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IYNOI]TIKH OEOPIA

H ro,rafi6vqorl o€ orp6ryq etvsr 6va an6 ra ei6q tcov arLov rcatanovrlosov orqv
onoio ro,runovo6vtor o-uvr'10cog pdB6or a)").d rar 8orcoi. Mio pdp8oq 1"6pe 6tr
rc,ru,novei'uor oe orprfryq, 6rcv nd,vcrr oe ourrlv weploriv (efyn iocov ror av'r[Oetorv
8uvdperov TroD ro, en[neEu rouq eivor rd,0etcr orov KwrpoBaprrc6 d(ovd rnq. To (efyq
tcov Suvdpeov crurrirv nporul"oriv oe rcd,Oe 6ro,ropr1 rqq pdB8ou poTrli, zou ovopd,(eror
porq orp6ryqq. H tmup\r1,qg poTung orp6ryrlq M1 8qproupye[ oro u].rrc6 qg e]"u,onr4g
pdp8ou eooteprr6g 8ru,rprinrc6g rdoerq, pe onot6)"eopo vo 8rlproupyeirar pio otpopr"l
rrov 8rotoprbv peta(ri roDq ?Eou ovopd(ero,r yrovio, otpogrlg. Ts 66o npop),r1pato,7rou
nptner vo ovnpetronlooupe ornv rorozr6vqorl Tnq otp6yrlg eivar t6oo o
rcpoo6roprcp6g rolv 6ro,rpqnriov t6oec0v t, or oruoieg ovopd,(ovror er6rr6'uepo rdoerq
otp6ryrlq, 6oo Kcrl o unol"oytop6q rnq "ycovicrq orporpqg rorv 6ro,opirrv, TroD
ovrlTrp o orrrne6ouv cqv npo rcal,ori pwrl napop6 p<prooq.
O unol.oyrop6g rqq orp€7rflKrlg ( 8rorpqcLrqq ) tdoqq t yra pdB6o pe oro0epq rur)"rrcr1
Srotoprl 0c yiver pe rqv poq0eta rov TropoKd,trrl ol6oerrlv:

L

'Onou 
0, eivur q ovnTpsvrl ycovia orporplg, rp eivo,r q lrrlviu orpo<pr1q ror L to prlrog

qg pdB6ou.

t :G0 r

'Onou 
G, eivor to p6rpo ol,ioOqor1g rcor roorircrl p€ ro l,6yo rqq 8rcrrprlarqg rdolg

Trpoq q 8rutpqarrl zuopap6pqooq y,6q1"o,6Tl: G : r I y Kor r q a,n6otaoq an6 ro
revrpo rqq KDxJ'rKnq 6roropr'19 .

An6 Tq o16o-q (2) nporclnrer ro e(qg ouprfpoopo: H 6ro,rpqarcr1 r6oq r oe p.iu
otpe<p6pwq pdBSo petoBd,l,)"eror ypcrp.plKd pe n1v or6orooq r u,n6 to rc6vrpo rqq
lcuKllKng 8roroprlg, 61ovro,q pr6yroteq trp6g rmax oro orlpreio rnq e(clreprrq;
ezn<pdveu,q, 611)"o611 rqq rueprrp6pfloq.'Eror 11 orperurtrcq 8rotpqarrl tdorl oclv n-i1uta
crrtvu r, ypd,qetar:

Tmax

r ( r )=
R

(3)

H rccrtavoprl trrlv 8rcrtpqcrirrv aurrirv td,o'eov rcotd, pr1rcoq picr_c orauerpou errur
rprycovrrq, pe p6yrcreq np6q oru drpa, rrlq rco,r pr16wrrr1 oro rev'tpo rr1:.
Ie piu otorlerrir6q ernrpdveiu dF ruou Eyer anooroon r azr6 to Krlrru rri: olcropE.
evepyei otorlerrb8rlg 8rivaprl tdF, pe poTrn rrlg Trpoq ro Ksvrp(l 1q'r1' 1--r1ia-rp r t dF- 6c
irp*rcr 6prog n porq 6l"rrrv rrrrv oror1arrl8rirv 8uvdprecov o; ;rpr)_: ro rourapo rR qh
p€ Trl orpefirrrn pozq M1, 6q),a6r1:

M,: l r tDr '
F

Av )"dpoupe un6yq pog rn o16oq (2) lnapcrnm'co e;io<oor1 ypoo€rou

(1 )
q

0 -_

(2)



M,: J 12 c e dF : G e Irt ar : c o IP
F F

M
0-_

GIp

16 M 2M,
u m a x :  : -

nD3 tt R3

(4)

f .'Otrou 
Ip: J rz dF, efvat 11 rcol.trr1 pozrfl o8poveioq cqg rurducns 8rotoptlg

F

Arc6 rq o16oq (4) nporuzrter 6fl q ovlYtlsvrl yatvicr otpo<pr1q 0, eivor av6l"oyq rupoq

rrlv orpennrcrl pofrr1 Mt KCrr ovrrorpoqcDg crvd),oyr1 Trpoq ro yrv6pwo GIp, nou eivor

yvrllot6 c,tq petpo 8uotperyiog qq pdp6ou. An6 to ouv6uoop6 trov ol6oerov (2) rot
(4) rel"rrcd ppiorcoutrre q 8ratprlnrd t6or1:

Mt
T -  - t

Ip

Avarccr0rotritvrog KOt rqv no}"trcfl porq o8pweio,q tou rfr]"ou, nou eivor:

I p : ( 7 r  132 )Da= (  n l 2 )N

Irqv e(iocrlon (5), q orpsnfllcn tdorl pa q pdB6o rurl"rrrlg 6to,topqq, oqv ruloio

arctivo r, Si8etot on6 cr1 o16oq:

32Mt 2M
T : - f  : - r  ( 6 )

nDa nRo

H pfyrorq Srorprlrrrrl otpennrrl rdorl ep<pavi(erol otu, orlpeiu nepr<p6pera,q, 6r1l"u6r1
r: R, 6nore 11 e(iotrlorl (6) ruotpver rqv poptpt1:

(5)

(7)

llpo<pcrvrilg, T1cL v0 l,erroopyei pe cro<pdLero q pdB8oq 6vcrvn r1g otpennrrlq Porurl€ Mt,
np|net 11 pdyroal ovcrzcruoo6psvn orpeT[flKn xd,o1 tn,u,. vo tKovoz[orei rr1 ouv0t1rcr;

ovroplq Tro ro u)"rr6 cqg pdB6oo, 64l"u,6r1vo, tKovofioutta,t 11 ouvOr1rcr1 ovtoldg:

t.u* S rrn

'Onou tro. eivot q erntpen6pryI rtpn rqq 6rcrtpr1orcr1q tdorlq tou u}"rrcof tnq-

I?.4 rov Dfioloylop6 tnq lotvtog g un6 rn olsorl (1) 6neta,r on I : eL, oilore

Iffilovroq Dn6\yn Kor rn o16o11 (4), 61oupe:



MtL
q:eL:  -

GIp

0 < O r n (e)

H crprl xI€ orn e(u,ptdrat KDpi0)q oz6 cq <prioq too ul.Kori crlq p6B6ou, npolltinsrat

crn6 rsvovroporiq rar 6i6etot o€ e161Kofg rcivorceq-

fro otp6yrl pdp8ou ps opeoYcDvrrrl 6u,topr1 rcor 8tootdoerq zt)"eupcilv b ro1 h pe h >

b, 11 pelroul 6ratpqor4 t6oq t**nou eprpovi(rxor oro p6oov qg nl.eup6q h, 6i6etot

an6 q o16o11:

(8)

H ycovia <p petpr.ftar oe rad, 4 6e zroo6rqro, GIp/ L ovopd(etor $uorperyia rn-c pop6ou.

Ynapyet Kol yto q yrrlvrorq napotrr6p<pool ltio p6yroq erntpen6pevq ovnYpsvrl

yruio-o"pogrlG 0"o r6roro {ilotr, Tro vo },erroupyei pe ootpd}.era q pdp6oq, ocr zp6ner

vo rKclvoT[oreitu,t rl fi opCI,po p<p cooror( o'uvOt1rq :

H ovtiotorpl p6pocq 8urtpqnrq tdor'1 tu orqv nl"sopd b, eivo'r:

Tp: n Tmax

H ovqlpwr'11rovio, otpo<pr'1q 0, eivot:

(11 )

Mt
t :!max

ob2 h

A : - : -

L BGb3h

M.L M.L

GIp ZGnr't

(10)

(r2)
Mr

Or o.uvrel.eor6g o, p, n e(optriltor on6 ro 1"61o h / b tcov ztLeuprilv tou opOoycoviou

rcar 6i6ovtot orov rutvo,ra 1.

fro otp6ryq Tr.rntorot$ou oor),r1vu r.rurdlcnq 8roroprlq o unol,oyro'p6s rng 8ratpqarcqg

td,orlq 0a fver cffi6 rlsnopo,rd,trrr o16oe4:

Mt

T : -

2n? t
(  13 )

'Onou r, tivct q orcriva p6orlq nepup6perog rco,t t etvor ro fiaXoS rorliopotoq rut2nr I

\ 6,atopt1 tou )"eat6totxou 6crru),'totr. Avtiotorlr q ycovia otpoqrlg q eivcrt:

(14)



H p6"yroq Durprlnrq tdor"1 0a ep<povrotei onq 06oerg qq 8wtopnq pt to prrp6tepo

Tcagoq,6q)"o6t1:

M
t :! max

2F t-i"
(1 5)

'Onou F, eivur to eppa66v rqq ernrpdvelCI,g rnq p6onq rwtptrrlg Ypoppnq' ,\lt6 rtg 66o

e(rorrroetq (14) rcor (15) nporcunaaLyua rrl lrovto otpoqrlg:

rsL

zGF

'Onou s, tivur to pqrcoq qq nepup6pslog.

IIINAKAI 1
Iuvtel,eor6q yra otp6ryq o p 0oyrrrvtrqq 6roto pr1 g

(16 )

Vb I 1.5 t .75 2 2.5 J 4 6 8 10 oo

0 0.208 0.231 0.239 0.246 0.258 0.2670.282 0.299 0.3070.3130.333

B 0.141 0.196 0.214 0.229 0.249 0.263 0.281 0.299 0.307 0 .313 0.333



A>KH>H 1.1

Mra ocolqvoerirlq dtparcog 626et prlrog 1.5 m" eocoteptrr'1 8rdpetpo 40 mm rcar

e(areptrrl 8dperpo 60 mm ox,.(l). o) flord eivar q pelol.6repr1 porq otp6\yqq 7ro1)

pnopei v0 tgoppoorei,6rov r'1 6rorprlnr4 rdoq 6w np$wt vo (enepvdetru 120 MPa ,

B) Ilord eivur q avtiotorpl el"dponl ttpn rng Swtprlnrrlq tdoqq oclv dtpcrrro ;

40 mm

AY'H

o) H pryolr.frepn ponrl otp6ylg pnopei vu, eqoppootei 6tsv 1 8utpqrtrcrl td,or1 6w

npl"r;ervu (enepvdetrul20 MPa ppiorcetur qn6 c4v o16oq :

Ip T,o*

M t :  -  ( 1 )

r

H no}.rrc4 porq cr8pdvewg pptorcs rotl ut1o qv o16oq lp = nl2( rz4 - rt4 ) 6nou rt : Y,(

40 mm ) :0.02 m Kot rz: Yr( 60 mm ) : 0.03 m, uvnrcrOro'trbvtag 61oupe :

lp :n l2( r24 - r r4  )  :  i t l2(0.034 -0.024 ) :  1 .021x10 
-6 

mo (2)

An6 tq o16oer6 (1) ror (2) Bpiorcoups rnv peyol.riteprl porq orp6yqq-

(1.02lxl0 
-6 

-* )( 12ox1o6 Pa )
M t = = 4.08 kNm

0.03 m

p ) H ovtfotor;q e].626on'1 ttpn rng Drarprlardg rdo]]q orqv ntpcno qrlo{pn

ornv sorrrreprrc4 emrpav€lo rllq otpd,rtou.

0.02 m
re ) , :  ( n l r z ) rn , , u *  =  -  ( l 20MPa)=80MPa

0.03 m



A'K}DH 1.2

Mic 6rpero,l],ucn pdp6oq ozc6 al.oupivto ( Go:4 x 103 ksi ) zrou neprpdl")"ei e(rrlteptrd
rov lolfBbwo zruprlvo (Gr: 11 x 10r ksi ) rco,to.novetrot oe orp6yrl u,zu6 otpenarrl
pozurl pey60ouq M, : 10 kip in. o) No uztol"oyioere r4v p6yroq 8rclrprlnrrl tdoq orov

1a)"rip6rvo zrupr1va Ko1 oro r6lurpoq oz16 u)"oupivro zrou tov neprBdl).er p) Nct

uzoloytotei q ohcrl yovio orpsynq rrlq ofvOerrlq pdp6ou.

( 1 )

AYEH

o) Na unol,oyfoers fi1v ( t* ),n* rcur ( to )r,** : or 66o p€ytoreg 8ro,tpqctrdg tdoe4
qgivovrcrr oro o1.(2). Aqof KCr,l ro 6rio ul"rrcd tr1q eivor roLl"r'1pwo po({, 0o 61ouv rcn

rqv i6u ovorypdvq yrovio orpoqllg 0.'Etot 61oupe :

t r =Gr0 r  0

t o : G o O r  0 . 5 i n (1o )

max

/ ( tu  
)  max

(2)

T.e
$ , -  - nKH

-z lV

o



3€poupre 6a n ovorlpwq lovto orpoqrlq 0 rooritor p€ nlv o16o11 (2).

AvmCI,Ororritvto,g ro 6e6op6v0 poq oq o16oq pnopofpe va Bpofpe rnv npn qq .

Mt

Q : - :

GIo GrI* + G0Ipa

10 kip in

[ (  11x103 ks i ) (  n  l2 ) (0 .5  i t r )o  +  (  4x103 ks i ) (n  l2 ) l (  1 .0  in )o  - (  0 .5  i "  ) * ] l

0:  1.434610 
- '  

rad /  in

On6re on6 rqv o16oq ( 11) rcor Yto, r : 0.5 in ppioroupe n1v ( tx )*u*.

(  q  ) -* :  (  11x103 ks i  ) (  0 .5 in  X 1 .434610-3 rad I  n) :7 .89 ks i

Kat on6 rqv o16o11 ( 1o ) Kot T1o, r : 1.0 in Bpiorcoope qv ( to )'u*

( ro )o.* :14x103 ksi )( 1.0 in X 1.434610-3 rad / in ) :  5.74 ksi

'Ona4 <paivetor oro op1pcr (2) 11 pe yroq Srotprlorrl td,oq otov lohip6rvo 7ruprlvo

eivor pe1ol.6tepr1 on6 6rt oto u,).oupw6vto rc6lugoq ̂ yro out6q rq 6uot6oetq rqg

ofvOetrlq pdB6ou.

0) Na unol.oyrotet q ohKn ycrlvia orp6ryqq cqq o-riv0erqg pdp6ou.

q = 0 L : ( 1.434610-3 rad I in X 50 in )

q :7  - I 7  10 -2  rad

E6v 11 p6p6og rpov opolsvllq ( eire on6 o.X"oopivro 11 eue crzr6 266l.upo ), n p6Forn

6tutplarq t6oq 0o qtav otqv e(coreprrq arcrivo r : 1.0 in rcot 0o rqv unol.oyi(ope
an6 tov trlno :

(10k ip i "X1 .0 in )

Mt
(2)

0 -

(3)

M t r
t : - :vnulx

Ip n l2 (1 .0 i n )4

: 6.73 ksi



AIKHXH 1.3

Mia ocolqvoerirlg d,tportog pr'1rcou6 L e4et e(oteprr{ u,rriva 11 Kor sorrlreprrc4 sKrfva
r1l2 rat elvcr rctcorca;oopfvr1 an6 u1"rr6 roo 61er p6tpo Srdrprlorlg G. Ircr d,rcpc cqq
oorcei,ot porut1 ocp6yqq pey60ouq M1 o1.(1). o) Nc ro0optorei Tl p6porn 8rorprlarrl
tdorl rn,,u* Tlo rTlv drpu,rro ror-l o1.(1). B) Ka0optore rqv ycovia orpo<pqq g yrc rrlv iSrcl
6tporto. 1) Edv 11 i6to, porq orp6pg M eqoppoorei oe pia o-upnoyrl d,tporro
rcudrrng Srotoprlg 6X.Q) |yovrag rqv i6ra p6Trorq 6u,rpqnr4 t6or1 r,,*., ps rnv
nplui'r'\ d,rpo,rco vc Bpe0ei 11 orcrlvo rz crlq urpd,rtou.

AYTH

ct) Nu rcrOoprore[ I r-ax rqg arpdrcou.

+ _! m a x -
M toru*  I

Mt
I 1

[]

,'1,--.\
l 'rvr4
l-l
t l,-* hr)

o
l-i
t-- h2-,J

( i )

( 2 )

I p

I p l .i-rlrr

r  _  M t r r  _  32Mt
!  m a x l  -  

. -  A

#(nt i )  l5  nr ' '

:TT 15
3 2  

t v r l

p) Ko0opiore rnv lcrrvto orpoqrlg g, yto rqv [6ru dtparcto.

M,L
9 t :  :

GIpr

32WL

l5nGrr4



T) Nc ppeOei 11 arcdvo rz tr16 o,tpdrctou 6tc,v t'"* 2: Tmaxr Kot Mo : Mtr : Mt

M  t * u " 2  f z
I  m a x  2  -

T m a x l : x m a x z

O n6 te r -

-Y .j, : 3Nr:-
f r  ( r " \ o  TE r ;
2

I o ^' l

Apa 32Mt  -  2Mt
* 1 - 1
I )  7 [ r r -  rE r ;

r l* r"' r r  :  0 .979r t



ATKHIH 1.4

Mio, oruOept'1 dtparczoq arcivu,g r Kot pr'6oug L urcoptil.).etot ot roravepqp6vrl

e(coteprrr'1 pozrq otp6ryqG to ( pozurl ovd provd8a pr6ouq ) of(l). c) No rca,Ooprorei 11

pi6yrorrl $torpqrtrcrl td,oq r*u*. p) Ko$opior€ Trcr cr'1v o),rrr1 lrovio orporprlq g : Ql.

( 1 )

AY'H

u) No roOoprctei I r** : An6 to 8tdypotrtpo
o'uvOr1rr1 rooppozutog 1to rqv pozn'1 616oupe :

XM* :M(x ) : 10 (L -x )

eLso06pou oiopotoq oX.Q) Kot nlv

(1 )

( 2 )

H penocn 6rarpr1crrcr1 rd,o"r1 ep<povi(srct 6tov ro x:0, erei 6zou Mt(0): Ms,'u,*: tsl-,

M t r toL r toLr
T m a x : : - : -

I e  I p  n /Z ( r4 )

p) Ko0opiort rllv otrtKn y<ovicr otpo<pr1g <p;.

toL2 toL2

2toL
: _

n 1 3

(2)

2Glp
- t ^

N T  T J



A:KHXH 1.5

Mic ororrd ro0oprcpevrl pdp8og otp6ryqg 6rio 4rqpdtrrlv o1.(1), 6626etar e(rrlteptrc6g

orpennrfg ponig ( Ms)6ror ( Mt )s o'zu oqpeto A rar B ovtiotorlcr, zoo 61ouv ycrlvio

orpoqnq Qa rccr ge. Q1 orpenrrclc, poriq Ko,r 01 lrovieg orp6ryrlq eivur 0ertrc6q,
o6pgr1va ps rov rov6vu, tou Selrori leprori Tto rov d(ova x. cr) No unol"oyioete ttq

eo<rxeprr6q otpennr€q poil€q ovdotoorlg oro tprlpato (1) Ko1 (2)- P) Na

uzo),oyrotoriv ot ycovieg otporpr'1g A ror B.

