COST
ESTIF(4, 4) = ESTIF(L, 1)
ESTIF(4, 5) = ~ESTIF(1, 2)
ESTIF(4, 6) = -ESTIF(1, 6)
ESTIF(5, 5) = ESTIF(2, 2)
ESTIF (5, 6) = -ESTIF(2, 3)
ESTIF(6, 6) = ESTIF(3, 3)
ESTIF(1,7) = EA / (2*R)
ESTIF(1,8) =11 *EA *S /(84 *R) -9 *EL / (7T* S * R)
ESTIF(1,9) =EA *S ~2 /(84 *R) - El / (T *R)
ESTIF(1, 10) = EA / (2 * R)
ESTIF(1,11) =-11*EA*S /(84 *R) + 9* EI / (T*S * R)
ESTIF(1,12) =EA*S -2/ (84 *R) - EI / (7 *R)
ESTIF(2,7) =—11*EA*S /(84 *R) + 9*EI / (T* S * R)
ESTIF(2, 8) =~ EI / (2 * R)
ESTIF(2,9) =EA *S * 3 /(1008 *R) - 9 * EI * S / (140 * R)
ESTIF(2,10) =11 *BEA*S /(84 *R) -9 *EI / (T*S * R)
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ESTIF(2, 11) =~ 13* EA *S - 2/ (420 * R) + 11 * EI / (14 * R)
ESTIF(2, 12) = 13* EA *S ~ 3/ (5040 * R) — 11 * EI * S / (140 * R)
ESTIF(3,7)=-EA*S -2/ (84 *R) + EI / (7 * R)

ESTIF(3, 8) = —EA*S 3/ (1008 * R) + 9 * EI * S / (140 * R)
ESTIF(3, 9) =

ESTIF(3,10)— EA*S~2/(84*R)-El/(7*R)

ESTIF(3, 11) = — 13 * EA *S ~ 3/ (5040 * R) + 11 * EL * S / (140 * R)
ESTIF(3,12) = EA *S -4/ (5040 * R) - EI * S ~ 2 / (140 * R)
ESTIF(4, 7) = - EA / (2 *R)

ESTIF(4,8) = - 11 *EA*S /(84 *R) + 9* El / (T*S * R)
ESTIF(4,9) = - BA*S "2/ (84 * R) + EI / (7 * R)

ESTIF(4, 10) = - EA / (2 * R)

ESTIF(4, 11) = 11 *EA*S / (84 * R) 9 *EI / (T* S * R)
ESTIF(4, 12) = - EA*S -2/ (84 *R) + EI / (7T *R)

ESTIF(5,7) =11 *EA*S /(84 *R) - 9 *EI / (7 *S * R)

ESTIF(5, 8) = 13* EA * S~ 2/ (420 *R) — 11 * EI / (14 * R)
ESTIF(5, 9) = 13* BA *S ~ 3/ (5040 * R) — 11 * EI * S / (140 * R)
ESTIF(5, 10) = - 11 *EA *S /(84 *R) + 9 *EI / (7 * S * R)
ESTIF(5, 11) = EI / (2 * R)

ESTIF(5, 12) = EA *S ~ 3 / (1008 * R) - 9 * E1 * S / (140 * R)
ESTIF(6,7) = - EA*S -2/ (81 * R) ~ EI / (7 * R)

ESTIF(6,8) = - 13 * EA *S = 3/ (5040 * R) + 11 * EI * S / (140 * R)
ESTIF(6,9) = - EA *S "4/ (5040 * R) + EI *S "~ 2 / (140 * R)
ESTIF(6, 10) = EA *S ~ 2/ (84 * R) - EI / (7 * R)

