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Mepiinyn

H moapovoa dumhopatiky epyocio (el ©G OKOTO TN UEAETN TNG GLUTEPIPOPAS TAUK®OV o
oLVOeTa LAIKA €vavTl Avylopob og cuvOnkeg Kabapng owdtunong, kabapng OAiyng ot pia
Kot 3o devhiveelg oA Kot dapdpPovg GLUVOLAGHOVS 0pHBMY Kot SoTUNTIKOV Tdoemvy. Ot
TAGKeS MTav omAd edpalopeves, opHOY®MVIKEC HE CULUUETPIKES OLOUCTPOUATHOCELS OAAA
SpopeTikd kMdwka dactpoudtoong n Kobepio. Baown emdioén frav n dpeon Ttov
KPIGIHOL (QOPTIOL ALYIOHOD ®C TPOG TIS OPOPETIKEG OLOCTACELS KOl (POPTIGES OV
empPdrroviav otic TAdKes KaOe popd. e 10 Adyo avtd kon pe Bdon ™ ypappKn EAAGTIKN
Bewpia Aoyopod avarntiydnke kddikag o€ YAdoca mpoypappoaticpuod MATLAB pe telikd
OKOTO TOV VTOAOYIGLO TOV KPIGIHOV GopTiov AvyioHoD.

210 mPAOTO KePAAOO yiveTor Mol €160y®YY] ota womAMopéva ovvOeTd LAKG Kot
napovctdlovtal o1 Bactkég oxEGELS TOV TO SIETOVV.

210 0eVTEPO KEPAAMIO emiyelpeital por lcoymyr ot Oeswpio Aemt®V TAOKGOV Ko
napovctdlovtal ol facikés eEI0MGEIS TOV SETOVLY TV KAUWYT KOl TO AVYIGUO GUUUETPIKOV
S TPOUOTOCEDV 0md cVuvOeTa VAKA. To @otvopevo avtd Tov AVYIGHOL gpeaviletal o€
otoyelo mov katamovovvtor amd OAmtikd @optio, Yoo To omoio vVEAPYEL TN OmMOv v
Eemepaotel 0dNyel MALOV G TOPALOPPDGELS EKTOG TOV EMMEGOL TOV. AVTH AOTOV 1) TIUN
avalnreitot, n ool amwotelel Kot TNV Kpioun Tum.

210 Tpito KEPAAOIO TOPOVGLALETOL AVAAVTIKA TO TPOPANLLO TO 0010 EMAVETAL, O1 EEIGMOGELS
OV TO OLEMOLV Kol Ta Pripata wov akolovdndnkav Yoo v avantuén tov koddwa. Emiong
napovctdlovtal kamoleg Pacikég evioréc tov MATLAB mov ypnoporomOnkoy oArd Kot
OLYKEKPILEVO TAPAOETYLLOTOL TTOV ETAVONKOV KOl GUVETEAECAV GTI] GLYYPOUPT] TOL KMOOTKOL.

210 TETAPTO KEQPAANIO TOPOVCIALOVTOL AVOAVTIKA UEC®H OLOYPOUUATOV TO OTOTEAEGLLOTOL
oV EMEONCOV PLECH TOV KOOIKO TOV avamTuXOnKe .

210 TEUMTO KEPAAMO TOPATIOEVTOL TOL GUUTEPAGLLOTA TTOV TPOEKLY OV A0 OAES TIC OVOTEP®
AVOAVGELS.
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Abstract

The purpose of this diploma thesis is the behavior analysis of FRP composite plates against
buckling, under the conditions of pure shear, pure compression along one and two
directions and various combinations of them. The plates were rectangular, simply-
supported with symmetrical layups but each with different lamination code. The main
objective was the finding of the critical buckling load as a function of the plates’
dimensions and imposed loadings. As a result, based on the linear buckling theory a code
has been developed in MATLAB programming language for the computation of the
critical buckling load.

The first chapter is an introduction to the fiber-reinforced polymers, where the basic
relationships that characterize them are presented.

The second chapter is an attempt to introduce the theory of thin plates, where there is a
presentation of the equations describing bending and buckling of symmetrical laminations
made of composite materials. The buckling phenomenon appears at elements under
compressive loading. When the load exceeds a certain value, then out-of-plane
deformations begin to take place. As part of this diploma thesis we seek this certain value
of the compressive load, which is the critical buckling load.

The third chapter deals with the analytical presentation of the problem being solved, the
equations that define it and the steps followed for the development of the MATLAB code.
Furthermore some basic commands of MATLAB that were used are presented, as well as
certain examples solved that contributed to the writing of the code.

The fourth chapter continues with the thorough presentation of the results extracted
from the MATLAB code in the form of diagrams.

The fifth chapter includes the conclusions that arose from all the above analyses of the
plates.






Evyoaprotieg

®a Ndedha va gvyaprotiom OBepud Tov kabnynm pov k. Imdvvn Pavtoyidvvn, o omoiog
Ntav ekeivog mov Hov LVIESEEE TO BEH TG OMAMUOTIKNG epyaciog. Xmpic T ovveyn
KaBodNynon Tov, TIC YVAOGEIS TOL HOV HETEOMOE Kol TIG CLUPOVAEC TOv, KOOMDG Kot TO
APOVO TOL APEPMGE Y10 TNV ETIAVOT TOV ATOPIOV Kol TOV TPOPANUATOV TOV TPOEKLYAY,
1 TPAYLLOTOTOINGN VTHG TS SWTAMUATIKNG £pYaciog Oa NTav avEPKTT.

Emiong éva peydio guxapiot®d oTnv oKoyEVELE OV KOt GTOVS GIAOVG LOL Y10 TV QUEPIOTN

GLUTOPAGTACT] KO VTOGTNPIEN TOVS, Ol LOVO KT TN SLAPKELD EKTOHVNONG TNG TOPOVCOGC
SMA®UOTIKNG epyaciog oAAd kot ka®’ OAN TN S1APKELD TOV GTOVI®V LLOV.

Nwodraog KapaPaxng

AOnva, TovAlog 2016






1 Ivomhopéva XovOeta Yika (FRPS)

1.1 XovO0eta Yka

AVO M mePLGGOTEPO VAIKG, TO OTOio. VO SloKPLT HOPeN cvuvepydlovial eved &ouvv
ONUAVTIKEG O10POPEG OTIC PLGIKEG KOl UNYOVIKES TOVG OLOTNTES, ONUIOVPYOVV TEAIKA £Vl
VEO LAIKO pe BeAtiopéveg 1010t1ec. To LAIKO avtd ovopdleton ovvheto vAkO. H oloéva
KOl LEYOADTEPT YPNOT TOV CUVOET®V VAIKOV G€ TOAAEG TEPLOYEG TOV UNYXAVIKOV, OGS 1
VOOTNYIKY, 1| GEPOSIOCTNUIKY] HUNYOVIKY, £xel GLUPAAEL otV avAdelly] TOLG Kol GTNV
UEYEAN avamTuén Tovg pe amoTtéEAESO Vo aLEAVETOL 1] KAOMUEPIVT) EPAPLLOYT TOVG.

1.2 Ivomiopéva IoAvuepn

Ta womMopéva moAvpepr| amoteAoOvtal omo {veg evoopatouéves o éva untpmo. To
UNTP®O €lvarl To GLVOETIKO VAIKO Tov cuykpatel Tig tveg oty mpoPiemopevn owataén. Ot
tvec umopet va Ppiokovror oe pio | ToOALATAES KateLOHVGELS, var elval KOVTEG 1) LOKPLES,
ocuveyelg N aovveyels. To mAeovekTnuate TOL €YOLV TO. VOTMGUEVO TOALUEPT &lvar
petalh GAA@V 1 VYMAN avtoyn, YouUNAd Bépog Kot KoAn avioyn o€ KOTMOT Kot StiPpmaon.
"Etot “kepdilovv” otn cvykpion pe to supPatikd 160tpome VAKE, dnwg o ydAvfog Kot To
aAovpivio.

O1 1310TNTES TOV GVVOETOV LAIK®V ETTVYXAVOVTOL AGY® TOV YOPOKTNPIOTIKAOV TOV VOV
Kol TOL GLVOETIKOD LAKOV. XT0 YOUNANG amddoong cuvheTo VAIKE 0 OMAMGUOG pe T
HOPPN WOV TPocdidel KAmola duokapyio, 0ALL TOAD Alyn avtoyn Ve TO POPTIO PEPETOL
Kuplwg amd 10 GLVOETIKO VAKO. Avtifeto ota vynAng oamddoong cHvOeta LVAIKA ot
ocuveyelg tveg mpocdidovy v emBupoVUEVT avToyN Kol SLGKOUWIM, EVO TO GLVOETIKO
VAKO TpocpEpEL VTOGTAPIEN Kot TpooTacio 6Tig tveg. Kupimg Opmg to cuvdeTikd vAko
BonBd otV avadiavour Tov eopTiov amd TIC CTAGUEVES OTIG YEITOVIKEG GOKTES Tves.

O mpocavatoMopdg TV vev o pio Kotaokevn) oOvletwv vAkav eaptdrol amd Tig
OolKEG omantnoel kot omd TN Jwdwkosio mapaymyns. Xvvnbog ta ovvBeta LAIKA
cuvtifevton and Aentd oTpdpate Tov ovopdlovtal eOAAa. Méoa o kdBe @OALO o1 Tveg
tomofetovvTol 68 KateLOOVGELS, glte o P KatevBuvon gite oe dapopeTikés. AkoroVBmg
TOAALG @UAAO GuvOLAlovTal Kot OMUOLPYOVV Hid SGTPOUAT®OON NG EMBLUOVUEVNG
odoung. Tehkd n pnyovikn kot Oeppikn CLUTEPIPOPE OGS KOTOOKELNG WOTAIGUEVOV
oLVOETOV VAIKOV €EapTAToL Od TIS WOOTNTES TOV VAV KOl TOV GLUVOETIKOD VAIKOL OAAG
eniong omd TV TOGOTNTA KoL TOV TPOGAVATOAGHO TOV VAV.



Matrix

\ —— Fiber

. 1 .
Micromechanics

Lamina {ply)

Laminate

Structural analysis

/'/ "'/ Structure

Xympa 1.1 Ztddta kataokeung eopéa amd SUGTPOUATOUEVE GOVOETA VAIKA

1.3 XUMUETPIKEC ALUOTPONATOGCELS

Mo S106TPOUATOON KOAEITOL GUUUETPIKY, OTAV TOPOLGLALEL GUUUETPIOL MG TPOG TO
péco eninedd tg. [apaderypa GLUUETPIKNG dGTPOUATOONS PaiveTal 6TO aKOAOLOO
oxnua

45 45

45 45

0 45

0 45

0 45

0 45

45 45

45 45
[45,/0,], [45/-45,/45],

Xyqpae 1.2 TTopddetypo GOUPETPIKNG SIOCTPOUATOONS
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1.4 Mntpoo Avokopyiog Al0GTPOUITOCEMY

Ot dwotpopaTdcelg yopaktmpifoviar amd tpia untpdo dvokapyiog. Avtd sivor to [A],
[B] xat [D] ko delyvouv v amdkpion g SoTPOUATOONG OTIG EVTOG EMTEIOV SVVALEL
KOl POTES.

o To untpoo [A] mepiéyel T evtog emmédov duokapyieg mov cvoyetilovy TIG VIO
emmédov duvapelg Ny, Ny, Nyy e TIG vTog emmESOV TAPALOPPDOGELS €x0 5 Ey0 > Yxy0

e To untpwo [D] mepiéxet tig kauntikég Svokapyieg mov cvoyetiCovv Tig ponég My, My,
Myy LE TIG KAUTVAOTNTES Ky , Ky , Kxy -

e To untpoo [B] mepiéyer tic Svokapyieg mov ekepdlovv TNV oAAnAemiopoon
HEUPPOVIKNG £VTOONG Ko KAUWYNC.

Yympo 1.3 Ot duvapelg Kou pomég Ko Tov dPovV GTO EMITESO avapopdg

Me ) Ponfela TV KAAGIKOV GYECEMV TNG AVIOYXNS TOV DAMK®V OTOOEIKVVETOL OTL Ol
TAPOLOPOAOCELS divovTal amd TIG TAPAKAT®O CYEGELS :

du° 82w°
€= — —2

ax dx?2
av° 32 w° ]
€, = —z .
YTy T a2

_ du° N gv° _’ZSZWD
Wy T ax T “Taxay

11



, EVO Ol KAPUTLAITNTEC OlvovTol amd TIG oYE0ELS ¢

O deiktng 0 avagépetot 610 eMINESO AVAPOPAS, OTMG PAIVETOL GTO GYNMOL:

II|I X Tz
.,-’ II | =
B \ J—
— __5' P dw"
Reference plane _— R . 72 Dr
- I
\\3 . 7 |
3 N
e
“ B
LN
/ !
Reference plane
A

Yympoa 1.4 Tlapoapodpemon mhdkog 6to eninedo X-Z

Ot evtOg emmédov dLVAUELS Kol PpOTES, OMMG PaivovTiol 610 GYNUa , dtvovtal amd Tig
GYE0ELG ¢

hy hy hy
N, = f odz Ny = / oydz Ny = f TypdZ
_hy —hy —hy [1.3]
hy hy hy
M, = f oxdz My = ] zoydz My = ] ITxyd 2,
—hy —hy —hy,

12



Agdopévou 611 to untpmo [Q] eivon o unTpdo dvokapyiog Evog GOALOL GTO GLOTN O
ava@opdg X-Yy, ot Tdoelg yio kdbe eOALo divovtar amd ™ oyéon :

Ox On On Q|| & [1.4]
oy =% On Qs|)&
Txy Oie O O ' vy

Ta otoyeio tov untpowv [A], [B] kou [D]  divovtar amd ti¢ oyéoelg :

K
A =) (Ol — z1)
= X [1.5]
a
Bf,f — 5 ;{Qu}i(:% - Zﬁ—l)
1K ]
Dj =3 ;{Qq}kl[fﬁ — 7 4)

, 0oV etvar:
e K, 0 6uVOMKOG aptOUOG TV GUAL®V TN SOCTPOUATOOT
®  Zk, Zk-1, Ol OTOGTAGELS OO TO EMIMESO OVAPOPES TV dVO ETPAVEIDV TOL K-06TOD
@OALOL
¢ (Qj)k ta oTOLYKElD TOL PINTPOOL dvcKapyiag Tov K-06ToV EOALOVL.

Telkd, 1 YEVIKT GXECT TOL GLVOEEL OPACEIG-TAPALOPPDCELS ElvaLL:

[ N, A An A B B Big| [€))
N, Ap An A Bao Bn B | | e e
INo | _ 1A A A Bie B B | ) vy | 1ol
M, By By Bgs Dy D Digl | ks
M, By Bn Bs D Dn Dyl | ky
M., Bis B Bss Dig Dy Des| Ky
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2V Tapovca SIMA®UATIKY epyacio e£eTAloVTal CUUUETPIKES OLUCTPOUATMOGELS, OOV
dev vdpyel AAANAETIOpaoT HEUPPOAVIKNG EVTAOTG KO KAUYNC.
Emopévac n e€icmon 1 petacynuotileror otig 600 akdAovDEeG:

M, Dy Dy Dis | | ke

M, Dy Dy Dy g Ky [1.7]
M., Dis Dy Des | |k

N, Ay A A | | €

ﬁ-‘r_\. Al p) Agg Ag.g € E [1.8]
Ny Are A Ass | | VD

14
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2 Ocopio AeatOv HTAoKOV — ZoppeTprkég
AL0OTPORATOGCELS

21 Tevikéc E€iomoeig Ehaotikng Evépyelog

Aentéc mAdkeg elvor ot mAAKES, TO TAYOC TV omoiwv givar pKPO o€ OY€on UE TIC

VIOAOUTEC O100TAGES TOVC. Ot TAGKES aVTEG, YO HKPEG TOPOUUOPPDGCELS LITOPOVV VL
avaAvBovV pe TIG €ENG TAPAOOYES :

a. Ot cVvapTHGELS TV TOPAUOPPMOGEMY EIVOL YPOLUIKES KOTO, KOG TNG TAAKAG

b. Ot ektdg emmESOL SIOTUNTIKES TAPAUOPPDOELS UEAOVVTOL

C. Orektdg emmédo TUCELS Oy , Txz, Tyz EIVAL LKPEG GE GYEOT LE TIG EVTOG EMTESOL OX,

Ynd ovykekpéveg mapadoyés pmopovv vo e€aybovv Aboelg elte pécm O10POPIKAOV

eElooenV gite HECW evePYELOKDY LEBOOWV.