M,o go
( 1 )

NYXH

o) Na uzol.ofoett rq eoorspuc6g otpermr<6q pozulq oto tprlpota (1) ror (2): An6 tu

6roypdppota eLeil06pcov oropdrorv cy.(2), otu onoio 61oupe cvolfoet n4 dyvrrloteg
pontg M11 K0,1M.2, pnopotpe vo unol,oliooupe on6 qv o'uv$r1rcr1 roopponiog rq ttp€g

roug.'EroL 61oupe :

( aE.r.1 )

M,

:
=

i-

K
M,eQe

( aE.t.2 )



An6 to (  A.E.>. l )  IM*:0

An6 to ( A.E.I.2) EM*:0

9) No uao).oyrotofv ot yorvi"eq orpo<pqg A ro'r B'

Azo trTv yerrrpetpio cnq fi{rpopoptpiooerrlq 61oope :

9e :9 r  *  9z

9e :  Qz

Avcrrcr0rotcbvtog orq e(ro6oetg (1) ror (2) :

M ,L

GIp

( M')n Lr [ (M ' )e  +  (M ' )e ]Lz

9e :

(  Mt)e

M11 :

( M,).q

Mtz :

-  M t r  =0

( Mt)e

-  (M , )e -M tz :0

(M , )o  +  (M , ) s

GrIpr

[ (M) "  +  (M , )e ]Lz

Gzl' l.

Gzl.z

9s :



AIKH'H 1.6

flor& eivor q pofin otpcrylq noo nptrwtv0 tqop!-tootei oto drpo qq otpdrtou yt0

6qpioup'10ei ycovio 6fo'poipcirv ; To perpo 6rdtpqoqg Tto rov ldlupo eivat G : 80

GPa.

AY'H

GIp
M t :  q

L

Avma0rotiovtuq pe tu 6e6op6vo nou 61oupe :

G : 80x10ePa

2nrad
q  :  2 0 (  -

3600

lp :  nl2(r24 - rr4 )

GIp
Mt :  - q

L

L:  1 .5m

) : 34.9x10 
-3 

rad

:  n l2(0.034 -  0 .024 )  :  1 .021x10 
-6 

nf

(  1 .021x10 
-6 

mo)(  80x10 Pa )
(  34  9 r i 0 rad r

1.5  m

M : 1.900x10'Nm : 1.900 kNlm



A;KH'H 1.7

H drpurtog rou ofipotoq (1) oqpi(ero,r an6 66o B6oe4 ro,t e9opp6(ovtat rudvar qg

tpeq por6iotpCVAq. No uno)"o1ioere qv 6totprlrrr' t6orl noo wepyet otcr orlpeia A

ror B nou ppforovrot ornv nt'pwyfl o - o rqq otpd'rctou'

42.5 k|{m 12.5 kNm
30 kNm 0

AYXH

H eorr;teprrfi por4 orqv lwploxno, - a 0o uzuo].oytotei uzr6 6raypo,1-tpa e].eu06pou

orirpotog yur ro aptotep6 rprll'Lo c.X.Q).

42.5  kNm
30 kNm

( 2 )

Onote 61oupe :

XM*:42.5 kNm - 30 kNm - M

M:  12 .5  kNm

H nol.rrrl pornl o8pdvsuq Tw tr1v d,tpcrrto etva,r :

Ip :  n  l2 (0 .15m)4 :0 .497  ma

ir Pf)Fd
-1 t : ' t ' ' f i

T"L



Arpori ro oqpeio A

Mr
T A :  -  :

Ip

fio ro orlpslo B

eivor oto r: 0.75 m

( I2.s kNm X 0.75 m )

( 0.497 m4 )

oro r: 0.15 m 626oupe :

( r2 .5  kNmX 0 .15  m)

(0 .497 m4 )

75 cm

:  18.9 kN I m2

3.77 kN / m2
M t r

T g : - :

Ip

15 cm



AIKHXH 1.8

O orrl),f1vog qq etr<6voq (1) 61et eooxeprKrt Eurpetpo 80 mm Kol e(cocptrcr1 8topetpo

100 mm. Edv to 6rpo tou ocol.rlvo eivur 8epfvo oe pic Bdor1 oto oqpeio A KOt

egcrppr6ooupt poTrn otp6ryr"lq oto rler6i nou ppiorceror oro oqp€to B, vo uaol"olrotei

n'6rurpqrlKn r6oq nou ovcrzrniooero,r oro u]"rrc6 oro eoortptrcd rcrt e(oreptxd

rorliog-toto oto olpeio 8tutopqg C tou ocol,rlvo, 6tov q Srivoprl zuou oorceitcrt oro

r].sr8i e[vat 80N.

AY'H

Eoolcprrrl o'tp6yr1 : q Dratoprl C ppiorcetor oto p6oo to orrrl"rlvo rcotd prFog rol)

d,(ova y Kor o p6vog dyvcrrotog no.pd.yovto,g eivor 11 eoroteprrrl otp6ryq Mt. Or

e(roritoe4 qq 8rivapqg K01nlg po?qq roo ppiorcovtur rccTd prlKoq tciv a(6vow x KOt z

ovtiotorla rrcuvonototivtaq on6re 61oupe :

IM ,  :  80N (  0 .3  m;  +  80  N  (  0 -2  m)  -M t :  0

M:40  Nm

Ilepro26rl 8rutoprlg : q nol.trrl poTcrl rng a8pdvewg Tro rnv zt€ptopl cr]q Dutoprlq eivor:

Ip  :?r /  2 t  (  0 .05 m)4 -  (  0 .04 m)o I  :  5 .80 (  10 
-u 

)  - *

80N



Arutpqnrq tdoq : yro rcdOe oqpeio nou ppiorceror or1v elrotepucr'1 ern<pdveu tou
orol,rlvo p : r s€. : 0.05 m'Erot61ou;re :

1 re€  40Nm(0 .05m)
T g q : -  :

Ip

T s 6 : - :

Ip

5.80 (  10 
-6 

)  m4
= 0.345 MPa

: 0.276lvlPa

Kor yra, rd,0e oqpeio orrlv 6o0Jreprrd emgdveto p: r so: 0.04 m 6XooF€ :

T r , o  40Nm(0 .04m)

5.80 (  10 
-6 

)  m4



AIKHXH 1.9

Mto 26ahiB6wr1 dtpu,rrog Kol evag o,l,ouprv6vrog ocrll,rlvog eivo,r o-uv8e6epfvor pe
ndrcrooq oro 6va roog drpo Ku,r ir€ 6vav arapnno 8iorco o.ro d,rcpo r4q 8rocoprlg rouq
of.(l). fvcopi{ovru,q 6n q opxrKn td,oq eivor p.n66v, va uno}.oyrorei q p6Ttorn
orpenarcrl po7[1] fioD pnopei vCI, sqopF.oo,ei orov 8torco, edv q eznrpenoptevrl
6rotprqarf rdorl eivar 120 MPa T1o rnv 26ukiB6rvq d,tparro rat 70 Mpa yra tov
ol,or-rpwfvrc crrllrlva-( Gr: 80 GPa, Gor:27 GPa).

ul"ouprvto

(1 )

AY'H

An6 to 8rdypoppo el"eu06pou oiopatog rro rov 6iorco Bfulzcoope 6tt Mr efvot q pozq
nou oorceitut an6 tov o'colrlvo orov 8iorco ror M12 n poTun zrou 0orcei.uor an6 u1v
drpurto.

M16: Mtr * Ma

tr4t2

76

( 1 )

ldtl

/T'
M,. (( ) )t

\,,\'' 
- *.,'/ .,//

( 2 )



Arpoil rcur o orol"qvoq Ko,t q drportoq o'uv66ovtut ps rov 8iorco 61oupe :

MrLr Mq2 L2

9 r = 9 2 (2)
G ol, Ipr Gr I.,

H zrohrrl pozrq a8privtlu,g Tto rov u,l,oupw6vro orrrl,rlva Kot rnv 1ul"6B6wr1 d,'upcrto
eivar :

Ipr = 7r I 2l(3s )o - ( :o )4 I :2.003x10 {ma

lvz:  IE /  2  ( rz)o :  n  I  2  (25)a :  0 .614x10 {ma

Avara0rorrirvtu,g ro 6e6opwCI, ornv e{io'trloq (2) noipvoupe :

Mr(0 .5m) Mtz  (0 .5m)

( 2.003x10 *-o 
X 27 GPa) ( 0.614x10 **o 

X 80 GPa )

Mtz= 0.908 Mtr (3)



Tor. Ipt

r l  -

f 1

Yno06roupe 6tr 11 Drorprlnrq rd,oq yro rov u,l"oupldvro orol"qvo rar < 70 GPa sivur 11
rpiorpq yur, rov unol.oyro'p6 qg p6yrornq po?qg.'EtoL 0o 61oupe :

( 70 MPa )( 2.003x10 **o 
)

3690 Nm
0.038 m

AvrrxcrgrotcirvtogTnv trp1 q6 orpennrrl pozqq Mr orrp 0160-q (3) ppiorcoolrs rrlv
nprt rnq Ma Kor ornv o'uv61eur ppioroupe cqv pfpocq Srarirrlmcr'1 td,oq yro qv
dtporto aru61dl,upo.

Ma: 0.908 Mtr : 0.908( 3690 ) :  3350 Nm

M12t2

xx: :

Im

( 3350 Nm X 0.025 m )
:  136.4 MPa

0.614x10 {ma

llapaqporipe 6n 61oupe uneppei rr1v sTnrp€7r6psyn Srarpqrtrrl rdorl trrtv 120 \{Pa

Tto rov 1d),upc rx ; rrn : i36.4 MPa > 120 MPa. apo tl un60eoq Trou Nu\'o$€
rcopo,advrrr eivo,r )"60oq .

I



'E.uor 
o uno)"oyropr6g qq p6Trotng poTrTlq 0o yiver noipvovtag oov rcpioLpq 8turprlnrcq

t6ori rqv eznrperu6pwq trrlv 120 MPa rou 1dl"uBa.

( 120 MPa )( 0.61ax10 *t ro )Tx Ivz
Mtz: :

t2

: 2950 Nm
0.025 m

Arc6 a1v 616oll (3) 61oupe :

Mtz: 0.908 M11 : 2950 Nm: 0.908 Mt1

Mtr : 3250 Nm

Avmo,Orotritwoq orqv o16o11 (1) Bpioroope rnv p6yroq otpennrcrl poTcrl'

M1o : Mtr * M'2 : 3250 Nm + 2950 Nm: 6200 Nm

M,o:6.20 kNm



A'KHXH 1.10

o npono,pfloKeoaoflr6q o1e6wo'p6g p10q psydlTlq otpdrctou rcou o-uv66ar fvov

lclqTtlpu, lie p10 Tu*tl"p*, 
-cncrtet 

qv xpnowotoirlor'1 octil"qvoer6oriq atpdrcoD pe

,o*.ui,*4 Drapetpo rbb nrm ro,r e(r,rtepirr'1 6uipetpo 150 mm- fvtrlpi(ovraq 6n t1

srncpan6pevq 8urtplnrrl td,oq etvor 85 MPa, vcr unol"oyioete tqv p6loq ponq

orp6yqg rou pnopei vo peta8i6eror o) cm6 tqv dtporro,_6nag tl/(et ole6urotei-p) ono

rr1g o.lrft"oyn &"po*"o riiou Bdpoug 1) on6 pru ocol,qvoetSr'1 dtpcrrto ro'D diou papou,c

pe e{arteprrq brd,PetPo 200 mm.

( 1 )

AY'H

o) fur,qv F€Ylorn ponq Tng oolqvoer.8ouq crtpdrctou, 6nolq 61er ole6rcotet 61oup.e :

I p :n  l 2 ( r z4  - r r 4  )  : n l 2 [ (  0 .075  m)4 - (  0 .050  m)4  ] : 39 ' 9x10 -6  mo

Mrz
t :
!finx

Ip

M( 0.075 m )
85 MPa M :45.2 kNm

39.9x10 * mo

= 7 5 m m

---
r - 1 ,  =  5 0  m m ( i  r



p) fur rnv oDpTroTrl dtpurro KCI,i rlv oo).rpoer6rl 6rpurro, 6noq 61er oXe8tuorei, yto

vo, 61ouv ro i6to gdpog Kol ro i6ro pr1rcog or 6utop6g touq np6ruer vo etvar ioeq.'Etor

61oupe:
F loy :F1P ;

n l(75 mm )2 - ( 50 mm ;21 : 7E r32

A<po6 rro: 85 MPa, ypdgoupe :

_  
* . ,

Ip

M( 0.0559 m )
85 MPa M:23.3 kNm

nl2 (0 .0559)m

y) fro tqv oar\voer8r1 otpoxto pe e(roteprrrl Odpetpo 200 mm Ytu, f6rc pupoq ot

6ratop6q roug np6,nfl v0, eivot toeg. Yno)"of(oupe rlv eooneprrq 8rdpetpo qg

otpdrrou lpdqovtoq :
F1o ; :  F1y ;

n l (75mm)2- (  50mm121  =n  [ (  100  mm) '  -  r r ' ]  r s  : 82 '92mm

Ozr6re ]to, 15 :82.92lnm Kot ra : 100 mm 61oupe :

rp= 7E I 2l(0.100 m )4 - ( 0.08292 m)41: 82.82x10 { .rru

Aoori rr,r: 85 MPa xot r+: 100 mm

M (  0 .100 )

r r :55 .9  mm

85 MPa =

82.82x10 { m'

Mt :70.4 kNm

( 3 )

Mt ri
!nvlx

TrP





ATKH>H 1.11

Mic orrllrpoer6rlg drporcog 6r(er eoorteprrq 8rapetpo 30 mm Kot e(oteprrcr1 brd,petpo
42 mm. Xpqorponoreitot pa va pretuq6per 90 kW w6pyerag. Yzrol.oytote rqv
o'u26v6rqro zueprotpo<p4q rnq otpdrcror-r 6tor rilote 11 8tatpqnrq poTuq vo pTlv
(enepvriet ra 50 MPa .

AY'H

H peyrocrl pozrrl orp6yrlg Trou pzropei vo eqoppoorei zdvo: orqv dtporco uzol"oyi(etcn
crn6 tr1v o16o11 :

tmax

50 ( l 06 ;N /m2 :
Mt (0 .021  m)

(n  l2  ) t  (  0 .021 *  )o-  (  o .o1s -  )41

M1:  538  Nm

T l  oD Ivo rn rC I ,  rT l g  7 r€p to rpopT l6  t l vo t

P :2n fM1

90  (  103 )  Nm/s :  2n  f  (  538Nm )

f  :  26 .6  Hz

=  M t r
I p



A'KH>H 1.12

Mio lohSp6rvrl drporroq AB o1.(l) XpTlo-rponouitat Tto vo preto6i6et 5 hp on6 tov

rrvrlclpa, M pe tov onoio etvor oDv8e8epwl. Eriv 1 dtporctoq zreprotp6<per01 pt n :

175 rpm Kol Tl ffnrpen6pwr1 porq otp6rylq eivor r"n: I4.5x103 Pa. Na unol,oyioete
rrlv crzrolroflrwn 6rdpr"etpo tqq orpdrrou.

(1)

AY'H

H porun otp6yrlq qq otpd,rcrou unol"oy(erutan6 qv o16o11 P: Mt ro. Tro-r 61outrre :

P : 5 hp( 745.7 W) : 3728.5 W

t  hp :745.7  W

2n 175 rpm
a : 2 n  f i

On6ce

18.33 rps
60 sec

P=M a  =  3728 .5  W :Mt (  18 .33  rps )

H arcclva ppiorcatot on6 cqv nopord,tro o16oq :

I pn roM
:__ :

2M
r : ( - ) t , , :  (

'lE Ter

aen

2 ( 203.5 Nm )
) 
r/3

M:203.5  Nm

n(  14500N/m' )

Apcr n ozotrotipwq Sdpetpog eivor d:2r : 0.42 m

r :  0 .21  m



A'KHIH 1.I3

Tvoq qlerctporrvqqpuq preta6i6er 10 hp os p10 avtl.iu p6oco pioq ralxlucng otpd'rroD

,rou 
-roprorp6<perur 

ltr "': 
875 rpm. Av 11 erntpen6prwrl porq Otp6ryqg eivcr t"n =

20x103 Pa, notd eivcn q e)"6porr1 em0upqcrl 8topecpoq qq ocpdrctou;

AY'H

H otp6ryq qq otpdrrou onol.oyi{etcrt on6 qv o16oq P: M, r-rr"Etot 61oupe :

P :  10  hp  (7a5.7  W )  :  7457 W

t hP: 745.7 W

2n875 rPm
a :2llm: : 9l -63 rad / s

60 sec

P
Mt : -  :

0)

7457 W
81.38 Nm

91.63 rad / s

O ozrol.oytop6q qq 6rapr4tpou Ttvetcrt on6 t4v o16ot"1 :

Mr 16 Mt

l. umrn,l :

fr aen

d"' in:0.27 m

T"o )- Tma* :

Ip

16 (  81 .38  Nm )

n (20x103N/m2)



A'KHTH 1.14

O d(ovog ev6g rpopqlof eivor wog orol.qvoq TroD 671et e\ateprrrl Srdpetpo 46 mrq

elvar rutoorceuaop6vog uzr6 16l.uBcr ItE xm = 80 MPa Kol XpTlolponoutcot 71CI, vd

p^ero6i6er 120 kW pe yrovtarr'1 ruybrrlru 40 rps. Yno),ofore pe urpiBero fl1.looto6
rrlv tr€ylorn eoroteprrq 8rdpecpo fioo o d,(ovcg pnopei vo 61et.

AY'H

H pozun otp6ryqq qq utpdrcou uzro)"oyi(ewnan6 qv o16ot1 :

P = M t o ) = M t ( 2 n n ) ( l )

M t :
120 kw :  477 .5  Nm (z)

2nn  2n  (40 rps )

An6 qv eznrperc6pwq potrTl orp6tyqg 61oupe :

_  M t  r e 6
T s z  ) _  T m a x  :  

I ,

rp: -ffrdlE-af, i

(3 )

( 4 )

'Onou 
droq eorrltepucrl 8uiperpog Kot d4 11 e(orteprrrl 8dpetpog. 4z6 a6 e(toriloe4

(3 ) ro r (4 )no , i pvoupe :

16 d'rMr
droo S du6u :

'lE Tar

(s)



Te),rrcd ,an6rqe(ro6oerq ( 2 ) rar( 5 ) pnopofpevuono),o1iooup€rrlv psYlorTl

6rdpetpo not npi'netvcr 61et 11 dtportog'

d3"  <  (46 to-3-  )a  -
L6 (4610 -3m ) 477.5  Nm

(6)
g0  106N /m2

(  d  r o  ) r u *  =  4 1 . 8 9  m m

flap6l,ou fioD q Ttpn Tng ( dro )o,* eivar nol.15 xovt6 ara 42 mm 0o np6net vu

6uLe(oup^e Tur eo(DrepKrl SuiF€tpo cqv aprl dro : 40 mm T1(l vo 8rocrlprlooups Trl

olloq :

Tn,- S T"n



A'KH'H 1.15

Or 66o evr1rior lohip8rvor d(oveg or(.(1) eivcrt otv8e|ep6vot petu(r5 toug ps

oupn}erc6pwo, ypovd,(to. Na uzco).oyioete tr1v ̂ ycrlvio orpoqrlg tou dxpou A tou d(ova

AB, 6ror'rl pontl 
""ptyqg 

eivcn M : 45 Nrn, rcor ro p6tpo 6r6tpqorlq tou 1d)"upo,
eivor G : 80 GPa. O d,(ovog AB eivor el"er5Oepoq vo, Treprorpfgetur ovd,peoo otq

pdoe4 E rur F. O rifiovaq DC etvur zoxrrrrp6vog oro drpo D. H Ddpstpog tcov 6uo

uE6vcov eivat 20 mm.