ESTIF(6, 11) = - EA *S - 3/ (1008 *R) + 9 * EL * S / (140 * R)
ESTIF(6, 12) = 0

ESTIF(7,7) = 181 *EA *S / (462 * R~ 2) + 120 *EI / (7 * S ~ 3)
ESTIF(7,8) =311 *BEA*S "2/ (4620 * R ~ 2) + 60 *EI / (T*S ~ 2)
ESTIF(7,9) = 281 *EA *S ~ 3/ (55440 * R ~ 2) + 3 *EI / (T * S)
ESTIF(7, 10) =25 * EA *S / (231 *R " 2) 120*EI/ (7*S " 3)
ESTIF(7, 11) = 151 * BEA * S ~ 2 / (4620 * R ~ 2) + 60 * EL / (7 * S " 2)
ESTIF(7,12) = 181 * BA *S = 3 / (55440 * R ~ 2) - 3 * EI / (7 * S)
ESTIF(8, 8) =52 * EA *S ~ 3/ (3465 * R ~ 2) + 192 * EI / (35 * )
ESTIF(S, 9) =23 * EA *S ~ 4/ (18480 * R = 2) + 11 *EI / 35
ESTIF(8, 10) = 151 *BA *S "2/ (4620 * R~ 2) 60 * EI / (T*S " 2)
ESTIF(8, 11) = -19 *EA *S -~ 3/ (1980 * R * 2) + 108 * EI / (35 * S)
ESTIF(8, 12) = I3* EA *S ~ 4 / (13860 * R = 2) —~4 * EL / 35
ESTIF(9,9) =EA *S ~5 /(9240 *R " 2) + 3*E[*S / 35
ESTIF(9, 10) = 181 *EA * S~ 3 / (55440 * R ~ 2) - 3 * EI / (7 * S)
ESTIF(9, 11) = ~13* EA *S ~ 4 / (13860 * R ~ 2) 4+ 4 * EI / 35
ESTIF(9, 12) = EA *S ~ 5/ (11088 * R * 2) + EI *S / 70

ESTIF(10, 10) = 181 * EA *S / (462 * R " 2) + 120 * EI / (7* S " 3)
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ESTIF(10,11) = 311 *EA*S "2/ (4620 * R " 2) - 60 *EI / (T* S ~ 2)
ESTIF(10, 12) = 281 *EA *S ~ 3 / (55440 * R ~ 2) + 3* EI / (7 * S)
ESTIF(11, 11) = 52 * EA * S ~ 3/ (3465 * R ~ 2) + 192 * EI / (35 * S)
ESTIF(11,12) = 23 * EA * S~ 4 / (18480 * R ~ 2) - 11 * EI / 35
ESTIF(12,12) = EA *S "5/ (9240 * R ~ 2) + 3* EI * S / 35

FOR 1= 1TO NEVAB

FOR J =1+ 1 TO NEVAB

ESTIF(J, I) = ESTIF(I, J)

NEXT J

NEXT I

REM

REM >k 3k ok > 3k Sk >k 3k sk ok sk sk sk sk ook sk sk osk sk skoske sk sk skosk sk sk ok sk ok sk sk sk sk sk sk sk sk sk sk ok sk sk sk ok sk sk okosk sk ok sk sk ok sk ok sk sk ok sk sk ook Rokskokok
REM * *
REM * Assembla la matrice elementare nella matrice globale *
REM * *

REM e ok e ok ok ok ok sk sk skt sk sk ok sk sk sk sk sk kok skok ok sk sk sk sk skok sk sk ok sk sk ks sk skoskook ok ok sk sk sk ok sk sk sk ok sk skok sk ok ok ok sk sk ok ok skok ok ck kok

REM
FOR IDOFN = 1 TO NDOFN / 2

MEMDIS(IDOFN) = NODFRE(IEND, IDOFN)

MEMDIS(IDOFN + NDOFN) = NODFRE(IEND, IDOFN + NDOFN / 2)

NEXT IDOFN

FOR IDOFN = 1 TO NDOFN / 2

MEMDIS(IDOFN + NDOFN / 2) = NODFRE(JEND, IDOFN)

MEMDIS(IDOFN + NDOFN / 2 + NDOFN) = NODFRE(JEND, IDOFN + NDOFN
/2)

