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EGNIKO METXOBIO IIOAYTEXNEIO

IXOAH EOAPMOIMENQN MAOHMATIKON KAT OYXIKON ETIETHMOQN
TOMEAS MHXANIKHZ, EPT AXTHPIO ANTOXHZ KAI YAIKQN

Hpoov Holvteyveiov 5, Kripro Ozoxapn

Toivtgyverovmoin Zaypigov, 157 73 Zaypégov

Ap Z. K. Kovpkovmig, Avarinponic Kabnymmic Mayovuaig EMIT

Tniépawvo ypopeiov: 210-7721313,7721263, Tnhépwva epyoompinv: 7724025, 7724235
Trieopowdtumo: 2107721302, AetBuvon niektpovikod Teywdpopsion: stakkour@central.ntua. gr

MHXANIKH II (MHXANIKH TOY TAPAMOP®QEIMOY XTEPEOY)
7" Teipl aokfos®V eVIoYLTIKIiE S18acKaiiog

AIAZONIKEY ENTATIKEY KAI IAPAMOPDQITAKESY KATASTAYELY

Tto onueio P g empdvewg Aentol petoAiikod gHALOD
Ol TOPRLOPYMCEIS LETPRANKAY HE NAEKTPOUNKVVOIOHE-
Tpe. Ko Bpednay ioeg pe:

£=8x107%, £,=5x10%, es=-4x10"®

To uétpo eAaoTikOTNTAG TOD VAKOD TOv GUAAOL &fvat
E=200 GPa ka1 0 Aéyog Poissson eivon v=0.3.

o. No gvopebel 0 TOVUOTHG TOV TOPOUOPPDCEDY GTO
onpeio P.

B. No sxmpnBobdv pe 1 Porieia Tov kbxhov Mohr ot
KOpreg ToEL;, oto onpueio P.

v. No vroroyiofei 1 péyrom daTpnTikh Téom Kot 1)
d1e66vvo g, oto onueio P.

Zytipno 1

Tio T péTpnaT TOV avyHEVEY TOpaLopOOceny oe onpeio
M Aentob emimédon petoAlkod EAGOLOTOG XPTCOTotEnKe
ohoTHUE TPIDV NAEKTPOUNKVVCLIOHETP@V Ue 1) didtaln Tov
Ty.2. Tho dedopévn sEntepikh @OPTIOT} Ol OVTICTOLYES EvoEi-

- Egic eivan: £,=8x107, £,=4x10" ko £5=-6x10". To VAKG ToV
gEAGoNaTOg BEmPEiTOl GAKILO KO YPOUUIKAOG EAGSTIKO LE Mé-
7po ehaotikdmTog E=220 GPa, Adyo Poisson v=0.3 ko1 Tdon
dioppong 6,=200 MPa. To 7edio 1@V TAPALOPODCERY BEM-
pEiTal ONOYEVEG.

o. No svpebel 0 TavoThG TOV TUPAHOPPDCEDY.

B. Na gopebel 1 petoPolrfi prxovg Tov BVYPEUPOL THALO-

tog KA 10 omofo eiye apyké pufxog 2 cm.

Na gopebel ovoAnTiKG 0 TAVDOTHG TV KUPI®V TACEQY

K01.0 TPOCOVATOMGHOS TOV.

3. No extiun0obv ypaeikd o1 LEYIOTEG GI0TUNTIKEG TAOELS
Ko M karebBuvon oy onoio speavifovior

=

Zyua 2

A



H dioydviog OB tov tetpoydvov OABIT (OA=1 cm) vréotn ovijy-
pévn mopopGpemon eop=3x10". H Siaydviog AT vréotn ovnypévn
TOPaPGPPOST Ear=-2x10", No vohoyiaBei to Tehkd pixog g
Aevpag OA ko 1) tedichy Ty g yoviag FOA.

L
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o

&
J
v
»
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Acxnon 4

Amodeifte 6Tt 01 CLVIOTOGES TOV AVITYHEVAVY TIAPALOPPDOCEDY, E;, Ey,
&, KOTG UAKOG TOV TAELPOV 1G0TAEDPOL TPLydvov cuvOEovTal UE Tig
KOPIEG TOPUUOPPAOCELS € KL £ LECH TAV GYECEWDV:

3(e, +ep)=2(g, +¢, +5,)

3(e,~ey)= 2\/(28a —& ~& )2 +3(g, ‘Ec)z

9

a. Asiére v tovtdmTa TOV KUpiny 0EGVOVY TRV TETEMV Kt
TOV TAPOUOPPACEDV OF EVOL YPOUUKAOG EAOOTIKG o@LA.

B. XoAvBivog kfog axpng 20 cm eivan eyximBiopévog avé-

peca og 8vo opiidvrieg OmoADTWG AKOUTTES Kol avEVOOTES (2, ————l
nbxeg (Zy.5). O wbPog goptietar €101 dhote va svpioke- S S
T01 o8 sminedn mapopdpewon, givor be yvwotég ot §vo e <t
KUPLEC TEOELG: ; Lt 2 P A
e o N
Ox=01=-50 MPa ko1 6,y=0;=-100 MPa Ry Y i ;
To vAké Tov kbPov éyet uétpo ghaocticdtnrag E=190 GPa = -
Ko AGyo Poisson v=0.29. Yroloylote: of /
1. Tnv-pim xdpio Tdom. ~
2. T xdpieg mopapopdCELS Kot Tig S1evBivoelg Tous. Siuas x
3. Tm peraforn Tov prfjkovg Tav axpdv AB kot AA wot KIHE-

) ueToPoir| g yoviog AAB.