I
15&rrn

AYIH

H e<pcrnropwu,cl ovri8poorl ovd,peoo oro, ypovd(ta eivot :

F=45Nm/0 .15m:300N

H crvrtSpoor'1 oDrTl 8qploopyei pozurl otp6yqg otov d(ovo DC nou too6to,t pe :

M - 300 N ( 0.075 m ) : 22'5 Nm

fra vo, trfooupe to np6plrlpcr 0u, npr6ner npcbto vo uzol"oyiooupe rqv nsprorpoql rou

ypova(rof C noo oqeiLetor oolv ponrl otp6ryrlq Mt:22.5 Nrn. H yrrlvia orpo<pr1g rou

eivur :

(  22.5 Nm )(1.5 m )

( 1 )

M, Lnc
Q g : - :

GIo

45 bkn:

A

(n  I  2X 0 .010 m)o  [  80(  loe  )  N  /  m2 ]

= 0.0369 rad



AgorS tu lpcrvd(ra eivCI,t epnLer6pwa, 1 ycovio orpoqTlq @g rou lpovo(rof C

zrporuLel oto 1pav6(r B rqv yr.ovio otpoqrlq Qs fioD rooritar pe :

OB (  0 .15 m) :  (  0 .0269 radX 0-075 m) :  0 '0314 rad

@o uzro),oytooupe rrp lcovto otpog4q rou d,rpou A oq zrpoq to d,rpo B tou d(ova AB

nou o<peiL"srot orqv porrl otp6ynq Mt:45 Nm onora 61oupe :

Mtes LAB (45NmX2m)
@l"g

GIo

@a/s : 0.0716 rad

(n l2x 0.010 m )o [  80( 1oe )  N /  m2 ]

H zreprotpoqrl tou drcpou A 0a uzrol.oytoci azr6 rqv np6o0eoq tou (Dg rot tou @a7s,

ogof Ko,l ot 6rio yrovteq eivor orqv [6ur rcatelieuvoq- 
'Eloupe :

@e: Oe + Oe,c : 0.0314 rad + 0.0716 rad:0.0850 rad



A:KH>H 1.16

Mia lohip8wrt pdp6og r.-urilucng oto,0eprlg 8totoprlq o1.(l),eivor nartrop6vrl otu
drpo, A rar B. Av gopc(stur cfi6 crq pot6g Mn Kot Mn vCI, ppeOoriv ot pon6g
crvd6pcro4q 6rcr ficrKropevcr drpo A rcrr B.

80ONm 500Nm

800Nm 500Nm Ma

(2 )

AYTH

An6 ro 8uirypappo eleu06pou orirpatoq 6X.Q) Ko1'nlv orvOrl?cn rcoppozr[crg 61oupe :

XMr=0 Ms *800-500-Mn:0 (1 )

11 yovicr neprotpogrlq roD svo:Arpof Kor ro 615o d,rpo rr'1q prip8ou eivor ncrrrcopfva.
d,rpou nptnuvo eivor prl6sv.'Etor 61or-rpe :

gers :0



E<popp6(ovroq rqv nupondvtrl oX6oI naipvoupe :

-  Me (  0 .2m)  (Me+  500Nm) (  1 -5  m)

+

G I p G I p GIp

n
1.8 Me- 0.2 Ms : -750 Q)

Ar5vovtcrq oq e(rorrloeq (1) rot (2) npor6ntet :

Me: - 345 Nm Me: 645 Nm

flopocrlporipr 6tr I Me svrpTei pe avdOen1 gopd, o,n6 6n oto ( A.E.t. ) ox.Q)

Me(0 .3m)
-0



A'KHTH 1.17

H drpcrrcoq oro onpu (1) eivar 6voq orrl).qvoq K0rooKeuoop6vog on6 26dluBo 7ro1)

eivo,t 
""y"omt*r*ti 

pe svov opet16l.rcwo rruprlvo' Edv n poTurl otp6yqq Mt

erpoppr6(ero, oro drio'tou, vg o1e6rd,o€rs rnv Ko,rovoFT'l 6tgtpq6rcqg Erivcrpqq rcat

svroo1q-Kot6 pryrog proq o*ott*4q Ypoppnq otqv 6u'totn rry' To-u::p.1?rutpr"1or1q

yro tov 1atruBa eivoi Gr : l l.4 103 ksi rCI,t ylo rov opeiXalro Gop = 5.20 10' ksi.

-lr--...-.-\

/---\/ ,-\ \\
1;-f f .s in

./':://- ,_,/
l i n

(1 )

AYIH

An6 to 8rdypoppo, eL:o0ripou orbpcrtoq 6kQ) 61oupe :

- Mtr - M,op * 250 lbft( 12 in I ft ) : 0 (1 )

x

(2)

H ^yrovto, orpr\qg rou o,xpou A npbnetvo eivor q i6ro. Kol 71o tor rri$c r F a

opeilu)"rou e : er: Qup .'Etot crn6 rrlv o16o1

ML
9 : -

GIp

M :250 lbft

250 lbft

0a 61oupe :



MqL

(n t 2)t( 1 in f - ( o.s in )*l 11.4(103) kip / in'z
M,oo L

(n I 2 X 0.5 in )4 5.20(103; t ip i in2

114,r :32.88Mtop

Arivovrcrq c4 e(roriroerq (1) xor (2) 61oupe :

M1, : 2911.0lb in: 242.6lbft.

Mtop : 88.5 lb in: 7.38 lbft

Aut6g ot pon6q wegyofv oe o)"6rl1po ro pnrog rqq otpd,rtou, ctpoti rapic

e(oteprr4 pozq otpfryqq 5w wepyet ota w8dpeoa or1peicr ratd prlroq tou d(ovo

crlg orpdrctou. H 8rotprlnrq rdol otov zn-rprlvu tou opeilul,rou notrf]'er azr6 prr16w

oro rcfvtpo rou p6pl ro p6poro rovtd oto or1peio 6nou yivetor 11 enoqrl lre rov

ldluBa. Ttor 61oupe :

( 88.s lb in X 0.5 in )
( rop).u* : : 451 psi

(nt2X0.s inf

fto rov ldl"upo q el"6poc'1 8rutpqnrcrl t6o1 eivot ffrionq oro olpefo enu<pr1q rrrrv 6uo

ul"trrbv.'Eto-r 0o 61oupe :

(29rr.0lb in X 0.5 in )
( rx)'l = : 988 psi

(n  l2  ) t (  I  in ;4  -  1  o .s  in ;01

Kot 11 p6yrcq 8tcrtprlctrrl t6or1 orqv e(rrlteptrrl eznqdvero eivcr :

(291r.0 lb in X 1 in )
( tx) ru* = 1997 psi

(n  t  2 )K  I  i n ;4  -1  o .s  in ;41

Tfl, ofiotelfopoto 61ouv ole8rootai oto olqpa (3). lloporrlpor5pre rlv oo-uv61eto rrl:

8rotprlarrlg rdo1q ofl1v lt€ptop1 ruou o ldl"upaq ru,r o opeilairoq wriivovtot.

(2)



4o16 rlrov ovo,pev6pwo, u,<po6 to ul,Kd 61ouv 6u,qopenr6 ouvte)€on1 orcuptyicq(o

fl,upcg eivor zno' orLqp6q an6 rov opsilal"rco ro,r 6tot ovt6ler neptoo6cptl
'd.oqq".rcf1 

16o11 oto 
"rlt "io 

enorpr.lq). flup6l.o a,urd q Srorprl, rrfl td,oq efvot

oc.uverlg,'q svro,oq 6prog'6w eivat ror eivut rcowr1 KOt YtO tov 1d,}.uBu Kot Tto rov

opei1crl.ro.'Etor etpcrpp6(ovto,q rqv o16o11 r : T G rlloupe :

451 psi

G 5200 psi

988 psi

I 1400 psi
: 0.0867 rad

0.0867 rad(9



ATKH'H 1.18

a) No unol.oyioets rnv p6Ttorn porq otp6\yqg noD pnopei vo eqopp'ootei oe 6vuv

a1ro16 Kclr(loKzuoop6vo o,n6 rpd,pa crl.ouprrviou, e6v 11 ezntpen6pwq 8rutpqarrl t6or1

etvu,r t,u : 100 MPa. H 6rotopr'1 roD oTOTori <poiveror oto oplpcr (1). p) Kcrrd' qv

Stcrp6pgrooq roD oyrrlyorl q onn rou 6w rltcrv orcprBrilq egappooFsvq oto rf,vtpo rcor

6ror ot 6raor6oeig tou 6ey eivcrt ioeg g'X.Q)- Edv 11 porcrl otpcryqq noD eqgpp6(erat

oro ruprirro epioqpo etpoppoorui o'rov cr1oy6 F€ ng dwoeg Etoot&o'e6 ox-(2), nord 0u

eivut 11 pr6yrorq ponq otp6rylg ; llou Ocr epgovrotei aurq q F€Ttorq porq otp6yqq ;

3mm

-)*'

( 1 )

2.5 mm

3.5  mm

2.5 mm

( 2 )

AYIH

a) H eznrpen6pwq porq otp6yng Tro tov t6Leto ayrrrl6 0a

Mlsr : 2F t*;n tro

34

3mm

3.5  mm

ppe0ei aro rrp'qeor1 :

( l )

',:i |\q



An6 ro o1npc (3) ea unol"oyiooup€ ro etrrpo66v cr'19 ernqdv€toq qg p6onq rcevtptrflg

Ypopptq

37 mm

57 mm

Fr :  Fz :  (37 mm )(  57 mm )  :  2 .109 10-3 m2

(3 )

(2 )

To el.d,poto nuyoc,rov ror1opdtcov eivCI,r 3 mm. fr'oot6 ano rl;{roriloetq (1) rat (2)
61oupe:

( Mtr )',, :2Fr (tr ),nio rrn

:  z(2.109 10r m2 X 0.003 m )(  100 106 N/# )

(M, r ) , , :1265Nm (3 )

F) No uno).oytotet q p6pocq oratprlorf td,or1 otov ate].r1 c1ory6. Xe oun'1v rqv
nspizncooq 11 o16o11 (1) ypdgetot :

Ma : 2Fz (tz ).in ( rz )n'*

A<pori Fr : Fz Kor or 66o cryaryoi 61ouv tqv i6ul porq orp6ryrlq an6 ouv6uaop6 tctlv
e(roiooecrrv (3) ror (4) ,aoipvoupe :

( t z ) *u *  =  ren  [ ( t r  )m" i  ( t z  ) . i "  ] : 100MPa [  0 .003  m/  0 .0025  m]

'Onore 
n F€Tlorn 8ratpqrrrrl rd,or1orov oreLrl ayory6 etvor otc rotycopara noo 61ouv

ro e)"62poro n6yoc, ror 11 nprl rqq eivclt :

( tz )ru* : 120 MPa

Ilaporqpo0ps sTrionq 6a r'1 8u,tpqnKll tdoq ru,r orouq 6rio ayc'lyoriq eivcn
avnorp6qoq ovd)"oyr'1 oto el.dpor,o ra1og rov rolx(Dpdtov.

(4 )



Avflru0rottbwgq r : rol. = 40 GPa rcot t = 6 mrru ppiorcoupe ttlv orpsT[rllcq poTnl'

M
T : -

2Ft
40 GPa :

Mt3 : 555 Nm

2 (0.006 mX 1.156x10 
-3 

m2

34 mm

t:6mm



ATKT{'H 1 .19

Nc, unol"ofo€ffi Trlv pe1ol.r5tepl o'rpsnrrrrl pozq nou pnopeivo sqoppootei oe r60e

pia ono ti4 16l.rcweg pdpgooq Ko,l rov 1d).rwo orrrffivo ox.(l). Ot 6fo oupnayei.q
'pJpao, 

elouv rqv iSrcr izcrgdvero, 6roroprlg Kot t'l tetpdyrrlvl pdB6og Ir€ rov tetpdl<ovo

or,rl,rlvo elouu ng i6req e(rrlcprr6g 6taotdoetq. H 6totpqorq td,o1 eivai to1: 40 GPa

Kor Tur rq p&B6ouq Kol Tltr cov orrrl"qva'

t : 6  mm

40 mm25 mm

h=b:0 .040m h /b :1 .00

fto t.* = Tor : 40 GPa 61ouPe :

Mr
t :
Llnil)(

a

( r b -n
40 GPa

( 3 )

AYTH

ftu tqv ouprzayq pep6o pE rqv tetpdlowrl ern<pdvero

rdoq 8ivetut un6 rcv no,Pa,rd,to tfno :

Mt
4 :!max

ob2h

Dracoprlq q p6Ttonl 8u,rPqarq

'Onou or etvot ouvteLeorqq po otp6yr'1 opOoyrovtrqg 8toroprlq( llivaroql)

o:0 .208

M,r

0.208( 0.040 m )3

Mtl : 532 Nm



fto trlv o"upray"1 pd.B6o ps rnv op0oliovn ezng&vero 8rctoprlq 616oupe :

h: 0.064 m b:0 .025  m h lb :2 .56 u :0 .256

MtzMo
4 :!max

ub2h

40 MPa =
0.256 (  0.025 m)2 (  0.064 m)

Mtz : 414 Nm

f* rov opgo*irvro ocil,rlvu, nou 61er ftaxocrt: 6 mrn, q 6utprlarrl tdorl 0o ppeoei

un6 cqv o16oq :

M
T : -

2Ft

'Onou F eivsr q einrpdvero orqv onotcr unitpler n pso-Il nepiperpoq xr1g 6rotopT1q' Tto-r

61oupe :

P  :  (  0 .034 m)(  0 .03a m)  :  1 .156x10 
-3  

m2



A'KHIH 1.20

H drparcoq BC eivot orrlxqvoer$qq pe eooteptrrl 8rd,petpo 90 !"1 rcar e(tlteptrq

6rdpetpo tiO mm. Or drparco, AB *o, CD eivur oupno,"yeig pe 6rd,petpo d' -u) 
No

unol"oyioete rlv p€yroTrl Kcrl cqv el"dporq Ercltpqcrq td,oq yru rqv dtpcrrto BC' p)

Tqv oncrrtorlpwrl Srdperpo d rrov atpdrtcrlv AB xcn cD, 6tav 11 erntpen6pwrl

Surtprlctrrl td,oq 1u. crut6q eivcn 65 MPa.

M6 26 kNm

X{tD: 6 kNm

j-=?ni
lu/

/T-\).r
l

120 mm ]D
I

.7 m- --H.5 m.9m

AYIH

fra tr1v d,rparcto AB o,z16 ro 6dypo,ppo, eLeu06poo orbpoto g ox.Q) Ku,1 rtlv ouv0t'1rr1

roopporcioq Ttu, rnv Porcrl 61ouPe :

IM* :0 ( 6kNm) -  (M , ) . q .e :0

( M, )es :6 kNm

A
( 2 )



Mtp 6 kNm Mt: 14 kNm

ft0 rlv dtpurto BC ono to Std,lpcrprpo el^eru06pou oolpurog oX,'(3) 61oupe :

IM*:  0

a) No unol"olioete
BC.

( 6 kNm) + ( 14 kNm) - ( M' )sc : 0

(  M,  )ec:20 kNm

qv pdytocl Kor rrlv e)o,potr1 Srotprlnr4 td,oq yro rqv dtpa,rcto

rp : Yzn ( rz4 -rr4 ) : %n l( 0.060)4 - ( o.o+s )4 I : 13.92x10 { ma

H p6porrl 6rotpr1t1rr1 td,oq yro rrlv e(coteplrrl eznrpdvero o1.(5) eivcrt :

( Mt )ec rz

T2: amax

( 20 kNm )( 0.060 m )
t :rmax

= 86.2 MPa
13.92x10 {  ma

fro nlv e)"dpoq 8iotpryrq
an6oto,orl cn6 tov d(ova.

td,or1 ypd<poupe6rL or porag eivst uvdl"oTsg Ps n1\

45 mm

Ip

Te}" f 1
- :

Tmax Iz

f ^
! €,1

862 NdP" 60 mm
ter :64.7 NIPa



x,) , :45  mm

rr: 60 mm

( 5 )

Efpoupe orl ro trreye0oq
= 6 kNm Ktrlt = 65 MPa

p) H otottoopsvn 8rd,petpoq d torv o,tpcrrtolv AB rcu'r CD

rqq orpetnrqq poTrnq Ko,l rrlg Drotpqnrcrlq tdoqq eivar Mt

ovclotot1o, 6nore on6 qv nuporcd,tco ox6orl 61oupe :

(6kNm)rMr
T : -

Ip

r3 :58 .8x10 {m3

(6poupre 6n d:2r

n l 2  r a

r : 38 .9x10  
-3  

m

65 MPa:

Ozr6te d,:2 ( 38.9x10 
-3 

m ) : 77.8 mm

MhB 
/^ / 

*fuu kNm

{ru
( 4 )
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IYNOIITIKI] OEOPIA

Or e(atreptr6q 6uvd,pe1q fioo rcutcnovoriv pia 6orc6 tl suu orbpo, 11 rcct piu rcatoorceurl

yevtr6tepa, peru,Brpd(ovtor oto o4preicr ornpr€qq, wril ot orqpi(etq ovn8poriv 6tot

rilote va 8rtrrqpeitcrl n loopponlo tou o6poroq. fro rqv oqpr€n tcov 8orcbv

Xpqolpofi o totivtur o r e(r1 g 0 e prel"rril8 erq tp6no r :

H *l"t"t1 ( q e),eriOepr1 66pooq ). Ie crurqv, 'uo olpeio oqpr€qq elvor e]"sri0spo v0

petorweirul 1optq tprp6g pe qv porl0ero tou e$pdvoo rcril"rorlg p6vov ratd pio

6r,er50uvor1. H o,vrl8pooq oe ounl qv nepintrriorl, eivor q 8rivoprl nou Erepletcr on6 ro

oqtrreio ornplqqq, r60eto otqv rril"toq.
H dp0prrloll. le outtlv, to orlpeio ocrlp(nq o'uv66eto,r p6vrtrro pe ro 66o9oq tl dl'l'o

o.r6peo o-riotqpo pe dp0pcooq, q onoio ernrp€ntt p6vo tqv el"eiroepq otpoqtl qq

Dorou. H ovA$poon rng dpOpcooqq sivcn 6uvor6v vo 61er onoro8rlnote 6reri0uvor1.

Iolv nepintcoo4 autr1, avcrl.rioupe ouvr10o4 tr1v ovci8pooq oe 6rlo rd0ereq peta(ri

roDg oDwotciroeg, pio opr(6vna rcc,t pia r60eq.
H ndrctooq. H oc1ptft oucori tou eiSouq 6w erntp6net ro,piu |reru,Kivnon I orpoqn

rrlg 6orcor5. Or avrL6pd,o€1q ofilv nepinroroq ourtl eivoq oqsvog or 6rio otvroriooeg qg

crvciEpoorlg 7rorl ouvovn1oapte o'qv dp0pcDon, oq€r6pou 6e rcrt pio porn1, nou

orro*Litt Tnv zrepintroorl neprotpo<pr'1q Tnq 8orori KcLt fioD ovopd(etol poTnl

ndrtrrlorlq. Me ndrcroorl orrlpt(ovror or np6Bol"or, ot onotol crv 61ouv ndrtcooq rcn

oro 6rio roug d,rpo ovopd(ovtor crprpizruruor, 8rcrqopenrd pov6norctol 11 or)"d

np6Bo).or.
ficr tov unol.olrop6 'urrrv uva8pdoerov ou'utDv, o1e6rd,(oupe to 6rdypu,ppo, el.eu06pou

ocilputoq cqg 6orcor5. Erpgppo(ovrcrq orq TsvlKR nepintolorl rq rpsq efrorboerg

orcrnrrlq roopporcioq oto ( A.E.I.),

EP* :0 ,  EPr :0 ,  tM :0

llpoo$ropi(oDp€ trq rpeq dyvrooteq avrt5pdoerg ( 11 ot Erio 6tav tc qoprio eivat p6vov

rccrrorc6pucpa ).
Icv rcstcorcaxroar6 ororleio 11 6or6q, XpnotpoTroui'uot oe nupa no),1"6q neprnrriloeig.

