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EONIKO METZOBIO-HOAYTEXNEIO
IXOAH E@APMOSMENON MAGHMATIKON KAI @ YZIKON ENETHMON
TOMEAY MHX’ANZKHZ EPIA>THPIO ANTOXHZE KAI YAIKQN

Hpdev Hodvreygveiov 5, Kripro Osoyéapn

Ho}mrsxvawvno)m Zoypaoov, 157 73 Zaypaeov

Ap Z. K. Kovproviig, Avtm)a]pmmg Kaeq-mn]g Mnyevixig EMI '

Trdpovoypageio: 210-7721313, 7721263, Tripépava epyacmpinv: 7724025, 7724235
Tn%sopméumo 2107721302, Aigbbovon nlacrpovucoro Taxpdpopsiov: stakkour@central.ntua.gr

Alcaé'quomco ’E‘l:oc; 2012-2013 |

NIIIXANII(H II ('V[HXANIKH TOY I[APAMOPCI)QZIMOY XTEPEOY)

S e L j; 1" Eagga UOK1GEDV EVIGYDTIKNG ﬁlﬁaoxuhac

OI ENN OIEX THZ «TAZ'HZ'» KAI T IIZ' «IIAPAMOP!P.QZHZ» (Z'E W AIAZ'TAZII} -
TO AIATPAMMA o-& :
/ Acxnon 1

E(psMcuc'mcn dovapn P=50 kN aokeitoar oe KDMVSpucn papdo omd aAovpivio pe- opw Swppong o= 100 MPa
IIocm 1Ep871:8l va swou 11 Suxpstpog e paBSov hote va ;mope:l va (papat ws ac(pa)fux m 6850p£vr| cpopncm,

Amcqm] 2

To Soximo arovpwiov Tov Zx.2 éxer dbuerpo d=25 mm xat
pfkog avaeopbs Le=250 mm. Advaun 165 kN empnxdver to
pfikog avagopds 1.2 mm. OswpdvTog T0 VATKS YPopukds eXo-
otikd vo vToAoyioTe: '

a. To pétpo elaoTIKOTNTOG TOV VAIKOY.

B. Tlco perbbnke 1 dratopn Tov doxuiov.

Aiyeron v=0.35 xou O'y—440.MPa

fofMPa) -

AGKI]UT] 3 . 300
To 81aypappm agovikdv T4OEDY - a&ovmdw napauopcpoacsmv XGAvPo cpou— i -
vetar 010 Zx.3. Papdog pmikovg 2 m amd o xGAvPo owtd goprileron ofo- - 00— -
viKd, €wg 6tov empmkovoel KaTG 6.5 mm Koi oT1) CUVEXEW omogoptilerar ¢ | / | Zyfme3
mfipoc. TIooo &ivin 10 TEMKGS [ifo THE papdov (jietd tnv anocpopncm) T Y A EER I , * ‘ k
«/A);Kﬂml 4 G000z 0008 - 0006
Kvlwdpucy pafdog prjrovg 0 8 m eivon KoTACKEVACHEVT OO Kpapoc a- 00 17T TT1T ,I,AQ ; ,,,
Aovpwiov. To Sidtypoappo ac‘govuc(ov TaoE®V - afoVIKOV mpauopcpomeo)v T T T T g"’l ‘
7OV VAKOD paivetar oto Xy.3. H paBSog vroPaAAetar e SQEAKVONO HEXPL  oMPa) | | | | //\/{‘ 71
yo, empunkovoel katd 5.6 mm Kot Petd ano@optileTor TANPwS. oL LA L L L
a. IT6on eivarn Tapapévovoae Topoudpeot g papdov; NN , _
%B EGv 1 paPdog enavapopTiotel og epelkvopd, To10 eivor To veo '6p1o ]OO : / e Zyiuad Ll
ovohoylag, o . 4/ B TR TINR i  I
P&pdog ahovpviov (Zy.5a) pe Ex=70 GPa, éyst wvrdaxt] SatopfKei - - Yo \ ," 0.005 2 0010

popritetar pe epehxvoticy dovopn 10 kN. To Zy.5B anewovilel o

S1drypogipo. 0EOVIKGV TAGEDY - 0EOVIKDV TUPUUOPPDCEDY TOL VAIKOD. 1 o (MPa)
o. Ymoloyiote mpooeyyloTikd v smpmovon g pafodov dtov - .
oketrar o€ oty 1 SOvapun 10 KN. o _ , e
B. Av 1 péBdog amopoptiotel, Toom eivor N TAPOUEVOVGE TOPANSP- 23 — - '
paoh MG; B : oy = 40 p e
, 20mm 15 mm ©30 § :
T AN 4 % R 2
» - Lo |3 <
£ | = e
0 v v :
: 002 004 006 008

-

«M - GO Tarn — .._,',.. ........ A mm - ,.

Zyrua Se Zytiuo 5p
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Acxkron 6

Aoxipio amd yoAvBa A-36 (uéTpo EAACTIKOTITAG E=200 GPa, Adyog
Poisson v=0.32) éxst T1g S100T6CEK TOD PaivovTal 6T Xy, 7. Bewph-
VoG 6L TO VAKS COMTEPUPEPETOL YPUPMIKDG EMACTUCE, KOl 6t aoxet-
o 670 Sokipmo afovuch Sovapn P=80 kN vrohoyicte:

0. Trv addayi Tov pfjkovg Tov dokipiov.

B. Trv arhoyn Tov SreoTdoswmy NG SLTOUTG TOV.

y. Trv evépyew. mov amoBnkebenie oTo doxijuo.