Aokron 6

Agatiy ;oAb o mAdka ABTA, oyfjpatog pdupov -(Zy.6) &xer pijkog mAevpds o=1m

xouéxog t=1cm. O1 téooepetg mAevpés Tng MAGKOG, oV 10opporel, popriloviot.pe

OMOLOPOPPO. KATAVEUNPEVES 0pBES Kar SroTunTikég Thoelg KaBeteg -oTov GEova iz kel

£T01 oV mAdico £xovpe opoyevég eviotikd medio. Metd 1 @opTion ot mAsvpés TNg

TAGKoG empnrovOnKey kotd Ae=0.975 mm evd to mhyog dev peTafrronKe.

a. Yrnoloylote T petaforn Tov prxovg tav Swyovievs T petaforr g opbig
vavioag AOB ko1t petaBoAt Tov dykov g TAGKOS.

B. Ymoloyiote g opBég kar draTuntikég Thoelg mov eQapudlovrol oTig TAEVPEG
NG MAGKOC, KOBAG Ko Tig KOP1EG TAOEIG TNV TAGKO.

Aiveron: E=200 GPa ko v=0.3
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EGONIKO METXOBIO IIOAYTEXNEIO

ZXO0AH EPAPMOZMENQN MAOHMATIKON KAT OYEIKOQN ENEZTHMON
TOMEAZ MHXANIKHZ, EPTAZTHPIO ANTOXHY KAT YAIKQN

Hpdov Iolvreyveiov 5, Kripio Ocoyapn

Holvtegyvsiotnoln Zaypagpov, 157 73 Zaypapov

Ap Z. K Kovpxoviig, Avanipotic Kabnynnic EMII

T éowva Ipageion: 210-7721313,210-7721263,

Tnrépava Epyactpiov: Eufiopnyovixig210-7724235,210-7721317, dvowdv Aopkdv Aibav:
210-7724023, Onticédv Mefodwv: 210-7721318

Tnheopotdtomo: 2107721302

Atdovon niektpovicod Taudpoueio: stakkour@central. ntua. gr

Axadnuoikd étog 2011-2012

MHXANIKH II (MBXANIKH TOY TAPAMOPOQEXIMOY ZTEPEOY)
9" Tepd ookfoemv evioyvTikic Sidaokaiiog

2YECEIC UETATOTIOEWY — OVHYUEVOY TTAPCHOP P CEWY

Agxfijon 1"~

Eninedo oteped odua amd VAMKS. pe pétpo shootikémrog E=2x10" Pa kat Aéyo Poissonv=0.3 (pop-nCawl gtol
hoTe 10 7edio TOV LeTaTonicEV va Bwecm am6 TV oyéon:

,a‘:f;[(le +3y)1+(3y* +2xy)3]x1 0~m

0. Noypael 0 TavuoThg TV TPOrdV (VI)YUEVAV TAPAUOPOACEDV).

B. No gopebei 70 TeMKS PAKOS Ypapptkold oToleiov AB ToV GAUATOS, TOV OTOIOD TO AKPG OTNY OePCLOp-
oo™ katdotoon eivor: A(0.00 m, 0.00 m) ko1 B(0.01m, 0.00 m).

. No gopedel 1 petaPory apykds opbfig yoviog pe TAEVPES apIKdG TUPIAANALS LE TOVG GEOVES TOV CVOTH-
LOTOS OVaQOPAS, TG OMolog TV OtopapdpeaT Katdotaon 1 Kopuer Bpioketor oto onpeio A(-0.02 m,
0.03 m).

8. No ypaosl o Tavvotiic tov Tdoemy Yo To onueio H (1 m, 2 m, -2 m).

Tetpoyovich Tk, cd vAKS tE PETPo SAUCTIKOTTTag B
0.9375 GPa ko1 Adyo Poisson v=0.25, xon pe S100Ta0e1g

6mas eaivovrol 010 Zy.-2, Bpioxetor vwd v enidpaon smi-

medne eviaTikig Katdotaons. To nedio Twv petotonicemv 4
TEPLYPAPETAL OTO KOPTETLAVS GOCTNHO, ava(popag Oxy and '
15 eElodoeic:

- ‘=\—~X +%2 y 167> N, V= (Zyz —f }'-‘10"3 m S B N
a. No evpebei 10 cn’)vo?»,o TV -onueiev TS TAGKAS (Yemue- (} ] R
TpKkG TOMOS) 6T omoio, 1) .ophT| aviyLEVN TTOPALIPPm- a2 4 x,m

on (zpomn) &y, maipvel TN PEVIOT THG TIUN.