NEXT IDOFN

FOR IEVAB = 1 TO NEVAB

NEWROW = MEMDIS(IEVAB)

IF NEWROW = 0 THEN 111

FOR JEVAB = 1 TO NEVAB

IF MEMDIS(JEVAB) = 0 THEN 121

NEWCOL = MEMDIS(JEVAB) - NEWROW + 1

IF NEWCOL > 0 THEN

GSTIF(NEWROW, NEWCOL) = GSTIF(NEWROW, NEWCOL) + ESTIF(IEVAB,
JEVAB)

END IF

121 NEXT JEVAB

111 NEXT IEVAB

NEXT IELEM

END SUB



Appendice 10.6

Matrice di rigidezza per elemento finito SS

DEFINT I-N
DEFDBL A-H, O-Z
SUB STIFFASS

REM

REM Subroutine STIFFASS

REM REM

REM sk >k sk sk sk sk sk 3k sk ok sk 3k ok ok ok > ok 2k ok 3k 5k sk ok sk sk sk ok sk sk sk sk sk ok sk sk sk sk sk sk sk K ok 3R 3K 3K sk sk sk sk ok sk ok sk sk sk sk sk sk ok sk okook sk sk ok ook kok
REM * x
REM * STIFFASS *
REM * *
REB{/I sk sk ok ok sk sk sk ok ok ok 5k ok 3k sk ok ok sk ok sk sk sk sk s sk ok sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk ok ok Sk >k ok >k sk ok ok ok koo skoskok sk ok Rk ok K cksk
REM

REM koo sk sk ok sk ok sk 3 sk sk 3K R sk ok sk sk sk sk sk sk sk sk sk ok sk sk i ok ko ok sk sk sk sk koot ke ok ke ke sk sk okt stk ok sk okok sk ke skok skokok skokok sk ok ok

REM * *
REM * Questa subroutine calcola la matrice globale di rigidezza per archi *
REM * piani, usando un elemento finito septico in u e w. *
REM * *

REM sk ok sk sk sk sk sk sk sk sk sk o sk sk ok sk ok sk sk sk sk sk st sk sk sk ok sk sk ok okokook sk ook ok ok ok sk kosk sk sk sk ok skok Rk sk skokskoskok skokokokok ek kokokok

REM

DIM MEMDIS(NEVAB) AS DOUBLE, ESTIF(NEVAB, NEVAB) AS DOUBLE
FOR IELEM = 1 TO NELEM

IEND = LNODS(IELEM, 1)

JEND = LNODS(IELEM, 2)

REM

REM sk 3 3k ke S ok 3k ok >k ke e ARk Sk ok st ok ok ok ok ok ok ok ok sk sk sk ok ok skt s sk ks sk skeok sk stk s sk sk sk sk ok sk sk ok sk stk skokokokoskokokoskokoksk Rk ok
REM * *
REM * Calcolo matrice elementare di rigidezza *

REM * *



294 FElementi finiti e strutture

REM

LPROP = MATN(IELEM)

YOUNG = PROPS(LPROP, 1)

QINERZ = PROPS(LPROP, 2)

AREA = PROPS(LPROP, 3)

R = PROPS(LPROP, 4)

BETA = PROPS(LPROP, 5) * 1.74532925199433D-02

S =R * BETA

EI = YOUNG * QINERZ

EA = YOUNG * AREA

COST=FA+FEI/R "2

ESTIF(1, 1) = 700 / 429 / S

ESTIF(1, 2) = 271 / 858

ESTIF(1, 3) = S * 23 / 858

ESTIF(1,4) =5 /5148 * S ~ 2

ESTIF(1, 5) = ~-ESTIF(1, 1)

ESTIF(1, 6) = ESTIF(1, 2)

ESTIF(1, 7) = -ESTIF(1, 3)

ESTIF(1, 8) = ESTIF(1, 4)