\ Ackno 7\" N o . ,
et I(vk£821mé Soxiwo pfKovg L=100-min‘ kot oictivig 1,=5.63 mti viioBdiNesol oe goehivopd. H copmepipopd, -
Tov VAKOD (BepEiTar GAKILO) TEPTYPEPETAL IKOVOTOMTIKE, 06 TO YPOIKADG ENUOTIKG - YPOUPMIKDG KPATOVOE-
vo povtého pe pétpo ehactuctnrag B=200 GPa, 6pro Swpportig oy=300 MPa, pétpo kpbroveng H= 40 GPa ko1
Adyo Poisson v=0.3.
a. To Soxiwo veicToTon EPEAKVGHO.
1. No. evpeBei 1 Sbvapn mov amonteiton yubvoc QOTOYNCEL TO VAKO.
2. Na gvpedein SoamovnPeion evépyew. § ¥
3. No evpebei to Tpéyov, wikog Ko 1 TpEXovea. Sidperpog Tov Sokiuiov. )
B. - H &bvaun avkbvel kath 25%. _ , , : ot oen e e s
1. Na. evpedein SomavnOeicn evépyeio. Q-&'—C, ngony-0e) T
2. No, evpebet 1o Tpéyov piKog Tov SoKILIoD.
y. To doxiwo omopoptileTor TARPOG.
1. No. svpefet to 1eMKd pifiog Tov (0popTioTov) Sokipiov.
2. Na. sopebei n avaxtnOsioa evépysio. Aoy .
3. Na svpebein amorecdeioa (Le popet BeppoTTOg) EVEPYELQ.
8. Ztn ovvéygwa to doxipto emavapoptifetor OAMmTIKG.
1. Na eopebei n S6vaun otnv omoio, To dokipuo B actoxfoet (w6 T OMrTin, Théov, PopTIoTY).
2. No svpebei 1o pjicog Tov dokipion T oTtyp g Stopporig vrd OAw.
e. H 0mticn Sovapn avédverl mepartépo.
Na sopedein Sovoun vid v omoio to Sokipo Oa éxgr EnoVoXTAGEL TO APYIKO 0POPTIOTO PNKOG.
ot. No, eopebei n OMmruer} dvopun mov omarteital, GoTe av oTr CUVEXEL avty agoipedet, 7o dokipo
(0.pOPTLOTO TAEOV) VO EXEL TO OPYIKS TOV MAKOG.
Na ayvonbet KdBe mapaortikd Yarvouevo Kkadag KoL paivoueve. Avyiouod, Papelomoinong xor Aoiuwong.

/ Acxnon 8 ,
To Sibypappc T6cewY - Tapapopedoeny Tov Zy.8 ekipbn and 101 Sedopévo, TELPGUOTOE HovoaEovikod perkv-
opob petaducod Sokiiov, apyucod pikovg 100 mm. Zrnpiiopevot 6To SbrypopLpo, EKTYACTE TNV T TOV KOTM-
01 peyeddv Y10 To VAKS Tov doxition: - ' -

o. Métpo ghaocTiéTnTo. 500 1 ; - ; I ;

B. Opto avoroyiag. i d P S

v. Topotuch tdon Swppotis. n e% T R o Zﬁllm,s

5. Bloomd ovémudon. <07 4 ; g

e. Ynepekaotucr avémoion” n '

ot. Ohpdrnro.

. . +To 1ehKd pifkog Tov dokyiov eAdyt-

oo Tpv-Tn Opadon.

7. To pfxog Tov Soxpiov peté. T Opod-
on. 200

8. To pfrog Tov doxiov av owTd amo- /

...................................................................................

@optildtav TN OTLyMf| WOV M TAOH

frav 350 MPa. 100
1. Tn cvvohkdg damavnOeioa evépyela /

ovd, povade bykov yu Tnv Bpatdon
Tov doxijtiov. 0
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EONIKO METZOBIO IIOAYTEXNEIO
ZXOAH E@APMOIMENQN MAOHMATIKON KAI ®YIIKQN EINZTHMON
TOMEAS MHXANIKHZ, EPTAXTHPIO ANTOXHZE KAI YAIKQN

Hpdov Ilodvtegveiov 5, Kripro Ozoydpn
Tloivregyrverovmoin Zaypagov, 157 73 Zeypaopov
Ap Z. K. KovpxovMis, AvarinpoTiis Kabnynmis Muyevikic EMII

TrAgpavo ypapeiov: 210-7721313, 7721263, Tnhéowva epyactmpiov: 7724025, 7724235
Tmieoporotomo; 2107721302, AwebBuvon niskrpoviod Taudpopeiov: stakkour@central.ntua. gr