. Na vroloyioBel 1 petaPors} Tov UNKOVG TNG YPAUUNS
TOV TIPOTYOVLEVOD EPATAUATOS.

y. Zto onpeio A(2.25 m, 2 m) va gvpebel ¢ TAVOOTAG TOV TACERV KOL'OTN COVEYELL Vo €ppeboby o1 KopLeg
Thoeig ko1 1y diebBuvon tav kupiov a&évav pe ) Pofdsia Tov Kokkov Tov Mohr.



Acxnon 3"

H Aenti petolkty mhdke tov Zy.3 Pploketar vwod
gninedn evratikh kordotact. Ot petaronioes Katd
Tovg GEoveg X Koty divovial wg:

u=(-3x"y +2.3y° + 7305y)10“cm
v=(0.9%y* +x* =7500% + 250000)10cm

0. Y7olOYioTE TIC TUPOUOPPADOELS Exx, Eyy, Exy OF
TUYGV onpeio TG TAGKAG,

B. Ynoloyiote Tig petoforég pufkovs Tov Tkevpdy TG mhbKag Kat g gvbeiag 00" kabdg kar Tn petafori Tng
apyucdc opbfig yoviag xOy katé piKkog Tov 65ova .

y. YnoAoyiote Tov TavuoTh tav Tdoswy ot Toxdv anueio g mAdkog kol Seifte o1 o mhevpég AB xat T'A eivat

erelbepeg ThoEMV. —
e &

—Afveton 6t E=200 GP&?(@(V?-@«{_’: e

Asnti eninedn Tpryoviki mAdka, mhyovg t=1mm, and opoye-
vég ko 1dtpomo vaé pe E=200 GPa o1 v=0.3 gupiokeron
omé eminedn evwotik] katdotoot. To medio twv petaro-
niogmv diveton and tig oyéosic:

u= (x -+ ,y)vz 107 m, v= --(x -+ 'y)z 10°m

No. gvpedel 0 TAVVOTIHG TOV TOUPALOPPDTEDY &jj.
No. gopeBodv o1 0phE Ko STUNTIKEG TATELG KOTE UTKOG
g mhevpdic BI' cuvapticet g petafintic X.
y. No gupebei 1 ovvictapévn opbtp kot 1} cvvioTouévn dio-
TN TIKY SHvaun mov dpovv oty TAsvpd BT ()

4

=8

B

"72@/ .
Aoxknoy’ ‘
" AfveTon AenTh) TETPOYOVIKY TAGKA P aKpt (iKovg V2m H
TAGKe efvor KOTOoKSVOoHEVT amd GAKIHo VAKS pe METPO
ghooTikoTnrag E=200 GPa ka1 Aéyo Poisson v=0.3 (Zx:5).

To wedio puerotonicemv yio dedopévn POPTIGT KA1 Yid TO-0V-
OO, OVaPOPGG TOV Ty 5 Siveton omd y.oxET: -

i

| i = [(x3 + yéx)f +(y3+ xzy)ﬂXIO"Bm

. No gvpebef 10 TehMkd pfixog Tav Swyaviov g mhdkeg
1o 1) TEAKCH. T, NG Yviog XOY.... -

B. Nao gvpedei T0 TEMKOS ptjkog Tov EvBVYPAUHOD THMHATOG
MN.

v. No. gvpebei 0 Tovvotig Tav Kupinv Tdoswy oTo onueio
N pe | PoRdeia Tov KoxAov Tov Mohr 7
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EGNIKO METXOBIO HOAYTEXNEIO .

IXOAH EQAPMOIMENOQN MAG@HMATIKON KAT OYZIKON ETIETHMON
TOMEAY MHXANIKHE, EPTAXTHPIO ANTOXHY KAI YAIKQN

Hpoov Helvteyveiov S, Kriplo Osoyxapn

o vrggvaodnorn Zaypdooy, 157 73 Zaypagov

Ap Z. K. Kovprovkiig, AvarinpaTtic Kabnmmic EMII

Tnréowva Ipageion: 210-7721313, 210-7721263,

Tm&omva Epyacmpiov: Epfropnyevikig 210-7724235,210-7721317, Quokdv Aopik@v AiBev:
210-7724025. Onnkdv MeBodwv:210-7721318

Tnieoporotuno: 2107721302

AgdBuvon nAektpovicod Toyudpopeiov: stakkour@central ntua.gr

Axadnpoixé étog2010-2011

MHBXANIKH Ii (MHXANIKH TOY TAPAMOPOQEIMOY XTEPEOY)
10" Tepd 00K 6@V EVIGYDTIKTC didaokaiiag
AcKHoelc el TOD TOVVGTH TV TACEWY

Acafer 1"
Apveton o TOVUOTHG TAGEDV:

= - T 20x°%y” - 160+30y* xz~“’+3(;!x’y%*"’"-‘
100+80y° 30x>+100 0
xZ° +30x%y 0 30y? +30Z°

No. mpocdiopio8oby o1 policés SuVApEIG GOTE Vo IKAVOToLotvIon Ot eEI0AOGE; 100pPOTIOG.

"Acggf_fﬁ 2"
06 mpiouo wéyovg 1 cm pe Péon mopddinAdypaupo misvpds BI'=b=

10 cm kot Tov onoiov T dwydviog AT ivan kGOetm mpog v AB, popTi-
Ceton amd Tig Suvdpeg P=1730 N xar Q=1000 N mov Siépyovron and 10
Kévipo Papoug Tov TTPiGHOTOS. : :

No evpeboidv: .