2V Topovca OAMUATIKY| Epyacio Ttapovotdletat n evepystokn péBodog.

[N enimedn Eviaon 1 ehaoTikn evépyeta dIdETOL 0o TNV EKQPOOT:

Ly

o1
L :E/
0

L_l' ||r.f1

0 —hy

, VO 1ovovV emiong ot ekepaoetg [1.1], [1.2] kou [1.4].

TeAkd amodetkvieTol LadnUaTiKA OTL 1) EAAGTIKN EVEPYELR 1GOVTOL LIE:

Ix Ly
U= l f f ) }/_;':fv
2 Ky
00

K‘_‘r}'
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Ag
Ay
Ass
Big
B
Bgs

By
By
B
Dz
Dx

D

.'_-o‘v.-:o f-o

f f (ox€x + Oy€y + Tyy¥yy) dzdydx [2.1]

+ dydx 2.2]




[o ocvppetpikn dwotpopdtowon ouwg toyvel 0t [B] = [0] kot ot gvidg emumédov
TOPOUOPOAOCEL; 0T0 UEGO emimedo givar undevikés. Apa n oxéorn petacynuotiletor wg
edne:

| Ly Ly Dy D Dig| |k
U= 2 f / {kx Ky Ky} | Do Dy D | | ky ¢ dydx.
0 0 _Dm Dy Deg | | Kxy

[2.3]

AVTIKOOIGTOVTOG TIC GYECELS LE TIG KAUTVATNTEG TEMKE TPOKVTTEL:
0?2
d°w®
2
ad

L.r L." 2 2 5 2 o]
1 d“w°\ " 20w\
U=— D D, D
o) () ()
0 0

82w 9*w® N 8%w° 20%w° N 32w° 20%w° 1vd
— : dydx
axz  9y? 7532 axay %75y axoy ‘

+2(Dm

[2.4]

22 Kapyn Anrda Edpalopevov OpBoyovikov ITAokov

‘Eocto po opoymvikh mhdka pe dtaotdoelg Lx kot Ly, andd edpaldpevn Katd puiKog twv
TEGOAPMV TAELPDOV TNG, OCLUUETPIKNG OlaoTpopatdcemns. H mhdko vrdkeiton oe
OLOLOLOPPOL KOTOAVEUNIEVO POPTIO P, OIS POIVETOL GTO GYLLOL

]

Yympoa 2.1 OpBoywvikn amhd edpaldpevn TAGKA VO OLOIOUOPPOL
KOTOVEUNUEVO EYKAPGLO POPTIO

17



AdY® TOL OLOLOLOPPOL POPTIOL P, TO JVVALIKO TOV EEMTEPIKMV dVVALE®VY giva:

lr-.r L.‘-'
Q=-— f /(pw':')d}'dx. [2.5]
0 0

Epapuolovrtag ™ puébodo Ritz, emdéyeton pia Ekppacn yio to PEAOC TOV VO IKAVOTOLEL TG
YEOUETPIKEC ouvoplokég cvvOnkec. T v amdd edpalduevn TAGKO Ol YEMUETPIKEG
cuvOnKeg amattovy To BELOG va gfvorl PndEVIKO KATA UKOG TOV TAELP®V, dINACON:

x=20 and O0<y<L,
x= L and 0<y<L,
©=0 at | ' 7
v " lo<x<L, and y=0
0<x=<ILy and y=1L,.

[2.6]

H moapaxdrom cuvéptnon wkavomnotel T mopamdved cuvOnKeg:

5 L . fmx | Jmy
w" = E E w;j SIn S1n - [2.7]
i=1 j=1 Lx Ly

, Omov:

I, J: mAn0o¢ twv Opwv Tov emAéyetar avbaipeTa
Wij: otabepég mov vroAoyifoviat and Ty apyr TG STACNG TUNG TNG SVVOUIKTG
evépyetag [2.8]

dmp (U4 Q) —0 [2.8]

31[,'” aw”

18



Avtikabiotdviog ™ oyéon [2.7] ot oyxéoeig [2.4] xou [2.5] ko ekteEAdVTOC TIC
TAPOYOYIGELS, TPOKVITEL TO TOPAKAT® GVGTNIO TOVTOYPOVAOV AAYERPIKDV £EICMOGEMV:

ii(; } iim=1,2,3,...,1
Wi = |
: mni j Wij Pmn in=1,23,...,J

i=1 j=I

[2.9]
IMo gvkoAia elodyovtan ot petafAnTtég:
i=1,2,3,...,1
k=(—-1)J+j { = 070
( I Yi=1.2.3.....7
' [2.10]
m=1,2,3 [
[ =(m—1)J 4+n D
( n=1,2,3, J
[MAéov M e&iowon [2.9] ypdoeTot:
[xJ
Y Guwi=p 1=1,23,...,1x] 2.11]
k=1
Kot opifovtol To TopaKaTo peyEom:
4pl, L, .
P if moand n are odd
p =1 7m | [2.12]
0 if m or nis even

19



G;k = %LXL}..?IJ'[D” (;—t

20

) +2(Dia +2D56) () (£)” + Do) o

AL Ly Di[ () () ()i + () () ()]

_ZLA'L}-‘”L‘D%[(%‘.) (m)( )r,mrﬂ,—l—(h) (fr)(n)r""rﬂf]

s [V ifk=1
T0 itk #£1

| #Es it =) isodd
! 0 if (i—j) iseven

i=1,2.3....1
_(z—l)f—l-flj:-[g} CJ
. m:.lszs';!""j
!:{HE_IJJ+”|n:-l,2,35-""’r

[2.13]

[2.14]

[2.15]

[2.16]

[2.17]



2€ QVOTTUYUEVT] LOPPT] TPOKVTTEL:

G G2 Giirxn wi P1
@) G w? P2
 — 3
| Grx) Grxnyaxny | | wWaxr) | | P(1x7) |
[2.18]
Avtietpépovtag t [2.18], opilovtar ot cuvtereoTEG Wy
, - , , -1
w1 Gn G2 Gi(rxr) P
w) Gy G2 m
4 ¢
| W(IxJ) | | Gy Gaxnuxn | | Pux) ]
[2.19]
To unTpdo TV pondv divetal amod T cyéon :
L it\2 o imx i Jmy 1
Yoy w,-f-(L‘—) sin &2 sin =
i— I,:I X X ¥
M, ¢ =[D]{ «y { =[D] > > wii(4) sin T sin 45
l"‘,'f- ) f=] _,f-=l ! * Y
i _‘["‘.l K_x}." .!I J ) ) i v
- Y wi2f ’E cos 7 cos %
i=1 j=I ' ' o
[2.20]

21



2.3 Avywopnog Arha Eopalopevav OpOoyovikav ITlokov

‘Eoto pa opboywviky mhdka pe dwotdoelg Ly kot Ly, amhd edpaldpevn kotd HiKog tev
TEGGAPOV TAELPOV TNG, CLUUETPIKNG JloTpOUHOTOcE®G. H mhdka vrokeitor oto
opowopopea Kotaveunuéva eoptio evrog emmédov Nyo, Nyo, Nyyo YOp® and i mievpég
g, Omm¢ eaivetal oto oyfua. Ta eoptia avédvoviar avaloyikd HEC® EVOG CLUVTEAESTN A,
onov yivovtatr ANyg, ANyo, ANxyo. Otav enépyetor Avyiopog, to A yivetat Agr.

A’.‘-‘
LJ f"#-‘-\-\---\-\"\-\. L .-'-"J#_Hh""-
e U T T
58 S8 _— —
= 1 . N -
2T S8 s ..:yr“‘ftf'“ o M ‘jﬁ
— ! TR e
iy iy / TN T
- L \.- s

Xyfqpna 2.2 Opboyovikn ankd edpalopevn midko vd OMmTIKA Kot
STUNTIKA TAELPIKE PopTia

Yypa 2.3 Tetpoyovikn TeTpaépelotr TAAK TEPIUETPIKA dpalopevn
apBpotd VId agovikn OAIy”M
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Yympa 2.4 OpBoyovikn mAdKo TEPLETPIKA £0palOUEVN

apBpwtd vd aovikn Oy

H ghaotikn evépyeta U divetan amd v mapokdto oyéon:

L Ly
1 [ 32w° 2 92wo 2 202w° 2
U= — D D,
2.” ”( axz) ”)22( a:@) " “’(axay)
0 0

32w® 3*w° 92w° 20%w° 32w® 20%w°
dydx

+ D¢ +
axz ay? 7932 axay %79y axay

+2(D12

[2.21]

Kot To duvapuko Q:
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f:" j-'l-

1w w2 Jw® G
WY LN (20 faw, 20
S\ dy ©odx  dy

MI
ut...____ﬁ

0
[2.22]

, OTIOVL GTO TOPATAVE® 1GYVOVV:

Ne=—aN  Ny=-=aNyo  Ny=-ANgo. o

Epappodlovtag t pébodo Ritz dadéyovpe o Ekppacn yuo to BELOG W OV VoL tkavomotel
TIG YEMUETPIKEG GLVOPLOKES cuvOnkes. T v amhd €dpalopevn mTAdKo Ol YEOUETPIKES
cuvoplokég cuvOnKes amattobv To PEAOG va givol UNOEVIKO KOTE UKOG TOV TAELPAV,
onAaon:

i

X

0 and 0<y<lL,
x= [l and 0<y<L,
0<x<L, and 0 [224]
|0<x=<[l, and Ly.

?.L'O =0 at 1

.f’\

y
y

H moapaxdrom cvvéptnon wavomnotel Tic mapoamdve cuvOnkes:

. dmx | jmy
E E w” SIT1 S1n 7 [2.7]

i=1 j= Lx Y
, Omov:

I, J: mAn0o¢ twv Opwv mov emAéyetan avbaipeTa
Wij: otabepég mov vroAoyifovtar amd TV apyn TG GTACLUNG TIUNG TNG SVVOLKTG

evépyetag [2.8]
dmp, 9 (U+ Q)

—0 [2.8]
dwi; dw;;
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Avtikabiotdviog ™ oyéon [2.7] ot oyxéoeig [2.21] wor [2.22] ko eKTEADVIOC TIC
TAPOYOYIGELS, TPOKVITEL TO TOPAKAT® GVGTNIO TOVTOYPOVAOV AAYERPIKDV £EICMOGEMV:

f J . .
im=1,23,...,1
ZZ(GM” Ao wij =0 {f-.n =1,2,3,....J

i=1l j=I

[2.25]
['a evkoMa eldyovTon ot peTaPANTEG:
i=1,2,3,...,1
k=(i—1)J +j I
E=DI+7 Y2123,
' [2.10]
m=1,2,3 [
[ =(m—1)J +n D
( n=1,23,....J
[TAéov n e&lomon ypbopeTal:
[x] Ix=J
Y Guwp=21) bgwg, [=1,23,....1xJ [R2%]
k=1 k=1
, Omov:
Gk vroloyiletat oo ) oyéon [2.13] ko
b = bik ka1 ta omoia vroroyilovton omd ™ oyéon [2.27].
.\ 2 .y 2
1 5 i /
bik = ~LyLym® [ Nxo | =— ) + N | ) |duk
4 L O\,
7, i n J m
+ Ly Lyt Nyyo | =———Fmi¥ jn + ————"Fiml'n;
- P\, ™t L
[2.27]

Tehkd n e&iowon [2.26] o€ avertuyuévn Loper| YpAeeToL 0¢ eENG:
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6'11 (—_;l{!xf] bl] hl(.-'xﬂ un 0
: — A : : =1:
Girxay Grxny(ixr) Dy b(ixryrxa) W(rs ) 0

[2.28]

H moapandve eéicoon amotelel Eva TpdPANUA 1O10TIUAOV, 01 AVGELS TOL OO0V ATOTEAOVV
TO. POPTIOL AVYIGHOV TNG TAAKOAG. LVUVOAIKA mpokvmTovy I X J 1d010Tiés, ek Tov omoimv M
pikpoTEPN divel To Kpioo Goptio AVyiouov.

A&ilel va onuelmdel 6TL o TOPATAVED GYVOVY, OTC £yl AexDel, Yoo amAd edpalopeveg
mAdkec. T Stapopetikd €1dog otnpi&emv 1 cuvaptnomn mov divel o PEAOG KAUYNMG TOV
UEGOV emmEdOV NG TAGKAG divetar amd T oyéom [2.29] , 6mov to A egivor dyvwortoc,
cupuPorilel To mAdtog Kot vroAoyiletanr amd TV apyn TS GTAGIUNG TIUNG TNS OVVOLLLKNG
evépyewg, onmg aivetar ot oxéon [2.30] , o6mov mp eivor o @Opolcpo EAAGTIKNG
evépyelog kot duvapkod eEmtepk®dv duvapewv. Ot cvvaptioelg Xi(X) ko Yi(y) dev givar
TAEOV GUVAPTNGELS EVOG amAoD MTOVOL, OAAL GOVOETEC GUVAPTNGELS LLE TEPLGGOTEPOVG
OpoVG, Ol OToieg €KTOC TV AAAMV TEPEXOVY Kol OPOLS LVITEPPOMK®DOV TPLYOVOUETPIKAOV
aplBudv. Xto oynua 2.5 @aivovtor ot tpelg mpdteg cvvaptoelg Xi(X) ot omoieg
ATOTEAOVV TIG TPELS TPMTEC WOIOUOPPES UG pAPoov Yo StapopeTikd €10m onpiemv Kot
1GYVOVV Kol Y10 TAGKEG.

w® = AX;(x)Y;(y)
[2.29]

B:r.rp

9A [2.30]
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el .
aN = E A

frarrr)

ARLANY

X, N T

X, ™D, A — N
X, ya "“\\__J/” N _.f\ _/ —~ _.f\ / ~

Xyqpa 2.5 Ot 3 npdteg 1010HopPEG o pAPOo Yoo SLapopeS
ocuvOnkeg oTPIENG
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3 Avaivoen Popéov amd Xovleta YMKE péom tng
I'loooog [Ipoypoppaticpovo MATLAB

3.1 Ieprypaoen popfipatoc

210 mopdv  KeEQAAoO avoidovtor  TAGKEG amd  oOVOETOL  VAIKA  GUUUETPIKNG
dwotpopdtoonc. Ewdwotepa avaivovtal mEvie S10popeTIKOl KOIKEG OLUCTPOUATOONG,
ol 000 &k TV omoimv &ivol amAEG CLUUETPIKES OLUOTPOUOTOOCELS, i opBOTpOmN
GUUUETPIKY], L0 1IGOPPOTNUEVT CUUUETPIKY] Kol pio oxeddv 16dtpont). Ot mAdkeg ivar gv
YEVEL 0pOOYMVIKEG KOl GE E101KEG TEPIMTMOELS TETPAYMVIKESG Kot £xovv dtaotdoels amd 0.20
m £w¢ 1.00 m, avdioya pe o TpdPAnua Tov peretdton ke popd. To mayog Tovg etvan t =
4 mm. Mo 11g avaykes ™G mapoHoos SUTAMUATIKNG epyaciog avamtiydnke KOdKAG o
yAooca mpoypappaticpod MATLAB yu v gbpeon tov kpiciov @optiov AvyiGpov
kéOe mAdroc. To kpioyo @optio Avyiopod PpiokeTon amd TV ETIALGN TOV TAPUKATED
npoPAnuatog TpoPAnpatog wiotudv [2.28]:

Gn ... Giuxn b1 bi(rx1) wi 0
: — A : : =1:
G Grxayisd) by b(rsenyrxa) W(rxT) 0

[2.28]

Ta otoyeio tov untpdov [b] divovrar omd ™ oyéon [2.27]:

] i i '
bie = 1 Ly Lym® | Ny —) + No | — ) |dik

2 i n J m
+ Ly L_t-':'T h'_ryﬂ L__r.'m'f"jn + — —f'.r'mrnj)

, VO 10, oTotyeio Tov untpmov G divovtan amd tn oyéon [2.13]:
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G = L L' [ Diy(4=)" +2( Dy +2Ds) ()

2

(£) + Da(L) Jon
4 iifm n mA\2f i '

= 2Ly Lym* Dig [ (1) () (£ )rimt i + (£5) () (5 ) rmitng ]
- \2(m n n\2( i '

2L L D[ (Y () ()it () () ()]

[2.13]

Ot vdrouneg petaPAntéc mov vreicépyovial otig oxéoelg [2.13] ko [2.27 ] vroloyilovton
and 11g oxéoelg [2.14] éwg [2.17].