O rcupr6tepoq l"6yoq eivor 6tL pzropei vcr 6e10ei <popricr t6oo rcrtd rq 6rer50uvoTl rol)

d(ovo rrlg ( o(ovrrd ), 6oo rccn rcd0ero, oe cot6v ( e6d,pora 11 8ratpqrrrd ). To

uirrupt*d <popricr TroD KoroTrovoriv pio 6o16, e<p6oov nepfyovrar oto i6to en[ne6o pe

tov d(ovd rr'1g, 61ouv oov ouvfnelCI, Trlv etr^updvrorl os o7rolobllnote 8ru,totlrlT nq, tpuirv

ywrrd, svtonrcov peye0rbv. Auto eivor:

H a(ovrrcq n op0n 8rivcrpq, nou oupBol'i(etor pe N
H r6pvouocr 8uvcrpl aou oupBol"i(erur pe Q
H rccrpnarq poTrn i porq rdprynq Troo ouppol"i(etar pe M

To tpio curd otonrcd pey60r1 ovopd,(ovrar a,n6 Kolvof <popria 8toroprlq, enel8rl 6pouv

Ku,r rcr tpio oe onou8qnote 8rotopq rqq 8orcori, 11 rcor sooreptK6q Suvd,perq . Av ta

efroteprrd, <poprio 5w neprelovrol oro iEro elcilue6o t6,e ota tpio. wtoard pey60r1

npooriOetol KOt rl porun otp6ylg Mt on6te ta <popr[cr 8rotoprlq ov6plov,cr oe

reooepa,
Oeoporipe 615o rop6q p-v Kcr1p'- v', oe 615o ruapdn).eupeg 6rcrtop6g pruq 6ororl nou

on6louv petolri rolJg orolxsrrb8rl on6otuoq dx. Anor6zrtetat 6tor on6 qv 6o16 sva

ororleio rqg, fioD orrlv oploreprl 66pa oorcorlv'uc,r 11 tepvouocr 8rivopq Q ro,Orilc rcar

\OpTrnKn ponrl NI, nq onoieq 0ecoporlpe genrdc. Al' parolu r(!)\' 8toroprbv p-r' xrtt



y.'- v' 6w egapp6(etor rov6va e(coteptrc6 qopdo, t6te orlv 6e(td 66paTou otorleiou
0s oorofvro,L q t6pvouoo 56vopr1 Q rcoOrbg KCI,r rl KopTrrLrn poznt ( M + dM ), 6ruotl
dM eivor q peraBo),r1 qg rcapnnrflq poTrnq M peta(r5 tcov 66o 6ratop6v oX.(1).

q(x) q(x)+dq(x)

o

T,f

t l
iv  v ' i

l j+dv+

( l )

I  tLLtr
I  t  I  |  |  t t

l--l
l l

l"j
1,".i
[J

( . 2  )

Q+ dQ

or a
M + d M  l \

\"7
) l

/ \T(
M+ dM

)

la

Ener8rl to ororleio rooppozei, 0u nptnet ro o,l.leppmo aOporopo rotv pozrirv alq fipoq
to oqpeio K ( nou eivur to rcwrpo Bdpouq n1q 8rotoprlg ), vo eivo,r pr'16w, 511),o64:

IMr=0  M- (M+dM)+Qdx :0
dM

Q: -
dx

An6 qv napan&va o16o11, nponinter to e(r'19 oupn6paopu: Ie 6rorotrr6q tr1q 8orori
petu,(ri rcDv o-DyKswpop6vrov 6uvd,perov, 11 petupol.n qq ropzrnrrlg poTrnq cDq fipog
to peraB),r1t6 pr'6og x, toofror p€ rlv rdpvouoo 6rivopq.
Av petu,(ri tr,rv 8tatoprirv pr-v Kor p'- v'lJfiap4el Ko,r Kcr,rov€pnpsvo rpopc[o evrcror1q
q(x) orqv oproreprl 66pc rcor q(x) + dq(x) orrlv 6e(rd o1.(2) e<pcpp6(ovro,q rrl
ouvOqrcq rooppon[aq y1o flq pon6g rou oror1eiou aotori crlg fipoq to oqpeio K, nepinou
0u roller:

q(x)+[q(x)+dq(x) ]
IM6 :0  M- (M+dM)+Qdx - dx(dx l2 ) :0

z

Eq o16oq o,ur1, ener8rl o rel"eutclioq 6poq ovrlnpoorrlnefer zol"ri prxprl noo6Trltcr.
pnopei X,;i,q4 uro0r1r6 )d0oq vcr no,pol,r1q0ei, on6re (avoppioKoDpe 6tr Q : dM / dx.
noo Bpr1rcape napo,ndvro. Xto o'uotleio out6 0o rplnet ezciorlg, ro cl.yepprrc6 dOporopc
trov rctcrc6pDqcDv 8uvdpecov vc eivar pq6sv, 611lo611:

xFr :0  Q- (Q+dQ)-
g (x )+ [q ( x )+dq (x ) l

dx :  0



Onore,ape).trlvtu,g tqv noo6rqro dq(x) dx I 2 roq no)'r5 plKprl' ppiorcoupe:

dQ
-: - q(x)
dx

An6 rqv nopozrdvo ox6on, zuporc6nter to e(r1q oupn6poopcr: xtqv er8rrrl nepintroorl

TroD Tl 6orog <p6per opoiOplp.po <poprio pe otugeprl 6vtooq, q t6pvouou Sr5vopq orqv

mpropl o,orll, puroile)')"urs1 Ypopplrcd' oe ouvdpqorl pt ro x' llpo<povrrlq' ov ro

Ku,rouepnp*o ,popio q(x; petaBdl')'ttot ypcrpprrc& pt ro x' t6te 11 t6pvouocr 8rlvapq

Q 0o petcrpd,)'Lstur nupa,Bol"rrcd.
Av t6},oq, petaf,u trrrv.Etatoprilv p-v Kot p,- v, weplei oDYKsVTpotlsVo q9plo P rcrr

ae i vu rn t6pvouoosuvapqo rnvop ro rep r l 66pc lw r i lQ 'oqv6e ( r6T , }TE
eqoppo(ovrog rq o*uv0r1rq rooppozuiuq tcrlv 6uv6trreov oq Trpoq rov rotor6pu<po

d(ovo, BpiorcouPe:

Q-P-Q ' :o
: )  Q ' :Q -P

,{z16tn <i160-rl oDfil, <po,ivetar 6nonapyet ua6topq petuBo)'q tqq t6pvooocrq 8uvopqg

oro ororl*rb6eq pqrog dx, fioD ro ovopd(oupe o'uvr1oroq 6),po. Evte)'rilq ovrlotorlc,

d)"po ,roporqpifroi eTdong otrl poTrn rcdpvqq M 9t* 
orlpeiu TroD c'orotivtor

e('teprrcdq pont'g, rc0tlq 
"ot "ttlu 

o(ovtrq 8uvoprl N otu olpeia nou uorcor5vto'r

o(ovrrc6q Suvd,perg. flpo<pavrrlg K01q nop{rTrrly6q dM / dx oto oqpieio tqoppoTtlq rng

Suvopriq P, Ocr nopouoto(er aouv6leur'
Iuvoryi(ovrq,q flg ol6oerq Kot Y1o r1g rpslg nopcrndvo neprntriloerg' 61oupe:

dQ d2M
-= -q(x)  : - - - - ;

dx dx '

dM
- :Q

dx

Ei8ope 6T1 6rov pia, 6or6q qopd(etat pe rca,tor6purpo tpopt[o, t6oo q t6pvouoa

drivupr.1 Q, t6oo ror 11 pornl rdprvnq M petcrpd)"1"ovr01 lwtr6 ps Tnv on6otcrol x, t1

onois opi6r, rn 06oq .ur1q 8rcrtopqq qg. fru To l"6yo crut6 eivo,t lrqotpo v0

o1e&d(oupe Trq ypoqlrc6q napaotd,oerg rcov nooorrltcrlv crutrrlv rcor& pqroq cqq 8orcori'
.Etor, orrl psv ,rrprlp*r1 o1e6r6(ou[e cq grloq x rn! 6r'toprlg qg 6orcori, or4 6e

retoypwq n1, ourioiol1n trfiq n1q u(ovrrcqq 8fvapqq 11 tfpvououq 8rivupqq Q t1 rTl-c

porrTl; Kdttvqq M. Or ypoqt*g no'pootdoeq ovopd'(ovtar 8ralpdppuro o(ovrrrbr'

il.ll.l r'ltepvouorirv 8uvdperrrv ( A'T'A') ror poncbv rdpVlq ( A'P'K' )'

fro .uqv rcu,tcrorceur1 ro:v 6io,1p'ppdtrrrv crutrbv, eivoi r6roitepo Xpnotpor preprroi

KOVOVSq, or onoior crnopp6ouv orro ,,c e-Etoiooer-c norr ano6ei-Lopte- rcAt or onotor eivat:

Ie urp6ptrorrl 7t€plo1rl trlq 8orcof ( P: 0 ), t6pvouoo 6-uvapq Q eler otu0epq npq xci

rcaptorutct uno eueiio, nopd)").I),n lrt rov d(ovo rqq 6orcori. H 6e rcupzuancl poq \1'

petupd,Ll,etot Tpc,ptttKd rot nopforatc'r ofio rerc]'rpevq auoaiu pe o-uvter'eorr1

6reri0uvo4q Q.



Ie nepropl rqg 6orcor1 nou rpopd(etor o;rot6poptpo oz16 Ko,ro,vspTlpwo <poptio q, n Q
peroBo)")"etot ypol^rpll(a, napioratar 6e sn6 euOeis pe rc)"ioq - q. H M petuBd)")"etcn

nopaBoLrrd ( rupzrulq p* poOpori ).
Le neptoyil cqg Sorori aou qopci(ercll Tpopprrcd, ( tpryrovrrcrl 11 tpone(oer8rlg g6prrorl

), 611l,o611 to q(x) eivor e(iorrloq zcprbrou Bo0pori, q Q petaBdl'].erur nopopol"rrd
( rccrprfl,q pou Ba0pori ) oe ouvd,prnon ps ro x, wiD q M petopdl"l"etot rcltd rccpznil"rl
you pa0pori. fevrrcd {Lv ro e(rrrteprr6 Koroveprlptevo <popr[o q(x) oe wo tptlpo rqg
8orcori eivsr ouvdprnon v Bo0pou t6te q T6pvouoo 66vupq Q(x) etvcn Ba0pori v + 1

svcb I rc,pncrcq pozctl M(x) etvur v * 2.
H M noipver orp6tuteq op6q ercei nou prl8evi(etat 11 t6pvoooo 6r5vopq. H rtprt qq M
pnopei vu Bpe0et ov ornv ttpn rng ruprunrqg porllg dnqg 8ratoprlq, apoo06ooupe
ollepptrd to eppu66v tou Drcypdpporog rrrtv repvooorirv SuvdptcDv Troo peool"opei
a,vdpeocr ot4 6oo 6rotop6g.
fta rqv rcatoorceurl tcrlv ( A.T.A.) rcor ( A.P.K.), lopi(oupe rr1 6orc6 oe tprlpcrtcr, pe
rcprTrlpta, rrlv ep<pdvrorl o-uTKsvrpotrsvTlg 66vopr1g ylo ro 8rdypcppo a n
o-uTKsvrpopsqq pornq yw ro 8idypoppo M rcat oplnq 11 t6l"ouq tou d,)"po,toq onl
o-uvep1 q6pooq. Ynw0upi(oupe 6rt Tlo ro 8rcrypd,ppoto eivor onopa,irqrq zrprirto 11
eripeoq trov crvnSpdoecov rqq Eorcori or onoieq ,ytcr, Trq roootcrnrc6q 6ororlq, ppiorovtor

an6 nq e{rodtoerq rooppozcicrg fiou egop}r6(ovror oto 8rdypclppa e}.eir06pou oiopotoq.



ATKH>H 2.1

No olebroorofv to 8raypdppatu
6o16 tou oplparog (1).

ropncrcqq po?unq rar t6pvotrooq Srivapqg yto rqv

(1)

AYTH

Ynol.oyrop6g uvtr5pdoerrlv : H 6or6q oto (A.E.X.) oX.Q) eivur 8rolropropnrrl oe

a,uOuipeq uz6ocaorl x o,rc6 to orlpeio A rng neproplq AB. Or dyvrrrocg V rat M

wepyoriv pe 0enr4 qopd, orip<polvo lffi rov xov6va rou 6e(ror51epror5. Eqcpp6(owuq

rq ouvOqreq roopponiaq 61oupe :

P

EF:o

IM:0

Y:P l2

M:  P  l2x

M
1

I

V

o.'. *



An6 to (A.E.t.)
61oupe:

xFr:  o

XM:  0

oX.(3) KCI,l rrlv urc6otoorl x Trot)erueiverct orlv fi€pton BC

P l2 -P-V :0  Y : -P  l2

M+P(  x -L l2 ) - (P /2 )x :0  M:P  /2 (L -x )

M

l-\
I/
lr '

t.*.L

Azu6 14 e(roirroe4 (1) rut (3) po qv ropurrrq porurl rar cq e(roriroll,q-Q) rctt (3) yra
'u4v r6pvouoa porq o1e6r6(oope ta 6uypd,ppto,ro trov avn6p6oerov ottlp{nq oX-$)

(3)P
;z

MPL-i^ 
Mra:F -

, . r 4

(4)



A;KH'H 2.2

No ole8urototiv ra 8nypdppata rupnarrlq potung rot t6pvouooq 8rivaplq Tro Ttlv

6o16 tou op'lputog (1).

Mo

AYUH

Yno)"opopr6q owr8pdot(Dv : H 6orc6g oro (A.E.X.) oX.Q) eivcr Srclrrrptopfvrl oe
o,u0cripetr'1 czr6otoorl y an6 to oqpeio A cnq neptoyfg AB. Or dyvrooteq V rur M
wepyoriv pe 0enrq <popd o'ripqcovo pr tov rcrv6vo tou 8slrori 1epror5. Eqopp6(ovtctg
ng ouv0r6eq ioopponioq 61oupe :

xFt :  o
Mo

\ I  -

L

Mo
M:  _  _x

L
IM:0

(1)

A[?---l
Er

M
t\
l t
1, /
t '

M
1

l

V
I

Mo
T

Y

I
Mo

I
/ 1 )(2)



Ano ro (A.E.t.) oX.(3) K0,1 rlv ozu6otooq x zrou erteiverol orqv nepropl BC

51oupe:

xFr: o
M6

\ /  -

L

EM:0
Mo

M :  Mo_  _  x
L

M:  Mo t l - ( x / L ) l

'Orav ole8td,ooops TpoqrKd fl€ nopozrdvcrt o-Dvopr{o'sr,g, oro, 8ralpdppcrcr rnq
rcupaorc4q poTrnq Kol filq r6pvouoaq 8rivcrprlg napcrrrlporipe 6n q r6pvouoa 8tivcrprl
eivor oru0eprl os ol,6rc1,r'1po to pr6oq tr1g Eorori rcn 6sv "";r,nped;(el'l:l on6 crlv
rupnnrq porurl nou eveplef oto rc6vtpo cr1q 6orcor5 oX.(4).

x&
L



AIKH'H 2.3

No ole8raototiv ta Suypdpporcr xopncucrlq poTnlq ru,r tdpvouoog Suvopqg 1rt0 rnv

6o16 rou olqpcroq (1).

AYIH

To Srdypoppa e1,m06pou orilparog Tto to oprcrep6 tprlpo cqq 8orori qaivetor o'uo

6x-Q).

x_l

H rurcrvepqpswl qoprtorl Yt' out6 to rplpo azerrcovi(etar o,n6 r1v oDvlorCI,Ftvn

6rivupq, pr6vo prerd rqv crnop6vrlrol rou rprl;rotoq ow 8rdypo,ppo el"eu06potr

oioptotog.'Enedrl ro rpqpo 61er pr6og x , ro ir6le0oq crlg o:uvtotopwqq 8rivuprrlg 0o

eivc,t qx. Aucl 11 8rivapq wepyei oto rc6vrpo tqq rueproplq' 7ro0 mpr)"aprBdvel TIlv

*ot*t1it1pwr1 cp6pnorl Ttc rqv un6otoorl xl2 un6 rqv 6e(rd drprl tor-r oplpatoq'

Egcrpp6(ovrog rtg e(roritoeq rooppozcioq 6loupre :

T -

qi(
!*I--r-l- - -.r

A

r M

t1
t)
I '

V

qL
qx-v:0

2

L
v=q(_ _x)

/

qL
2

xFr: o ( 1 t



XM:  0

L
V:q  ( -  - x ) :0

2

qL  X
- ( - ) x+ (qx ) ( - )+M:0

L
X : -

2

q
M: - (Lx - x2 )

2
(2)

Ta anore)rioporc Tur Q rccrr M pnoporiv vo el"671ouv czr6 tov tuno dQ/dx: -q' Aut6

etvor orrrot6 yrori to 0ecr6 <poptio q wepyei Trpoq rcr rcd,tcrl. Erior'1q dm/dx = Q'

Arolpdppato I Q ] rur I M ] : To 8roypdppoto rfpvouoog 8fvaprlg KOt ropnnrrlg

pofirlq <puivovtcn ocrlv etr6v0 (3), ole$rrroqroy po,otopevo ooq e(roirio€E (1) rut (2)'

To oqpeio pn6sv rrlq t6prvouoog 8rivapqg pnopei vo ppe0ei on6 rqv e(tocrlorl (1).

An6 to 6rdypuppo Koplfirllfllq poTn1q ourn n oprl tou x tulcriver v0, ovrvrpooronefer to

oqpeio oq 6o16 6nou evepyei q p6yrotrl gtpn rnq.'Etor ur6 tqv eliootorl (2) 61oupe :

q  L  L^  qLz

M * u * : _ - [ L ( - ) - ( - ) 1 ]  :  -

2228

(3 )

t L+ 2 -

qL



AXKHTH 2.4

Na ole8ro,ororiv rcr 8roypdppd,rCI, Kopfitrrcng porrtg ra,t tfpvouooq 8rivopqq yra rnv
6o16 rou ol4poroq (1).

( 1 )

AYIH

Avcr8pd<ieq ornp(ng : to ro,raveprlprfvo qoptio ovarcutcotd,0rlre an6 r1v
ouvtordpevq 8rivoprl Kor 01 crvn6pdoeq 61ouv xoOoprorei 6ncrlq <poiverclt oro aXnpu
(2)

I;-)
(2)

An6 to 6tolpcp1.to eLeo06pou o'rbpatoq 6?(.(3) qg 6orou to tprlpo rou ozofou 61er
prtroq x. flu,patrlporlpe 6tt qv fvtao4 rouTplTolnKori goprlou oto tprlpcr uut6, try

Bpiorcoupe o,a6 u1v ovc) .oy io,nou e ivor :  q /  x :  q lL  n q:  q . \ ,  L . lv {eqv €vtoor l
tou <poprtou yvrrlorq, rl o'Dvroro,prwq 66voprl rou Ko,rov€pnpwou tpopdou 61er oprotei
on6 rry neprofl rcdtro az6 ro 6u,1poppo el"eu06pou oriipato,c oX.(3).

qL
2e

*

I

I



'Eror r6loope :

rFy:o

qL---r

al
\ l> l

a iqvl

L.2 -  x2 )
q

2L\

gL
L

dQqq:- -dx : -  
tL

q
6Lv-  dM

dx

lw:+
1 ;.-- .M

f i)
IV

(3)

+ *rnl)x-v:o
v:fi(f-*')

+ 9o, *+( $r.r*,.r+M:o
r ra:  f ,  ( -2L3 +3L2 *-* ' )

IM:0

Ta onoreL"6opu,ro, pnoporiv va e),sy10oriv e<popp6(ovtug trg nopordtcl e(roiooeq :

(0-2x)=

1 1
(  -  n  -  ? l  

-  -  l v - '  -
\  v  J L  - . \  ,  

-



Tu 8ruypripporo rov e(roiooecrlv etvar ole8toopfvu otqv err6vo (4).