0. OvouVIcThCES “Ta48S G, K01 Ty G€ TOUT KEBET 0T0 TopoAAnAGYpap-

Lo 7ov mep1éyet T Sloydvid Tov Al -
_f Oricopiec TaoEis Kot oL S1ev8bvesig Tav Kupiev afévav.
Aiverar: 6=30°.

Agentn 3" .
Am6 onueio A o1epeod cidpaTog vad Eviaot), Gyovier S0 eninedo Topng pe kaeT povadiwic StoUHoUOTO O
xat B. ‘Eo10 6, ko1 o T0 Steviopata Taoeng mov dpovv ota eminedo avtd. Na amodeiydel 1o Bedprnpo Betti-

Maxwell, GOV g TO 0T0i0 M TPOBOAT TOV 6, 070 B 1600Ta1 pe TV TPOBOAT TOV Op OTO O

Somon 4" o .
T1oor paPdo tov Ty.4 Siveton 0 TevusTHy TGV voewV:

0 0 -Go,
oy=| 0 0 GO,
~Go, GB, O

_Nonqg@alxéai 67U T TOPATAEVPT] EMQGVEL TNG pépdov sivor ehebBepn TOEWY.




Acknen 5"

‘Eota :c'l Kol 752 TO. BLOVOOUATO TAOTG TTOV AVTIOTOLXO0V oTe ENImEda.
7 Kot T (pe povadioia Swavoopato 1, kar R, ) mov Sépyovtol
and to onueio T odpatog vd évraon (Zy:5). Na gvpebel 1 Ko-
Te0BVVOT TOL S1UVOCHATOS TATENS f3 0V avtiotoel oto eninedo

73 TOL TEPVAEL 0md-To. X Ko opifetan amd ta dvdoporto T kart,.

Aﬁ@c; 6"

~"To opboydvio mapurinieninedo tov Tx.6 (AA =20 kot AT=BA=0)
déxeton opordpoper pdpTion o GAeg Tig £5peg Tov.
To Sibvvopa tov Tdosnv oty £6pa ABB'A” sivau:

T, = 4ci, +11ci, +6¢; .

To Stévuoiia TV TEoEQY omv. é5pa AAA'A’ giveu
1, = —8ci, i+ c12 +Jc13

TéAog o didvuouo Tev Tdoswv oy £pa A BT A" efvat:

l—f:,’=66\/-2—.

Nea pocdiopioBel 0 TOVVOTHG TOV TACEWY.

W2

To opBoydvio mpioue tov Zy.7 (£ (AIAB)=z(-(A1Al" ) =00°)
gupioketal Vo -opoLdpopeo Taowkd medio, To omoio TPoeKAHON
and T KAt OpOtOUOP PO KATOVEUTLEVE PopTin: By

omv é8po. AyBils, --?1': otV £6pa ABT, fzz omyv £6pa I
- - ST ——

W : otV €3po AT 1A ko t,: otnv é8pa. ABBA,. , :
Afveron 6t :

f,=(0,2¢,—2¢), 1, = —\/— 3¢, ¢, c) = «/— 3¢,~¢,¢) , ék\
No, vIoACYLTB0BV: 2xiqpe 7 .«;vf_ [03‘&\\ \
a. O T1evocTic TV TACEDV. _ B "/609‘3' S y
B. O1ocuvviotdoeg Tov Srovdouatog 1, . _ r
v.  Oukdpieg TAOEIS. A{

Acknon8"

@aeapmp 1 Kadérovg enl Tav emnEdmV mov 0EpKoVTaL 0md TO
onuelo M:céuarog vid €vroon (Zx:8). Eni tov kabdéwmy mrrd)v
Acppdvover Tufjuate MN= 1/~ émov T 1-SoTpn Tk} Tdom wov
8po. oto avricToye eninedo. Na gvpebei -0 yemperpikdg Témog 10V
-onuelov N ko1 Tops Tov T6mov -aVTod UE Ta ENinedo TV Kopimv
TEOEWV.
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E®NIKO METZOBIO HOAYTEXNEIO

TXOAH EGAPMOIMENGQN MAGHMATIKON KAJ ®@YZIKOQN EIIZTHMON
TOMEAY MHXANIKHY, EPTAXTHPIO ANTOXHY KAI YAIKQN

Hpdov Horvreyveiov 5, Kripio Ozoxapn

Tlolvtgyvarovnoin Zoypapov, 157 73 Zaypapov

Ap =. K. Kovpkovhis, Avarinporic Kednymtic EMI

TnAépwva Tpoapeiov: 210-7721313, 210-7721263,

TrAépava Epyaotnpiav: Epfropnyavikig 210-7724235, 210-7721317, duowdv Aopkdv Aibwv:
210-7724025. Ontwcdov MeBodwv: 210 7721318

Tnieopodtomo: 2107721302

MiebBuvon nAskTpovikod Taxudpopeiov: stakkour@central.ntua.gr R AP

MHXANIKH II (MHXANIKH TOY HAPAMOP®QZIMOY ETEPEOY)
11" Z£1pd aGKNCEOV EVICYVTIKIIG O10acKaiiog
Acxriceic eni Tov TAVLETH TWY TACEWY (CVVEYEIQ)