ESTIF(2, 2) = 300 * S / 1001

ESTIF(2, 3) = S ~ 2 * 123 / 4004

ESTIF(2, 4) = 25 * S ~ 3 / 18018

ESTIF(2, 5) = -ESTIF(1, 2)

ESTIF(2, 6) = 97 * S / 6006

ESTIF(2, 7) = 47 * S = 2 / 12012

ESTIF(2,8) = -5 * S ~ 3 / 12012

ESTIF(3,3) = 73 * S ~ 3 / 18018

ESTIF(3, 4) = 37 * S ~ 4 / 180180

ESTIF(3, 5) = 23 * S / 858

ESTIF(
(
(
(
(
(
(
(
(
(
(
(

3,6) =47 *S - 2 / 12012
ESTIF(3,7)=7%*S ~ 3/ 5148
ESTIF(3, 8) = -73 * S ~ 4 / 720720
ESTIF (4, 4) = S 5 / 90090
ESTIF(4, 5) = -5 * S ~ 2 / 5148
ESTIF(4, 6) = * S -3 /12012
ESTIF(4, 7) = 3 *S 4/ 720720
ESTIF(4, 8) = -S ~ 5 / 144144
ESTIF(5, 5) = ESTIF(1, 1)
ESTIF(5, 6) = -ESTIF(1. 2)
ESTIF(5. 7) = ESTIF(1, 3)
ESTIF(5, 8) = ~ESTIF(1, 4)



ESTIF(6,

ESTIF(6,
ESTIF(6,
ESTIF(7,
ESTIF(7,
ESTIF(8,
ESTIF(1,
ESTIF(1,
ESTIF(1, 1
ESTIF(L,

ESTIF(1, 1
ESTIF(1,
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6) = ESTIF(2, 2)
7) = -ESTIF(2, 3)
8) = ESTIF(2, 4)
7) = ESTIF(3, 3)
8) = ~ESTIF(3, 4)
8) = ESTIF(4, 4)
9) = EA / (2 *R)
10) =127 *EA*S /(88 *R) - 50 * EI / (33 * S * R)

)
11) =95 * BA * S~ 2/ (5148 * R) - 17 * EI / (66 * R)
12) =5*EA*S "3/ (5148 *R) - EI*S / (66 * R)
3) = ESTIF(1, 9)

14) = —-ESTIF(1, 10)

ESTIF(1, 15) — ESTIF(1, 11)

ESTIF(1, 16) = ~-ESTIF(1, 12)

ESTIF(2, 9) ~ESTIF(1, 10)

ESTIF(2, 10) = - EI / (2 * R)

ESTIF(2, 11) = EA *S~ 3/ (572 * R) - 25 *EI * S / (231 * R)
ESTIF(2, 12) = 7 *EA *S "4 / (51480 * R) - 19 * EI *S = 2/ (2772 * R)
ESTIF(2, 13) = ESTIF(1, 10)

ESTIF(2, 14) = — 491 * EA * § » 2 / (12012 * R) + 67 * EI / (66 * R)
ESTIF(2, )—173*EA*S 3 /(36036 * R) —23 * EL * S / (154 * R)
ESTIF(2, 16) = — 173 * BA * S ~ 4 / (720720 * R) + 23 * EI * S ~ 2 / (2772 * R)
ESTIF(3, 9) — —ESTIF(1, 11)

ESTIF(3, 10) = fESTIF(Q 11)

ESTIF(3, 11) =

ESTIF(3, 12) = EA £Q -5 /(154440 * R) - E1 * S - 3 / (2772 * R)
ESTIF(3, 13) = ESTIF(1, 11)

ESTIF(3, 14) = -ESTIF(2, 15)

ESTIF(3, 1 )ﬁEA*S 4/ (1872*R) - 19 * EI*S ~ 2 / (924 * R)
ESTIF(3, 16) = - EA*S -5/ (39312 * R) + EI*S "3/ (924 * R)
ESTIF(4, 9) = —ESTIF(1, 12)