Axadnpaiké ‘Etog2012-2013

- -MHXANIKH II (MHXANIKH TOY IIAPAMOP®QIIMOY T TFEPEOY)
2" Te1pd 00K(GE®Y EVIGYVTIKNAGS d18acKkahiog

«TAZH» KAI « JAPAMOP®QIH» — TO AIAI'PAMMA o-¢

Acg{ci 1
70 Epyoompiov Avtoxfig Yiév tov EMIT extedécbnxe meipapo povoaovikod epeikvouod. o pérpnon
TOV QOPTI®V XPNGIHOTOBNKE 1] BABLHOVOIMILEVN KApaKE TG UNYavTG GOPTICEMG EVO Yia TNV HETPNOT) TAV
smpmmvosmv YOTOGULOTOIONKE IMNYOVIKO UNKUVGIOUETPO (Bacn petpiicems 10 mm, covierestr| HeyEBHYoEmG
o 2000 it To Soxdpio, amd Sixwo LAKG, Aoy KOAMVSPIKS -pie- oxiva &owo,,mg 5 imm.orekeifepe hk HOG = e
“(uAxog psrpncscog) 50 mm. Kot ™ S16pKete Tov TEiphliatog KoTeypd¢oay o sEfg Bdebopéva: o
o Ty oniyuij ¢ Srapporic 1o goptio fitav P,=15700 N kou 1) évdeign tov pnruveiopétpov 20.
o Ty oryur} ¢ Gpodoews 1o poptio Nrav Pe=18840 N.
H 6poavon emirbe nepinov ot péon Tov doxiuiov Kol To TEAMKS pfKog Tev §00 TunpdTev tov Bpavcbéviog
Soxipiov, émwg avtd petpribnke petd to neipapa, gvpédn va givon covolikdg ico pe Le=52 mm.
OswpdvTag 6TL TO VAKG TV SOKINIOD TPOCOUOIDVETAL TKAVOTOMTIKG 0TTG TO VILOSELYUO TOV YPOopuIKS EAC-
OTIOD - YPOUUIIDS KPOATOVOUEVOD CHUATOS KO AYVOMDVTOG KAOE TapasITIKG QotvOpEVO KaBME KO QAIVOLLEVD
Avylopov, Aoipmong kot Baperoroinong
A. 1. Na npocdropiodet to uérpo ehaotidmrog Tov VAKOD Tov SoKipiov. . < .
2. N vrohoyiodst ) shaomiis avimalon To0 VAMKOD, —7HKvawtdies  eugpes 9 ST TP ©ECIE
3. No vmoloyioBei 1) vrepedaotiks avamaion TOL VAKOD. —> Fuwvtdievm avpyen vos Ty Jpadiey,
4. Na oyedracel 0 mhipec ovuforid didypaupc ovuforicdy T6oewy - COUBOTIKGY TOPAUOPPDOEDY
TGOV GTIV TEPLOYT) TOV epeAkvapol GO0V Kot otV mepoy g OAiwews.
B. Amb 1o 0¢ Gve VAKS mpoKerTal Vo KatookevoOel ap@inakto mpiopatikd Sopké pELOG TETPAYDVIKTG
Sotopric Sractdosmy Sem x Sem ko prikovg 1 m. No ekeyyfei av 10:cvyKexpipévo Sopké pérog dovaran
v péper emTuyhg akovikd OhmTiké eoptio ioo pe Pea=375 KN e cuviedeoth] aogareiog 1.25. Iléco ba
givo 16T€ TO PMKOG TOVL; s ol s (\,,L - &éo) .

A@c_/n 2
AVEP1KG Sokipo okvpodépatog dtopétpov 0.15 m xor vyovg 0.30 m

xoTomoveiton pe 0Eovik6 BATIKG Qoptio. ZTn S1dpKeLa TOL TEWPA o~ Hivoxoac A2
T0¢ KOTEYPGOT TO PopTio Kat o1 evdeifelg S0 oVTISIUETPIKAS TOTO- Qoptio  "Evdeifn BeAopérpav
Bemuévav @poroyiakdv Behopétpav Kot cuvidydnke o ITivaxag AZ. [kN] 1™ 2%
Ta Perdpetpo giyav Paon petpficeng 150 mm ko exdotn £voeidn g 0 0.1 0.0- v ~5
KMpoxog Tovg avriotoyel og 0.01 mm. TWXI- 50 2.2 19~ $# 40 wm
oTO TPV EUPAVISOE N TPAOT Y. _ 100 4.3 3.8
a. No oyedacbel 10 GOUPOTIKS Sidypopua o-¢. © 150 6.3 5.8 =
B. No vmoloyioBei To HETPO ELAGTIKGTNTOG TOY VALKOD TOV SOKILiOD. 200 8.4 77— —~ 2 ?(3“ )
v. No copedei To pfxog Tov Sokipiov ) ottypr) Thg pnyuéTeoNs. 250 103 9.8 - - ’fwf
d. N svpedei to pfjkog Tov dokipiov petd mv apaipest Tov GopTiov. 300 125 12.1 ~ "
&, Noa skmiunBei 1 evépyela mov amontiOnKe yio Ty QOpTIoN. % _ 350 146 144
o1. Na exkmiunei 1y avaktmOeioa evépysia Katé TV Amo@opTIon. ; 400 - 172 16.9
(. No sxtiunfei 1 oanwieodeioa evépyein ooV KOKAO (popncm- 450 T 199 - 197
amoQSPTIOT. 500229 226
1. To oxvpddepa avtd Ba ypnoyonombel yia ™y xartackevh Bpa- 3713 25.8 25.3™

xE0¢ KOAVEP1KoD Soptkob péLovg To omofo Tpémet Vo QEPEL aEovi- M Enodvion povit
K6 OAMmTIRG PopTio {60 pe 5 MN pe ovvteheot| acooheiag 2. Na © HOAVION POYHIIS
" umoXey1o0e? 1 eAGIoTn EMTPENTH SIGUETHOC TOD Joptkoy pERovG. -~ ~

CC T W N pdeususs ndf/e‘v\ «\—éc'\-i Pt C‘f\o(\//\x{\:‘;v‘v%,\.evol ne(5£+xra v

0.VLYe r>cce O()JO‘%‘E — OO
: { :jﬁ’o‘.}-‘Fv(Tlfts



0.2, “

Ac 3

nelpapo epelxvopod koivdpikod dokipiov oxtivag 10 mm xat pfjkovg petpfi-

oewg 100 mm xotaypdenkay To optia Kot o avricToryeg empmiivoslg (Ilivakag [x10"° m]

A3). I'a 1o vAxé Tov doxpiov:

o. Na oyxedioodel to hdypoppo TAOEDY — TOPOUOPPDOTERY.