T 10 e£IPETIKG HIKPDY S00TACEDY npicpla Tov Zy.1 yvopi- _
Lete 6T1T0 S1bvuopa Thoewg otny £dpa BT &yt puétpo:

ko oxnuatifel yovie 23.88° pe v kdéBew omyv £dpa Bl
Atvetan emiong 611 to eninedo AT efvar kbpto. Na gvpebovdv:

a. To pétpo Tov SravicpoTog Téong mov dpe. oo entrnedo AT

B. To Sidvuopa tng TéoTg mov dpa 0To eninedo BPAGS

Znjpa 2

Tric £8peg AB kon AT sroygibdoug mpispatog (£x.2) mov Bpi-
GKETOL GTO EGMTEPIKO 1GOPPOTOVVIOG COUATOG DOKODVTOL Ol
Svvapeg Pi=8 kN ka1 P,=10 kN. NovmoloyisBovv:

.. H yovia nov oynpotiter n P1 pe v kéBetn oy é3pa AB.
B. H opbn ko Sotuntikry Téom mov Spovv otnv £dpa BT
Aivetar éut BI'=1 mm ko1 611 10 whyog 10V MplouaTos givar 1=
Imm

Acknon 3"

Na gvpebel 1 oxfon petald toV SATUNTIKOV TOCEOV Ta To Te
7OV SPOVY OTIG TPELG £5pEG TOV GTOLKELDSOVG TPYOVIKOY Tpiopa-
To¢ TOVL Z¥.3 TOV £yEl amoxonel and To E0WTEPIKS 1GOPPOTOD-"
VIOC VL6 EMImEdT EVIQTIKT KOTAOTOOT COUATOS T

Tig £8pec Tov mpiopatog ABT pe (AB)=o, (AT)=p kot (BI)=y
Spovv o1 kdbeteg ent TV aviicTolywV E6pMOV dvvapeg R, Q xon
R, émoc gaivetor oto Ty.4. @ewpdvtag To TacKo 1edio opoye-
véc va gvpedel 0 TavvoTAg TV Tdoemv Kabdg ka1 opbn wat
SwoTpntua) téom oo Tuyoio eninedo BA.




T1o onpieio O GOPTICHEVOL GHOLATOG O TAVVCTHAG TV T8oEwV SivETal MG:

300 -200 O
oy = —200 400 100 |Pa
0 100 300

. No gopedel 0 TAVLOTAG TV TUCE®V GE GOCTNHE COVIETAYHEVOV
IOV TPOKVTLTEL A TMEPLOTPOPT, TOL OpYIKOD cvoTANATOG OXYZ
népiE Tov GEova Ox katd 30° (Xy.4)

B. No vroAoytsBobv ol avalloimTeg TOV TAVUCTH OE @Be oVOTNHA
avapopds YPIoTa Kot Vo, oXoMocOel T0 anotéAeoHa 4

Agifnon 6"
. 311
O tavuoThC Trig TAOTG OE TUXGV oTHEio PoPTILONEVOL GhMaTOG SIVETOL OG: Oy = 1 0 2|MPa
1 20
2 7 -3
No. npocioptoBody ot kbpieg Thoelg kat ot kipieg devbivoeis. To ot yio tov Tavvotiioy = 7 10 5 |MPa
-3 5 5

Agwrion 7"

a. Zro onpeio P @opTicpévov chpotog Stvetat o Tavuotig TV T4oEwy i,j=x,y,z. Na gopedodv ta cuvnpitovo.
KozevBuvong 1ov povadiaiov Stavdopatog T g StaTpnTikig TAOTG 7OV dpa. oto eninedo pe kGPeto povadiaio
Swévoope N(L,m,n).

10 8 4
B. Aveivar o;=| 8 16 —10 | MPa, i,j=x,y,z, vo. tpocdiopicBodv 1 opbr} kai 1 diorpmtich thon mov Spovv
4 -10 24

o710 810 Tov P eminedo pe e&icwon 2x-3y+4z=3.

Aoxnon 8"

Y10 onpeio P popticpévov ohpotog divovtar ot kipteg THOEIS Or, O K01 O Ye kd0e exninedo mov diEpxeTar omd To
P pépvovpe Ty kGetn o° owTd won en” ovThg Aopfaveral g000YPaLO TUAHO, PHHKOVG (PN) = :I:J[G[ 6mov & 1 opn
Téom oto ovticTotyo eninedo. Na gvpebei o yeopetpixdg tomog TV onpeiav N.