ESTIF(4, 10) = -ESTIF(2, 12)

ESTIF(4, 11) = fESTIF(B 12)

ESTIF(4, 12) =

ESTIF(4, 13) = fESTIF(l, 16)

ESTIF(4. 14) — ESTIF(2, 16)

ESTIF(4, 15) = -ESTIF(3, 16)

ESTIF(4, 16) = - EA * S ~ 6 / (864864 * R) + EI * S ~ 4 / (18480 * R)
ESTIF(5, 9) = ~ESTIF(1, 13)

ESTIF(5, 10) = ~ESTIF(2, 13)

ESTIF(5, 11) = -ESTIF(3, 13)

ESTIF(5, 12) = ~ESTIF(4, 13)
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ESTIF(5, 13) = ESTIF(5, 9)

ESTIF(5, 14) = -ESTIF(5, 10)
ESTIF(5, 15) = ESTIF(5, 11)
ESTIF(5, 16) = ~ESTIF(5, 12)
ESTIF(6, 9) = —ESTIF(1, 14)

ESTIF(6, 10) = -ESTIF(2, 14)
ESTIF(6, 11) = -ESTIF(3, 14)
ESTIF(6, 12) = -ESTIF(4, 14)
ESTIF(6, 13) = ~-ESTIF(5, 14)
ESTIF(6, 14) = -ESTIF(2, 10)
ESTIF(6, 15) = ESTIF(2, 11)

ESTIF(6, 16) = ~ESTIF(2, 12)
ESTIF(7, 9) = -ESTIF(1, 15)
ESTIF(7, 10) = -ESTIF(2, 15)
ESTIF(7, 11) = -ESTIF(3, 15)
ESTIF(7, 12) = -ESTIF(4, 15)

ESTIF(7, 13) = -ESTIF(5, 15)
ESTIF(7, 14) = ~ESTIF(6 15)
ESTIF(7, 15) =

ESTIF(7, 16) = ESTIF(3 12)
ESTIF(8, 9) = -ESTIF(1, 16)
ESTIF(8, 10) = ~ESTIF(2, 16)

ESTIF(8, 11) = -ESTIF(3, 16)

ESTIF(S, 12) = ~-ESTIF(4, 16)

ESTIF(8, 13) = -ESTIF(5, 16)

ESTIF (8, 14) = -ESTIF(6, 16)

ESTIF(8, 15) = -ESTIF(7, 16)

ESTIF(8, 16) = 0

ESTIF(9,9) =521 * EA *S / (1287 *R * 2) + 280 *EI / (11 * S - 3)
ESTIF(9,10) = 151 *EA *S = 2 / (2002 * R~ 2) + 140 * EI / (11 * § - 2)
ESTIF(9, 11) = 137 * EA * S ~ 3 / (18018 * R 2) +40 * EI / (33 * §)
ESTIF(9, 12) = 383 * EA * S - 4 / (1081080 * R ~ 2) + EI / 22

ESTIF(9, 13) = 245 * EA* S / (2574 * R ~ 2) - 280 * EI /(11 * S~ 3)
ESTIF(9, 14) = - 127 *EA*S * 2 / (4004 * R " 2) + 140 * EI / (11 * S = 2)
ESTIF(9, 15) = 155 * EA * S = 3 / (36036 * R * 2) - 40 * EI / (33 * S)
ESTIF(9, 16) = 521 * EA * S = 4 / (2162160 * R ~ 2) + EI / 22
ESTIF(10,10) = 5 * EA * S - 3/(273*R 2)+600*EI/(77*S)
ESTIF(10, 11) = T* EA *S ~ 4/ (3432 * 2) + 379 * EI / 462
ESTIF(10,12) = EA * S - 5/(10010*R“ 2) + 8 *EI* S / 231
ESTIF(10, 13) = ~ESTIF(9, 14)