B. Na ektiunbobdv (apod doBobdy ot avricToryot opicpof) to kbtwbt peyédn: Métpo

ghooticoTnTag, Toppatikt Téon dapporig, Eraotiy) avémodon, ZteppoTnTo.

y. No oyedrocdet to mpoosopoiopa Tov doypaunaTog TEoERY — TOPOULOPPDCEDY

BephvTtog T0 VMKO YPUUHIIKAOG EAACTIKS = YPAUIKAG KPOTOVOUEVO.

s §r ATO To VAKOS ot KataokevdaTnke papdes pkong:lm kardrapétpen-20 eme - -

81. No extiunfei n péyrom a&ovikn epeixvoniks dbvaun n onoio umopel va

aoknBel ot papdo xmpic aotoyio Tov VAKOD.

82. = ovvéyea to goptio owtd owEdvetar katd 10%. Na evpebei to UiKog

TOV SOKIUIOV Y10 TO CLYKEKPIHEVO POpTiO.

83. Téhog to poptio apaipeitor. Na vroloyiobef To TeAMKS pfikog g péBdov

Kol 1 evépyeln Tov petatpérnke oe Bepudtnra kol Tn Sidpkela TOv

AL F
fp]l —77

0 0
2 500
4 1000
6 1500
8 2000
10 2500
11 | 2740
125 2960°
16 3025
32,5 3100
60 3190
98 3290
150 3450
190 3530

KOKAOY POPTIONG — ATEOPOPTIONG.

Ag 4 - .

- sz,\mﬂ deS&; A;'BF,;@kXIkﬁg 5'10(’t0pl’ﬁg; ' &bﬁciﬁéndié&&glqg&‘Eé%xé&r&yia avapch;r; fnéi@ﬁdﬂk&é-ﬁfﬁﬁ' -

ITivaxac A3

oToAov Steotéoswy 0.4x0.4x1.2 m amd pdppopo s181cobd Papoug 52.08 kKN/m’ (Zy.4a). To vAké g pépdov
éxe1 pétpo ehaotikdmrag E=70 GPa evd To agovixd SiGypopupa o-g goivetor oo Zy.4p.
0. YmoloyioTe TpocEYYIOTIKG TV EMUTKVVOT] TNG METOAAIKTG paBdov 6Tav To emoTOAL0 glvat avapTnuévo.
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EGNIKO METXOBIO IIOAYTEXNEIO

IXOAH EQAPMOZMENOQN MAGHMATIKON KAI OYZIKON ETNZTHMOQN
TOMEAZ MHXANIKHE, EPTAXTHPIO ANTOXHY KAI YAIKQN

Hpoov Horvtsygveiov 5, Kripro @zoxdpn

Tloivtegvarotmoin Zoypdeov, 157 73 Zaypdpov

Ap Z. K. Kovpxovhig, Avarhpatis Kabnymmis Myyavuaig EMII

Trképwvo ypageiov: 210-7721313, 7721263, TnAtowva epyactmpiov: 7724025,7724235
Trieopoiotuno: 2107721302, ArebBuvon niextpovikod ToxvSpopeiov: stakkour@central.ntua.gr

MHXANIKH II (MHXANIKH TOY HAPAMOP®QIIMOY ZTEPEOY)
3" T epl aokNosmV eVIGYVTIKIC 0180cKaliog

- 2ZTATIKA AEZONIKA IIPOBAHMATA
Ac 1

VAVSpIKH paBdog apywob pfkovg L=1m ka1 apyucic dopétpov D=Smm avaptdrar Katakspueo Kot aefivetal
w6 T entdpaom Tov 18iov avthg Papovg kar pévov. To e1dkd Bapog Tov vAod tng papoov eivar 8x10* N/m’
Kol o AGyog Poisson v=0.3. @swpdvag 6T 1 pafdog Ppioketon oty LooTiKh NG KaTGoToon Kot Ot 1 oxéon
TOGEDMV ~ TOPALOPOACEDY TOV VATKOD Tng sivat:

£=1.9x10"105%%

. -a. Ymoloyiote o TeEMKO pijKog Tng papdov. . _ o
B. Tow: givon n TEMKT pop@t| TG pytkds KAVEpIKTg paoov; : A X

Asexiion 2

H pépdog Tov Zy.2 éxet kot drotopn petaPintig okrivag. Eivar xotookeva-
opévn omd vAKG £181K00 BAPOVG ¥ Ko SéxeTar KOTaKOpVON EQEAKVOTIKY vva-
1M, OHOIOUOPPE KOTOVEUTIHEVT GTNV KOTATEPT S1TOUT TNG, TOL £XEL AKTIVOL T
No. gvpebel 0 VOpog HETHBOATG TG oKTivag T=I(X) £T01 OOTE 1) AVOATUGGONEVT
0pB7| TGO T VO Efvar oTabeph) o 6A0 TO VYOG TG papdov, ion pe TNy Tdom
d1apporg o, Tov VAIKOD TG, H telikr| Ekppaoct vo §08el cUVAPTAGEL TOV 7, Gy, To.

LLLLLLLLLL

1

21,

Ac
_/K’Tékoupog KAOVOG OO YPOUPIKAG EANOTIKG DAIKG e

E=2 GPa, v=0.3 ko1 1516 Bépog 80 KN/m’ poprileron

pe ATk dovapn F=100 kN (Zy.3) opoibpopea Ko-

Tavepunpévn oty méve Paon.