Aoknon 9"
2 2 "
C¥Z C,Z° C5Y
Afvetol To pnTpdo:| ¢,z°  C,XzZ cex’ |. ®a pmopovoe KaL VTG TOLEg TPoUNOBECEL VO TAPISTS, TOV TOVDOTY TMV

Cy? CeX® CyXY

T4oE@V 670 choTNIY (Xyz); Ot Tapbuetpot ¢, i=1...6 gvat otafepot mpoypatucol opibpol.
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E®NIKO METZOBIO IIOAYTEXNEIO
TXOAH EQAPMOIMENQN MAOHMATIKQN KAI ®YIIKON ENIZTHMON
TOMEAZ MHXANIKHZ, EPTASTHPIO ANTOXHZ KAI YAIKQN

Hpdov Horvteyveiov 5, Kripro Ozoydpn
Holvteyvarodnoin Zaypagov, 157 73 Zwypagov

Ap Z. K. Kovpkovkijg, AvaninpaTis Kebnynric EMII

TrMoava Tpageiov: 210-7721313, 2107721263,

Tnhépave Epyactnpicav: Enpopmyevichg 210-7724235, 21 0-7721317,
Poowdv Aopkdv Aifwv: 210-7724025, Ontdv Medodwv: 210-77213 18

Tnhgoporéomo: 210-7721302
AedBuven nhextpovikod Taxudpopsiov: stakkour@central.ntua.gr

MHXANIKH II (MHXANIKH TOY IAPAMOP®QEIMOY YTEPEOY)
8" Te1pd AGKNGEMY EVIGYVTIKNC 818 0ckaiiog

AraEovinéc evtaTiKic Kal TopoUoPPWOLAKES KOTATTAOEIS:
Eoopuoyéc ce AETTOTOLY0 0YELQ TIEGHS

Tio T pétpnon TV aviyHévey Tapauopehceey ot onusio M AenTOTOLOL KVAWVSpucod A&PrTa (Téyog ELAHO-
Tog t=2mm) prkovg L=2m ko1 Srapérpov D=0.5m (Zx.10) yonoiponomfnkav tpio niextpopnuvotopétpa (HM).
To HM1 etvon mopddinio pe tov 4Eova tov Aépnta ta 6 HM2, HM3 Sratdydnkav émog oto Ty, 1B. To viwd Tov
A&BnT0. efval SAKINO, YPUPMKOG ELACTIKG, PE HETPO ghaoticétntag E=200GPa, kon Adyo Poisson v=0.3. O A&Pn-
10g poptiletor e ecwtepikn VpovIKT nieon p, afovikh Sovoun F ot veeptifetar opoyevig Statpntikn Tdon 7.
T, dedopévo cuvdvooud Tov p, F, T ot evoeilels ov NAEKTPOUTIKUVOIOHETPOV Elvat:

e =2x10", em=4x107 xon emvs=12x10"

Noa svpebei 0 TOVGTNG TOV TOPOUOPODCEDY.

a.
B. No gvpebei avodvTid 0 TAVVGTAG TV KuploY TOoEMV KoL O TPOCOVATOAMGLLOG TOV.

y. No extipn0ody ypopiKo. oL HEYLOTES SraTunTikég ToEls kot 1 KatedBuvon oty onota epavifovial
8. No gvpebodv ot tiés tov p, F.

Ack

Aemr6Totyoc uAvdpucog AéPnTag (méyog ehdoporog =3mm, S1éerpoc D=0.6 m) a6 GAKULO, YPOUHIKS EMUOTIKO
vAKs, pe pétpo ehacticdtnrog E=200GPa, Adyo Poisson v=0.3 ka1 thom Sappor|g o,=150MPa goptileton pe
gomTeptKn mieon p, afovikh dovopn F kot opoyev Sietpntich Téon =70 MPa. T'wo kémoto GUVOVOGHO TV pKAL
F ot evdeiteic SHo niektpopmuvoiopétpev (M1 katd pkog Tov GEovo. Tov AéPnro, HM2 vrd yovia 45°), iva:



emi=1.9x107, gmz=7.25x10"

Na xarookevaoTel o korkhog Tov Mohr tov téoswv, vo, sopebodv ot KOpies Thosig kon oL kbpieg devbivoelg
ot oyéon pe Tov dEova Tov AéPnTe. Kabdg Kol ot néy1oTe Sratumtikég TAoElS Kot ot devbibvasig TouG.

No. gopebet 1 agovikn ddvapn F xoin £0MTEPIKT TiEOT P.

Av 710 TV copdhen tov AéPnTo. mpénel va avomotsitor 1 cuvBHKkn o+ oi-oon < o2, vo. gvpebel to 16
ot TydV mov propet vo tapetn F dote va pun S1appedoEL T0 VAKO Tov EAACHOTOG.

A

Zyijpo 2a

850 AmOMITAG AVEVBGTOV TOLOUAT®VY He T0, onoio. POMG EQATTETAL

GKEVAOHEVOS 0716 BAKLIO PETAAMIKS VALKCS -UETPOV eAOTIOTNTOG
E=120 GPa, Adyov Poisson v=0.32 xou téomg d10pporig 0y=80 MPa.

1 =2 mm t
O wohvdpucdg AEPnrag Tov Zy.3 evpickeTon noy18eVpEVOG HETOED  Bmeereee=s S - E

1
1 1
Gtav Sev LIBPYEL Tieon oTo ecmTEPIKG Tov. O AéPnTag efval Koro- | 5, 60° i
; % D=0.5m :
: |
i i

O MéPnrag TAnpobToL e aEPLo vnd mieon p. Ayvodviog To Bépog b L ___________

Tov AéPnTo. kat Tov agpiov:

ol.