Ta Nyo, Nyo kot Nyyg pmopovv va mépovv tipég omd 0 eng 1. Ot kmddikeg S106TpOUETOONG
nov peketnOnkav kabdg Kot ta untpdo dSvokapyiag [D] (v mdyog t = 2 mm) wov Nrav
amopaitnTo Yoo TNV €0PECT TOL KPIGIHOL @GOPTIOL AVLYIGHOV, EAivVOVTIOL GTO EMOUEVO
GYNMO:

30



99.25 194 0
1.94 647 0
0 0 3.03

a) [020] OpBOTPOTO, ZOUUETPIKO

4530 1952 4.45
1952 2526 445
445 445 20.62

B) [452/-45,/012/-45,/45,] Iooppomnpévo, ZUUETPIKO

65.42 16.29 —18.93
16.29 11.60  =7.74
—1893 -7.74 17.39

Y) [-304/ 154/ 02] s ZUUUETPIKO

34.61 458 3.34
458 1234 334
3.3 334 514

0) [02/45,/90,/-45;]s Zxed6v Iodtpomo, ZoppueTpiko

34.84 2293 21.71
2293 2890 21.71
2171 2171 24.02

€) [456/04]s Zoppetpixd

Zypa 3.1 Ot 5 KOIKeg S10GTPOUATMOONG TOV LEAETMVTOL

Ta untpodo [D] yio wéxog t = 4 mm vroloyiotnkav amd avLTE TOL Tivoko KAOe
dwotpopdtoons [Xx. 3.1] copewva pe ™ oxéon:
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[3.1]
O 1010TEC TOV VAKDV IOV Ypnoiporomdnkay eaivovrtal otov Iivaka 3.1, 6mov sivat:

e E1, 10 dwounkeg pétpo ehactikotntog (GPa)
e E2, 10 gyxdpoio petpo ehaotikdtrag (GPa)
e G12, to dwopnkeg pérpo didrtunong (GPa)

® 10 Vi, 0 dluUNKNG AOYog Poisson ko

e hp, to mhyog (Mm)

IMivaxag 3.1 [610tTEG XPNGYLOTOLOVUEVEOV DMK®DV

[0] t45'
E; 148,00 16,39
E; 9,65 16,39
CIP) 4,55 38,19
Vi 0,30 0,80
ho 0,10 0,20

3.2  Awowkacio Emidvonc Ilpofinpatog

Ta Pripoto mov oe yevikég ypappés axorovdnnkay Katd t cvyypoen Tov Kmowa givot
ta e&Ng:

Brjua 1°: Eicoymyf 1810t 1oV TV VAMK®OV (UNTpdo ducKapyiog KAT.)
Briuo 2°: TIpoxafopiopdg emmédov axpipeioc TpoPfAiuatog, tov icodvvauei pue kabopiopod

dothdoewv Pacik®OV UNTPO®V 6TV ETIAVGT, GLVOAMKO aplBUd WIOTIH®V Kot EXNpedlet
TNV VTOAOYIOTIKT] TOAVTAOKOTNTA TOL TPOPANLATOG

Biiua 3°: Anpovpyia yeopetpiog popéo

Briuo. 4°: EmBol gopticenv 610 @opéa, dnAadn OMmtikdv tdcemv o€ pio | Kot 600
O1evBvHVoEIC N Kot O TUNTIKAOV TACEDV
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Biiua 5%: Yrohoylopog untpdov Kol TopapéTpmy Tov VIEIGEPYOVINL GTNV ETIAVGT) TOV
TPOPANLATOG 1O10TIUDV

Bijuo 6°: Enidvon tpofAnpotog S10Tiudy
Biiua 7°: Ebpeon kpioipov poptiov Avyiopod

Briuo. 8°: Tonwon tov {nrovpevov kobe @opd daypdupatog otnv 0bovn, oe kabe
emiAvon, e Pdon TIC EKAOTOTE O10GTACELS TAAKOGC

Biiua 9% Torwon tov anotelecpdtov mov eueavifovior 6to command window tov
MATLAB o¢ apygio .txt yio amo01Kevon Tovg Kot KOADTEPT| ETOTTEID TOVGS

3.3 To MaOnpatiko-IIpoypappatiotiké Epyaisio MATLAB

3.2.1 Teviké

To MATLAB eivar éva pobnuotikdé Aoyiopuxkd mepipdAiov, to omoio oivel
duVATOTNTO GTO YPNOTN TOV VO EKTEAEGEL TMOIKIAIDL HOOMNUOTIKOV VTOAOYIGUOV UE
TayvINTa, guKoAia Kot dveon. Tavtdypova amotehel kot pio YADOCOH TPOYPALLUATIGLOD,
N omoia glvar mOAD €OKOAN otV ekpdOnom, TPAyUd TOL AmOTEAEl TAEOVEKTNUO GE
oxéon He OGAAES GUYYPOVEG YADOOEG TMPOYPOUUOTIGHOV. Alatifeton amd v eToupio
Mathworks. Extdég ond pabnpotikd kot mpoypoppaticpd owbéter Kot GAAES
Aettovpyieg, OmmG givar 1 ONUIOLPYIC YPAPIKAOV TAPAGTAGEWDVY, 1) AVAAVOT) SE00UEVDV, 1|
TPOGOUOIWoN GVoTNUATOV Kol 1 ovanTuEn aiyopifuwv. To MATLAB amotedel éva
amd to wo gLYPNOTA gpyoreia Yoo To Mnyovikd, agod evdeikvutal yuo T AdOM
TPOPANUATOV  SLVOCUOTIKNG HOPPNG Kol SoTOIIMONG, 7OV  amoutovV TN YPNon
unTpowv. Xe avtob tov £idovg ta tpoPfinquata to MATLAB vreptepet o€ cuykpion pe
GALEC YADOOEG TPOYPOUUATIGLOD, apoD ypelaletal Ayodtepo xpovo kot kK0oTog. Mmopet
va ypnoponombel 1660 Yo S100KTIKOVG OGO Kol Y10 EPEVVNTIKOVG GKOTOVS £V Ol
érolpeg epyorelodnieg mov O1a0étel, pumopodv va ypnoiomomBovv yoo v emilvon
avtiotolywv TpoPAnudToV, dmmg yio Tapadetypa 1 epyareodnkmn Pertiotonoinong yio
npoPAquata Pektictomoinong | n PYOUAEIOONKN VEVPOVIKOV SIKTO®V Yio TPOPAN|LaTo
OV £XOVV GYECT LE VEVPWOVIKA diKTLA.
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3.2.2 Baokég evTorég mov yprnoipomou|Onkay

210 MATLAB 1o mévta amofnkevovtor og untpooa. Mntpmo givor po opfoydvia dtdtaén
apBumv. Axoun kot ot amiol apiBuol amodnkedoviar w¢ untpoo 1x1. Ta dwvocuata
amobnkedovtal o¢ unTpoa pe aplbud ypauumdv 1 omiov 1. AxolovBodv ot Pacikég
EVIOAEG mov PonOnoav ot GLYYPAEN TOL KMOWKO Kot divovtol KAmole mopadelypato
xpPHoNg TOVG.

Holorlaciooudc untpw v

O moAlamAaciacudg oo untpoov A, B yivetar av kot povo av o aptBpdg Tov oTnAdv Tov
A oovton pe Tov apfud tov ypauumyv tov B.
‘Eoto A éva untpdo m x p kot B éva untpoo p x n.

Téte to amotéhespo C mov divel 0 MoALUTAOSIOUOG OVTOC Elval £vo, mXN UNTP®O, Y10l TO
P
, ’ L= 3 . .
omoio woydeL: Cij kZ:‘I Ak ka yw I[=1,2, ..., mxauj=1,2,...,n.
O kmdkag MATLAB yio tov moAlanioctoopud Tvakmy ivot o e€1g:

for i=1:m

for j=1:n
sum=0;
for k=1:p

sum=sum+A(i,k)*B(k.j);

end
C(i,))=sum;

end

end
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Fiwrork j J

»> C=[1 6:3 5:0 3]

C =
1 [
3 ]
] 3

»> B=[4 -8;6 11]

A=
4 -8
[ 11
>» D=C*L
D=
40 S8
42 31
13 33
-

Ewova 3.1 [ToAhamrlacioopnog untpowv cto MATLAB
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Opilovoo untpwov

To amotélecpa ¢ opilovcag evdg untpoov eivar o apBpdc mov vmoAoyiletan
avantHooovTog TNV opilovca MG TPOG OTOONTOTE YPOUUN 1] GTHAN TOL UNTPOOL. Mbvo

TO TETPOYOVIKG pntpoda Exovv opilovco. H evtoln eivor det(A) xoi emotpéper v

opilovoa gvog mivaka A:

Wwvork j J

2| x|
»» B=[4 -8:8 11] =
L =
4 -8
8 11
>> det (&)
gns =
92
oS
=
| OE

Ewova 3.2 Opilovca untpoov cto MATLAB
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Avtiotpopo untpwo

. , . . -1 ; . 1 _
To avTioTpo@o UNTP®Oo vOG UNTp®OL A~ 1Kovomotet T oyéon A*A™ = I.
Movo éva untpdo mov givar TeTpayovikd Kot 1 opifovsa Tov eivar dtdeopr Tov pUndevog

éyel avtiotpopo. H evtoln yuo v edpeon tov avtiotpdeov mivaka A givar inv(A).

A2vwvork j J

2| x|
»» R=[2 5;-8 10] =
L =
2 3
-6 14
>» invi{4)
ans =
0.2000 -0.1000
0.1200 0.0400
-
(=
d oe

Ewova 3.3 Avtictpopo untpdo oto MATLAB
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A100TA0EIC UNTPWOU :

H evtoAn size(A) emiotpéeet 11§ daotdoelg tov mivaka A. 'Eotm ott 0o A givar évag mivakag
mxn. Tote mn &vtoAn] avt €moTpéPel €vo SOVLUGHO-Ypopuun 000 otoyeiov mov
neplhapPével Tov apBud Tov YpoUL®V Kol TV 6TnAOV Tov mivaka A. Eivor po moAd
YPNOUUN EVTOAN], WwaiTePA KATA TOV EAEYYXO TOL KOIKA, OM®S emiong Otav yivovtatl TOAAEG
EMADGCELG e OPOPETIKG dedopéva, OTov KATA TO ¥pOVO EKTEAEONG UIOpEl va, Yivouv Adom
ov dev &yovv mPoPArepBel pe amotédecpa vo petafdlovy S100TAGES UNTPO®YV, KATL TO

omoio umopet va odnynoet oe Aabog 1| anpdPrenta amoteléouata.

R 2 work j J

2l x|

»» B=[2 5;-6 10] |~
L=

2 5

-6 14
>» 3ize (k)
ans =

2 2
> B=[1 6;3 5;0 3]
B =

1 &

3 5

0 3
>» 3ize(B)
ans =

3 2
»> | v
1 [

Ewoéva 3.4 Awoctdoceic untpoov oto MATLAB

Mnkoc untpwoo :
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H evtoA length(A) emiotpépet tov aplBud tov otoyeiov, av o A sivor ddvooua 1M
HOVOd1doTOTOC Tivakag. Av o A elvarl mivakag mxn 10Te emoTpéPel 10 PEYEBoOg NG
peyoAvtepng owdotaong tov A. H evtoAn ovt) eivor wdwitepa ypioiun ywo tov
TPOYPUULOTIOTH , VIO TAPASELY IO KATA TN YPNOT PpoY®V €naVAANYNG, GE TEPUTTMOCELS
Omov aAAALOVV JESOUEVO GTOV KMOKA, TO Omoiet pumopohv vo HETARAAOVY O10GTACELS
uNTPO®V. Me auti TV €VIOAN dev glvar avaykn va yvopilel 0 TpoyPOUUATIOTS OAES TIG
OWOTACEL, TOV  UNTPO®V  TOL  oa@ov vroloyiloviow ovtopata, kabdg emiong
AmoPeLYOVTOL Kot AGON Kotd TIG TPOOTEANCELS UNTPOMV, OTMOS Yot TAPASELYHO 1
AavBacpévn mpoomdfelo oe mpoomédaon otoryeiov ntl evog mivaka 1xn , a@od TO

ototyelo avtd dev vdpyel.