0. No mpocsiopioBoltv o1 TEAMKES S10GTOTEL TOV O0-
HaToc.
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Atverar: Vigeor=(Eupadév pdoewe) (Yyog)/3
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a. Tlpoodiopiote v emufikvvon Tov KOAOLPODV

KGvov Tov Zy.4a A6ye Tov 18iov Papovg Kot po-
vov.
B. Tldon sivarm emunkvvorn ov o kKdvog avaptndei
oveoTpapupévos onmg oto Zy:4B;
Epunvedore ) 81000pd TV AMOTEAECHATOV.
- Ta amoteléouata va 5oty ovvapthoer twv a, b, L,
- oD uétpov elactiétnrag E kai Tov 10100 fpoug y.
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Bapéc oteped oyfoTog KEAOLPOL

xdvov pe axTiveg PAoewy 1 Kol 21 N (@) ®
Kot Dyog h (Zy.5a), omd vAKO ie- l‘
Tpov ehaotikotntog By, Tomobetei-
Ton petaEd 600 opilovtiov amapo- i
HopOGOTOV TAaKAY Kot -BAifeTon |
pHe Korokopoen dovapm F.
o. No evpebotv n opbf Tbon

o(X) Tov aVanTOGOETNL GE TV-

xofe Sotop? Tov oTepeod os

anéoToon X and Ty Tave Bé-

on Ko 1) CUVOAKY Ppdyovon A

TOV CAOHOTOC, g
B. Mewéd TV TAUKOV TOPEL- T

BaAleton dedTepo -oTEPEd TOV
1¥iov oyfiotog amd vAKS Le-
Tpov gAaotikdtntog By (X
5B). Na evpebovv o1 duvapelg Fi xon F, wov aokovvral o xd8e chpa.

(diveror 611 ¥=0.1-m, h=1m, F=1000 N, E,;=2 Pa, E;=4 GPa). - --

AGxnon -6
ABopnig, amoidTeg oteped dokdg BA avoptdror opiovTio. pe
800 xoraképveeg paPdovg AB ko1 I'A,; omd ypappkdg eAo-
OTIKO ~ YPOUPIKAS KpoTuvpevo VAIKS (Zy:6). H pdpdoc AB
éyel PETPO EADCTIKOTNTOG E=10" Pa, téom Swppotig oa=
150 MPa, xhicn tov Syplppatog o-g OTNV TEPLOYT KPo-
TOvoeng (MAooTiké pétpo) Hi=10" Pasor epPadév Srotopng
Ar=1:5 em?. Avtiototya n TA éyet By= 2x10" Pa, 5,=200
MPa, H=10"""Pa ka1 A=1 e’
o Ztnv dokd epapudterar katoképupo @optio 40 kN, 6-
¢ 070 Zy.3. No evpedeim tehct| BEom g dokod BA.
B. To goptio agapeitar Tlowe 1 TeAwr Oéon g dokod BA;

orhjon 7

AmnokoTog otepel Sokog AT -ovaptdtar opiiévrio pe n Por-

Beia TV KuAwd prcdv pafdav AB ko TA &y 7). To euPadov

Srotopig g AB gfvon ‘1 com’ o 1oy0eL 6Tt App=1.5Ara. Tol

VAMKG v paPdav Eivar YpopKdg -EA0OTIKG -~ YPOUUIKAG

Kporovopevoko v v AB 1oxdet: Ex5=200-GPa, 6,45=150

MPa ot Hup=40 GPa, cvd o Ty TA eivor Epg=100 :GPa,

'Uy;rA':l 00 MPa-kon H'['A:.ZO ‘GRa.

o. IIpoodiopioTeTo pikogx Tov OpOIGHOPPOY POpTiov g €101
Gote 1 Soicdg vomapapéver opiévaio dtav gopTileTon.

B. IIpocdiopiote TV £vTaion g TOV OUOLOHOPPOL (POPTioL oL
Ba. ‘mpokoAéoer mpdTn aotoyie Kdmowg ek TV pafdav.
Tlow stvon 1 0éom Tng Soxod AT T ottyun ekeivr;

y. Tlpoodiopicte v £vIacn ¢ TOL OHOWGHOPPOY .YOPTIOV TTOV
fo mpoko\éoel aotoyia kot g GAAng pdPdov. Tlow eivon
n Béom g Sokod AT ) oTiypt| exeivn;

8. To poprtio agarpeital. No gvpebodv o1 Tdogig oTig pafdovg
1o 1) B8om TG Sokod AT ueté Ty amo@dpTio).: - Syhiue 7 -
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EGNIKO METXOBIO IIOAYTEXNEIO

TXOAH EQAPMOIMENQN MAGHMATIKON KAT OYZIKOQN EINIETHMON
TOMEAZ MHXANIKHY, EPTAXTHPIO ANTOXHZ KAl YAIKQN

Hpdov okvreyveiov 5, Kripro Ocoyxépn

Tolvtegveroinoin Zaypagov, 157 73 Zaypégov

Ap Z. K. Kovpkovig, AvaminpoTtig Kaényntic Mnyavuxis EMII

Tréowvo ypoupeiov: 2107721313, 7721263, Tnrépwva epyacmpiay: 7724025, 7724235
Trreopordtono: 2107721302, AgbBuvon nAekTpovikod Toxwdpopeiov: stakkour@central.ntua.gr

MHXANIKH JI (MBXANIKH TOY HAPAMOP®QIIMOY ETEPEOY)

4" Teipd ammcamv EVICYVTIKTC S18aoKeALoS

YIIEPXTATIKA AZONIKA IPOBAHMATA

apnG Kat ormoAdTeg axapmt dokds AB pfikovg 2L=2m

(Zy.1) opileron opriévria pe GpBpmom oTo A Kot 850 apyi-

kg apodpTioTes KAvdpikég péBdovg ET" xon BA xatackev-

oopéveg omd To 1610 ELooTIKG - ATOADTMG TAACTIKG VAIKG

(E=200 GPa, 5,150 MPa). To suBaBov g eyxdpotag 610~ _

e L TopfC MG papbw 1 efvon 100 mm?, své cvtd MCPERS0 T — e T

sfvon 120 mm?2 Tto onueio B ackeiton koraxdpoen ddvapm '

F, 1 onoia av&dver 6Tod10KGE.