" Aentbrotyoc iwAvdpicdg AéPntag axrivag =25cm, néyovg d=1mm

Kot dyovg L=2m Tomobeteitar Kotaxdpopa. (Zy.4). To vAuod Tov
AéPna eivar Shiio pe educs Bépog 80 kN/m” ko téom Suppo-

fic 04=150 MPa. Extdg om6 o fapog 100 0 AEPmTag poptifeTot

ent mhéov pe ecwTeptct vEpowAkn wigon p=500 kPa woi opo-

yevi| SLoTpnTIKT) TEOM Tyy. AYVOOVTAG TO Bépog TV TOUETOV

xoi KGOE TOPOCITIKY TAOT 0T OTHPLEN KoL OTIG pOQEG TOV W= - -
paTev:

Q.

B.

Na svpebel 1 Sbvaun mov ookeitol oto. avévoTo ToLdOpOT
oLVapTACEL TG Ttieong p. , ' ’ Syiua 3
No gopebel 1 Ty g Stapétpov Tov AépnTa otov T étfscn Aappéver Ty p=0.5 MPa.

Na gvpedodv ot evdeikelg tpLv NAEKTPOIIKUVGLOPETPMV ERKOAMIUEVOV GTNY EMPAVELD, TOV AEPNTa OTWG

poivetal oto Zx,.3 (To évo TopGAANA LE TOV GEovo. Tov AéBnza Kkat To. GAladvo V1o yavieg 60° xox 120°)
GTLYU| 700V P=Pmax- ‘

No. gvomio 8oV To, TAéov emkivBuva va. aotoxficovy onueia Syipa 4
Tov AEfNTOL.

Av 10 TV 0c@BAEo. To0 AEBrTa TpENEL Vo, tovonotelTal 1 L
GUVBTKT GxFOyy OOy +3Txy SO, V0L VIOAOYIOOEL 1 péyL- o
OT1] EMTPETTH TN NG Txy DOTE VO, UMV aotoyel o AéPnTag. %:%
No. evpebel 0 ToVVOTNG TV TACEDY 0T Béom Tov AéPnTo. + M;
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EGNIKO METXZOBIO IOAYTEXNEIO

£XOAH EGAPMOIMENON MAOHMATIKON KAI ®YIIKOQN EINZTHMON
TOMEAS MHXANIKHZ, EPTAXTHPIO ANTOXHX KAI YAIKQN

Hpdaov olvteyveiov 5, Kripro Ocoxdpn

o vteyvewodmorn Zaypdapov, 157 73 Zaypheov

Ap E. K. Kovprovhig, Avarinporic Kadnyntis EMII

TnAépwva Dpapeiov: 210-7721313,210-7721263,

TrAépove Epyactnpiov: Epfropmnyavicig 210-7724235,210-772131 7, vowdv Aopkdv Aibwv:
210-7724025. Oy MeB6dwv: 210 7721318

TrnAgopordtono: 2107721302

MevBuven nAsKTpoviKo TayuSpopeiov: stakkour@central.ntua.gr

MHXANIKH IT (MHXANIKH TOY IAPAMOP®QIIMOY LTEPEOY)
15" La1pd aoknosav evieyvTiKic Sidackaiiog

Acxrroeic eni Twy kprTyplwy actoyiog oikinwy viikoy (Mises-Tresca)

on 1" .
Topmoyhg KOAMVSpog amd SAkipo VAKS Stauétpov 4 cm veictotor Tapdmisvpn wison p=650 MPa. H téon diop-
pOTic G& GTPEYT TOL VAKOY Tov KuAivipov etvar 0.9 GPa. Na vmohoyiofet kard Mises kou kotd Tresca 1 péylotn
T e adovikng SHvaung mov pmopel vo. acknBet oTov kbAvpo.

-

Acknet] 2"
frétorog sorivag (BEwtepuci oxtiva R=205 mm, ecotepud oxtiva p=
“"200 mm) amd VA pe thom Stappors o€ LoVoagoviké epehkuops 6y=250
MPa vroBGALETaL TOVTOXPOVAG € CTPEYT] KOL EPEAKVGHO.
Ivopitoviag 6tLn otpéyn dnuiovpyel SIITUNTIKES TAGEK Ty VO, vrohoyiobel
7 péyotn emrpenty| | tov T kar F av ol amdivteg Tyiég tov F ko T (ce
povédeg SI) cvvdéovtan péom tng oxéceng F=3T.
H doknon vo, eniwdel viobetdviag T6o0v To kpitiplo Mises 6oov kat 10
kpuripro Tresca kot va cuyKPBovY T ANOTEAECHOTOL.
O1 SwarunTiéc Thoelc Abyw otpéyens Stvoviar amd ) ayéon: t=(M/Ip)r. I,
y modky) por 2™ 16ng TS OL0TOUNG. '

Aocknon 3"
Te eninedn mAdxo néyovg t=20mm aoKOVVTOL OUOLOLOPPQ.
KoTovepnuéveg Suvapelg (6rmg paivetar oto Xy.3). H mAd-
Ko SEV VTTOKELTOL GE KovEVe, TEPLOPLoUS oty Katevboveon 2. e, \t*
T'vapifoviag 61t 1y thon Stapporig Tov VAKOD Tng TAGKOS ~ .
ot povoatovikd gpeikvoud eivar 300 MPa va, vroroyichei: | \*;:
o. TIéom ent mhéov SOvaun propel vo dexBel n wAdxka ko~ e
76 Tv S1e06vvon Tov GEova X; ::’

B. IIdom eni mhéov Sovaun propel va Sexdel i mhdka Ko~

18 rv S1e0Buvon tov agove. V; el e 200 mm
L 200 kN/m

~.