2

al\ - l
^ lqr: '

qL--T

-
qL*

a
J



A'KI{TH 2.5

Nc ole6rooto6v to 8ulPdPPoru
6orc6 tou op'lpotoq (1).

raprurtrrlg poTrnq ru,t t6pvouooq 8rivatrr.Ig Ylu' rnv

(1 )

AYXH

Ava6p6oelq oTnpGIq : ro Korovsprllrrivo tpoprfo eivor 1orprcp6vo oe o'uvtotopfvr'1

tprlorvrrrl rot opOoyiuvro <p6paor1, out6q ot 6fo <poprioeq avnrcoOrotiovtu't on6 rq

crvtiororleg ouvrotopfveg 6uvdpe4. Or ovn6pdoer4 61ouv uno)"opotei rar <paivovtor

<rto 8rdlpoptrro el"eu06pou orilpatog o1.(2).

36 kip -_-lliPtft

ft
t2ft

"<-18ft-
30 kip 42 kip

(2)

Avn$pdoer6 rcopnnrr'1g potqq rur tfpvouooq 66vc,pqq : ono tt'r ouiTpcuuc ai'su0€pou

orilputoq ylo ro cptoiep6 rpqtro qg 6orori oX,.(3) plizouue on to tpcne5oa6r!

rpoprio 61g ougl"oraota$st o,n6 wo, tprlorvrrc6 rar c"-0, op0oy6no goprio.



Ar6po za,porrlpodpe 6rr q 6vtoorl rou rplYovtrcori <popdoo oto rpnpo o,ut6 pooi(etor

oe aval.oyio. H o-uvrotapfvq 66vopr1 Kol q rono06rr1or1 tou rdOe rccrtavepqpf,vou

gopriou <potvovtot oto o1.(3).

2x lr+t( ft )x

il
yML,.

xl2+xl2

30kip

Egopp6(ovroq flq e(toiooeig rnq loopponicq 61oupe :

X

EFr:0 30 kip -(  2 k ip /  f t  )x -Y,(4 k ip /  f t  X -  )x-V:0
18 f t

*2

V: (30-2x - - )k ip
9

XM:0

(1)

-30  k ip (  x )  +  (  20  k ip / f t  )  x ( -  )  +  % (ak ip / f t  X - )  x ( - )  +M:  0
2  18 f t  3

x3
M: (30x- : l  -  - ) k ip f t

9

( 3 )

(2)

An6 n4 e(roiooeq (1) rcn (2) o1e6r&(oDp€ ro 8ro1pdtrrputu a7.(4)- E<p6oov to oltrreio

Tng p6Ttorqg poTnlq no,pouon(etcr 6tsv dM / dx: Q:0, on6 tq e(ro6oei4 (1) rot

(2) €yoqte
x"

0:30- )a - -
9

M :  3o( g.T )2 -  (9.73 )  -
(9 .73  ) '

: 163 kipft
27

x :9 .73  f t



6k ip / f t

l
30 kip

M(kipft) Mma<: 163 kiP ft

(4)

Q( krp )



AXKI{IH 2.6

Na, ole6raoto6v to 8ruypdprporo Ko,p?trlrcnq potfllg rar tfpvouoog 8rivaprn:q Tro Tnv

Eorc6 tou oppotog (1).

1 5kN

(1)
IIPOTOX TPOIIOE AYXHE

Avn8pdoeq orrlp(nq : ol ovn8Pdoeq
8rd,ypappo el"eu06poo orbpcrtoq oX-(2)

€Io0v OfiO/toTtOT€l rcor rono0ern0ei oto

25kN

80kNm/--.+(-l )-T-t-
rv
|--x'-

5.75kN l
0(x<5 m

(3)

Ynolopopr6g avo8pdo€(Dv : A<pof DrEapXEr 8roronrl rot) Korovcprlpwou tpoprioo rct

6vu oypcwrproprevo <poptio oto r6vTpo rrlq 6orcori. ta 611o tprlpato rou x npdner vo

unol.oltotofv pe t6rorc rpo'Ilo, rbote vo neprypdryouv rnv rsgvouoo, 8rlvopq I Q ] rct

nlv rco,pnorcr1 poTrl I M ] po o]"6rc],qpq tqv 6orco.

s.75kN 34.25kN

(2)

5kN/m

15kN



Or 66o ouvretoyprfveg 0u 61ouv oav oppl ro oqpeio A, 1 ozr6otool xr tog;er aTEo ro
oqpeio A p61rr to orlpeio B rcot q ut6oroorl xz an6 to oripeio B p61pr to orlpteio C.

Etot6loupe : 0 < xr (5m of.(3)

rFr: o

XM:0

(4)

5.751N

5m< x2 < 10m 6X.(4)

xF :0

IM=0

5.75kN-V:0  V :5 .75kN

- 80 kNm - 5.75l iN xr + M:0

M: (  5.75 xr + 80 )  kNm

( 1 )

(2)

5(xr - 5)
I
i

ri
| --/

V

5m<x<  10m

5.75 kN - 15 kN - 5 kN/m( xz - 5 m) - V :

y :1  15 .75  -  5x2  )  kN

- 80 kNm -5.75 kN xz + 15 kN ( x2 - 5 m)

+  5  kN/m(  xz -  5  m)  (  xz  -  5  m l  2 ) *  M =

M: (  -2 .5xz2  +15 .75  y2+92 .5  )k l im

(3)

(4)

, . ,  P(}h i
o , -  _ -  ? H l i r :

151N



To onotelfopoto pzopotiv vo eleyl0ofv erpopp6(ovtcrq q : - dQ / dx ror

Q : dM / dx. Ezriorlq, 6tcrv ro X1 :0 or e(ro'rilosq (1) rar (2) ,po,g Divouv V : 5.75 kN
rur M : 80 kNrrl 6tov ro x1 : 10 m, ot e(toiooetg (3) rar (4) pog 8ivouv
Y : - 34.25 kN rar M: 0. To 8ruyp&pporo rov nopondvco e(torboerrlv rpotvovrar oto
o1'lpo (5).

34.25kI\
5.7skl{
qkl'i)

V:5.75
5.75

-9.2s

"*ry
M(kN*)

\er.rSxfe9,
108.75

lVl:? 5w^:r 1 5 7 5w^+ )).Jr v l  - . - n 2  '  \ J .  t  J ^ 2  |

(5 )

AEYTEPOX TPOIIOT AYIHX

llopaqpofpe 6n eivcr eno eiirol"o vo, 6u,le(oDlr€ ro pnKoq X2 Ko,t oov u,ppg to
oqpeio C rcot vo ro enercteivoupe 0etrrd un6 ra oprcrepd rou, fipoq to B o1.(6). E6iD
orV rurM wepyofv oro optorsp6 tpr'1po .'Etor rlloupe : 0 < xz < 5 m

XFr=0 V - ( 5 kN/m ) xt + 34.25 kN : 0

V : (5 x2 + 34.25 ) kN (5)

- M- ( 5 kN/m) xz (xz I 2) + 34.25 kN x: : 0

M: ( 34.25 x2-2.5 x22 ) kNm (6)

l5kll

XM=0



Aur6g or 66o e(roriloeq raoopi(ouv rqv euoeiu Tpopprl Kol rlv nu,papol"rl oto'

8ralprippur0 roD tprlparog BC o1.(5). Efvar 8rcaopenrc6g ouvopcloerq on6 out6q

tcov'e(io,iooerov (3) ror (4), ogof zreprlpdgouv nq rcopruLeqanb 6ragopenr6,o,onr6
oqpeio. flapo,cnpofpe 6prrlg 6'n 8ivouv q i6req apeg yra X2 : 0, V : - 34'25 kN rot

M : 0 Ko,t xz : 5 (rL Y : - 9.25 kN tco,r M = 108.75 kNm'

34.25kN
(6)

X2

f-r



ATKHXH 2.7

No ole8r.ootofv ta 8ulpdpparo
6o16 tou op11-totoq (1).

rcoprunrqq poTsnq rat t6pvouooq 8rivapqq 1'to 
'tqv

(1)

AYEH

Or ovtr8pdoeq
oiotrrutoq 6X.Q).

61ouv uzuol"oytotei ro,r tonoOeqOei c'ro 8rolpoppo eLeu06pou

(2)

Ardypoppa r6prvouoog 6irvoprlq :'Otcv to x : 0 t6te I repvoDoo 6rivapq V : * P rat

6 tavx :L t6 te  V :+P  o1 . (3 ) .  A tpou  to  <popr to  q :0y ra  0  <x<L ,q rc ) " i oq to r - '

8roypdppotoq 0o eivar pn6w ( dQ / dx : - q : 0 ) oe 6ia ta orlpeia, yr'ou'u6 prc

opt(6wur at0eio Tpoppn evd)ver to 66o drcpo-

(

P

P
I
I
I

L



Kl,ioq :0

(3)

Aioypcrppo rcrpnttrcrlq potqq : fia x : 0 tl rco,pzrcmrl poTnl M : - PL KCI,1 Yu, x : L,

M = 0 oX.(4). To Dnypoppo r6pvouoog 66volrqq poq 5et26ver 6tt n rc)"r1or1 tou

8raypdpprotoq rcapzmrrlg poTrnq 0u eivor otcrOepd 0eTm6 po 0 < x { L, t6toro zcou

oDTrl n rdio'r1 Ocr etvur dM / dx : Q : + P.'Etot to, 56o d,rpcr wrirvov'Eot p€ lri.u an0eicr

Oenrr1ypoppll nou 61er xJ"iorl : P.

.PL

\ Kl,toq -P

(4)



A'KHTH 2.8

Na ole6rooro6v ra 6ulp6ppo.ro ro,prnrcqg porrlg rut tfpvouoog Suvaplq Y10 Tnv

Eor6 tou oppotog (l).

(1)

AY'H

Or ovct8pdoeq orqpr{r1q T!0 ro zrorctorp6vo drpo 61ouv uno}.o1rotet oro 8uiypoppa

eLer-r06pou otitputo g cX.Q).

\Mo

)

(2)

Auypoppo tripvouooq 66vapr1q : r'1 r6pvouoc Srivopq eivat pq66v Ku,t or0 6rio drpo

V :'0 Tro * : 0 ra,r x : L oX.(3). Aporl rcrv6va KorovtpTlll6vo rpoptio 6w undpler

ndvco oc4v 6o16 pu 0 (x(L to 8uiTpoppa 5w 0o 61errtrion, dQ / dx: - q(x) :0

oe 6].a ru orlpetu" fra aut6 picl opr(6vrLo ypapptrl evrbver. ta 6rio oqpeicr, Trou po:

8eilyer 6rr q r6pvouoo, 8rivoprl eivut pq6w ono to evcr crrcpo rqq tiorot rpog ro ar-'-o'



I 
K].ior1

(3)

Ad,Tpoppra rapn,rtrc4g pozqg : ro 8urlpappc r6pvouooq 66vaplg tlog 8eilver 6a 11

rc}.toq tou Durypdpporoq rcrpnnrcqg poTsqq 0a eivot pn5w Tw 0 ( x ( L crqori

dM / dx: Q : 0. Ttor ro 615o drpo eviovovro,t pe pro, eu0eio "fpoppn.

Mo

(4)

K)"[or1 : 0



ATKHXH 2.9

Na ole8raototiv ra Sruypdppatc roprnarrlg pofinq rot t6pvouo'og Sfvapqq Tto Tnv

6o16 tou oplpctog (1).

(1)

AYEH

Ot ova8pdosq o'qp(qq
el,eu0r4pou oriipotoq oX.Q).

61ouv unol,oltotei rcn tozo0en'10s1 oro 8rrypoppo

qot

QoL

I(

(2)

Aullpoppu t6pvouooq Erivoprlq : ro Kotovtpnpevo goprio or4v 6o16 eivar orogepc

0errr6 rcor c<poti dQ / dx : - go, q x),ior1 tou iito.Tpappcrro-c eivor otcrgepo. opvr1nrcr1.

fur our6 pru eu0eia ypoppt pe ogvqnrrl K],ioI 0a svd)r'et ta 6rio oqpeio oX.(3).



Kl,iorl : - eo

(3)

Auypappc rcupnarcr'1g pozurtg : or 6ra6o1rrceg trp^eg qq trlpvouoog brivcrpn€ oro
8dypappa t6pvouooq 66vapqg pctg 8eilvouv 6tr n rlion roo 8roypdppatog
ro,pnarcqg poTnlg 0u elvor n&vra Oe'urrr1, nap6].4 autd e]..otrrbvetar ypapprrd, az6
dM / dx: eol, Tro x: 0, p61rt dM / dx = 0 Tu x: L. A<porl to 6r6ypappa t6pvouoog
Srivopqq eivor ypapptx6, to 6rdypoppra raprnrrlq poTr1g 0o eivur nopopo).rr6 61owoq
ypotrtrlrcl eldrtrooq cqq rl"ioqg oX,.(4).

-0'fftor:vKl'ior1

K),io'q - V3



A>KH'H 2.10

Na ole6rooto6v ta 8ulpdpporo Kopfirltcnq poTrnq rot r6pvouoog 6uvapnq, Ylo rnv

5oro6 tou olqpatoq (1).

(1)

AY'H

Or ovrt6pdoeq
oiopotoq o6.(2).

61ouv utol"oytoci rut tonoOetrlOei oto 8ufupoppu eLm06pou

( ) \

Adypcppo t6pvouoa,g 66vopu'1g : ro Korov€pTlf^t-svo rpoprlo TroD wtpTef ndvrrr orql'

6o16 eivur 0eflr6 rcur 61er ypopplKn petotoq. 
'Etor q d,,io1 rqg rcapmil"rlq oto

fi tdlpoppa0a6letopvrprrl  trreiorcq on6 dQ ldx: - 9o Ttc x:0 p6lrtdQ/dx:01u'

x : L. Aqori to <poprio 61et ypopprrrl rstovoprl, ro drd.ypcprpc r6pvouooq 8rivopri:

0a eivat nupopol.trc6, pe rcl.foq nou 0o, ;'rerrilvetot oprrlnxo' o/"'(3)

q
%Ll

0

2.L

I
\

)

%v
6



Q Klio"tl: - Qo

QoL
2 KIioI : - \,

Kl,iorl: -Q:
Kl,iorl: - g+

Kl,iorl :0

( 3 )

Aroypoppo rotrrnrrr4q poTrnq : on6 to Sulpoppo r6pvouooq 66vo,pr1q, 11 rl.iotl tou

6roypdppatoq ruprcrrrrlq porsng 0o, eivar ncrpapol.tr6 ror 0o eival ndvto 0ertrc6 al"l"d,
pe petoorl crn6 dM I dx: goL I 2 ywx:0 p61rr dM / dx: 0 Tur x: L'

ry:*- -- Kl"ioq : o'Kl"ioq : Va

Klioq:V



AIKH'H 2.11

Na ole6ruoro6v to 6ro,1pdpporCI, K(lirfiTlKnq poTrnq rcor t6pvooooq 8uvapqq Y10 rnv

6o16 tou oplpatoq (1).

4sft

(1 )

AYXH

or ovn5pdoerg onlp4Tls 61ouv uno}.opotei KOt tonooeq0ei oro 8ralpoppo

eLeu06pou oioputoq oX.Q).

Zkiplft

l5kip 3Okip
(2)

Aurypoppa tfpvouooq 56vapr1q : o'ta d,xpo rqq 6oxor5 Tto x : 0, V : + 15 rat ytc

x : 45 V : - :O oi.(:). H r<),ior1 rrlq 6orou crno ro KorovepTlpwo gopdo Ocr

preru,B),q0ei ozro dQ / dx : 0 yto x : 0 oe dQ,' dx - - ) 7u x : 45. fwtrc6tepcr nu

b<x
neproo6repo CI,pvqflicrl, o,rpori ro Ku,rov€p1pwo gop,io eivat 6l"o rot neproooreprl

0e rm6(dQ/dx : -9 ) .

I
I



Iav onotfleopa ro 8roypc,ppa 0o 61et napapollKn r)"ior1. To oqpeio pl6ev rqq

t6pvouoog 66vopr]q pnopei va, Bpe0ei e<popp6(ovrag rL:^ o"uvor]Keg ioopporioq.'Etor

yrc V:0 61oupe :

xFr: o 15 k ip  - l  l 2 fzk tp l f t ( x145  f t )  ]  x :0  x :26 .0 f t

Kl,io'r1=1

x(ft)

22.sft ( 3 )

26ft4

K)"ioq = - 2 -30

Arcypoppo rcupnnrrlg poTrnq : oro dKpo rqg 6oro15 Yto x : 0, M : 0 rol pa x: 45,

M : 0 cix.g).An6 ro 8rdlpcrppo r6pvouoog 8rivaprlg, n Kfion rou 8roypdppcrro€

rcopnarqg poTrnq 0o etvor dM / dx:15 ytu x:0 rot dM / dx: - 30 Tro x:45. fewrd

po 0 < a ( 26 q rc),ioq 0o etvcrt 61,o rot neptoo6tepo 0ecrq, o<pori ror q r6pvouoc

6r5vopr1 eivor 6l,o Kcr1 7r€ptoo6tepo Oerrrc4. Ilopopoiolq yw 26 <x < 45 11 r}.ior1 0o

eivar olo Kot Trsptooorspo opv1riKrl

M( kipft )
K)"ior1 = 0

,1 l--'.
,/, i

./'r, i
,/ i 260

,K i ion : -30

Q(k ip )

26ft -+

(4) -x( f t )



H p6yrorq ro;rznrcf1 porq eivut Ytc x: 26 pwgror dM I dx: Q = 0 oto oqpefo ouro.
An6 to Sdypoppo e),eu06pou orirpucoq q(.(5) 61oupe :

EM:  0

-  15  k ip  (26  f t )  +  |  l2 l2krp / f t  (26 .0  f t  I  45  f t  )  I  (  26 .0  f t ) (26-0  f t  I  3  )  *  M:  0

M:260 kip f t

l5kip

X

452(

t-

I
a.(-

(s)



AIKHIH 2.12

Na oleDroototiv tc 8raYPdPPato
5orc6 tou oplputoq (1).

ropmtrcrlq pofirlg rat t6pvouoaq 8riva'prlq Tlo rnv

AYTH

Or ovn6pdoerg ornP(qq
el"eu06pou o'rilpotog 6X.Q).

(1)

rilouv uzroloyrotef Kor tonoOerq0ei oro 8rdypappo

8KNISKNT

A

a
J

(2)

8kN 8kN

18kNm

M (kNm)

(4 )



Ard,ypoppo t6pvouoaq $rivuprlg : YrCI, x: 0, Va: * 3 kN Kot Yro x: 10, Vs : - 13 kN

ox.(3). Ie w8rdpeoo oqpeto rou 8tuypdpporoq, q rc),ioq rrlq t6pvouo0,q 8Dvopng 00

eivu,r p46w, dQ / dx: - q(x) : 0. H t6pvouoc, 66vopr1 6uTrlpei'rry rrprl + 3 kN o'e

ouqv .rqv neprop'1 lLt1pr ro or"lpreio C. Iro C 11 tripvouoo 66vcrpr1 6rax6ntetat yrod

ercei cruyrcw'uprilverar 11 Srivopq totv 8 kN. H rLpn rnq t6trrvououg Srivopqg oto 6e(rd
tou oqpetou C rootitul pe - 5 kN,aqorl 61oupe lropioer oe tprlpo,tcr tqv 6orc6' 6nog

B),6noupe oro 8ldTpoppo e).an06poo orirpcrtog o1.(5). To orlpeio V - - 5 kN eivor

olebroo1revo oro 6r61poptrro.'Onrrlg KOt Trpw to q(x) : 0 an6 to orlpeto C zrpog to

orltrsio D rot afio'to D npoq ro oqpeio E oy..(2),6rot r'1 r)"ior1 0o eivar pnEsv oe crutd

to oqpeio. To 8rdypcrppa rdver d),po (ovd oto orlpeio D ror <ptdver rnv trpn - i3 kN

oto orlpeio E. llopoqporipe 6tt rcrvfva 6lpa rl 8tororq 6ev oupBaivtt oro oqpeio B
6nou q rco,panr( poTrn 18 kNm etpapp6(etot. O l"6yoq yra out6 pnopei vo 8erltet edv

e(erdooup€ rqv rcoppozrio roD 8raypdppcrtoq e),eu06pou orilpatog oX(6). To
8rd,ypcrppo pnopei enioqg vcr uno)"oyrotei aro).ou0rbvraq fl1v qoprlol1 oto 8urypcrppo
e),euOrfpou orbpotoq.'EtoL (erwiowuq o,n6 to orlpeio A q 6r5voprq 3 kN wepyei npog
rc zrdvor. 