0. No vroroyissin Tir g F mov pdiig mpokodei a-
otoyio o€ pio and Tig dVo paBoovg Kot 1 avTicTotyN
Kotoxdpoen petatémor tov onueiov B 1 otiyum
avTh.

B. No vrokoyioBel y Tipf| g F mov Ba mpokaAécet Ko-

TAPPEVCT) TOV CLOTAMOTOS Kot T} ovTioToryn Koo~

ygnarémcm Tov onpeiov B 1 oTiyur) ovth.
/A Knon 2
H

aPapfic kot omordTeOG GKAUTTH S0KOG AA TOL XY,

2 otmpiCetor o apyKeg optlovTio. Héon pe T Boti-

fei0 Gpbpwong oto onueio A d0o papdwv BI' ko

AT pe epPada eykapotog owtopng Apr=30mm’ Ko

Ax=T5mn’, ovniotoiymg. O1 paBdot sivor KETooKED-

OTPEVES OO YPOUHIKAG ELOCTIKG-OIOADTMG TAACTI-

K6 VAIKG ps pétpa ghaoticomtag Egr=180 GPa kot

Ear=60 GPa ko1 1doe1g S10pponig oy 5= 175 MPa ko

Oy, AT— 200 MPa. .

0. No vroloyiotetn dovoun o€ kGe pafdo karm
amoxAMon g Sokod AA amd TV apyikdg opri-
vt Béom btav 1) 8okog popTileTal OmOKASIOTIKG.
LLE OMOWOPOpQO. KaTaveUNHEVO popTio qg=1KN/m.

B. Tm ovvéysia oto onueio E g Sokod aokettal F—3m — 3m — 3m—
eni Théov Katoxopuen dvvaun F mpog ta KaTo.

Na supsem 7 A g F mov Ba mpokakéser mpd acToxic Kémolag ek Tav 600 pafdmv, n tiuh g F mov
£l aoToyio Kot NG aMng p&pdov kot 1 Béom g dokod AA T CTIYUN NG AGTOXiNG Kot TG

ofapiig Kat amoAdTOG GKOUTTT| BOKor; ABI" tov Zy.3

otpileton pe Gpbpwon oto onpeio A Kot pe 5Ho apyi-
K6, apopTioteg paPdoug (1) kot (2), KATAOKEVOOHEVEG
amd To 1810 ypauuikde elaoticd — amolitws ThaoTid
DAKO, pe Tdor dopporig o,=180 MPa To epPodd ™5 1m
dotopfg Tov pafduv etvar A=1.5 e’ ko A=1 cm?.

~0. Navroroyiotel 10 popzio S1appois Pa '

ﬁ B. Ne vroroyiotet 1o poptio Kmappsncng P.. - ___f;_‘n—_*__qr
( 1

|
NANAN




. O Gopmoyng kiAwvspog A tov Zx.4 eival KOTOOKEDOOUEVOG OTTO o
Aovpivio, To omoio Bewpeitan GAKILO, YPOUHIKDOG EACCTIKG — YPOp-
pikde kpoTuVOUEVO VAMKS pe pétpo gdaomikdtnrtog Ex=73 GPa,
thomn Sappofis oym=120 MPa xar xhion tov Swyplupotog o-g
oty mhootikh) neproy Hu= 40 GPa. O copmaytg xdAtvépog Tomo-
Betsitol oto ecmTEPKS Kolhov KLAIVEpov B KoTooKEVOGHLEVOD O~

76 yGAvPa, o onoiog Bewpeitor GAktpo, YpoupiKdG ELOOTIKG ~ 070~
Mrog mhaoTikd VAG pétpov ehaotikémiag E,~200 GPa xot
- abong dwppofig Gy,= 250 MPa. And. xoTaoKEVaoTIKG opdipa o
Kxofhoc xkoAVSpo¢ stven kotd. 0.25 mm BpoybTepog Tov cupmayodg
( Zy.1). Zrnv xatookevy] aokeiton koroképvgo BTk 0.Eoviko
goptio F péow g anorbtag otepefigmAdkag I,
0. No gopebein péyrot Tipf Fomex g d0vopung F mov emrpéneton
vo. aoknBel 6TV KoTaoKELT| XWPIg Vo 6.oToYoEL KATo10G Ao
Tovg KuAfvdpovg.
B. Zm ovvéyew To goptio owédvetar o F=1.20F . Na gvpebsi
70 PAKOG TNG KOTOOKEVTG VIS Tnv-Enidpaon Tov popTiov owTob. i
y. Tékog m xoTooKsvn omoq)op'qumt nMpac. Tlow. sivor To HTI' 70mm.
C et K TRV-KOARSP@V HETA TNV GMOQOPTION; ™ . o 87 e’ Hoem o s

- T

No ayvoyBodv 1o idra fépn ror parvoueva Avyiouod. 80 mm

2 AocxnenrS s,
% apBpapévn oto A omoddtwg Gicapmwt ko ofopfig dokog 1 ‘f‘

0.25 mm

Zxijpad

ABT ompileton opiiévrio pe ) Porbein tpidv pafdav (1),
@), 3). Ot papdon (1), (3) eivan xatoxdpveeg (Zy.1). Oheg ot
papdor eivar agdpTioteg -6tov 1 -dokdg givar opilovtia. To vit-
K6 TV pAPdwyV eivar Ypapukdg EAAGTIKO - OTOAVTMOG TACCTI-
k6 pérpov ghooticdTnrog E=180 GPa. H téon dwpporg Tav
papdav (1), (2) stvon 6,;2=180 MPa gvd g papoov (3) sivar
0y3=270 MPa. Ta spBaBu TOV syKapmmv dwatopdv Twv po-
Béwv stvor A=A,=40 mm’ ko1 As=30 mm’. Zto K ooksiton ko-
ToKOpOET dvom F.
. Na vrodoywtel 1 e Fy g F mov Bo npokaiéoer v
pdTN aoToyie KATOWG 1) KATOWWV K TOV TPIhV paPdnv.
‘B. No vmoroyiotel 1 T Fy g F mov 6o mpoxodécer o-
otoyio. GAwv TV paBdwv Tng dtdtagng (katdppevon).
. Ilowan 6€om tng péPdov ABT T ottyps TG KoTdppevong |
KOt60 1 CUVOAMKDS Samavideion evépyew;