D;’:’aoo g
doov kot To kpuripto Tresca. l\l l 1\

Atverar E=70 GPa, xou v=0.33 ' 1000 kN/m [I

y. Av opedtepeg ot duvapelg av&avoviol avoroyiKd Toteg
—7 o1 HEYIOTEG EMIPENTES TWEG TOVG TPty eMEADEL ACTOY R,
H doknon va Avbel viobetdviag téoov To kpimpto Mises

Zytpa 3

Acknon 4"

Aokée Sraotdosnv (2 £ )x(2C)x(2t) ompiletan oe §00 KVAloE KoL @opTileTar pe opoLpop@o poptio g N/m xatd
prKog g Gve £3pag (Zx.4). Me 116 pnyovioud emPaiietal pndeviopdg tng opibévriag Kivnong Tov KEVTPIKOD
onpeiov O 1ng Soxod. To medio petatonicemv (u,v) KaTé (X,y) Yot TV et aoth di6taln dtveton amd Tig oxé-

oeic (Timoshenko & Goodier, Theory of Elasticity, Mc Graw Hill, 3 edition, New York, 1970):
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émov I 1 empovelaxy pont SevTépog TOEEMG TNG EYKAPGLOG SraTopfic Trig Sokod g mpog Tov GEova z, E to pétpo
ghaoTicdTnTag Kon v 0 Adyog Poisson. No mpoc8iopiobel GUVAPTAHCEL TOV YEMPETPIKOY oTotyEly TG S0KoD 7 pé-
YIGTT EMLTPENTY THAT TOV EEWTEPIKOD poptiov g av yvepilete 6L n Téon S0ppOnG TOV VAo Tng dokod GE Lovo-
afovikd epeAicLops efvor oy ko Bewpdvtag 6T TAEOV emuciviuvn yio aotoyio etvar n kevipue Swtoun.

Acknon 5" >
H povémaxtn doxég Tov Zy.5 popriletar o £ /;’é‘é
pe otakdpuer, dovopn P=50 KN cto £ 5 bz
grenBepo Grpo tmg. o 1) cuykekpipé- 1 o f;’/,j?i
v Sidodn o medio petatonicenv (u,0) p Z
kotd (x,y) Siverar and tig oxéoeig (Ti- Y |77
moshenko & Goodier, Theory of Elasti- Fe, ’Zéjf'
city, Mc Graw Hill, 3" edition, New York, ¥ 'fx/“fr
1970): K’ Z
By 7
) .' .y ‘ fEXTiﬂfl 5§
u = _’l(_i_l’ _wy eyt Oy (_’,:LZQQ.X] b = fi[ﬁ’_‘}’. RES . ,ﬁ]
EIL 2 6 3 2 1 ’ EIL 2 6 2 3.

émov I 7 empavelokt| ponf Sevtépag TEEERG TNG EYKAPTIOG SraTopig TG dokod wg mpog Tov GEova z, E to pétpo
ghaotucdTnrog koL v o Adyog Poisson. Tvapifovrag 6t 1 téon S10ppoRc Tov VAKOD TG Sokod oe povoaEoviké
epeEMcLOpd etvor 6,=300 MPa icon 6L £ =4C=10t v, gvpeBoly ot EAGYLOTEG EMLTPENTEG SIOOTATEL TNG doKoD wote
VO, OEPEL JLE GOQAAELD. KoL CLVTEAEOTY oopadeiag 2 T Sedopévn 0opTIoT, Beophvag OTL TAEOY erucivELVT Y1tk O
otoyia sivon 1 SluTopn TUKTOCEWG.

g onueio M Aentol emmédov peTaAlicod gAGOPATOG EML-
KoAMBNKE poléTa TPLdY TAEKTPOUTIKUVGLOPETP®Y (XX, 6). Tn
oTWRH NG aoToyiog Tov EAdopaTog ot eVBEILES TMV nAek-
TPOUNKUVGLOPETPLY ElvaL: £=8%107, g,=4x10™ w01 €. To v-
Micd Tov EMGGHOTOG PempEiTaL GAKILO KoL YPOUUIKOG EXa-
oticd pe pétpo ehaotikdtntag B=200 GPa, Aoyo Poisson v=
0.3 kou Thom SLapporig O oTPEYT Oye=120 MPa.

0. Na eopedei n évdeiln &5 vioBetdviag TOCOV 10 KPLTPLO

Mises o0V ko1 To kprzipro Tresca.

B. ®cwphvrog o medio opoyevh vo gupebel 1 HeTAPOAT] TOL
prkovg evBuypdppov Tufpoatog KA to onoio efye apyixd
pnkog 2 crm.
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