R12\workidiplomatik = -]

[>» &=z 5280 4]
g2 =

3 5 g
>» lengthia)
ans =

3
> B=[1 &:3 5;0 3]
E =

1 &

3 ]

1] 3
»>» length(B)

ans =

> |

Ewoéva 3.5 Mnkog untpoov oto MATLAB
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Mndevikoi mivarec

Mndevikoli mivakeg 6to MATLAB emiotpépovtat pe tnv vtoAn| zeros(m,n). I'io mapddetypa
N evtoAn A=zeros(m,n) B dnuovpynoetl évav mivaka A pe pndevikd ototyeio dootdoemv

mxn. O k®OKOS TOV TNV OVGia VAoTOoEiTaL lva:

for i=1:m
for j=1:n
A(1,))=0
end

end

1 2\workidiplomatiki | J

»» B=zeros(5, &)

B =
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
»» C=zerca(4,4)
C =
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

>

Ewéva 3.6 Mndevikoi nivakes 6to MATLAB
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Idotiuéc ivoxo,

‘Eoto 10 dtdvoopo X - {0}. Tote to x ovoudletor 151001Gvucua 1 YOPOKTNPIOTIKO
dtvocpa evog TeTpaymvikoD Tivaka A, av tkavorolel Ty e&icmon AxX = AX, 1ER
Tote to A ovoudletol O0TWN N YOPOUKTNPIOTIKN T Tov Tivake A. H mponyoduevn
eElowon ypaoeetar 1codvvapa (A — Al)x = 0, 6nov I etvan o povadiaiog mivakag. ZOpeova
pe tov kovova tov Cramer €va ypappikd cOotnuo e£lo®oemy £xel P undevikég ADGELS
av kot uoévo av n opilovoa tov pndeviletar. Apa ot Acelg g mapandve e&icmong
dtvovtar amd v det( A-Al ) = 0, n omoia kadeiton yapoakmplotikn e&icmon tov TivoKa
A. Opog og éva mpdPfAnua 6mwg avtd TG TOPOVGOS SUTAMUATIKNG EPYUCING, 1OYVEL
(A-AB)x = 0, 10 omoio av o mivaxag B eivor avtiotpéyipoc petacynuatiCetol og
(B'%A—21)=0
Tt 01 1810TIHEG TOV TPOPARIATOC ATOD Eivar ot 110TIéC TV Tivaka (B *A).
H evtol) 10 MATLAB mov emotpépetl éva d1dvooua pe TIG WO10TIHES VoG mivako A

etvau m eig(A).
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R12work | J

>» elg(R)
ans =

2.7417
-4.7417

>» B=[31 -2 7;2 89 11;-1 -32 58]

B =
3 -2 )
2 29 11
-1 -32 56
>> eig(B)
ans =
31.0442
T2.4779 + 9.42961
T2.4779 - 9.429%961
-

|

Ewova 3.7 [dotpég mivaxa oto MATLAB
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Ipoagixéc mopaotaoeic

To MATLAB ¢ mpdypoppo divel 1 OuvotdTTA Yol TO GYESWOGUO  YPOQIKDV
TOPOCTACEDV Kol GYNUATOV 6€ dVO Kot TPELS daotdoelc. Ot Kupldtepeg EVIOAES OV
xpnoonoovvtot etvar 1 evroAn plot( ) yia éva oyfua oe éva ypaenUo Kot 1 EVIOAN
subplot( ) Yo moAlomAd oynpata o éva ypaonua. Kdmoteg and t1g cuyvég eviorég givan
emiong N evtoAn title( ) yia TpocsOnkn tithov o610 dtdypappa kot ot evtoAég xlablel( ) ko

ylabel( ) yio mpocOnKn TitAov 6TOVG AEOVES GUVTIETAYUEVOV X KOl Y OVTIOTOUYOL.

R12\workidiplomatiki | J

»» clf

»>» clear

>» theta=0:0.5:150;

»» z=20%cos (theta/l2);
>» z=z+10*3in{theta/5);
>» plot({theta, z)

>» grid on

>» title ("PARADIGME 1')
>> Klabel ('Theta")

> ylabel ("Z")

> |

Ewova 3.8 Evtolég ypagikov mopactacewv oto MATLAB
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R12\workidiplomatiki | J

>
>
>
>
>
>
b0
>
>
>
>
>
>
b0
>
>
>
>

®x=0:0.25:20;

y=3in(x);

Z=cos (X)) 7

subplot(2,2,1)

plot{x, v, '--r"}

grid on

title ("X-Y plot with grid")
subplot(2,2,4)

ploti{x, v, 'g" %, 2, "-.k")
grid on

title("¥-Y X-ZI plot with grid")
subplot(2,2,3)
plot{x,z,"'0")

title("X-Z plot: o'}
subplot(2,2,2)
plot{x,z,"+")

title("¥-Z plot @ *')

Ewova 3.9 EvtoAég ypagikav napactdcewv cto MATLAB




Lpoypouuoziotikéc douéc eAéyyov

Xpnotipomombnkay ot e&Ng Sopég:
= Aom) emroyng
if cuvonkn 1
Ba exteleotel av 1 cuvONKn 1 elvarl aAndng
elseif cuvOnkn 2
Ba extedeotel av n ouvONKn 1 dev etvar adnOg kot 1 cuvOnKn 2 givor
else
Oa exteleotel av Kapd cuvOnkn dev givor aAnO1g

end

= Aopn emavainyng
for petaPAnt) = apykn tipn : Prpa : TEMKN TN
EVTOAEG
end
Ko
while Aoywr| éxppaon
EVTOAEG

end

ainong
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Xprnon M-files
To MATLAB mpoc@épel T duvatodtnto va dnpuovpyndovv apyeio 6mov tomobetodvtan
éva GOVOLO EVTOADV, 01 OTTOIEG UTOPOVV VO EKTEAEGTOVV GE GEPA, OAV VAL ELGAyoVTaY Lia-
pio. Me avtdv Tov TpOTo amAd YpaeovTag To OVOU TOV apyeiov UTopel 0 ypNoTNG VA TIG
EKTEAETEL YOPIG Vo ypedleTal va YAGEL XpOVO TANKTPOAOYDOVTAG Mo TPOS Uid TIG EVTOALG.
"o ™ dnuovpyia evog M-file ypnoyonoteitatl to pevov tovo MATLAB : File > > New > >
M-File > > File > > Save As > > File name : > > Save as type: M-file(.*m) Xto MATLAB
YPNOLOTOLOVVTOL TOAD GLUYVA KOl ONUIOVPYOVVTAL GUVOPTNGELS, Ol OOIEG ATOTEAOVVTOL
amd GLYKEKPIUEVEG EVTOAEG, Ol omoieg 0oV TomofetnBovv e GLYKEKPIUEVO TPOTO
umopovy dtav KaAgitar n cvvaptnon va ektelectovv. To dvoua tov apyeiov M-file kot to
OVOLLOL TNG AVTIGTOYNG GLVAPTNONG OV gumePLEYETAL TpEneL va, Tavtilovtal. H popen mov

£XEL 0L GLVAPTNGT POIVETOL TOPOUKATE :

function[petafAntég £660v] = functionName[wapdpetpot £16650v |

Kodwkag
2mv mapovoo SIMAGUOTIKY epyoacio Kpidnke oxkompo teMkd va pnv dnpovpynbodv
functions, oAAd avtiBeto 0An n Swdikacio vo viomombel péco amd Tpion Pocikd

MATLAB scripts, 6mov k6 popd mov Ba tpéyxovv Ba yivetal n avdAvon kot entivcn Tov

mpoPAnpartog €& oAokAnpov HEGa GTa Scripts.
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34 Hopoaosiypoato

Mo va katavon el fabvtepa 10 AVTIKEIIEVO TG TAPOVCAG SMAMUATIKNG EPYOTTOG OAAGL
Ko va, eAeyy0el o kmdkag mov avantvydnke oto MATLAB AvOnkov kdmoleg Pacikég
0OKNGEIG-TOPAOETYLATAL.

Evdektikd mapovcialovior Kamole amd ovtd, Omov (QoivovTol TO OTOTEAEGLATO TO
omoia e&nydnoav uéocw MATLAB:

A. Eotw a opboywvikny wiaxe amd graphite/epoxy ue kwoika owaotpwudrwons [+-
45f2/012/+-452] xou Ly = 200 mm xkaz Ly =700 mm. Ta @olde O-uopav eivai
Topalinin atnv wikpn wievpa e mwiakos. H mAdxa eivon omAd edpolouevy kor otig
TEOOEPIS TAEVPES THG EVA VTOKEITOL OE OUOLOUOPPO. KOTOVEUNUEVO EYKGPTLO (POPTIO
p=50000 N/m? érac paivetol ato oynua . No vmoloyiorody n uEyLoTn Topaudppmaen Kol
01 KOUTTIKES POTIES .

Yympoe 3.1 H nhdaxo tov nopoadeiypotog A
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To B€Aog KAUYNC KO 01 POTTES KAUYNMG TNS TAAKOS OivovTol omd TIG GYECELS :

I J . .
o _dmx | jmy
w® = E E wy; Sin Sin -
i=1 j=I Ly L}'

i i wij (22 )2‘311‘1 X sin L7
AWM 2 2
Hf‘ff}r} _ {Dn D | Ji=ij= : |
M, Dy Dy 7] jmy2 jm
¥ Z% Z:l ng(?) 5111%51117
= _.f=

H m\dia etvar opBdTpomn Kot o1 KaUmTIKES SvoKapyies eival
D11 =45.30 Nm, Dy, = 25.26 Nm, D1, = 19.52 Nm, Dgs = 20.62 Nm.

To péyioto BEAOG mapoVGLALETOL GTO KEVTIPO TNG TAAKAGS, OTTOV
Xx=Lx/2=0.1 m xon y=L,/2=0.35 m.

T i=j=7 10 Béhoc tne mhdkoag etvon tedtkd: W = 21.4 mm.

Ta aroteAéopata péow MATLAB eaivovtol Ttapokdto :
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R12\workidiplomatki | J

2] x|
WL, J)= AI

24,0377 0.0000 2.9943 0.0000 0.6682 0.0000 0.2033
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1181 0.0000 0.0330 0.0000 0.01438 0.0000 0.0075
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0093 0.0000 0.002%9 0.0000 0.0015 0.0000 0.000%
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0017 0.0000 0.0006 0.0000 0.0003 0.0000 0.0002

The total deflection of the plate i3 wi=21.421613 mm
The bending moments of the plate are

M=
233937.9402
102159.2065
> |

Ewova 3.10 Anoteréopota napadeiypatog A oto MATLAB
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B. Eotw pio opBoywvikny mwidko omo graphite/epoxy ue kKwoiko. o100TpOUCTOoNS [+-
45f2/012/+-4512] kou Lx = 200 mm xoa Ly =700 mm. Ta pdlra 0-poipav eivar mopolinia
oty wKpn wevpa e wAaxas. H mhako. eivor amAdd edpalouevny kou oTiS TE0TEPIS TAEVPES
TG VO DIOKEITOL GE OUOIOUOPPO BLITTIKO QOPTIO KOTO. UIKOS TV UEYGADY TAEDPDV, OTWS
poivetor ato aynuo. . Na vmoloyiotel to Kployo poptio Avyiouoo :

L,=700 mm

[~ “I
EEEEEREREIN

SS E;
sS SS L =200 mm

rrrrTre
N

L' xl

Xympa 3.2 H mAdko tov mapadeiypatog B

O kapmtikég SvoKapyieg tng mAdKog vt
D11 =45.30 Nm, D2 =25.26 Nm, D1, = 19.52 Nm, Dgs = 20.62 Nm.

H m\dka etvar opBdtpomn, dpa Dig = Dos = 0.

[Ma 0pBOTpOTN TAGKE O1 WO10TIHEG LITOPOVV VO VTTOAOYIGTOVV o' evBgiag amd T oyéon:

]

HE[DH (ﬁ)ﬂ' +2(D12 +2Des)(1-) (%.)2 T DZE(LL_-)&I}

¥V ¥
Neo(£-) >+ Nyo (L% )2

(Acr)ij =

AT T oTIYUN TTOL OEV £X® QOPTio GTNV AAAN d1evBVVOT| 1oYVEL OTL
Nyo = 0. Tote 1 mponyovevn oxéom petaoynuaTileTon oTnyv:
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2 2 4 5
2 : J J Ly
Nyo U‘-cr);‘j =7 |:DII (L_;) + 2 (D12 +2Dg) (L_v) + Dy (?}) (T)

4
= (11.1&;2 +24572 +0.0415:_’—2) 10°,

Telkd N pkpdTEPN OG0T TOL TPOKVATEL, 1) OMOI0L AVTICTOLEL KO GTO KPIGIHO
@optio glvar Acr = Nx,cr = 13.67 kN/m.

Ta amoteAéopata ta omoio Ppédnkav pécow MATLAB o@aivovtalr otnv mopokat®
gKova:
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Gia I =J =4

To krisime fortic pou antistixi stin elaxisti idicotimi einai :

lamdacr = min({lamda{i,j)) = 13.666523 kN/m

idictimes (lamda(i,]))
13.666523
21.632514
36.570516
47.167353
54.666090
£0.972552
£7.579323
86.530057
103.048220
110.460428
122.998703
140.939937
181.287489
188.669413
201.076453
218.664362

>

J |

Ewova 3.11 Anoteréopata napadeiypatog B oto MATLAB
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I. Eotw o opboywvikny midxo amo graphite/epoxy ue kwoiko. o100TpwUATOONS [+-
45f2/012/+-4512] ko Lx = 200 mm xox Ly =700 mm. H wAdko eivar andd edpolouevn kot
OTIC TEOTEPIS TAEVPES THS EVA DIOKEITOL GE OUOLOUOPPO OMTTIKO POPTIO KOTO UNKOS KO TWV
TECOOPWYV TAEVPAV THGS, OTWS PaiveTol ato oynua . Na vmoloyiotel to Kpioio @optio
Avyiouod:

L =200 mm

F
F
P
P

Vq:

— S5
s <«
_, |88 58| L =200 mm
No s SS <
AT
N 0 N yl

Xympa 3.3 H nhéxa tov nopoadeiypotog I
H dwotpopdrmon g mAdkog elvar GupUETpIKT, oAAd Ot opBOTpOTT).
Ot KopmTikég dLoKAPYIES 1IGOVVTOL e
D11 = 45.30 Nm, Dy, = 25.26 Nm, D1, = 19.52 Nm, Dgg = 20.62 Nm. D15 = Dog = 4.45
Nm.

To kpicipo goptio Avyiopod vworoyiletor tedikd o N = 23.42 KN/m.

Ta amoteléopata ta omoion PBpédnkav pécw MATLAB oeaivoviar oty mopokdtm
€KOVOL.
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Gia I =J =4

To krisimo fortic pou antistixi stin elaxisti idictimi einai :

lamdacr = min{lamda({i,j)) = 23.420243 kN/m

idictimes({lamda(i,]))
382.117580
23.420243
250.469888
75.911275
94,449540
212.762284
178.387402
118.794643
318.806581
45,015383
£1.150798
264.969381
117.969234
134.959896
161.434767

198.520544
> | -
1| | »

Ewova 3.12 Anoteréopata mapadeiypatrog I cto MATLAB
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4 Enelepyacio ko Av@lvet TOV ATOTELEGRATOV

41 Tevika

O KVplOTEPOG GKOTOG OVTNG NG OWMAMUOTIKNG epyaciag gival 1 €bpeon TOL KPIGIUOV
QOpTiov AVyopnoV Yo amhd edpalopeveg mAdkeg and FRP pe Tig daotpopatdoslg 6mmg
eprypdenkav 6to ke@aiailo 3. H gvpeon tov kpioipov goptiov yivetal uéow g enilvong
tov TpoPAnuatog Wotiumv. Méow MATLAB sionydn 1 yeopetpio kot ot S106TACELS TOL
eopéa. 'Enerta opiomkav ta untpdo dvokapyiog kdbe S0oTpOUATOONG Kol T0. QopTia
OV KOTOTOVOUV TIC TAGKEG. XTI GUVEXEL VITOAOYIGTNKOAV TO UNTPMO KOl TO OITopaiTnTo
HEYEON TOVL VIEIGEPYOVIOL OTNV EMALGON TOL TPOPANUOTOS OOTIUMV Kol €V TEAEL
vroAoyionkav ot WoTinég Tov mpoPinuatoc. To MATLAB emotpépet Tig 1010TIHEG OF
évav LovoOldoTaTo TTivake EVE TO KPIGIHO (OPTIO avTIGTOLKEl OTNV HKPOTEPN ATOOEKTN
wotn. Omdte yuoo TV €OPECT TOL KPIGIHOL (OPTIOL aKOAOVONONKE GLYKEKPIUEVT
dradkacio eHPESNS TG TIUNG AVTHG.