L 05m | 05m,

Zyrpe 5

2 @ 6 »

Axoprrn kot ofopric Sokdg AT 1oopponel pe T Porfeia Tav katakopdeav padny (1) kat (2), eupaddv dwto-
phc A=A;=50 mm°, mov eivon apdpTioTeg 6tav 1) Sokdg efvar opriovtia (Zy.3a). To vAké g (1) etvar ypop-
Jikhg ghaoticd pe E=200:GPa, evéd g (2) ypappikdg eXooTiké-ypoppikdg kpatovopevo pe B;=150 GPa ko
Khion oty adaotic weproxn Ha=50 GPa- (Zyx.3B). Zro onpsio XK ng-6okod aokeival kotokdpuen dovopn F.

‘0. Novroroytortel 1-tipf] ang F mov dnpovpyei o pépdo (2) Tdon 20% vymAidtepn and Ty T6om diapporig .
B, Zn ovvéyeta 1) FOvopn agaipeiton Na.gupebein) 6éom woopporniog tng doxoD.

“C.A -c [MPa] -A
Yhaxd 2507 [ s
pépdov 1 p6psov 2
e J :
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E®NIKO METXZOBIO IIOAYTEXNEIO

ZXOAH EPAPMOIMENON MAOHMATIKON KAI ®YIIKON ENIZTHMON

TOMEAY MHXANIKH?Z, EPTAZTHPIO ANTOXHZ KAl YAIKQN
Hpdov Hohvteyveiov 5, Kripio Osoxépn

Hoivteyverotmorn Zwypagov, 157 73 Zaypagov

Ap Z. K. Kovpkovrrig, Avarinporic Kabnynmic Muyavikig EMII

TrAéopwvo ypapeion: 210-7721313, 7721263, Tnrépava epyacmpiov: 7724025, 7724235
Tnieopoidtono: 2107721302, Aevbuvon niektpovikod Toxpdpopeiov: stakkour@central

ntua.gr

MHXANIKH II (MHXANIKH TOY HAPAMOP®QIIMOY ZTEPEOY)
5" Te1ph 0ok 6E®V eVIoYUTIKNC S1daoKaAiag

Acxknon 1

néotoon 8. Oleg ot papdor katackevdodbnkay amd To

YPOUUKAE eAAoTIKO VAIKO, PETPOV €ANCTIKOTHTOG E=2x10" Pa ot
taoeng dwppong 6,200 MPa. Ot pafdor OA kail ZI' £xovv dotoun
gupadod S=1 cm® o1 d¢ AT ka1 BI' S'=2cm®. Me pnyaviké “ea-
e VeyREsnO” o1 xopBot-A ket Z COYKOAMBNKAY UE GROTEAEGUC T| KOTO--.~ | Zyfipo-t ==
oxevn va gupebel og “owreviatiky” Kotdotast. Osmphviog 6<<] m:
a. No ekppacBoby ot Tdoelg oT1g paPéovg GUVAPTHGEL TOV 6.

Katé tn cvvapupoldynon g Katackevng tov Zy.1 dwumotdonke 61t
10 onueio A dev tovtileron pe o onueio Z, arrd oméyer amd avtd o-

AYTENTATIKA AZEONIKA IIPOBAHMATA

010 Ao

B. No vrmoloyiobein péyrotn emrpenth Tiun Tov & dote vo pny enéddet aotoyio kémotg pépdov.

Ac
TN oVVAPUOLOYNON TNG KATOOKED-

Mg Tov Xy 20 dmotdbnke 6TL 7 P
Bdog P1 eivon ukpdtepn xotd 2 mm
omd v opbn Sidotacm. Koatdmv
tovtov ta onueio O5, O ebavaykd-
obnkav va épbovv oe emoPr, OL-
" YKOAAIOMKQAY KO T) KATOOKELT] 0Lpé-
fnke va woppomnoet. Oheg o1 paf-
dot éyovv euPaddv dwropng 1 cm?
ko1 pézpo edootikdtnrag 100 GPa.
To. StorypEUPOTE G- TOV VAKOV TOV 60 -
papdwv eaivoval oto Xy 2.
o. Na gopebodv ot tdoels otig pap-

dovg 6TNY KOTAOoTACT) 100pPOTiag

petd T ovykdAinon twv Oy, O. Yhud papsov

- ~60

B. Ztn ovvéyew oto onueio O epop-
udleton xotaxdpoon Sdvaun P
7pog to. Katw. Na evpedel 1) Tipn

g P mov Ba mpoxadécer Ty mpdn actoyin kar 1 Ty tg P mov Ba mpoxadicet actoyic Shov eV paBdmv.

- Zytiuo 2

€ Yo paBowv 2

- =65

v. H ekotepic dovaun apapeitat. Na evpebotv ot 16oeig oTig pafdovg kar 1 tedikn BEom Tov onpeiov O.