ESTIF(10, 14) = -373 * EA * S ~ 3 / (36036 * R ~ 2) + 380 * EI / (77 * S)
ESTIF(10, 15) = 199 * EA * S ~ 4 / (144144 * R - 2) — 181 * EI / 462
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ESTIF(10, 16) = -EA * S ~ 5 / (13104 * R " 2) + 5 * EI * S / 462
ESTIF(11,11) =43 * EA *S 5 / (180180 * R " 2) + 50 * E1 * S / 231
ESTIF(11,12) =EA *S * 6 / (83160 * R~ 2) + EI*S ~ 2 / 99
ESTIF(11, 13) = ESTIF(9, 15)

ESTIF(11, 14) = —-ESTIF(10, 15)

ESTIF(11,15) = 131 *EA * S ~ 5 / (720720 * R ~ 2) - EI1 * S / 462
ESTIF(11, 16) = 43*EA*S "6/ (4324320 * R ~2) -5 *EL *S ~ 2 / 2772
ESTIF(12, 12) = EA * S ~ 7 / (1621620 * R " 2) + 2 * E1 * S ~ 3 / 3465
ESTIF(12, 13) = -ESTIF(9, 16)

ESTIF(12, 14) = ESTIF(10, 16)

ESTIF(12, 15) = -ESTIF(11, 16)

ESTIF(12, 16) = -EA * S ~ 7 / (1853280 * R ~ 2) - EI * S ~ 3 / 4620
ESTIF(13, 13) = ESTIF(9, 9)

ESTIF(13, 14) = ~ESTIF(9, 10)

ESTIF(13, 15) = ESTIF(9, 11)

ESTIF(13, 16) = -ESTIF(9, 12)

ESTIF(14, 14) = ESTIF(10, 10)

ESTIF(14, 15) = -ESTIF(10, 11)

ESTIF(14, 16) = ESTIF(10, 12)

ESTIF(15, 15) = ESTIF(11, 11)

ESTIF(15, 16) = -ESTIF(11, 12)
ESTIF(16, 16) = ESTIF(12, 12)
FOR I =1 TO NEVAB

FOR J =1+ 1 TO NEVAB
ESTIF(J, 1) = ESTIF(I, J)

NEXT J

NEXT I

FORI=1TO 8§

FOR J=1TO 8§

ESTIF(I, J) = ESTIF(I, J) * COST

NEXT J

NEXT I

REM

REM ¥ kssoksorsotdokokbofskok koo ook sor sorskok sk skorsioRorioRorfokokoR foroksoR oo soroaoRaforoR ook
REM * *
REM * Assembla la matrice elementare nella matrice globale *
REM * *

RENM ¥kksomsookokkolkoiorskoorfoorsororoook folorsorstoRaior ok orsoor ol folok ok okoorsok fof

REM

FOR IDOFN = 1 TO NDOFN / 2

MEMDIS(IDOFN) = NODFRE(IEND, IDOFN)

MEMDIS(IDOFN + NDOFN) = NODFRE(IEND, IDOFN + NDOFN / 2)
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NEXT IDOFN

FOR IDOFN = 1 TO NDOFN / 2

MEMDIS(IDOFN + NDOFN / 2) = NODFRE(JEND, IDOFN)

MEMDIS(IDOFN + NDOFN / 2 + NDOFN) = NODFRE(JEND, IDOFN + NDOFN
/ 2)

NEXT IDOFN

FOR IEVAB = 1 TO NEVAB

NEWROW = MEMDIS(IEVAB)

IF NEWROW = 0 THEN 111

FOR JEVAB = 1 TO NEVAB

IF MEMDIS(JEVAB) = 0 THEN 121

NEWCOL = MEMDIS(JEVAB) - NEWROW + 1

IF NEWCOL > 0 THEN

GSTIF(NEWROW, NEWCOL) = GSTIF(NEWROW, NEWCOL) + ESTIF(IEVAB,
JEVAB)

END IF

121 NEXT JEVAB

111 NEXT IEVAB

NEXT IELEM

END SUB