Tpeig tepntdcelc POpTiong emPANONKay oTig Vo e€€Taon TAdkes. Avtég tval:

a) Zvvovaouog OMmTik®V Tdoemv Katd T d1ievbvvon X Kol STUNTIKOV TACE®V KOTA
LNKOG KOl TOV TEGGAP®V TAELPOV TNG TAAKAG

b) @Mntikég Tdcelg KaTd T dtevBuvon X kat
C) OlMrtiké TAOGELG KOTA TIG 600 d1evbiveelc X kat y.
Mo kédBe o omd TIG TPOMNYOVUEVEG TEPIMTMGELS LTOAOYICTNKOV TO KPIGIHo @opTia

Ayopod o dtdpopa pnkn mhevpadv. To anoteAéopata TV avoADGEDMV TOPOLGLALOVTOL
TOPOKATO LEGH OOyPAUUATOV.
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42 Xovovaopdc OMatikov kot Atetuntikov Tdoeov

‘Eoto n oyéon,

Ter

TOcr

Ner

NOcr

+(=—)*=1 [4.1]
N omoia oyveL Yo 16OTPOTA VAIKE Kot @OpTion pe opbBég Taoelg katd pio dievbuvon kot
STUNTIKEG TAGELS KATO KOG KOl TMV TEGGAP®V TAELPAOV UI0G TAAKOC, OTTOV:

e Nogcr, T0 Kpioo Poptio AvYIGHOV TN TAGKOGS Yo ETPBOAN LOVO 0pBdV TAcEMV

o  Tocr, TO KpiGo GOpTio AVYIGHOV NG TAAKAG Yo EMPOAT LOVO SLOTUNTIKOV TAGEMV
GTO POpPEN

e Nep, Ter ta kpioya @oprtia o€ KGOe dAAN TepinTmon.

H mopandve oyéon pnopet va mpocopotdost o€ Evav Bobiod tKavomomTikd Kot T VAKA
OV HEAETMOVTAL GTNV TapoVGO SMAMUATIKN epyacio yopic PAEPN g yevikOTTOC, TOPOTL
avtd dev elvar dtpoma. ‘Etol to amotedéopato mov Aapfdvovior pEcm TG ox€omg
Bpiokovior opKETA KOVIO OTO TPAYLOTIKA OTOTEAEGUOTA, TOL Oivovv oKplPBéoTepPE
oY£GEIC TOV APOPOVY 0pBATPOTOL KO YEVIKOTEPO, UN 16OTPOTO LAKG. Me v mapadoyn
AOUTOV 0Tl 1oY(VEL 1] KATOVOUT ATy, apyikd Bpiokovtol Ta kpicia goptio yio TG TAGKES e
T1G OLOUGTPOUATDGELS TTOL TEPLYPAPOVTAL GTO KEPAANLO 3.

[Na k6O Saotpoudtmon yivovtol Tpelg EMAVCELS, OOV TO UKOG TNG TAEVPAS TNG TAGKOGC
TapAAANAL 6TV onoia acKovvTal ot 0pBEg Thoelg mapapével otabepod kot ico pe Ly = 0.50
m eve to pnkog Lx petafarietor. H mhdka dadoykd emiveton yio dweotdoec S0cm x
50cm, 75¢cm x 50cm kot 100cm x 50cm. To méyog ¢ mAdkag givar t = 4mm v ta LAKA
7oV ypnotporombnkayv eaivovral otov mivaka 3.1 Tov kepaiaiov 3.

O oxomdg elvar yio k4B TePINTOON TAAKAG VO VTTOAOYIGTOOV TaL KPioia poptio. AVYIGHOD
OTIG TEPIMTMOELG

a) Yrapéng povo OMmtikdv tdoewv katd pio dievbuven Kot pndEVIKGOV SoTUNTIKGOV
TAoEOV OTMG Kol
b) "Yrapéng dtatuntikdv TAcEmV Kot UndeviKOv OMaTIK®V.

A@oD VTOAOY1IGTOVV aVTE TA KPIGIUA POPTIC. LTOPOVV TAEOV VA VTOAOYIGTOVV TO KPIGIULOL
QOPTIOL Yol OTOOONTOTE GLVOIVACUO OpPOBAOV Kol SWTUNTIKOV TACEWV OTNV TAAKO,
aKOAOVODVTOG TNV KATOVOUT TNG GYEONGS, N omoia yopig PAEPN TG yeviKOTNTOG 10YDEL KO
Yy To VO peAETN VAKA. Ot 110TIHéG Tov TPOPANLaTOg oL VIoAoYilovTal amoTeEAOVV
eoptia. Avyiopol kot mhava kpicipa eoptio Avyiopot. To kpicipo @optio Avyiopod etvor
N WKPOTEPT OMOOEKTH BOTI. TNV TEPITTOON TNG POPTIONG a), Ol OOTIUEG TOV
npoPAnuatog eivar OAeg BeTikég e omoTEAEG O VO AQUPBAVETOL 1) LKPOTEPN G TO KPIGLLLO
@optio Aylopov. Oumg oty mepintmon g eoptiong b), ot Wotég Tov TPoPA TG
umopel va givan 1660 OeTikég 660 Ko apvnTIKEG, OOV Ol OPVNTIKES TILEG ONULOIVOLV aTtAd
aAdayn KotevBuvong g eOpTIoNG.
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‘Enopévaoc g kpioywo o@optio Aaupdvetor m kat' amdAvtn T WKPOTEPN WOLOTIUN.
AxoAovBOHV T ATOTEAEGLOTO TOV AVOADGEDV LLE TN LOPPT] OL0YPOUUATOV.

Yt dwypaupata otov Evov a&ova gaivetat o adtdotato péyebog TolToer ko otov AL
a&ova dapaivetat To emiong adtdotato péyebdog No/Nogr.

Ta oynuoata 4.1, 4.2, 4.3 a@opodv 6TV TEPIMTOGCT TOL KOIKO SOGTPOUATOCNS

) [020] opBOTPOTOL GLUpETPIKOD.

0 0.2 0.4 0.6 0.8 1 1.2
Tcr/ Tcro

Yyqpo 4.1 AAnAenidpaor Kpicitov eoptiov opbdv Kol SIUTUNTIKGV TACEDV
yw LX=05mkau Ly =05m

0 0.2 0.4 0.6 0.8 1 1.2
Tcr/ Tcro

Yyqpa 4.2 AAnAenidpaor KpiciLov poptiov opldVv Kot SIUTUNTIKGV TAGEDV
v Lx =0.75mxor Ly =0.5m
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0 0.2 0.4 0.6 0.8 1 it

Tcr/ Tcro

Yyqpa 4.3 AAnAenidpaon Kpiotpov poptiov opbmdv Kot STUNTIKOV TAGEDV
ywlLX=1mxou Ly =0.5m

Ta oynuota 4.4, 4.5, 4.6 agpopodv otV TEPIMTOCT TOL KOKO SOUGTPMOUATOCTS
B) [452/-45,/012/-45,/45;] 160ppoTNUEVOD, GUUUETPIKOD

0 0.2 0.4 0.6 0.8 i, il

Tcr/ Tcro

Yyqpna 4.4 AMnAenidpaon kpiotpov poptiov opbmv Kot STUNTIKOV TAGEDV
vy LX=05mkau Ly=05m
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Tcr/ Tcro

Yypa 4.5 AAnAenidpaor KpiGLov eoptiov opldV Ko SIUTUNTIKOV TAGEDV
v Lx =0.75mxor Ly =0.5m

Yyqpna 4.6 AAnAenidpaon kpioipov poptiov opbmdv Kot STUNTIKOV TAcEDV
ywlLX=1mxou Ly =0.5m



Ta oynuota 4.7, 4.8, 4.9 apopovv 6NV TEPITTO®OT TOV KOIKA SLOGTPOUATOCNG
v) [-304/154/05]s coppetpucov

TCl’/ TC'D

Yyqpo 4.7 AAAnAenidpaor KpiGiLov eoptiov opbmv Kot SIUTUNTIKGV TAGEDV
vy Lx=05mxou Ly=05m

Tl doro

Yyfqpa 4.8 AAMnAenidpaon kpioipov poptiov opbmdv Kot STUNTIKOV TACEDV
v Lx=0.75mxor Ly =0.5m
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Tt Ao

Tyqpa 4.9 AAnAenidpaon kpioipov poptiov opbmv Kot STUNTIKOV TAGEDV
vy Lx=1mwxoi Ly =0.5m

Ta oynuata 4.10, 4.11, 4.12 a@opodv TNV TEPITTMOOT TOV KOIKO SIOCTPOUATOONG
0) [02/45,/90,/-45,]s o606V 1GOTPOTOV GLUUETPIKOD

Tcr/ Tcro

Yypa 4.10 AdAnAenidpoon kpiciov eoptiov 0pHdV Kot SWTUNTIKOV TAGEDV
vy LX=05mkau Ly=05m
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Tl Ao

Xympa 4.11 Adnieniopaon kpiciov eoptiov ophdV Kot SLTUNTIKOV TACEDY
v Lx =0.75mxor Ly =0.5m

ch/ Tch

Yympa 4.12 AAnienidopaon kpiciov optiov opBdV Kot SOTUNTIKOV TACEDY
v Lx=1mxor Ly =0.5m
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Ta oyfuota 4.13, 4.14, 4.15 apopodv 6TV TEPITTMCT TOL KMOOKA SL0GTPOUATOCNG
€) [456/04]s ovppetpkod

Tcr/ Tcro

Yypo 4.13 AAAnAenidpacn Kpiotov eoptiov opHdV Kot SoTUNTIKOV TACEDY
yw LX=05mkau Ly =05m

ch/ Tcro

Yympa 4.14 Adnkenidopaon kpiciov eoptiov opBdV Kot SOTUNTIKOV TACEDV
v Lx=0.75mxor Ly =0.5m
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0 0.2 0.4 0.6 0.8 1 1.2
Tcr/ Tcro

Xympa 4.15 Adnienidopaon kpiciov eoptiov opBdV Kot STUNTIKOV TACEDY
vy Lx=1mwxot Ly =0.5m
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43 Ohntikéc Taoeig povo katd T Arevbvovon X

210 opdv vrokedAaio eEetalovton TAdkeg oAl E0pAlOUEVES LLE OOUCTPOUATOCEL OTMG
avtég Exovv mapovctachel oto kepdroo 3. Kabe mhidka goptiletonr pe Ohmtikég tdoeig
pévo katd t Oevbuvorm X ko Ppioketor to kpioo @optio Avywopod. To mhyog twv
mAaK®V glvat t = 4mm evd To VAKE Tov ypnoyorombnkav eoivovtot otov mivako 3.1 tov
Kepaiaiov 3.

IMo kéBe mhdxa yivovtor 600 emdvcelg dmov Kabe popd pio amd TIC S106TAGELS TG TAAKOG
napopével otabepn kat ion pe 0.50 m evod 1 GAAN dtdotaon petafarretor amd 0.20 m Emg
1.00 m kou vroroyilovtot Ta avticTorya kpica eoptio Avyiopov. ‘Enerta n petafoir] tov
Kpwoipov eoptiov o oyéon pe v ddctacn mov kdbe eopd petafdiletor ansikoviletan
oe owdypappa. Adyo g vVmopéng novo BMTTIKOV TACEMV GTO (OPEN. Ol OL0TLUEG TOL
mpofAnuartog stvar Oetikés. 'Etot 10 kpicipo @optio Aylopov aviietolyel oty KpOTEPT
1310TIn.

[Mopaxdto eaivovtot ta dSoypdppoata wov Topxdncay omd Tig EMAVGELS TOL £YIVaV.

Ta oynuota 4.16, 4.17 a@opodv TNV TEPITTMOT TOV KOIKO SIOCTPOUATOONG
o) [020] opBOTPOTOL GLULETPUCOD.

50
\
0
0 0.2 0.4 0.6 0.8 1 i
Lx (m)

Yynpa 4.16 Metafoin kpicipov @optiov 6€ cuVAPTNHO)
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 il 192
Ly (m)

Xympa 4.17 Metapoin kpicipov @optiov 6€ cuvapTnon
pe to unkog Ly

Ta oynuota 4.18, 4.19 a@opovv oty TEPInT®ON TOV KOIKO SIUCTPOUATMOONG
B) [452/-45,/012/-45,/45,] 100ppoTNUEVOD, GOUUETPIKOD.

0 0.2 0.4 0.6 0.8 il 1.2
Lx (m)

Yympa 4.18 MetafoAr kpicipov poptiov 6€ cuVAPTNHOT
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 il i)
Ly (m)

Yympo 4.19 Metofoln kpicyov optiov oe GuVAPTHON
pe to unkog Ly

Ta oynuota 4.20, 4.21 apopodv 6TV TepinTtmon Tov KOdKA SLUCTPOUATOCTS
¥) [-304/154/05]s coppetpiod

0 0.2 0.4 0.6 0.8 1 1.2
Lx (m)

Xypa 4.20 Metafon kpicyov @optiov e cuvaptnon
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 il
Ly (m)

il7)

Typo 4.21 Metofoln Kpiciov optiov 6e GuVAPTHON
pe to unkog Ly

Ta oynuota 4.22, 4.23 apopodv TNV TEPITTMOT TOV KMIKO SIOCTPOUATOONG
) [02/45,/90,/-45;]s 660V 1GOTPOTOV GLUUETPIKOD

0 0.2 0.4 0.6 0.8 1
Lx {m)

il

Yympa 4.22 MetafoAr kpicipov goptiov 6€ GLVAPTHON
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 il il
Ly (m)

Yympo 4.23 Metofoln Kpicov optiov 6e GuVAPTHON
pe to unkog Ly

Ta oyfuota 4.24, 4.25 apopohv 6NV TEPITTOOT TOV KOJIKO SIUGTPOUATOONG
€) [456/04]s cvppeTpikod

0 0.2 0.4 0.6 0.8 1 1.2
Lx (m)

Yympa 4.24 MetofoAn kpiciov @optiov 6€ cLVAPTNHOT)
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 1
Ly (m)

12

Tympo 4.25 Metofoln Kpiciov optiov 6e GuVAPTHON
pe to unkog Ly
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4.4 Ohntikéc Taoeig TavTOYpOve KOTAE T1) O1E00VVON X KL Y

210 opdv vrokePdAaio eEeTalovton TAdkeg omAd E0pAlOUEVEG LE SIOUCTPOUATOCELS OTMG
avtég £xovv mapovctochel oto kepdiato 3. Kabe mhdaka qoptileton pe OAmtikég thoeig
TavTdypova kKotd T dtevbuvon X kot Y Kot Bpicketal To kpicito optio Avyiopov.

To méyog TV TAak®V eivar t = 4mm evd Ta LAKA TOV ¥PNGLOTOONKAV GaivovTal 6GToV
nivaxa 3.1 Tov keparaiov 3. o kdBe mAaka yivovtal 600 emAvoelg dmov kdbe popd pio
amo TIG OO TACELS TNG TAAKAG TTapapevel otabepn| kat ion pe 0.50 m evad 1 GAAn ddotoon
petafarretor and 0.20 m €og 1.00 m kot vroAoyilovtar ta avticToryo kpiciwa eoptio
Avyopo?. ‘Enerta n petafoin) tov kpioipov goptiov og oxéon pe v ddotoon mov kabe
@opd petafdrietor amewoviCetoan oe odypappa. Adyw g vmopéng poévo BMmTiKOV
Tdcemv 010 Popéa ot WTEG Tov mpoPAnuatog eivan Betikés. 'Etor 1o kpioyo @optio
Avyiopol avtietoryel otV KpOTEPT O10TIUY.

[Hopaxdro eaivovtot ta doypdupata wov topydncay ond Tig EMAVGELS TOL £YVaV.

Ta oynuoata 4.26, 4.27 apopovv 6Ty TEPITT®ON TOV KOIKO SIOCTPOUATMOONG
a) [020] opBOTPOTTOL GLULETPLKOD.