Agenon 3

~Kord 1v xatackevn Tov dcrvdpatog Tov Xx3 Swumotdbnke 6t m papdog BA
givon PpaydTepn Tov ovopaotikod TG pAkovg kotd 2 mm. ‘Oleg o1 paBdor Tov
Suctodpatog  Exovv to 810 eufadov eykdpolog dwropng A= 1.2 cm’ ko efvo Zyiua 3
KOTOOKEDAOUEVEG OO YPORMIKDG EAROTIKG DAIKO LETPOV EACCTIKOTNTOG E=2x10" ;
Pa. Ot pafdor AB, BI', TA kot AA sivon woopfixelg pkovg L=2 m. Na vroroyt-
6800V ot Tdoelg o8 Oheg TIS PABdovG uetd T cvykdAANon TeV onpeiny A'kor A. B 60%/

“Gomen Sokdg AB ompileton opidvnia e Sudteln péRdnv (Zy.4). O pdfdor \\ -
AT, AO’, BC’, BA etvoi woopnkeis, pe epfaddv droroung A=1 cm?, 0mé YPORIKDS :
EAOTICO-0TOATOE TAAGTIKO VATKS HETPOL gAaoTIKOTNTOG E=2x10"! Pa ko1 Téoe-
o¢ S1ppong 6, = 250 MPa. H papdog OF éxel epuPaddv dratopns 1.5 em’ kot efvon

.

€



amd YPOPHIKDSG EAAOTIKO-OAMOADTOG TAAGTIKO DAWKO UETPOV
ghaoTcdTTag B=1.5x10"" Pa kot téoeng dwpporig 6,=160
MPa. Kotd 0 guveppordynon demotdén 6t OF eivol
Bpoydtepn tov déovrog katd §=1.5 mm. Me “egavoyrkoopd”
ot k6pPor O kot O cvYKoAXBNKOY KaL 1 KOTACKELY] EVPE-
Bnke o “ovtevriarixy” KOTAOTOON.
o. Novroroyioboiy ot tdoeig otig pafdovg.
B. Zto péoov g AB aokeitar katakdpuen dovapn F mpog
70, K61, Na. voAoytofet:
B;. H | g F mov Bo wpokaréoer Ty mpdTH aotoyic
koam 6éom g AB Yo 0 ¢ v goptio
By. Eivar Suvor 1 mepontépw avénom ov goptiov; Av .
vaiL vo, broloyloBei 1 avdTepy emirpenty) Tipm g F.

Ac 5

/ 0Té. TV GUVOPUOAGYNON THG KATAGSKEDTG TOV Xy, S G107
otdbnie 611 1 padog P, eivar pipdrepn katd 5=2 mm Tng
ovopaotiky Tng dtdotaong (Le=1 m). Me xotovoykacpd o
onpeio Hy ko Hy fipbav o emaqn ron cvvdédrcov apbpotd
pe Tig vrdrowmeg papdovg. To epPfoddv dotoung GAwV TwV
PGPSy etvar 1 em?; O paPdoiPi; P, kot Py etven yuhopdiveg - = . ...7
(ypappds EAOOTIRG-1cpOTUVOIEVO DAIKO) pE PETPO EAAGTL-

Zy.5a

xotrog E=200GPa kar téomn Swpporig 250MPa (Zy.58). H \ L4

paBdog P, stvon amd yutocidnpo (Wabvpo, ypoppuics elaotikd

VA6 péypttny Opadon) pe pétpo eractucdtnrag E= 200 GPa F

kontéon Bpodoeng ot eperrkvopd 220 MPa (Zy.5v).

o. Ymohloyiote Tig T40€IS TV TECGAPOV PaBdOV oTNV CUTE-
VTOTUCY KoTdoTaon wopporniag et T cuvapBpwon.

B. Xt ouvéxsia oto onueio cuvopBpdosng H aokeitol 50-
vapn F xozd ) dievbvven g péBdov Py (Zx.5a). Yro- o A\P&Boc Pu
Aoyiote Tig ThoEg oTig paPdovg, cuvopThcel Tng F. 2201

y. H 1y me F avgévetar péypig 9tov 0.0TOXHOEL KATO10

p&pdog. Yrodeitre v pépdo mov Ba aoToxoEL TPMTY) // >e : g

ko voAoylote v T g Sovopng F mn oty excetv.

8. Xwpig eni tAEov vroAoyiopolg SikaioAoyfote Yot opé-
owg petd v mpdrn aotoyio Ba eméAber actoyic kot
GAAng pé,dov. Tow Ba. eivor 1 péBdog awth;

Zy.5p /| ZxSy

Agpxnon-6 .

AAxapm kon apaphig Sowdg AT 8o otnpiyfet opiovtia. pe ) Bondeto bpBpwong wan 800 KOTOKOPLOWY papdwv
(Zy.60) epfadod Swropns Ar=A=50 mm?. AT KOTACKEVOOTIKO opoAu 1 pifdog (2) poppomotibnke Kot
§=1mm pucpdrepn Tov d€ovrog. To VAo g (1) etvar ypoppikdg EAdcTIO (E;=200GPa) evd g (2) ypoppikie
EAMOTUCG-Y papticds kparovopevo (E;=150GPa, H;=50GPa) (Zy.68).

a. “No. vmoloyiotei m 6éom tng dokod AT petd n ovykdiinon g (1) en’ avthg kabhs Kot o1 Thoelg Tov
avorTbocsovat oTig pafdovg (1) ko (2).

B. X0 onpeio K aoxeiton kotaxépogn Sovapun F. No gopebein mipn tng ¥ mov Oa. TPOKOAECEL AOTOYCL.

y. Tlowom 6éom g Sokod AT av 1) SGvapn TOV TPONYOVUEVOL EPRTANNTOG 0ENDET AT, 20%;

yIIINIIIA
0.5m D Zytipa 30 ca | ZXUHEOE o ivpa) A
Yhakd 2507 Y
papdov 1 ) poBBov2

»

€

-

€

- 250

77777777

‘ 0.5m 0.25m ‘ 0.25 m
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