'Eror 
tyoll-t€ Ve : * 3 kN. Kapio Kc,rovtptlpevq <poprroq 6sv wepyei

crvd,peoa oto A KOt oro C 6ro1 4 t6pvouoa 6uva,prq nopopfver otcr0eprl dQ / dx : 0.
Ito oqpeio C q 8rivoptl tov 8 kN evepyei npog rcr rcdToi.'Etor 61oupe d)"po Trpog rcl
rcdrro rord, 8 kN,an6 ta + 3 kN oro - 5 kN. euvd I t6pvouoa 8rivcrprl napap6ver
oraOeprl an6 ro C npoq to D 6nou rcn rdver (ovd d),pcr, ol"}"d 8 Kn, q'udvovrag orcr
- 13 kN. Te).trd X,opiq rupta Korovepnpwrl q6pnorl avdpeoo, oro D rar oto E
reL€rd)ver otu - 13 kN.

8lN

(5)

36lNmr)
slN

l8kNm

At&lpoppo ro,pzrrrcrlq poTrrlq : rl poTsrl Kot or0, 6uo d,rpo rr1g Sorou eivor ur1<iev a/-(11
An6 to 8wypuppcr t6pvououg 66vo,pr1g, r'1 rl.ioq tou 6raypdp.paro: q: xcru-::rx1:
poTrnq aTco ro orlpreio A oto C eivor otaOeprl rcui ou(dvetct 0ertxa - -:. ll r,urn q-:

poTrng oro oplorspd, rou oqpreiou B eivor AMAS : Me - lvl.r : ( -1 k\ x I m t - lJ = 9

kNm, aqori 11 Ma : 0 ,r6re rl Me-: 9 kNm . Ito oqgeio B livercr sr.$o- ;nr;o 14;
ouyKevrpcDpsvnq poTrtq rcov 18 kNm npo,C rc/ endvr'r. Trcn 11 irrrl t7.€t rqv otrfri tou
po),opori rur 6rot n npq rqq 6e(rd tou oqpeiou B eivar \tB- = - l7 k\m- -{-ro m

oqpeio uur6 11 rc),ioq dM / dx : * 3 8tarrlpetrat ,uslrr ro 6u7pc;'ruo vo grcoa rrp'

rcopu<pr1 trov 36 kNm. Bpiorcovtoq Tqv fisptofrl rato curo ro duypcp.uc rtpvoudK

5rlvupr1q an6 to B oto C 61oupe AMBI': ( 3 k\ X I m t= I k\m etor r'oote \1, = 17

kNm + 9 kNm: 36 kNm.

T " .E - l  ZE r  ' - ! )F$
E IEA IOEHKH



Iuvef(ovrog pe out6v tov tp6no enal"qOerloupe rlv rtpq trrlv 26 kNm oto oqpeio D

rca,r re)"er6voupe oro pn6sv nou eivor to orlpeio E.

1SkNm

-::ft I l27kNm(6) LI_- r

3kr,r-'--3h



AXKHTH 2.13

No ole6tooto6v ro 8ralpd,pparo rapnarrlg poturlg ro,t t6pvouoog 8rivopl-q T10 rllv

6orc6 tou op'lpotoq (1).

2kNim

(1)

AY'H

An6 to 6r6lpappo eleu06pou oioparog uzuol,ofioutrt rq aw6pd,oe4 ocnp4rlg

6x-Q)-

2kN/m8ti{

( 2 )

4.40k${

Q( 1d'{)

17.6lll

I

-3.0

17.6
M(ld\h)

( - r )

{ m )

0iorl=4.

I1iott = -:.eO



Ardypoppu r6pvouooq 66vapr1q : o-uvr1oatq opf(oupe tonooetrbvroq .r4 ponSg nou

oo*oriu"o, ota, d,rcpo, Va : * 4.40 kN rcur Vp = 0 o1.(3). Aqori 6w undplel qoprlorl

oto orlpeio A preprt to B, 11 *tio"n tou 6rclpdpporoq 0o eivCI,r pl6sv. Ar6pa oqori to

goprio'q oo(rivetur OertKd o,rc6 ro B p6pr to oqtrreto C, q r?'ioq tou 8ulpdppcrtoq 0o

oui6u"to, opvrl,rrri. TdXoq a'tlo ro oqpei,o C p61l to D to goprto q eivar ota0ep6 rol

yrcr o,ut6 q Kf.ion tou 8toyp&ppotoq 0a eivcrr otcr0epd opvnflKrl. Xprlorponorilvtog crg

rurd}rl.nl,eg neptolfg rdtro an6 to 8dlpuppo rolr gopTiou ( rcopzcril.r1 tou q ),

Bpioroupe 
,r4 ol"Xoy6g rqq po?n'lg. fro nop66erlpa AVec : - ( I I 2)( 6m X 2 k /m ) =

- 6 kN, 6tot rbote Vc: - 3.60 kN - 6 kN = 9.60 kN aprotepd tou C'

Ardlpappcr roprmrrlq po?trlq : ot KopfirtKtg porigora d,rpa aivur Me: 0 rcct1Mo:0

oX.(4).' ilopcrc4piovroq ro Suypcrppo pl"fzoupe Trrog q rl"iorl KCL1 ot 8rdgopeq

rcrprculeq 61ouv tonoQerq0eiano to $rd,lpappa t6pvouoag Sr5vopqg XprlolpoTrordrvrag
rqv o16o1 dM / dx : Q. To oqpeio pn6sv 'rnq rapnnrqq poTnlq pnopei vu

uno).oTrorei edv eyrcoraoolooupe to M ocrv ouvdprrloq roo x' to x erteivetc'r on6 to

oqpeto B p6oo orTlv 7t€plofi BC oX.(5).

IM :  0

2kN /m
-4 .40kN(4m*x )+8kN(x )+  |  l 2 (  ) x ( x ) ( x i  3  )+M:0

6m

M:  [  -  ( l  I  18  )  x3  -  3 .60x  +  17 .6  ]  kNm:  0

x :3 .49  m

(5 )

ItZJx(x)g kN t 
_u -r-?*

i \
I  )M
li
V

4.40 kNT



ATKHIH 2.14

Xpqotponoqote tq o16oeq psro(D trrrv qoptiotov' Trlq rtpvoCIooq 8fvopqq fot tnq

rccrpncrrcr.1g poTrng, y*-uo t16e6doec ro i Q I ( A'T'A' ) rut I M I ( A'P'K')

btaypdpporo, Ylo cqv 6o16 rou oldpcrtog (1)'

I

10.5 kN

z-
l

7.5 kN

AY'H

Ynolopop6q(A.T.A.)6ro1p6ppoToq:H'r lr ' tqqt6pvouooq66vupqguptotepdtou
olpeiou A eivo,r PTl6sv.

Ve :0

AV looo aporeptr rpog 6elrc tou A) : 1 0'5 kN

V 10.5*r-e;: 10'5 kN

AV 1-16 op,orrpd rpoq 6e!rd too n;: - 12 kN

V q6 rEo , *e l : 10 ' 5  - 12 :  - 1 ' 5  kN

AV lono 04,,i tou B rpoq to C ) 
: 0

V lo toC)  :  -1 '5  kN

AV( onoroc pclpraprorepdtou D ): 1( - 6 ) : - 6'0 kN

V ioprmepcrrooD): 
-  1 '5 -  6 '0:  -  7 '5 kN

AV 1 azr6 cprorepc roo D pfupr 6e[ra rou D 1: 7'5 ld'{

( l )

6kN



V l leqrarouo ) 
:  -  7 '5 + 7'5 :  0

Ynol"opop6q ( A.P.K ) 6raypdppo,rog :

Ma:0

AMee:  10 .5(  3  ) :31 '5  kN

Me: 31.5 k ips

AMec= -1-5 ( 3 ): - 4'5 lsNm

M5:31 . t  -  4 .5 :27  kNm

- (7 .s+1.5) (6)
AMgp : : -27kNm

Mo :  27  -27  :0

Aroypdpputu tfpvououq 66vopng oX,.(2) rat porqq rdpVqg qC'(3)

10.5 kN

(2)

31.5 kNm

3m 6m 12m (3)

a

M

27.0 kNm



ATKHXH 2.15

Xpqotponotqote cq o266osr4 peto(6 trov gopdoerrrv,

rapnrtrrlq poTcrlg, Yto vo olebtdoete ro I Q ] (

8ruypdppcrto Tto qv 6o16 too oylporoq (1)'

:  20 (2 .7 )+36(0 .9 ) -Mc :0

-20-36+Vc :0

tqg dpvouoog 6riva'Pqq K0,1rrlq
A.T.A. ) rcat I M ] ( A.P.K.)

Mc : 86-4 kNm

vc :56kN

A

(2)

Mr:86.4klrftn

Vc :561N

AYEH

An6 to 8nrypappo eLeu06pou ocrrpctoq 6x.Q) Ko,t flq e(rorboeq roopporuiag 61oupe :

,

XMe:0

Xfr=0

-  36 (  1 .8  )+Vc  (  2 ' 7  ) -  Mc :0

-  36 (  1 .8  )  +  56 (  2 .7  )  -  86 .4 :0

BD

0.9mLl.s

IMe=0  :



yzro).o1op6q ( A.T.A. ) 8rolpdpporoq : H npTl rqq r6prvotooq Sfvopqq optoteptr tou

or'lpeiou A eivsr pq6w.

V lcprotepdrouA):0

AV loro oprmepd rpoE m 6e(u tou e; : - 20 kN

V 16eqrc roo n ): 
- 20 kN

AV laro 6egerou Azpoq ro B1: 0

V l o t o B ) : - 2 0 k N

AV lono roBrpoqroC) :  -  36 kN

V16'6,cro,,c ) 
=' 20 - 36 : - 56 kN

AV 1 on6 oprocpo ror C p61pt 6{ro tou C ;: 56 kN

V 1ae6 re  touc ) :  -  56  +  56 :0

Ynol"oyrop6g ( A.P.K. ) 8roypdpporoq :

Me:0

AMae: -  20( 0.9 ) :  -  18 kNm

Mn: -  18 kNm

-20-38

AMep= 0 .9 ( - - ) : -26 .1  kNm
2

Mo:  -  18  -  26 .1 :  -  44 .1  kNm

-38 - 56
AMoc:0 .9 ( -_ - - ) :  -42 .3kNm

2

Mc : - 44.1 - 42.3 = - 86.4 kNm

Araypd,ppuro r6pvouo'oq 66vaprqg Kol poTrng Kdp\Yn-c :



1.8m 2.7 m

M
- 56 H\r

0.9m 1.8 m 27 m

- 86.4ld\kn



A'KHIH 2.16

Xpqo4ronoqote Ttq o16oeq petu[6 torv rpoptlo€ov, Trlq t6pvououq 66vo_q-tl9 KOt rt]g

Kofr?rrrlcrlg poTnlq yro'uo o26e6uoete ro I Q ] ( A'T'A' ) rot t M I ( A'P'K')

8roypdppato, yto qv 6o16 tou olrlpotoq (1)'

40kN 75kN

v"= 78.75 kN

AYTH

Aru6 to 8rcypoppa eLeu0r6pou orbporog ox.Q) K01Tq elroiooetg rcopponiag r6loupe :

Vo= 66'25 kN

XMs:0

IMo: 0

30(  1  )  -40(  l . s  )  -7s(2 .2s)+  vo(  3  )  :  o

vD:66.25 kN

30 (  4 )  -Vu( 3 )  + 40( 1.5 )  + 75(2.25) :  0

Ve:78 .75  kN

EFr: o :  -30+Ve-40-75*Vp:0

-  30  +  78 .75  -  40  -15  +  66 .25 :0

Ynol.oyrop6g ( A.T.A. ) 6rcypdppotoq : H aprl rqq t6pvouocq 8rivoprlg oprorepd tou

oqpeiou A eivut pn6sv.

V laprocpdrouA): 0

AV lan6cp,orepctpogto6e(rcrouA): 
- 30 kN



V iorqra rouA): - 30 kN

AV lcro rc A npog ro B;: 0

V laprorepororB): 
- 30 kN

AV 1an6 cp.otepc,ouB pe1x6e(rctou B ) 
: 78'75 kN

V16e6d.ouB ):78.75 - 30 : 48'75 kN

AV 1 ano ro B pfupr ro C ;: 0

V iap.orepc tot c ) 
: 48'75 kN

AV 1mo oprctepo tou C peln 6egd .ou c ) 
: - 40 kN

V 16e6ra,ouc ): - 40 + 48'75: 8'75 kN

AV 1or,6 ap,otepcr rou C p61pr 6egd tou D ) 
: - 75 kN

V ioprotepdrzouD):8 '75 
-75:  -  66 '25 kN

AV laro opmeptrtou D pepr6elrotou D ) 
: 66'25 kN

V 14"6-rouD) : - 66'25 + 66'25 : 0

fiu va Bpodpe fiou elvot ro oqF€to E, 6zrou I r6pvoooCI, 6r5vopr'1 rcofrol tle ro pq8sv

Yp&qoDpe:

AV loooo"q*tooC npogtoE) : - 50x' : - 8'75 x ' :0 .175  m

To p6pog ,67rou q r6lrvoDoo 6rivopr1 roorkot pe ro pq66v, tivc,t : x:2.5 + 0.175 =

2.675 m. To 8d,ypoppa rng rflrvoDooq 61ivo,!rrlq eivol ole6roop6vo oro ornpo (3).

Ynol"opo'p6q ( A.P.K. ) 8rcrypdppcrroq :

Me:0

AM,o,e: - 30( I ): - 30 kNm

Me: -30kNm

AMsc = 48.75( 1.5 ) = 73.i25 klim

Mc : - 30 + 73.125 : 43.125 kl'{m

I ' .h . ,  tL r
r i iBn ice , i

. {-}{}N
ii l--r



(  0 .175 ) (  8 .7s )
AMcr : : 0.766 kNm

2

ME : 43.125 + 0.766:43.891 kNm

( 1.5 - 0.r7s)(- 66.25)
AMce : - 43.891 kNm

2

Mo : 43.891 - 43.891 :0

To 8roTpappa ratrrnnr4g poTrrlg eivot ole8roopwo oto olqpa (4).

48.75 kNr

8.75 lN
E

C
0.175 m-

43.lzslNm ' ,-43.89 kNm

4m
D

- 66.25 lN

(3 )

-30 lN

B ( 4 )

-30kN



ATKH:II2.17

Xprlorponoillore n{ o16oe4 peru(u trov rpoptioeov, fllq t€pvouocrg 66vopr1q KOt Tng

.ofr""t"nq poTnlq, yto-uo tle8urtete ro I Q ] ( A'T'A' ) rco'r t M I ( A'P'K')

8ruypdpparo Y1o n1v 6or<6 rou olrlpotog (1)'

(1 )

A

120kNT

(2)

) Mc-280klkrt

Vs:2ffikN

AYIH

Arc6 to 8roypcrppo eLso06pou orilpatog ox-Q) Kor flq e(rocboeq roopporuiaq 61oupe :

EMg:0  :  120 (2 )+80 (0 .5 ) -M6 :g Mc:239  ̂ *

Vc:200 kNmIFv: o :

XMa:0

-120-80+Vc:0

- 120(2 ) - 80( 3.5 ) + 200( 4 ) - 280 : 0

Ynol.oytop6q ( A.T.A. ) 8urypdppcrroq : An6 ro dtcypcrppc e)-eu0epou orbpotoq

oX. (2), uno)"oyi(oo ps rnv tf pvouocr 6r5va pr1 .

Vn :0

80(3 )
A V l c n o r o A n p o q t o B ) :  

"  

:  - 1 2 0 k N

:  -  120 (2 ) -80 (  3 .5  )  - rVc (4  )  -  Mc  : 0

s80kIVm

C

Bi ic
1m 0.5m0.5m



Vs: -  120 kN

AV loaotoBzrpostoc)  
:  -  80(  1 ) :  -  80 kN

Vc : -  120 -  80 : -200kN

Yzol.opop6g ( A.P.K. ) 8roypd.ppo,roq :

Me :0

-  r20(3)
Mee :  :  - 120kN

a
J

Ms: - 120 kNm

(r20  +200)
Mec : : - 160 kNm

Mc: -  120 -  160 : -280kNm

To 8raypdppata t6pvouoc,g Sr.ivapqq oX.(3) ror ruprmrqg poTurlq oX.(4)
eivot ole6roop6va ncrpcrrcdto :

(3 )

- 200 kN

(4 )

- 280 kNm



A'KHEH 2.18

Nu ole6raoto6v to 8urlPdPPata
np6Bol.o tou oldpatoq (1).

rcopnnrcqq porqg ror t6prvouoag 6rivoprlg Tlo rov

- looo,(L -  o)

-  ; 9 o o

goct (3L  -  o .  )

AYIH

Ardypappo tfpvouocg 8rivoprlq : oto eL^s60epo 6rcpo qq 8orcori ppioroupe trlv Va =

0. MeroqD tou oqpeiou A ror B 1 neptolq rdtrrr o,n6 to goptto eivat Yzqoa ;

Bpiorcoupe rnv Ve YPd<Povtoq :

Ve -  Ve  :  ' 1  l 2 (  qoa  ) Ve :  - I / 2 (qoa )

Avdpeoa tou oripeio B rar too orlpeio C r'1 6orc6q 6w <popd(erot T1'oDr6 Ve : Ve.

xto oqpeio A ro qopdo q = q6, 6ro1 4 rc)"ioq rou 6t0yp6pporoq eivcn dQ / dx: - qo,

wrb oto orlpeto B q Klio"n eivar dQ / dx : 0. Avdpeoo oro A rat ot B q q6pnoq

e)"omrirvetgt ypcrpprrcd, Kor ro 8rd,ypcrppcr yiverur nupopol"rr6. Avdpeocr oto B KCtt oro

C to rpoprio q: 0 Kol ro 6r6lpappcr eivor opr{6vrta ypclpprl.

Ardlpappu ropnrLrr.lg poTrnq : q rupmrcq porq oro drpo n1q 6orori eivor pq66v.

Yno).oyi{op}re filv nepro;r1 rd,to an6 r4v t6pvouoo ropimi}"r1 rgr yp&goupe :

Ms : -1 /3 (q6o2 )

N Ic : - i  6 (quc ) (3L -u )

O ole6r.oop6q rou 8toypdppotoq rcopnrrrrlq potqq oiox,r-qp<i:v€rol ovctKo),rilvtu-q rnr

o16o1 dM / dx: v. B)'6noupe eriorlq 6n pero(ri rou A Kor rou B to 8t([lpoppa eiror

*pt"n ropni).r1 pe p46wtr4 rclion oto A ro,t crvcpeoo o;ro B r<at oto C gfvsl glrttsio

Ypoppn.

Ms-Me :  - 113 (qoo t )

Mc -Ms = - I I 2( qoct X L - ct )



AXKHXH 2.19

No ole6raoto6v tu, 6raypdppoto xotrrtarcrlg poTung rot t6prvoooaq 8rivoptrlq yto tov

np6Bol,o AB. To Kc,roveprlp6vo <poptio erreivetot ytfr 2 m K0,1 1 6r5vupr1 40 kN

o,oKtiru,t oto oqpeio E o1. (1).

48 kN/m

AY',H

H 66vopr1 tatv 40 kN 61er ovrrKoroora0ei sn6 to roo8rivopo o-6oqpu 6uvdperrrv oto

oqpeio D . H ovd8pooq oro oqpeio B 61et ra0optotet )"oppdvovrcrg 6l"o tov

np6Bol.o oav 8r&lpappa e).eu06pou ciopatoq oX.(2).