0 0.2 0.4 0.6 0.8 1 1.2
Lx (m})

Yyqpo 4.26 MetafoAr Kpiciov poptiov 6€ cGLVAPTHON
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 1 192
Ly (m)

Yympo 4.27 Metofoln Kpicilov optiov 6€ GuVAPTHON
pe to unkog Ly

Ta oyfuoto 4.28, 4.29 apopodv oty TEPINT®OT TOV KOJIKO daotpoudtoong B) [45/-
45,/01,/-45,/45;] 160ppoRNUEVOD, GOUUETPIKOD

0 0.2 0.4 0.6 0.8 il L7

Xyfqna 4.28 Metafoln kpiciov @optiov 6g cuvapTnon
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 1 il
Ly (m)

Tympo 4.29 Metofoln Kpicov optiov 6e GLVAPTHON
pe to unkog Ly

To oyfpata 4.30, 4.31 apopovv otV TEPINTOOT TOL KOIKO SLACTPOUATOONG
¥) [-304/154/0,]s coppeTpiicod.

0 0.2 0.4 0.6 0.8 1 1.2
Lx {m)

Xypa 4.30 Metafon kpicyov @optiov g cuvaptnon
pe to unkog Lx
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0 0.2 0.4 0.6 0.8 1
Ly(m)

il.7)

Tympo 4.31 Metofoln kpicyov optiov 6e GuVAPTHON
pe to unkog Ly
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Ta oynuota 4.32, 4.33 apopohv 6TV TEPITTOOT TOV KOIKO SIUCTPOUATOONG
) [02/45,/90,/-45;]s o600V 1GOTPOTOV, GLUUETPIKOD

0 0.2 0.4 0.6 0.8 1 1.2
Lx (m)

Tymqpo 4.32 Metofoln KpiGov opTiov 6€ GLVAPTHON
pe to unkog Lx

0 0.2 0.4 0.6 0.8 1 il
Ly (m)

Yympa 4.33 MetafoAn kpicipov @optiov 6€ cLVAPTNHO)
pe to unkog Ly
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Ta oynuota 4.34, 4.35 apopohv otV TEPITTOOT TOV KOIKO SIUCTPOUATOONG
€) [456/04]s cvppeTpiicov

0 0.2 0.4 0.6 0.8 1 192

Yypo 4.34 MetafoAr kpicilov poptiov 6€ GuVAPTNON
pe to unkog Lx

0 0.2 0.4 0.6 0.8 1 1.2
Ly (m)

Yympa 4.35 MetafoAr kpicipov poptiov 6€ cuvapTHOT
pe to unkog Ly
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3) YVOUTEPACNATO,

2KOTOG NG TOPOVoHG OUAMUATIKNG EPYOCIOG NTOV 1 KOTOVONOT TNG GLUTEPLPOPES
TAaKOV amd ovvheTa VAIKA FRP évavtt Avyiopot. Ot mAdkeg avtég stvor amAd edpalopeveg
EVD OOTEAOVVTOL OTO GUUUETPIKEG SLOCTPOUOTMOCELS SLOPOPETIKEG HLETAED TOVG KOt £YOVV
ndyoc t = 4 mm. Xopaktpiotikd péyebog amotéhece 10 KPIoO QOPTIO AVYIGHOV, TO
omoio kabopilel v avtoyn T@V TAAK®OV Evavit Avyiopod. O VTOAOYIGHAC TOV KPIGIHoL
QOPTIOL AVYIGHOL 00NYNOE TEMKA OTNV 0 Y®YN TOA®MV ¥PNCIUOV cLUTEPAcUdToV.I o
va mpoypotomofel M avaivon TV TAOKOV  avamtuxdnke KOOKAG G YAMGOW
npoypappaticpov MATLAB  pe Bdon ) ypouukn elootiky Oewpia  Avyiopod. Ot
TAGKES OV avaAvOnKov elyov YeEVIKA HETOPAAAOUEVES OUGTACELS KOL Ol TEPUTTMOELS
QOPTIONG NTOAV TPELS :

o) ZuvOVacHOc OMTTIKAOV Kot SOTUNTIKOV TAGE®V,
B) Mévo Olmtikég Taoelg Katd tn dievbuvon X e TAdKag Kot

Y) OMrTIKéG TAGELS KOTA TG O1EVOVVOELS X KOt Y TG TAAKOS TOVTOYPOVaL

AxorovBwg pe Pdorn ta kpicwa @option TopONcaV SoypAUUOTO TOV ATOTVTMVOVY
KaAvTepa o amoteAéspata. [To cvykekpéva, yoo v mepintmon QOPTIoNG o) GKOTOG
NTOV 0 VTOAOYIGUOG Y10 OTOLOONTOTE GLVIVAGUO OMITIK®OV Kol SATUNTIKAOV TAGEDV GTO
QOpEN TOV KPLoipov optiov Avytspov. o to Adyo avtd £ytve n mapadoyr OTL IGYVEL Y
T VO €EETAIOT VAIKE GLYKEKPLEVOG VOLLOG, O OTTO10G Y VEL KAVOVIKE Y10 LIGOTPOTO, VALK,
mov ovvdéel ta Tuyain kpioyo @optio Avyilopoy pe T0 Kpiowo @optio Avyicpov yio
OAMnTikég TaoEC LOVO GTO POPEX KOl TO KPIGIHO POPTIO AVYIGHOV Y10 OOTUNTIKES TACELG
Hovo 6to popéal.

[TopoTt T GLYKEKPLUEVO DAIKA TOV EEETAGTNKAV OV €Vl 1IGOTPOTA, 1) €V AOY® KOTAVOLUY|
oYVEL KOTé TOAD KOAY| TPOGEYYIOT], LE GULVEMELN TO, OMOTEAECUOTO TTOL EANGONGAV va
Bewpovvror a&omota kot g wKavoromtikd Padud. Me avtdv tov 1podmo dev yperdleton
KOs @opd véo HEAETN Kol OVOALGN TOV GLYKEKPYEVOV QOPEMV Yo avtd TO €100G
@OPTIONG KoL UmopovV va, ypnoiporombovv ta daypaupote mov eEnydnocov kor vo
ANeBovV To amoTeAéo AT ETOLUA.

"Evog 010popeTikdc AOYOG XpNoNG TV GLYKEKPIUEVOV Oy POUIATOV B pmopovoe va eivat
Kot 1 emaAnfevon amotelespdtov Tov EAEONcav pe kdmowo GAAN pnébodo avdrvonc. I'a
avTO TO €100¢ POPTIONG Ol TAAKEG TOV avaAVONKay giyav otabepr| o unKog ™ ddcTOoN
7oV eivan kdBetn o drevbuvon TV OMTTIK®OV Tdoewmv Tov acknOnkav, dnAiadn Ly = 0.50

m kot Eekivnoav omd tetpoyovikég owactdoewv LX = Ly = 0.50m, otn cvvéyswo ot
dwotaoelg Eywvav Lx =0.75 m, Ly = 0.50m kot Lx = 1.00 m, Ly = 0.50m.
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Ievik®dg Yoo TIG TETPAYOVIKEG TAAKES amodelyOnke OTL M AVIOY] TOV TAAKOV EVOVTL
Avyopo? Yo epappoyn HOVO STUNTIKOD POPTIOL NTOV TAVTH LEYUAVTEPT GE OXEON UE
™V €pappoyn povo Bamtikon @optiov. Iapoia avtd kabmg 1 didotaon LX avédveral
T0 KPIGYO QOPTIO AVYICHOV TV TAOKOV Y10 KATOTOVNoN UOVO HE SoTUNTIKES TAGELS
pelovetal apketd £og 0tov 10 LX yiver oumAdolo and to Ly. AvtiBeto dev vmpye
HEYAAN OloKOHOVET OTO KPIGIHO @OPTIO ALYIGHOV Yio KOTAmOVIon UOVO HE opBég
tdoelg Katd ) oevbvvon X, mapd to 0Tt 1 ddotacn LX avéavotay, 6Tov ot dopopig
NTov ToAD pkpég e théewe puepikdv KN/m, ektdg udvo and v nepintmon pe KddKa
OO TPOUATOCNC Q).

Oocov apopd otig popticelg B) kot v) e&etdotnroy TAGKES ot omoieg Kabe @opd eiyav
pe omd TG d0vd TAEVPEC Toug otabepn kol ion pe 0.50m eved M GAAn mAevpd
petaforriotay omd 0.20 m g 1.00 m. 'Eva amd ta mo onpavtikd cuunepdopuoTo sivoe
OTL amd TN oTyun] mov 1 WAAKA YIVEL TETPAYOVIKN Kot £META, TO KPIGHO (OpTio
Avyopol apyiler ko otabepomoteitaor. Amd ekeivo 10 onueio péypt n ddotacn mov
petafaiietor va yivel omAdolo and ) otabepn owbotocn, o pvOudg petPoing tov
Kpoipov eoptiov elvar moOAD HIKPOG, G& KATOlEG TEPTTMOELS YOOV Undevikos. Kabe
YPAPIKN Tapdotacn Aowdv mapovstalel opilldvtia acvuntot. H peydin ntdon oty
avtoyn €vavtt Ayiopov evtomiletol omd TN oty mov 1 mAdka EEKvA pe S1doTaom
0.20 m péypr va yiver tetpayovik] oto 0.50 m. Méypt 101¢ T0 Kpiowo @optio
petafdAietor dpapatiKd, Opmg otn cvvExela apyilel kol otabepomnoteital £mg OTOL M
UETAPOAAOUEVT O1ACTOCT) OITANGLOOTEL.

Katd ™ @oéption pe BAmtikéc tdoelg oe pia d1evbuvon, m devbuovon X, cvvinbog
TapoTNPEiTOL EVTOVOTEPT UEl®ON GTO KPIGIHO QOpTio AVYIGHOD GTNV TEPITT®OT MOV
Lx = 0.50 m otafep6d kot Ly petafdrietar. e avtyv v mepintmon to Kpicio eoptio
ocvveyiCel vo akoAovBel Ttk Topeia 6T e PIKPOTEPO PLOUO peETAPOANG OKOLOL KO
a@oL M TAAKA Yivel TETpAy®VIKY Kot M 0dotacn cvveyioel va avEavetatl. Telkd to
Kpioo @optio kataAnyet va eivar pikpotepo yuoo Lx = 0.50 m Ly = 1.00 m mopd yo
Lx =1.00 m xor Ly = 0.50 m. Avtd dev 150l LOVO Y10 TOV KOSIKA SOCTPOUATOONG
a). ['evikddg oe avtv ™V Tepintwon @OpTiong HeyaAdTepeG HETOPOAES GTO KPIoLULO
eoptio mopatnpodvior otav petafdiietor to Ly pe to LX otobepd kot oxt Otav
cvpPaivel to avtibeto.

IMa eoption pe BAmTIKEG TAGES KOTA X KO Y TOLTOXPOVO, OTWG NTAV OVAUEVOUEVO M
aVTOYN TOV TAOK®OV YOl TIG OVTIGTOL(ES OUOTAGELS Elvol LIKPOTEPT. AVTO avapevoTay,
@OV TAEOV Ol TAGKES KOTATOVOLVTOL Kol Kotd TG 2 O1evB0VeElS, e OmMOTEAECHA T
aVTOYTN TOVG EVAVTL ADYIGHOU VO, EIvol QavePH LELOUEVN.

[Tévta n Omtikn Kotamdvnon o 2 dievbuveelg oe oyxéon pe v OAMTTIKY KaTamovnon
og pia dtevbuvon yuo v 1o TAGK 00N YEL 68 LIKPOTEPO KPIGLUO POPTio. L& ALTHV TNV
nepintwon eoptiong dtav to Ly eivar otabepd ko to LX petafdireror amd 0.20 m émg
1.00 m to kpioywo @optio mapdtL HKPOHTEPO STV apy] OPEPEL KATA £va LKPO
TOGOGTO GE GYEOT WE TO OvVTIoTOUKO Yo eOpTion povo xoatd t pia devBvvor. Oco
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oumg to LX avéaveton n dtoapopd oTig THES TOV KPIGIHmV goptiov apyilel kat yiveton
peyolvtepng tééng peyébovc. AvtiBeta, 6tav to Ly petoafdiieror kot to LX elvan
otabepd ta avtioTorya Kpioua eoptia yio eopticelg pe Ohmtikég tdoelg og pio Kot 600
dtevBvvoelc ToAD mpv 1 TAGKA YIVEL TETPAY®VIKY dPEPovV onpavtikd. Oco dpme To
Ly avédverot kot 1 mAdio yiveTor omd TeTpaymvikn £mg dumhdota, 1 Taén peyébovg g
Slopopac oTa KPIGILo POPTio LEUDVETOL.

[To ovykekpipéva 6Gov apopd otn EOpTion pe BMITIKEG Taoelg Katd T pio dievbovvon
: Metafol LX amd 0.20 m €éwg 1.00 m :

Tn peyodvtepn petaforn oto kpicyo @optio ywo petafoin tov LX pe Ly otabepd
Tapovcioce 1 TAGK pe kKodika daotpopdtowong o), 6mov to Ncr yio Lx = 0.20 m ko
Ly = 0.50 m frav 201.29 KN/m gvé yuo Lx = 1.00 m xou Ly = 0.50 m to Ncr rjrav 21.06
KN/m, dniadn| éxace mepinov o 90% g avtoyng Tov.

Tn wkpdtepn peiwon mapovsioce | TAdKO pe KOO S1AGTPOUATOONS B), 6mov Yo LX
=0.20 m ka1 Ly = 0.50 m to Ncr frav 128.33 KN/m kot yio Lx = 1.00 m ko Ly = 0.50
m peiddnke oto 59.64 KN/m, dniadn peiodnke kotd 50% mepinov.

H mAdxa mov mapovcioce T peyoldTEPN avioyn £vavil AVYIGHOV GE O100TAGES LX =
0.20 m Ly = 0.50 m ftav avt) pe kodiko daotpopdtoons o) pe Ncr = 201.29 kN/m
EVAD TN WKPATEPT avtoyn M TAAKA pe k®dwko dwuotpopdtoong 6) pue Ncr = 77.62
KN/m.

H mAdxo mov mapovcioce tn peyodlvtepn avroyn £vavit Avyiopov og dwuotdoels Lx =
1.00 m Ly = 0.50 m firov avt) pe kddwka daotpopdtoong B) pe Ncr = 59.64 KN/m
EVAD TN WKPATEPT avtoyn M TAGK pe Kddwka dotpopdtoong o) pe Ncr = 21.06
KN/m.

Metafoin Ly am6 0.20 m £éwg 1.00 m :

Tn peyaddtepn petaforn oto kpiocyo @optio yo petafoin tov Ly pe LX otabepod
Tapovcioce 1 TAdKa e KOdK dactpopdtoons B), 6mov to Ncr yuo Lx = 0.50 m ko
Ly = 0.20 m fjrav 368.56 KN/m eva yuo Lx = 0.50 m ko Ly = 1.00 m to Ncr fjzav 24.21
KN/m, omhadn éxace mepimov 10 94% tng ovroyng tov. Tn pikpdtepn peioon
TOPOVGIOCE 1 TAAKO [E KMOKO SOGTPOUATOONG o), 6mov Yoo Lx = 0.50 m xon Ly =
0.20 m to Ncr fjrav 142.75 KN/m «o yioo Lx = 0.50 m xou Ly = 1.00 m peuwbnke oto
32.74 KN/m, dnAadn peuwbnke katd 77% mepimov.

H m\dxo mov mapovciace ) peyoldtepn avioyn £vovit Avyiopol og daotdoelg Ly =
0.20 m Lx = 0.50 m ftav avt) pe kddka daotpopdtoons B) ue Ncr = 368.56 kN/m
eVe TN HKkpdTEPN avToyn M TAGKA pE KMdKo dtacTtpoudtoong 6) e Ner = 131.11
KN/m.



H m\ldka mov mopovcioce ™ PeyaADTEPT] avToyn EVavtl AVYIopoL o€ dlaotdoelg Ly =
1.00 m Lx = 0.50 m Arav avt) pe ko®dwka dactpopdtoons o) pe Ncr = 32.74 KN/m
EVAD TN WKPATEPT avtoy M TAAKA pe k®dwko dwotpopdtoong 6) pue Ner = 13.33
KN/m. T v tetpayoviky midka pe daoctdoelg Lx = Ly = 0.50 m to peyoldtepo
Kpioo @optio Avyiopol Tapovoiace 1 TAGK e KooK dtuotpopdtoons B) pe Ner =
59.90 kN/m kot 1o pkpdtePO 0 KMOKOG dtooTpmudTmong o) pe 23.16 kN/m.

Oocov apopd otn @opTion pe OMTTIKEG TACELS KO KOTA TIC OO O1evdhvoelg X Kot Y -
Metapoin LX amd 0.20 m € 1.00 m :

Tn peyodvtepn petaforn oto kpicyo @optio o petaforn tov LX pe Ly otabepd
Tapovcioce 1 TAGKA pe kKodika daotpopdtowong o), 6mov to Ncr yuo Lx = 0.20 m ko
Ly = 0.50 m qrav 101.25 KN/m gvd yuo Lx = 1.00 m xon Ly = 0.50 m to Ncr rjrav 4.21
KN/m, dniadn| éxace mepinov o 96% g avtoyng Tov.

Tn wkpdtepn peimon napovsioce N TAAKO (e KOJKA O106TPOUATOONG €), 0oV Yo LX
=0.20 m ko Ly = 0.50 m to Ncr frov 78.16 KN/m kot peiodnke yioo Lx = 1.00 m ko
Ly = 0.50 m oto 11.54 KN/m, dnhadn peiodnke kotd 85% mepimov.

H m\dxo mov mapovcioce ) peyoldtepn avioyn £vovit Avyiopol og duotdoelg LX =
0.20 m Ly = 0.50 m fjrav avt pe koddka dwotpopdtoong y) ne Ncr = 130.90 kN/m
EVAD TN WKPATEPT avtoy M TAAKA pe kmdwko dwuotpopdtoong 6) pue Ncr = 66.90
kN/m. H m\dko mov topovcioce T HeyaAdbtepn avtoyn EVOVTL AVYIOUOD GE O10GTACELS
Lx = 1.00 m Ly = 0.50 m ftav avt pe kodka dwctpopdtoong B) pe Ncr = 14.58
KN/m evd ) pikpotepn avroyn n TAako pe koddiko dtaotpopdtoong o) pe Ncr = 4.21
KN/m.

Metapoin Ly amd 0.20 m éwg 1.00 m :

Tn peyaAvtepn petafolrr] oto Kpiocyo @optio yoo petaforn tov Ly pe LX otabepd
TOPOLGIOCE 1 TAAKA UE KOJIKA SOoTPOUATOONS €), 6mov o Ncr yuo Lx = 0.50 m ko
Ly = 0.20 m ntav 64.94 KN/m eved yio Lx = 0.50 m xou Ly = 1.00 m to Ncr fyrav 13.54
KN/m, dniadn| éxace mepinov to 79% e avToyng Tov.

Tn pikpotepn peiwon mapovsioce 1 TAGKO HE KOJKO SGTPOUATOONG O), OOV Yol
vy Lx = 1.00 m ko Ly = 0.20 m to Ncr qrav 19.69 kN/m kot yioe Ly = 1.00 xon LX =
0.50 m peidOnke oto 16.33 kKN/m, dnhadn peiddnke katd 17% mepinov. H mAdka mov
TaPOLGioce TN HeEYaADTEPT avtoyn €vavtt Avylopov og dactdoelg Ly = 0.20 m Lx =
0.50 m Ntov avt) pe k®dka Sotpoudtowong B) pe Ner = 77.14 KN/m eved 1
LIKPOTEPN avTOYN N TAGKA e KOSIKA StaoTpopdtmong o) pe Ncr = 19.69 kN/m.

H m\dxa mov mapovciace ) peyoldtepn avioyn £vovit Avyiopol og dwuotdoelg Ly =
1.00 m Lx = 0.50 m frav avt) pe kodka dtotpoudtoons yv) pe Ner = 21.24 kN/m
EVD TN KpOTEPN avTOYXN M TAAKO UE KOOWKO dlaoTpopdtmong 0) pe Ner = 10.66
KN/m. T v tetpayovikny midko pe daotdoelg Lx = Ly = 0.50 m 10 peyaidtepo
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Kpioio @optio Ayiopol mapovcioce 1 TAGK pe KOOKa dlaoTpopdtmong B) pe Ner =
29.95 kN/m kot to pukpOTEPO 0 KMAKAG dtaoTpopdtmong o) pe 11.58 kN/m.
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ITAPAPTHMA: KQAIKAYX MATLAB

1. YIIOAOI'ITEMOX KPIZIMOY OOPTIOY AYITEMOY TITA XZYNAYAEMO
OAIIITIKOQN KAI AIATMHTIKQN TAXEQN XTO ®OPEA

%diary paradigmall5.txt;

clear all;
clc;

format short;

% The D matrix of the frp with thickness h=2mm , D2mm, is given in page 84 of Kollar-Springer

%D=[45.3 19.52 0;19.52 25.26 0;0 0 20.62]; % paradima sel 115 kollar
%D=[99.25 1.94 0;1.94 6.47 0;0 0 3.03]; % 020

%D=[45.30 19.52 4.45;19.52 25.26 4.45,4.45 4.45 20.62]; % 45 2
%D=[65.42 16.29 -18.93;16.29 11.60 -7.74;-18.93 -7.74 17.39]; % -3004
%D=[34.614.58 3.3;4.58 12.34 3.34;3.34 3.34 5.14]; % 02452
D=[34.8422.93 21.71;22.93 28.90 21.71;21.71 21.71 24.02]; % 45604

% for thickness h=4mm the matrix D has to be multiplied by 2#3 =8
D=8*D;

D11=D(1,1); % N*m
D22=D(2,2); % N*m
D12=D(1,2); % N*m
D66=D(3,3); % N*m
D16=D(1,3); % N*m
D26=D(2,3); % N*m
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I=8; % o pinakas G einai diastaseon I*J  (na to valo 6)

J=8; % o pinakas G einai diastaseon I*J

G=zeros(l,J);
A=zeros(l,J);
b=zeros(l,J);

r=zeros(l,J);

KrisimoFortio=zeros(5,1); % o pinakas pou kratai ta krisima fortia kathe sindiasmou fortisis Nx kai

%Nxy
SimiaNx=zeros(5,1); % simia tou diagrammatos gia tis fortisis Nx

SimiaNxy=zeros(5,1); % simia tou diagrammatos gia tis fortisis Nxy

figure; % it creates a new figure window
CurrentSubplot=0; % number of current plot

% dimensions of the plate

% logosPlevron = Lx/Ly = 1.00,1.50,2.00 , me Ly=0.50m
Ly=0.50; % timi ekkinisis 0.5 m
for logosPlevron=1.0:0.5:2.0

Lx=logosPlevron*Ly; % se m

CurrentSubplot=CurrentSubplot+1;

% forces inside the plate

% Nx metavalletai apo 1.00 eos 0.00 kai antistoixa Nxy apo 0.00 eos 1.00
Ny0=0;

% arithmosSindiasmou== 1 gia Nx0=1 kai Nxy0=1 kai ==2 gia Nx=0 kai Nxy=1

for arithmosSindiasmou=1:2

if(arithmosSindiasmou==1)

Nx0=1;
Nxy0=0;
else
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Nx0=0;
Nxy0=1;

end

fprintf("\n\nGia Lx=%f kai Ly=%f kai fortia Nx0=%f kai Nxy0=%f :\n\n',Lx,Ly,Nx0,NxyO0);

% ypologismos mitroou rij apo Table 4.1 selida 102 vivliou kollar

for indexi=1:(1*J)
for indexj=1:(I1*J)
if mod(indexi-indexj,2)==0
r(indexi,index;j)=0;
else

r(indexi,indexj)=1/pi*(2*indexi/(indexi*2-indexj*2));

end
end
end
% fprintf("\n\nTo mitroo r[] einai:\n\n');
% disp(r);

% ypologismos stoixion pinaka G[] apo Table 4.1 selida 102 vivliou kollar

fores=0; % arithmos vroxou pou ekteleitai ston pio kato kodika me ta tessera for

for indexi=1:1

for indexj=1:J

k=(indexi-1)*J+indexj;

for m=1:1
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for n=1:J

fores=fores+1;

% fprintf("\nEPANALHPSI NO:%d\n',fores);

I=(m-1)*J+n;

% to delta_lk apo pinaka sel.102 tou kollar
if k==

delta=1;
else

delta=0;

end

% G1,G2,G3 voithitikes metavlites oi opies prostithentai gia na dosun to stixio G(i,j) , den

%xrisimevun alou , einai mono gia aplopiisi tis sxesis pou dini to G(k,I)

G1=1/4*Lx*Ly*pir4*(D11*(indexi/Lx) 4+2*(D12+2*D66)* (indexi/Lx)A2*(indexj/Ly)*2+D22 *(index
i/Ly)M)*delta;

G2=(-
2)*Lx*Ly*(pin4)*D16*(((indexi/Lx)A2)*(m/Lx)*(n/Ly)*r(indexi,m)*r(indexj,n)+((m/Lx)A2)*(indexi/L
x)*(indexj/Ly)*r(m,indexi)*r(n,indexj));

G3=(-
2)*¥Lx*Ly*(pin4)*D26*((indexj/Ly)*2*(m/Lx)*(n/Ly)*r(indexi,m)*r(indexj,n)+(n/Ly)*2*(indexi/Lx)*(
indexj/Ly)*r(m,indexi)*r(n,indexj));

G(k,1)=G1+G2+G3;

% b1,b2 voithitikes metavlites oi opies prostithentai gia na dosun to stixio b(i,j) , den xrisimevun
%alou , einai mono gia aplopiisi tis sxesis pou dini to b(k,l) sti selida 114

b1=1/4*Lx*Ly*pi*2*(Nx0*(indexi/Lx)*2+Ny0*(indexj/Ly)"*2)*delta;

b2=Lx*Ly*pi*2*Nxy0*((indexi/Lx)*(n/Ly)*r(m,indexi)*r(indexj,n)+(indexj/Ly)*(m/Lx)*r(indexi,m)*r
(n,indexj));
b(k,I)=b1+b2;
% fprintf('b(%d,%d)=%f"k,1,b(k,1));
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%
% fprintf("\ntelos %dtis epanalipsis\n\n',fores);
end
end
end

end

fprintf('arithmos ektelesmenon vroxon = sinolikos arithmos epanalipseon = %d\n\n',fores);

% fprintf("\n\nO pinakas G[] telika einai:\n\nG =\n\n');
% disp(G);

%

% fprintf("\n\nO pinakas b[] telika einai:\n\nb =\n\n');
% disp(b);

% euresi antistrofou pinaka tou b[] , inverse matrix , kai emfanisi tou stin othoni
% fprintf("\n\nO antistrofos pinakas tou b einai b”*(-1) :\n\nblnverse =\n\n');
binverse=inv(b);

% disp(bInverse);

% euresi tou pinaka blnverse[]1*G[] kai emfanisi tou stin othoni
% fprintf("\n\nTo zitoumeno mitroo A=blnverse[]*G[] einai :\n\nA =\n\n');
A=blnverse*G;

% disp(A);

% idiotimes(eigenvalues) tou pinaka A=blnverse*G me tin entoli eig(A)
fprintf('"\n\nOi idiotimes se kN/m tou pinaka A=blnverse*G einai :\n\neigenvaluesA = lamda =
\n\n');
eigenvaluesA=eig(A); % se N/m

% disp(eigenvaluesA);

% fprintf("\n\nGia na exo to apotelesma se kN/m exo oti lamda =\n\n');
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lamda=10%(-3)*eigenvaluesA,
% disp(lamda);
string3="IDIOTIMES';
fprintf('\n%25s',string3);
for indexi=1:length(lamda)
fprintf('\n%15.4f' lamda(indexi));
end

% formatted output gia to mitroo idiotimon , opou eno to matlab

% epistrefei arxika monodiastato pinaka me tis idiotimes aftos istera metatrepetai se disdiastato

%epitides gia na fainetai
% to krisimo fortio se poio i,j antistoixei kai na fainontai poses epifaneies kirtosis sximatizontai

%tote.

for indexi=1:1
for indexj=1:J
I=(indexi-1)*J+index;j;
LAMDA(indexi,indexj)=lamda(l);
end

end

fprintf("\n\nLAMDA(I,J)=\n");
for indexi=1:l
fprintf("\n');
for indexj=1:]
fprintf('%15.4f',LAMDA(indexi,indexj));
end

end
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% euresi krisimou fortiou meso euresis elaxistis idiotimis tou mitroou lamda

if (Nx0==0 & Ny0==0)

% An Nx0==0 & Ny0==0 tote exo mono NxyO0, ara exo kathari diatmisi, tote exo kai
%arnitikes idiotimes,aftes simvolizun tin antitheti katefthinsi apo tin askisi tou fortiou,

% dld ligismo stin ali katefthinsi, to krisimo fortio tote einai to kata apoliti timi mikrotero.