An6 ro oqpeio A p6pt ro C : uzuol"oyf(oupe Tnv eocotsprrrl Srivapq po az6otoor1 x

o,n6 ro o-rlp€to A, l,uppdvovru,g un6ryw to tpr'1po tou npoB6)"ou otu oprotepd, tou

rop6o 1. Ar-rt6 to p6poq tou <popriou, TroD eveplei oto 8rdypa,ptrro elsu06pou ocopacoq,

eivcr crvara,taotqpwo an6 Tnv oDvtoropsvn tou, on6re ypd<poupe :

xF :o

XMr=0

-48x-V :0

48(%x)+M=0

-96-V :0

96(x -1 )+M:0

V: -48xkN

M--24x2kNm

v: -96kN

\ l :96 -96xkNm

Or.np6q yrc V rorM eivo,r" 6yrupt-c yto rry neprolq 0 < x < 2 m

An6 to orlpeto C p6xpr to D : )"appdvovtctq un6lyrv to tprlpo tou npoB6l"ou oto,

aptorepd toir top6o 2 ror ovrtro0rot6vtc-c to tpoprlo p€ rTlv ouvrotop6vn ro'D,

61oupe :

xFr: o

XM'=0

40 kN

( l )

Ta unorel.6oporo yrc, V rcor M to26riouv ylo rnv rupropl 2 m < x < 2.75 m.



An6 rc o'qpeio D Fexpr to B : il)tlolpoTtotdrlvtag ro rpTllru tou npop6l.oD oplorspo' tou

rop€u 3 ror po rqv neprop1 2-75 m ( x ( 4 nr, 61oupe :

V:  -  136  kN M:226 -  l36x kNm

48kN/m 20lc]t{m
318 kNm

I
I

136 kl{

M
N
t \

t/
V

x - l J
20kNm 

l

To 6roypdpp0,ro Tur ol,or),r1pr1 qv 6oro pnopofv vo ole8u,ororiv 6narg zuporotco'

llcrpatrlporipe 6rt q rapnnrrl 8rivapLq 20 kNm oto oqpeio D nporol"et d)"pu oto

8rdlpoppo rcrpmtrqg poTrnq.

2.75  m

-96kN
-  136  k \

-  148  k \m  
-  3  18  kNn r

M
t\
i \

l)
V.--x -2 .75



AIKHXH 2.20

fro c.1v Eor6 rou oplpcrtog, o) vo uro)"oyloete t4 e(roriloe4 T1([ cqv t6pvouoc

Drivupq Kot rqv ro1ificr*tl potrn oe rdOe orlpeio rllg, F) ua o1e6*rotofv to

braypdpputo raprnflrrlq poTrnc rcar tepvouocrq Srivcrprlq Ylo to orlpeia C' D rut E'

AYXH

To onvol.66 <poptio eivat Yz QoL e-<crrios rllg o'Dl'ltletptaq. Kd0e ovri8pool eivcr iorl

pe to pto6 uutof tou <popriou 8qirrdq ion pe % qoL'

2org

Qo

B

Zqo

A



ooo-'!l

t , ,  - l  r tz - l

A

To ratavep4pwo <popri o lrxrovTtKo,rcrorooei uzr6 6rio ioa tpryovtrcd, <poptio ' fro to

6zurepo <poprlo lPdgouPe :

Zqo 4 qo

q (x )=k1x *kz (x -  Y rL )=  -  x -  -  ( x -%L)
LL

o,) Ncr uno),oyrotor5v or efroiooeq Y10 rlv t6pvouocr 6r5vop4 K01Tqv rapnnrrl potcn'

An6qve( iooo1( l )0oBpor ipecqve | i o too r lT10Tqv t6pvououSr i vop r l . 'E to t
61ootrts:

2qo
- ( x -Y ,L ) "+%qoL

L

ftu trlv ropnorq Pozq 61ouPe :

(1 )

Qo
V(x ) :  -  - *+

L

M(x) =
2qo

x3 + 
- 

(x- YrL ) '  + Yo qoLx

3L

9o

(2)

(3)

P) No o.le$worofv m, 6ro1pappCI,r0, KCI,pTrrrrnq porrtq rcn t6pvououq 8rivoplq Y10' r0

orlpeto C, D rot E.

Ero oripelo c : crvnrca0rotr-or,'ra; 6nou x : t/, L ortq eltorooer: ( I ) rcr (2) 61oupe :

9o
Vc :  -

L

2qo
+  ( ' i zL  -  Y rL12  +  ' / ,  q , , L

T
L



Vc:0

Mc:
9o

3L

2qo
(VrL ;3  +  -  (YrL-Y2L) t  +Y 'qoL(  %L)

3L

1
M g : -

t2
qoL'

a
J

Vo :  -qsL
16

Qo
M o :  ( V ^ L ) 3  +

3L

11
MD : - qsL2

r92

Qo
Mr :  _  _ (%L) t

3L

11
Ms : - qoLz

r92

2qo
- (  -Y "L ) ' +YoqoL (%L)

3L

a ^Lq0

- (  Y o L ) '  + Y o q o L ( % L )

3L

Eto orlpeto D : avflrsororcrtvro,g 6rcou x : YnL on4 e(roriloeq (1) rccr (2) 61oupe :

9o ?qo

Vo :

Xto oqpeio E : ovctraOtorrbvtcg 6nou x :3/nL orq e(roirroerg (1) xor (2) 61oupe :

9o 2qo
Vp :

LL

J

Vs :  -  - q6L

I6



aqo
T



ATKH'H 2.21

No, unol.oyfoett ro <poptio 8totoprlg rtlg m0uTpoppnq 8orcori tou op'lpotoq (1).

F-30kN

(1)

AYXH

An6 ro 8r&ypoprpo el.er06pou o'iopotoq c.X.Q) 0o ppor5pe rq woDpdoeq onlp(r1q

XF* :0

xFr:  o

A" :0

Ay -  20 :0 A.y:20 kN

(2)

A,+30 :0  N : -30k l i

( i)x( - 20j) + (2i)x( 30k ) + Mxi * M,j .- !1,k : Q

Mr:60 kNm M,:20 k\ im

./' 30 kN
___>
MX AX

Az
M- ,/

7
,/
Z

IF r=0

XMa: 0

M* :0

10kN/m

q:10kNlm



I1e6ra(oupe (ovd ro A.E.X. n1q 8orori pd(ovcag fq qop6q KOt nq np6q tarv

crvrr6pdoerov, nou pprlrcope Tno nfuaui,, or(3). Mnopoupe ttrtpu vo onol"oyiooupe rCI,

qoprio 8urtoprlg, (ercrvrbvroq 11 on6 ro oplorepafian6 to 6e$6'

30 ldN

( 3 )

:60

// 30 ld{

( 4 )

Ar:

Ltry nepimrrloq aucr1 0a pnopofooFs v0 uno).oyiooupe ta gopda 8rotopqg X,opq n€

ov.ru6pd,oerg, ov (ercwor5ocrpe a:no ra oprotspd. To laparcrlprortrd oqpeio qq 8orcorl

eivcr to A tcot to B. H 5or6q 6sv rcoronoveirst o6te pe u,(ovrrcdg 6rwd,peq orite pe

orpenar6g pon6q ( 5w qopr(sror lre e(oteprrd <popricr rcotd n1 6reri0uvoq tou d,(ovu

fllq Kol to etcineDo tp6pnorlq nepvdve sn6 tov d(ovo rr1g 6orori).

T6pvouoeq Auvdperq

Az:3!t6;
l<*-

,/+
/xtt  :zo iM,

q
39/

Kc,pnnr6g ponfq

Qnv:o

Qe': 30 kN

14",  :0

Me ' :  0

Qo, :20 kN

Qe': 30 kN

lr1ev: - 60 kNm

Ma ' : - 20kNm

'Onoq 
ei$ope napandvio,, oav etrtfi€Do ovotpopdg 0errlpoupe to rdtrrr KtI,t To tiurip6i

enineSo. Ito o1.(4) o26e6tooope to A.E.I. qg 6or<o15 rut nopcrorqoope rq pontg

rcdpryqg pe rcapzni),o p6)"n ncvco oru erine8o popnol-( yto vo rpcrivetcrt rcohitepa q

Kdpyq tov 6uo enrn66rov. H ropznil,q torv ponritv rapyn,c oto e7c[fie6o xy eivcr

napcrpo),q 8eritepou poOpoo pe p6)"o-c f: ql'l 8: (10X4) '8: 5.

To 6roypoppgt0, Tov tepvouorirv Euvopealv Kot ro\,' pottov Kcpynq tcr olebro,(ouui-

oto en[ne6o <popdoeq 6nog yivetot Ko,t otqv nepinrool rrl-: ernn66ou 6orco6' sro

oX.(S) 61er o26e6uort[ ro rov repvouoiov $rwd,precDv Kot mo o-7".(6) to 6ro1papp0 rtlv

potrirlv KdpVIq.

10 klt{ / m

f R : zo



30

a
20 ------

)/'- (+ )
(5 )

( 6 )

To cpopriu 8urtoprlg prag 6orori, TroD o d,[ovuq crlq eivar teo],cropwq 11 rcrpzni]'r]

Tpoplln, uruol.of(ovtlt O"rq crrprBdlq Kol yto prc eugrfpopprl 6orc6. Xn' 6orcotiq pe

d€";;'-rc0).ao*6v1 rl rupaf).r1 ypoppn epqovi(owo,l o(ovrr6q 6uvdpeq Ko,t

orpennrceq pomg ar6trro, Kr ov Tl 6orc6q <popri(etor p6vo pe gopric, nou efvcrt rd'oeto

orov o(ovo, rqq.

f : 5



Azr<H>H2.22

No, uzro),oyioete rst vo oleDraoexe r'a 8roypdppoto'

8orori tou olrlPa,toq (1).

trov <poprftov rn; dtctoPrlq rqq

8kN

AY'H

fra vo ,zrol,oyiooope t11 <popda 6rotop4g Kol vo lopd(oupe ru 6ro1pd'pporo toug'

np1mavo, unol.oyioirrf* 
"",popd_o 

6rutoprlq oro, Xopcl,KTnptortrc6 oqpeicr A, | rccrt oto

yrrlvtorc6 oqpeio B. 
'oro 

oqpeio B ,ro,r'o),)"&ier q 6reri0uvorl roD d(ova'' 0o

uno).oliooupe to goprio 8rotoprlq uptotepd ro,t 6e(rd tou oqpeiou B' flop6)"o 7ro'u ot

eorrlreptr6q 6uvdper4 K(r1 ot pon6g oto oqpeio B tqg 8tatoprrlq rlg Eorou fB' eivo'r

ioeq rot crvd0eteq oto oqpeio B, cnq 8iotopqq fl1q 6oxo1i AB' oe rd0e 8rcrtoprl

naprordvouv o),ld rpopcta 6ratopr'1q o,pori ol,l't(Lr n 6tefeuvo'l roD d'(ovo ''lq 6orou'

Maoporipe vcr unol.oyioorp' tcr qopriS 6rcrtop4q' crv q6poups qovto'or1K6q rop6q rar

e(erdooupe nlv ;p;;" r(Dv 6e(rrbv 
'q -optotspiov 

roppcrorov. Av rcrveiq

unol.oyloer 
",, 

,pop"il'6ra.opr1-c on6 io 6elrd ropp&'ura, 6w per'(etot ( orqv

nepirrtcoolnou6loupend,rctcooloTooptoT€poa*po)vcuno},oTtotlTqavoDpd,oerq
ocflpt(nq . A716 to l.b.:' Bpioroupe rq avn8pdoerq orlpr'(qe' c4(z)'

( 1 )

rFt

XFr

XF" :  0

XMn: 0

A**5 :0

At :  0

A" -8 :0

( 4i+ 2j )x( 5i- 8k ) - \1*i -

M*:  16 kNm

Mv=-32kNm

M,: 10 kNm

A* : -5kN

Ar :0

A,:  8 kN

\1 , j 'M ,k :0



zL
I 8kN

I

I tut,
4m

(2)

5kN

: n

-0

x1e6rd(oupe rcor n6l"r ro A.E.r. rou <pop6o ror Bd(oupe rrg ovnDpdoeq oqpi[slq p€

rq qop6q Kot rcr prey60q, zrou uno]'oyioope oTro r1q i(tocboerq rooppon[crg' oX''(3)'

8kN

a -5
, T X

----=a> -<--

M*: 16 RI- r l
| - /

r r $
4 m--)/ "

M":10
(3 )

f

Oopricr 8uroPrlg f

N :0  Q* :5k f {

Mt :Mr=0  Qr :8kN

M*

M,

Oopdo 8tutoPqg B, rqq 6orou fB

Mep to topqo toB l t r l p i (oupsTnv6o16oe6uorcouuana .An6T l l v l ooppor r l a ro t '
6e(to6 roppaaor5 urro),o^yiqoupe tu rpoprio 6utopq-c . llovco orq dutoprl pct(oupe tu

,popAo pe rq 0snrc6q touq qop6q, oX'(4)'



IF  :0

xFr: o

IF , :0

5 -Q* :0

N:0

-8+Q" :0

Q* :  5

N:0

Q, :  8

(4 )

XMs:0

N:5kN

Mt: -  16 kNm

Mv: Mt :  0

M,: - 10 kNm

fro vu, npoo6rcpiooDpe nq ovfl6p6oeq o'rnp6lg, zntpope oov oliorrltlo a(6vrrrv oDr6,

noo qotvrror oro oX,.(3). io i6rc o-rioqpro, e(uro1"ou0o6_pe va gealpofpe Kot Tto rov

onol.oylop6 rcDv fiopdcov 6roroprlq rnq 6orcor1. 
'Otov 6pcoq pe]"etdpe rnv

fiopop6pqool rov oopdrov, t6te uno06roopt, oo o d(ovoq x o'upzrirctfl p€ rov

ri(ovo rnq 6orco6. Aut6 oupBoiveq ener8n onq e(rorboerg nopop6pgroong Dfioedroops

6c o d(ovug qq 6oror.i oupn[nter navrore pe rov d(ovo x . Ar1]"u6r1r60e qop6,7ro1) o

d(ovoq cqg |o*ori ol")d(er Sreriouvo', np1netvc o).)"d(ouLr€ Kol ro o6orTlpc o(6vrrrv,

6tor rillte o d,(ovoq qg 6oro15 vcr oupr6nter ndvtote pe q 6reri0Dvoll ro9 d(ovcr x '

Oopdu 8urtoptlg B, ttlg Dorcori AB

Irq 6rotoprl B rng 6orcor1 AB 6pouv or i6uq eoo:teptrc6c 6ul',clpe4, nou 6pouv Kol onl

8ratoprl B qq 6orof Bf, o1.(5).

( 2j )x( 5i- 8k ) - M.i - Mrj - M"k : 0

M* : -16kNm

Qr:  o  Mt :  o

Q':  8 kN M, : -10k \m



M*:16 A*:5
----t> +

8lN

5 ld{ M*:16
4 < -  + *

I  14 :10

Mv: - 32 kNm

M': - 10 kNm

B

poTtn

H pozurl rdpvrlg M" eivot opvlT].Kn yrari 0),ipe1 fl pTtpog a7r[ne6o xz wa q Mv O]'ipet

ro rd,tco ezrirueDo xy. Aur6 <poivetor ro0opd oto o1.(6), ozcou 61oupt ovtlKoroorqoer

rqpon6qrcdpVqgMvrcc , rM.pe rcp rn i ) ' op6 ) "1ndv r ' ro rcov t i o to r l oen ine8a
<p6pnoqq.

My(

M,

\ . ,

To61olp&ppoTo,TOvrpopriolv6rcrtoprlq6louvxapcT.€eicroox.(7).To8roypo'uucia
rcov u(ovircrbv 6uva,perrtv gcr ole6toororiv (e1op.t61c oro ra 6ruypd,pptatu ru\'

A

( 6 )

'\rfu:32

I
I  A" :8
I

lvq:to

@opclo 8rotopqq A

N :5kN Qr:  o

M1: M*:  -  16 kNm Q.:  8  kN

( 5 )

Hpo,rnotpdryqqeiva, rcrpvr . lnr4,enet6r l ra tzuOr iveTolT[poqcq8rotopr l .H
rdpyqq'M, etvo,t opvnttKrl' lo,ri Ol'iper ro pnpog ezrlne8o rrlq 8orcori'



repvo,oov 6uvdpeov, 6zroq gaivrro.r oro, olqpu,tu (7o) rar (7rl . Erioqq ro

6ulp6pporo, r(Dv poncbv orie,ytlq 0o ole6uotofv [elop_totd sno ta dtcrypappoto

trrrv poniov rcdpvrlg, 6ztrrlg rpoivero,l oro olqpoto (7[) rcat^(76)' T6]"oq ta 8taypcrppota

rov repvouo,irt 6uvdperov Ku,t rov po"ion rdpvng .€o 
ole6tcrototiv ndvcrr o,o

uvriotorlcr e7cifie6(l <p6pnoqq svcD to Srolpdpputo 0(ovrrc<r:v 8uvdpecov KClt rcOv

orprrr"'*iiru ponrbv ollOieqo,r"gr oe onoio crn6 ra 6uo eruinebg 06l"oupe'

( 7o )

N

(7v ) ( 70 )

(7p)

M6



A'KH'H 2.23

Auo rpolcr),ieg B rar f eivur ratdl,lql"o otepeolp6veq ndvco oe crrparcto Ttou

ocrlpi(erui o"o 6,.ro poul,pdv A rcor A . Or tpolol"ieg rpfpouv tpdvtec. q rcrol tcov

ozroirov rpcrivetor oto o1.(1). o) No Bpe0oriv or 8uvd,perq ztou oororlv or tpoT-cv'ie: orov

d,(ovcr . F) No ppegouv or crvn6p6oeq crn6 to pou)"pdv ornpl|qq'

--a 2oo N
- - . .

180 mm

350 N

t \

l l r

t

i

300 N

BI

<

MB

rpolal.ia

ItlL'\ r\rm

' l - .  
h

b  i b . , ,

l v

AI

I
480 N

( l )

AY'H

'Eotco o-rio.rrlpa a(6v<rtv Axyz . To poul.epdv A, A erntpcnouv Tqv rlvqor1 qq

otpftrctou 
"*a 

rn 6reri0ovorl tou d,f,ovo z, on6rx 61ouv crvt1$pdoeq p6vov rutd rq

8rar0rSvoetq rov 6uo ol^).ov o(ovov, 51lc6r1 ( A* , Ar ) rcn ( A*, Av ) oX'(2)'

i (0 roro

-+--'1

2 5 0 f l m -  B o-l-=:-' Avl
;

l-
A

;- f n"
tAv r l t

" iR ,



E(roriloerq roopponiog tpolu)'iog B

Xto oriorrlpo tpolol,iuq B - 4rdvtu, oorcofvtol ot Tvrrrortc,raoeq, 11 d7"-coorq Brun6

rn orrlp(q otov dfovo Kot plo dyvcooq Poml Me oX.(3).
An6 rqv rooppozcioTrlq tpolcrl"iug 61oupe:

EFr:  o

EMru: 0

XF*: 0

IMrr-: 0

By  -  300  -  480 :0  :> Br :780N

150
-300( -  l 0 -3  ) -MB+480( -  10- ' ) :0  :>  Me:  13 .5N

- f * *200+350:0  :>  f * :550N

200(  90  10  
-3  

)  +  Mr -  350(  90  10  
-3 ;  :  I  :>  Mr :  13 .5  N

150

Xrqv d,tpcrrro AA oy.(2), l.6yrl 6p6ot1q - ovri8pcrorlq oorcotivtot oro B or ova5pdoe4

rolv By, Ms roD i6rcr prlrpo u}rl"d crvri0eteq qop6q an6 6cr oto o1.(3). Aql"cl6r1 ocqv

drparto AA n B, rcateuOfvetor or0 opvtlrlKd tou d(ovo Y, svd) ro X0,poKTllprorLr6
8rdwopo rng poTrng Me Koreu0rivetur otov d(ovcr - z .