% Tote ston pinaka lamda pou exo tis idiotimes tou provlimatos, oses einai arnitikes tis

%kano thetikes kai gia tin evresi tis mikroteris thetikis pleon akoloutho tin gnosti diadikasia

fprintf("\n\nKathari Diatmisi-Mono Diatmitikes Taseis\n');

for indexi=1:(1*J)
if lamda(indexi)<0
lamda(indexi)=lamda(indexi)*(-1);
end

end

minlamda=lamda(1);

for indexi=2:(1*J)
if (lamda(indexi)<minlamda)
minlamda=lamda(indexi);
end

end
else
% Afou exo oposdipote orthes taseis, mpori na exo sindiasmo me diatmitikes ala mpori kai oxi,
%tote den mporo na dextho arnitikes idiotimes giati den exoun noima, afou se periptosi

% antithetis katefthinsis ton askoumenon dinameon den exo pia thlipsi ala efelkismo. Opote

% kata apoliti timi mikroteri i opia mpori na einai kai arnitiki!!! Vevea otan exo mono orthes

%taseis kai katholou diatmitikes oi idiotimes einai aparetita thetikes
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% Tropos evresis : theto tin proti timi os tin mikroteri,tote an afti einai thetiki apofevgetai i
%makroskelis diadikasia kai elegxetai an iparxi mikroteri timi i opia taftoxrona na einai
% kai thetiki, opote afto einai kai to krisimo fortio. Tora an i proti timi einai arnitiki tote oso i
%mikroteri idiotimi einai arnitiki pou den einai apodekti kai oso o deiktis prospelasis
% einai mikoteros apo tis diastaseis tou mitroou idiotimon ektelitai enas vroxos epanalipsis gia
%na vrethi an iparxi i proti thetiki idiotimi. Meta elegxetai i minimum idiotimi,
% dld to minlamda, an einai arnitiko simeni oti den vrethike thetiki idiotimi ara den iparxi krisimo
%fortio, opote me tin entoli error termtizetai to programa xoris na ektelitai kati alo,
% ,an omos exi vrethi thetiki idiotimi tote stamatai o vroxos kai kratiete i thesi pou
%vrethike i idiotimi,outos oste apo ki kai epita na psaxti to krisimo fortio,na min prospelastun pali
% stoixeia ta opia einai arnitika kai den apoteloun pithanes lisis,kai na vrethi kapia thetiki

%timi pou einai kai mikroteri.

fprintf("\nlparksi orthon kai ISOS diatmitikon taseon\n');

minlamda=lamda(1);
if (minlamda<=0)
indexi=2;
while (indexi<=(1*J) & minlamda<=0)
if (lamda(indexi)>0)
minlamda=lamda(indexi);
ThesiProtouThetikou=indexi;
end
indexi=indexi+1;
end
if (minlamda<=0)
error('Den vrethike kamia thetiki idiotimi!!! To programa tha termatisi!');

else

for indexi=(ThesiProtouThetikou+1):(1*J)
if (lamda(indexi)>0 & lamda(indexi)<minlamda)
minlamda=lamda(indexi);
end
end

end
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else
for indexi=2:(1*J)
if (lamda(indexi)>0 & lamda(indexi)<minlamda)
minlamda=lamda(indexi);
end

end

end

end

KrisimoFortio(arithmosSindiasmou)=minlamda; % krisimo fortio einai i mikroteri apodekti

%timi tou mitroou idiotimon

%fprintf("\n\nTo krisimo fortio pou antistixi stin elaxisti idiotimi einai KrisimoFortio = lamdacr =
%min(lamda(i,j)) = %f kN/m',KrisimoFortio);

fprintf("\n\nGia Lx=%f kai Ly=%f kai fortia Nx0=%f kai Nxy0=%f :\nTo krisimo fortio pou
antistixi stin elaxisti idiotimi einai KrisimoFortio = lamdacr = min(lamda(i,j)) = %f

kN/m',Lx,Ly,Nx0,Nxy0,KrisimoFortio(arithmosSindiasmou));

end

% kano formatted output gia na tiposo ta simia ton dio aksonon dipla-dipla

NOcr=KrisimoFortio(1);

TOcr=KrisimoFortio(2);

fprintf("\n\n\nNOcr=%f kai TOcr=%f\n\n',NOcr,TOcr);
indexi=0;
for logosN=1:-0.25:0
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indexi=indexi+1;

Ncr(indexi)=logosN*NOcr;
Ter(indexi)=TOcr*(1-(Ncr(indexi)/NOcr)*1)*(1/2);
simiaN(indexi)=Ncr(indexi)/NOcr;
simiaT(indexi)=Tcr(indexi)/TOcr;

end

stringl="'simiaN’;

string2="simiaT’,

fprintf("\n%10s',stringl);
for indexi=1:length(simiaN)
fprintf("\n%10.4f',simiaN(indexi));

end

fprintf("\n%10s',string2);
for indexi=1:length(simiaT)
fprintf("\n%10.4f',simiaT(indexi));

end

fprintf("\n\n\n%10s %10s',string1,string2);

for indexi=1:length(simiaN)

fprintf("\n%10.4f %10.4f',simiaN(indexi),simiaT(indexi));

end
subplot(3,1,CurrentSubplot);

plot(simiaT,simiaN);

xlabel('T/Tcr0');
ylabel('"N/Ncr0');
if(CurrentSubplot==1)
title('Lx=0.50 kai Ly=0.50");
elseif(CurrentSubplot==2)
title('Lx=0.50 kai Ly=0.75");

else
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title('Lx=0.50 kai Ly=1.00");

end

xlim([0 1.2]); % times pou tha fainontai ston x aksona

ylim([0 1.2]); % times pou tha fainontai ston y aksona

end

%diary off;
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YIIOAOT'TEMOX KPIZIMOY ®OPTIOY AYITEMOY TITA OAIITIKEX
TAZEIZ KATA X KAL'Y £TO ®OPEA

clear all;
clc;
format long;

% % stifness elements of Table 3.7 page 84

% D11=45.30; % N*m

% D22=25.26; % N*m

% D12=19.52; % N*m

% D66=20.62; % N*m

% % for orthotropic plates we have D16=D26=0, Table 3.4 page 76 kollar
% D16=0; % D16=0

% D26=0; % D26=0

% The D matrix of the frp with thickness h=2mm , D2mm, is given in page 84 of Kollar-
%Springer

%D=[45.3 19.52 0;19.52 25.26 0;0 0 20.62]; % paradima sel 115 kollar
%D=[99.25 1.94 0;1.94 6.47 0;0 0 3.03]; % 020

%D=[45.30 19.52 4.45;19.52 25.26 4.45,4.45 4.45 20.62]; % 45 2
%D=[65.42 16.29 -18.93;16.29 11.60 -7.74;-18.93 -7.74 17.39]; % -3004
%D=[34.614.58 3.3;4.58 12.34 3.34;3.34 3.34 5.14]; % 02452

D=[34.84 22.93 21.71;22.93 28.90 21.71;21.71 21.71 24.02]; % 45604

% for thickness h=4mm the matrix D has to be multiplied by 223 =8
D=8*D;

D11=D(1,1); % N*m
D22=D(2,2); % N*m
D12=D(1,2); % N*m
D66=D(3,3); % N*m
D16=D(1,3); % N*m
D26=D(2,3); % N*m

I=6; % o pinakas G einai diastaseon I*)
J=6; % o pinakas G einai diastaseon 1*J
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G=zeros(l,J);

A=zeros(l,J);

b=zeros(l,));

r=zeros(l,J);
ly=zeros(1,9);
KrisimoFortio=zeros(1,9);

ly(1)=0.2;

for indexi=2:9
ly(indexi)=ly(indexi-1)+0.1;

end

Ny0=1;
Nxy0=0;
Nx0=1;

% NA ALLAZO Lx ME Ly GIA NA PERNO POS METAVALLETAI TO KRISIMO FORTIO ME

Lx=0.5;

for epanalipsi=1:9
Ly=ly(epanalipsi);

% ypologismos mitroou rij apo Table 4.1 selida 102 vivliou kollar

for indexi=1:(1*J)
for indexj=1:(1*J)
if mod(indexj-indexi,2)==0
r(indexi,indexj)=0;

else
r(indexi,indexj)=1/pi*(2*indexi/(indexi*2-indexj*2));
end
end
end
% fprintf("\n\nTo mitroo r[] einai:\n\n');
% disp(r);

%



%

%
%
%
%
%

%
%
%

dimiourgia kai arxikopiisi pinaka G[] diastaseon 1*J kai emfanisi tou stin othoni

for indexi=1:(1*J)
for indexj=1:(1*J)
G(indexi,indexj)=0;
end
end

%fprintf("\n\nO pinakas G[] exei midenika stoixeia :\n\nG =\n\n');
%disp(G);

fprintf("\n\nTo mitroo G[] einai diastaseon:\n\n');
sizeofG=size(G)

% ypologismos stoixion pinaka G[] apo Table 4.1 selida 102 vivliou kollar

fores=0; % arithmos vroxou pou ekteleitai ston pio kato kodika me ta tessera for

for indexi=1:1

for indexj=1:]

k=(indexi-1)*J+indexj;

for m=1:1
for n=1:J

fores=fores+1;
%fprintf("\nEPANALHPSI NO:%d\n',fores);

I=(m-1)*J+n;

% to delta_lk apo pinaka sel.102 tou kollar
if k==
delta=1;
else
delta=0;
end

% G1,G2,G3 voithitikes metavlites oi opies prostithentai gia na dosun to stixio G(i,j) , den

%xrisimevun alou , einai mono gia aplopiisi tis sxesis pou dini to G(k,l)

G

1=1/4*Lx*Ly*pir4*(D11*(indexi/Lx)"4+2*(D12+2*D66)*(indexi/Lx)A2*(indexj/Ly)A2+D2

2*(indexj/Ly)"4)*delta;
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G2=(-
2)*Lx*Ly*(pi*r4)*D16*(((indexi/Lx)*2)*(m/Lx)*(n/Ly)*r(indexi,m)*r(index;j,n)+((m/Lx)A2) *(i
ndexi/Lx)*(indexj/Ly)*r(m,indexi)*r(n,indexj));

G3=(-
2)*Lx*Ly*(pir4)*D26*((indexj/Ly)*2*(m/Lx)*(n/Ly)*r(indexi,m)*r(indexj,n)+(n/Ly)*2*(ind
exi/Lx)*(indexj/Ly)*r(m,indexi)*r(n,indexj));

G(k,1)=G1+G2+G3;

% b1,b2 voithitikes metavlites oi opies prostithentai gia na dosun to stixio b(i,j) , den
%xrisimevun alou , einai mono gia aplopiisi tis sxesis pou dini to b(k,l) sti selida 114
b1=1/4*Lx*Ly*pi*2*(Nx0*(indexi/Lx)*2+Ny0*(indexj/Ly)"*2)*delta;

b2=Lx*Ly*pir2*Nxy0*((indexi/Lx)*(n/Ly) *r(m,indexi) *r(indexj,n)+(indexj/Ly)* (m/Lx) *r(ind
exi,m)*r(n,indexj));
b(k,1)=b1+b2;

% fprintf('b(%d,%d)=%f",k,1,b(k,1));
%
% fprintf("\ntelos %dtis epanalipsis\n\n',fores);
end
end
end
end

fprintf('arithmos ektelesmenon vroxon = sinolikos arithmos epanalipseon =
%d\n\n',fores);

% fprintf("\n\nO pinakas G[] telika einai:\n\nG =\n\n');

% disp(G);

%

% fprintf("\n\nO pinakas b[] telika einai:\n\nb =\n\n');

% disp(b);

%

% % euresi antistrofou pinaka tou b[] , inverse matrix , kai emfanisi tou stin othoni

% fprintf("\n\nO antistrofos pinakas tou b einai b”*(-1) :\n\nblnverse =\n\n');
binverse=inv(b);

% disp(blnverse);

%

% % euresi tou pinaka binverse[]*G[] kai emfanisi tou stin othoni

% fprintf("\n\nTo zitoumeno mitroo A=blnverse[]*G[] einai :\n\nA =\n\n");
A=blnverse*G;

% disp(A);



% idiotimes(eigenvalues) tou pinaka A=blnverse*G me tin entoli eig(A)

%fprintf("\n\nOi idiotimes tou pinaka A=blnverse*G einai :\n\neigenvaluesA =\n\n');
eigenvaluesA=eig(A); % se N/m

%disp(eigenvaluesA);

fprintf("\n\nGia na exo to apotelesma se kN/m exo oti lamda =\n\n');
lamda=10%(-3)*eigenvaluesA,
% disp(lamda);

string3='IDIOTIMES;

fprintf("\n%25s',string3);

for indexi=1:length(lamda)
fprintf('\n%25.6f',lamda(indexi));

end

% euresi krisimou fortiou meso euresis elaxistis idiotimis tou mitroou lamda
if (Nx0==0 & Ny0==0)

% An Nx0==0 & Ny0==0 tote exo mono NxyO0, ara exo kathari diatmisi , tote exo kai
%arnitikes idiotimes,aftes simvolizun tin antitheti katefthinsi apo tin askisi tou fortiou,

% dld ligismo stin ali katefthinsi, to krisimo fortio tote einai to kata apoliti timi mikrotero.
% Tote ston pinaka lamda pou exo tis idiotimes tou provlimatos, oses einai arnitikes tis
%kano thetikes kai gia tin evresi tis mikroteris thetikis pleon akoloutho tin gnosti
%diadikasia

fprintf("\n\nKathari Diatmisi-Mono Diatmitikes Taseis\n');

for indexi=1:(1*J)
if lamda(indexi)<0
lamda(indexi)=lamda(indexi)*(-1);
end
end

minlamda=lamda(1);

for indexi=2:(1*J)
if (lamda(indexi)<minlamda)
minlamda=lamda(indexi);
end

end

else
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% Afou exo oposdipote orthes taseis, mpori na exo sindiasmo me diatmitikes ala mpori
%kai oxi, tote den mporo na dextho arnitikes idiotimes giati den exoun noima, afou se
%periptosi

% antithetis katefthinsis ton askoumenon dinameon den exo pia thlipsi ala efelkismo.

%tin
% kata apoliti timi mikroteri i opia mpori na einai kai arnitiki!!! Vevea otan exo mono
%orthes taseis kai katholou diatmitikes oi idiotimes einai aparetita thetikes

% Tropos evresis : theto tin proti timi os tin mikroteri,tote an afti einai thetiki apofevgetai
%i makroskelis diadikasia kai elegxetai an iparxi mikroteri timi i opia taftoxrona na einai
% kai thetiki, opote afto einai kai to krisimo fortio. Tora an i proti timi einai arnitiki tote
oso i mikroteri idiotimi einai arnitiki pou den einai apodekti kai oso o deiktis prospelasis
% einai mikoteros apo tis diastaseis tou mitroou idiotimon ektelitai enas vroxos
epanalipsis gia na vrethi an iparxi i proti thetiki idiotimi. Meta elegxetai i minimum
%idiotimi,

% dld to minlamda, an einai arnitiko simeni oti den vrethike thetiki idiotimi ara den iparxi
%krisimo fortio, opote me tin entoli error termtizetai to programa xoris na ektelitai kati
%alo,

% ,an omos exi vrethi thetiki idiotimi tote stamatai o vroxos kai kratiete i thesi pou
%vrethike i idiotimi,outos oste apo ki kai epita na psaxti to krisimo fortio,na min
%prospelastun pali

% stoixeia ta opia einai arnitika kai den apoteloun pithanes lisis, kai na vrethi kapia thetiki
%timi pou einai kai mikroteri.

fprintf("\nlparksi orthon kai ISOS diatmitikon taseon\n');

minlamda=lamda(1);
if (minlamda<=0)
indexi=2;
while (indexi<=(1*J) & minlamda<=0)
if (lamda(indexi)>0)
minlamda=lamda(indexi);
ThesiProtouThetikou=indexi;
end
indexi=indexi+1;
end
if (minlamda<=0)
error('Den vrethike kamia thetiki idiotimi!!! To programa tha termatisi!');
else

for indexi=(ThesiProtouThetikou+1):(I1*J)
if (lamda(indexi)>0 & lamda(indexi)<minlamda)
minlamda=lamda(indexi);
end
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end
end

else
for indexi=2:(1*J)
if (lamda(indexi)>0 & lamda(indexi)<minlamda)
minlamda=lamda(indexi);
end
end

end

end

KrisimoFortio(epanalipsi)=minlamda; % krisimo fortio einai i mikroteri apodekti timi
%tou mitroou idiotimon

%fprintf("\n\nTo krisimo fortio pou antistixi stin elaxisti idiotimi einai KrisimoFortio =
%lamdacr = min(lamda(i,j)) = %f kN/m' KrisimoFortio);

fprintf("\n\nGia Lx=%f kai Ly=%f kai fortia Nx0=%f kai Nxy0=%f :\nTo krisimo fortio
pou antistixi stin elaxisti idiotimi einai KrisimoFortio = lamdacr = min(lamda(i,j)) = %f
kN/m',Lx,Ly,Nx0,Nxy0,KrisimoFortio(epanalipsi));

end

fprintf("\n%20s','ly');

for indexi=1:length(ly)
fprintf('"\n%20.6f',ly(indexi));

end

fprintf("\n\n%20s','Krisimo Fortio');

for indexi=1:length(KrisimoFortio)
fprintf('\n%20.6f',KrisimoFortio(indexi));

end

figure;

plot(ly,KrisimoFortio);
%ylim([0 80]); % times pou tha fainontai ston y aksona
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