Mf 200 N
ra

('(

Ki 350 N

300 N 480 N

E(too:oeq rcoppoTc[oq tpola],taq f

Ewel.ritg ovriorol1o, on6 rqv d)")"r1 rpolol.io aorceitol orov d(ovo AA 11 f" o,l.l"d rcoi 11

M;, TroD un6 rrlv roopporcta rqq tpolo)"ioq f - rpdvtu oX,.(4) 61ouv p6tpo':

L

1",
150 mm

( 3 )

( 4 )

'Etor 11 f* orqv drporco AA rcreuOltvetu,l oro OeTtrd, rou d(ovo x, wrb to

IoporcTnplorrr6 fitdwopcr Tnq porn,C Mr Ko.rm0livtru,t orov d(ovo + z ( 6nort Kut

e(ol$ereprilver rn Ms ). Iqperritvoupe 6rt or Nfs. lv{r-eivat ot orp€7rrlK(,c, poni'c,Tlo rov

d(ovo AA.

E(rcriloeq rcoppozricrg atpdrcrou AA

@eroprrlvto,g ( ouOoipeta ) 0enrc6g rrq pon6q nou ro laparcrrlptonrc6 roDq Dlovuouo

rateu$fvetot oTo $sflrd tou ovrlotorxoD d(ovcr. a;ro n: 6 otepeootoorcdq e-ltorinrtr:

roopporciaq oX.Q) 61oupe :

300 N 480



XM*: 0

IMr :0

XM, :0

IF*:  0

IFr:  o

EF, :0

-&(  1000  mm)  +  Bv  (  750  mm) :0  : )

A"  (  1000  mm)  + f . (400  mm) :0  : )

-  Me +  Mr :  0  : )  -  13 .5  +  13 .5  :0  : )

A*  + f *  *A* :0  -> -  220+ 550+A* :0

Ar+ 8,  *  Ay:  0 :> 585 -780 + Ar:  0

0 :0

A,  :585  N

A* :  -  220 N

0:0

: )  A* :  -  330 N

: )  Ar :  195 N

Enopwtrtg to p6tpo tcov crva8pdoearv un6 to pou)'pdv' eivot:

Ro: {E;a,r : ^/( - 220)2 + ( s85 )r =)

Ro = { lFTl-: ./ 1 - ::o ;2 + ( 195 )'?

Re:625  N

Ra:  383.308 N



AYTITMOT

TYIIOE TOY EULER



XYNOIITIKH @EOPIA

Kotd tr'1 q6prtoTl piag prip8oo an6 0}.rzrnrcr1 olovmq 8rivoprl P rut pe rpoo8euarrl
ari[r1or1 rou pey60oDq rng 66vap1q oDtr]q, I pdB8og Ocr rpt&oet to 6pro ni"conr6rrltcrq
rcr rel.trd 0u 61oupe uoropu r4q pdB6ou, 6ruv q tdorl uneppei rrlv crvrofrl rnq.
6q)"cr6r1qv rd,oq 0porioqq. To <porv6psvo cut6 0o o-uppei av to pr.lroq rq; pcrpdou bev'
eivar fio1"6 peyah5tepo un6 rq 6tootdoerg qg 8rotopqg rng.
Errlv nepinrcrloq 6prrlq fioD ro prtroq cqg pdB6ou eivcrr rcotd zto),ri prelo),rltepo aro n,c
6ro,ord,oerq qg 6rotoprtg Tng, to gorv6ptwo e(el"iooetor 8ru,rpopenrcd. Ano n'cr oprcr
g6ptroqq rcor n6pc, 'ro onoio l"6yetor rptorpo <poprio P*p, rl pdp8og ;.reto,Baivet ano rrp'
euora0rl rordotuol rqg O),iytlg oT qv o,oro0r1 rcatdotoon rou l.uyrctrrou.
To B6)"o9 rdpvqq noD ncrpooord,(er q pdp6oq, 6tov 6p0er oe rcrtdotoorl l"uyropou.
61er orq crnot6l"eopa to <poprlo vo bpa, n?.iov,6rcrcwtpo trlg Trpog to rfvtpo pdpou-c rr1,:
8rotopr.lg qg. T6te 6prog ovonoSooovtcrr pon6g Kdp\Uqg, or onoieg au(d,vouv arc6pa
neproo6tepo rrlv rcopzru1"6o1ro rrlg p€ Tqv ori(qoq tou tpop,fou, iDoaou 6p1eta,r q
gporioq u19 pdBbou pe rnv un6pBooq tou opiou avtoplq tou ul"trorS qg.
To <porvop6vou tou l"uytoporl err6g ozu6 to <pop'r[o noD svepTei oq pdB8o e(optdrot
orc6po an6 ro oXnpo rrlq 6ro,ropr1g, on6 ttg e)"conr6g tbr6qteq tou ul"rrcori, rco0rltq rcot
an6 rov rp6no osnpr€nq fllg oro drpo r4q.
Or 6rd,<popor tp6nor osnpt€ng qg pdB8ou oto d,rcpo,'rqg, 8rurpivouv ro l"u1op6 ong
nuporcdtcrr r6ooeprq neprnrriroerg :

l) Tq 0epe)"rrrr61 nepintrooq l"uyropori, rcu,td, rqv onoiu Ku,t ro, 615o drpo cqg pdB8ou
o'uv66ovror pe dpOprrloq. @ecoporipe np a,prgtopOpofil pdB6o tou o1.(1), orqv onoia
uorcettor roror6pugo rcwrprr6 tpoprio P, trov6 vu nporol"6oet l"u1rop6, 6ql"a5r1
rpiorpo <popdo Prp. fra rov uzuol"oyrop6 qg rtpqq Pxp 0errlporipe d(ovct
o-uvte,o,ypfv(Dv rov rarorc6pu<po x Ko,l rov opr(6voo y, 6upl6pwouq on6 tqv
dp0pcool A. IutrrBo),[(oupe qv opr(6vna on6r]"rol roo olpeiou K pe 6, 11 onoiu,
uvno,orlei oe prlrcog pdB8oo L I 2 arc rcd,ge prrp6tepq on6rc1.roq 6otrrl y ovaotorlei
oe cn6oroorl x on6 q 6p0poo1 A.

Lt2

l
L K

( r )

H ponrt rappg nou crvc,nn5ootrot oe rcuOe ru1ouoo Srctoprl rqq poB8ou Trou e/-et
c,zr6oto,or1 x, 6iEetur o,n6 rq o16oq:

l x

P

x

l__*
v

M(x) : P,



H porrl rdpvnq ouv66etor pe to B6)"o9 Kdpvnq y p€ rn o16oq:

&v
EIz: -----"-: M(x)

dx'

on6rx svrrroororiovtoq rry Ttpn rqg porcng Kdpvng nponinret q noparato popgn

o"ur1v 8toqoprrq eliocoon rnq el"uoarcr1g Tpoppnq:

d ' y
EI': ---- -^ - - PY

dx'

Anl,ozcororip€ Tnv no,po,ndvro o16o11 ovaroorcrcbvtog p€ rn oro0eprl aprl k' rqv

noo6rqto:

P
1 .2  -
" 

E[.

T6te, Tlrcapafiav,ro 8tutpoprml e(iorrlorl naipver nlv ncrpordtrrl poptprl:

Y: cr sin(kr) + c2 cos(kx)

'onou ct,cz, rivo,r oro0ep6q nou nporrifiroov oa6 rqv ol,orl.r1prrlor1 ror pnoporirv vo

uzrol,o^yrotorSv pe rrl xpnowoaoirloq 
Trov optcrrcrbv ouvoqrcrirv qq el"aoTtrrlq Ypoppnq,

nou 6r6p1ewn an6 to orlpeia 66pooqq qg pdp6ou'
'Eror, "yio-ro orlpefo a fri ( 

" 
: 0 ), 6nou ),6yro dpgpcooqq np1net to B6l"oq xdpyt"lg vu

eivu ipq6ev,6qlu6 '  y :0,6totenpor6ntet  c2:0 '  ev ioyro to  oqpeio B (x :L ) '

6nou 6poro npfnetvo roller Y: 0, pptorcoupe:

c1 sin(k:L):0

H nopozrdvrrr o-uvor.1rq ena).qoeuetar 6tov cr : 0 rl sin(kl) : 0. ITllv npdrll

nepintrrlorl 11 pdB8oq 
'roopponet 

rotu.r6putp0 xopl.q neptoprop6 orqv nprl tou

<popt[ou, evrit otqv 8eutepq fioD Fo-q a<popd', nptnetvo lo1rst:

kL :nn

'ozrou n,rivot orc6poroq u,pr0p6g, tov oiroio 0c 0ecoprlooutrre ioo pe rq povdDo "yro vu

ndpoupe rr1 prrp6repn T1lrn rou <popriou P. 6q)'"adq, uurrlv tou rpiorpou <popriou rcfl

ener6r1 k2 = P / EIr, nporrifirel n o16o1:

,r2 EI*'n
P,.o : 

t-,

H nopondvro o16o11 onoteLei tov nlno tou Euler 7ra i-enrr1 opgrl pdp6o, op$pcorq arrl

Booq 6nrog Kol orrlv rcopu<pr1tqg.



H opn tou rpiorpoo tpopriou P*0, ovrmpoorDnefer rr1 priyroq rlpn rou oopriou nou

eivcri oe 06oq vo tp6per q pdB8og rcur ovopd(erot <poptio Euler'An6 rov ru;ro tou Euler

livetur ovril.r1nt6, 6T1 to rpiorpo qopdo eivor ovd,l'oYo ro0 p6tpou 8uorapryioq EI"

rrlq pdBSou, on6re pic p6p5og pe peydl.o p6tpo el.uoctrc6q'roq KOr pr€^lcti-q poq

oapouriog luyi(er Dforco),cr. i\].l,or ncrpd,yovteq ofio roug onoiou-c e:crprurctt ro

*piorpo qoprio iuyropori, eivc'To plKoq rrlq pdBSou ror o tp6noq orlpr--r1; oru crrcpa

rIG, o orroioq ro,gopf(er ro el.eiigepo r'1 o.vqypwo pr*og l.upopori. Avdgera eivat

o,ri6dp"qro an6 cqv 1'vro'n rou ul.rrcof o'11 g),iryr1. H rdpryr'1 tqg g),rpopn1; pdpoou

lverut Trpoq rTl 6reri0uvoq rco,rd, rqv onoiu ou'uq eivor zreprco6tepo erircrpirrq' frcr

out6 ror orov r6zro tou Euler og poTrn o8paveiaq 06toups tr1v el"d,porn nprl rn;

poTrqq o,8poveicrg fioD TropoDord,(er q 8urtoprl qq pdBSou. Mepn6q rcop0,KrnptonKe--
*rrorroqpeveq brurop6g, nou 1prlolpolororiv1o,t nofui oe npcrrm6q eqcrppole-:.

<pcrivovtor oto zruparutol oXrlpo.

I*u*

vl I - - Yr  I * *

Av or pd,pSot ottq onoieq ovr6ouv Ql.iBowat P€ Ks.vrplKo rpiorpo goptio, ot rptq

np0)reg'oo l.uyiooDv oq SrerSouvol Tng el,6poqq poTdq c,8poveioq I6;n, 6vtD oucq pe

u1v rcurc),uc1 $ratopq 0o l,u1ioer, npoqcrvcuq oe onorg8qzrote 6reri0uvotl.

2) TlTv nepizrcrrorl l.unopori ocqv onoio p6vo ro n6vo drpo rrlq pdB8oo eivctt

eieuOepo, evd) to rdtrrt norctcopwo. To rcpiotpo tpoptio pzropei vo unol"olrotai crfi6

tov rfno tou Euler Ytg opqiopgP1t1{n P"P&o 06tovta-C onori L :2L, on6r'e 61oupe:

n'Erouo - l  p t
/ L  L r m t n

P r p : :) pxp
r r  l

+ L

3) Tqv nepinrrrloq lq.ropod oe ap<pinorr4 pag6o, 6nou rccr ro 611o 6rpa qq pcrpOou

,iuo, ,ro*r*pwa. Yno)"of(oupre to rpiotl:o rpoprio :eprovtcrc ofl rdOe orcpoio ttttlt'n

rlq fl)pfieprE6perur coq ozcl"rl rarctcopwq pcrp8oc lrTlKou,: L i .l rcctl 61oupe:

QLf



IIINAKAI 1

Ileprntrboerq luyropo6 ru,r el"eu0epoD prlKouc

ata Ei6oq otrlpt[qg .
E).eu0epo q

orrqypevo ptlrcoq
l.uytopori.

Kpiorpro poptio
)"uytoprou.

1 Ar5o op0pritoeq
, 1  - rt k -  I '

ntEI*,n
P  : -r K p

l

2
lld,rctrooq rcd,trD el"e60ePo d,rPo

endvcrl
0  - 1 r
w -  L t

-2r t
/ !  L  r m l n

Prp

4,'2

3 Auo naJ4(i6€t5 0t :0 .5L
4n2EI^in

D :, r p

Pi

4
fldrtcoorl r&tco dP0Porc1 enovco

[* . :0.7L
zr'EI*,n

p :^ r p

(M )P

1

(k=L

2

(' y= 2L

a
J

r  / ' )
- k - L ) t L

4

I  k= o'TL



n'EI- in
P*p:------- ; : )  Pxp

(2L  I  4 ) "

,r' EI*,n

(L  l 2 )2

4 nz Er^a

p :
r K p

n'Er ,

I*in : Ftr.in2

On6te q e(iorrlorl (1) ypdqetot Ko,t pt rn popql o*p

n 2
Lk

H Tlprt tou eLerioepou prFouq l.upopori ror 11 o,vriorolxn popqq tou r6nou Y1c' ro

rpiotpo rpoprio, lrcr rd,0e nepinrcoorl oTnptEqq, qaivovtor TropooroTtKd otov nivcrro 1'

Me rqv napo8opl rqq opot6popqn-C rcrtcrvoprlq tcrrv rd,oerov oe picr pdp6o rcut

$urpritvto,q ,o *pi*po P*p, f6 to onoio ouTq Koronovei'uot pe ro eppo8ov F rnq

8rotoprlq rnq, TrpolcuTrr€ln ovofiruooopev'q xpiorprl td'or1 orq pdp6o:

Prf nt EI
o *o :  _  :  ( 1 )

F  F r l

H 8oopev6orsprl TtpTl rqq rcpiotpqq tcol-c xatcr to )"u"yrop6 napi'lemn,6nclq 61et

ova<pepgei, an6 q pt*potipt'l npq rrl-c po'Tn-c odpo'eia-c I rqq 6to'ropnq' o''l 06oq rq-:

onoiaq erodloupe rrlv o,rrlvo o,6po.veicr-c I nou nporo-r;rtet cn6 tov oSno

Prp

L2

4) Tqv nepimrooq lupopori os TroKropsvq - crpOprrinl pdp6o ' Tropofllpoupe on ro

rcpiorpo qoprio eivc* i6ro pe erceivo fiou crvrtorotlei oe put o,pqlopgptotn pdp6o roiou

uirrori a),).d pe pl'lKog ioo 0JL,6tot to xpiotpo tpoptio eivut:

( 0 -7  L ) '

Erodyovtcrq rov 6po e).eri0epou 11 ovtlyprcvou prlrcouq ),uyropori 11, ovriotorlou ps filv

on6orooq peru(r1 Srio Sru8oprrrlv orlpeirov rcrprqq cqq el.oortrcrlq Ypol'lpTlq oe rcdOe

zrepintoloq ornpt(qg tqq pdB6ou, 8rlproup"yoripe wcrv evilrio c6no:

Pxp

,rt EI.,n

-t EI*,n'



Opi(etur enloqq, o ),6"yoq )" uno rr1 o16oq:

)" :  ! .xlt , , . , , ,n

O l.oyoq ). ( zrou eivol rcoOcrpoq opt0poq ), pcq nuplletwa p6tpo rrlq eualo0qoicrq tqc

pdB8ou oro l.uyrop6, ro,r ouofidqr.or [cr0p6q ]"uyep6qtcrq q luyep6rqro rnq pdB8ou

rcor sfiIonorei rov mno cqg rpiorpqg rdonq rtrtd 'rov l.uyrop6 oTrlv ovnTp6v4 rou

popqn: 
#n

Orp
^ )

Iqv ncrpondvo e(ioroorl <po,ivetat 6tl 11 rpiotpq tdoq elapr&rut

el.oonrcocircq rou ul.rrori rur rupirrlqTrl luyepotnrcr rnq pdp6ou'
(l7[o ro psrpo



AIKHTH 3.1

flot6 eivo,r ro pr6poro 0l.rnar6 goprio noD pnopei v0 eqcpprootei oe p10

o,p<prdp0proq ortlh on6 rcpdpa ul.oupwiou, prlrcouq L : 4 m Kol 61er ouwel^eot'r1

o,o<poLsia,q 1.5. Ai6owor : E = 70 GPa, reo : 40 mrn, rsE : 45 mm Kot to 6pro

crvol"oyiaq tou ul,trcor5 oo: 270 MPa-

L :4m

AY'H

Aqo6 q odll] etvot apqropoprorn ro rcpiorpo rpoptio 0o uno)'onorei oz6 tov nino

tou Euler, etot 61outrre :

nt( 70*l0n l; lm2 ;1 n A)l( 0.045 )4 - ( 0.040 )o I -o

( 4 - ) t

P*o= 55.2 kN

H op0r1 td,o4 nou ovo)"oyei oe aut6 to goprlo eivot :

,rtEI,n,o

P*p: -----l-

L"

prp

Orp :  :

A

55.2 kN

n [ (  0.0a5 12 - 1o.o+o ) ' ]  * t

grp 39.lMPa < oo

H ernrperu6pevrl rdorl etvor q rpiorpq tdorlnpoq tov ouvteieorrl cogaleing

Prp 55.2 kli
P * : -  =  : 34 .8kN

v  1 .5



A>KHIH 3.2

Mio drcoprrq 6orc6q BC orrlpi(rr0lot 66o i6reg upqfnorteg oT q]€-c Ttou txouvt p6tpo

el.croa1rc6a11tug EI ( no loyiop-6 o"o enlzre$o xz ). No unol'oyioere to xpiotuo tpoptio

l,oyropori Xpno'4roTrorrirvrcrq to e)"eriOepo 11 crvrllpwo pr1rcoq luyroporl i'

AY'H

H o16oq fiou pog 6iver to rptorpo goptio xpqcttl,oTtoriowcrg to eLe1)oepo q avlypsvo

pqKoqluyropof k 'avat:

n'Er
P*o :

r ,

tk

Erer8rl or 66o ocq)"ot efvat oprqino,Krot oX'Q) 61oupe :

I t  =  0 .5 (  2L ) :L

Avarco0totrirvtc,q rnv rtpq nou pprlxaF€ orqv o1fo1 (1)' ppiorcoolr€ ro rptotpo

tpopcio : ^
TET

p r p : -

L'

r-
1

--__l
I

L

I

I

0  - l
L k -  u

(2)



A;KI]TH 3.3

xcqv npoqlofpsvrl 6o111o'11 3.2 o lupop6q rrrlv oq).iov oro er[fie$o xz u;roi-oy[ofllKt-
'oproq 6w undplet rdTl fioD v([ epzro8i(er ng oTn)"eg va )"uyloouv npoq nlv

*orr..ierruorl y. No unol.oyioer€ ylo r1g ornl€q AB rcol CD edv 0o r-u^lioouv oro

ercine8o xz ( 6(ovaq y ) n 0o Lulioouv npoq rnv rccne60uvo'n y ( criova; z ) xcrt v0'

Bpeire ,o .poprio l,uyropori. Yno06ore 6n ra orlpeicr B rcrt C eivot o-upcoa]'-qpn'a pe

r,1v 6or6,'q 6or6q BC eivar drapnTTl K0,1 661etor tpoptio P nou egcrppo{etctt

revtprrco, ornv Kopugrl qg rdge 6orcou.(.E'= 200(10) Pa, oo = 36MPa, I":5.i( l0 - )

#, i ,  :16.7( ro J)#, A'= 3.7( l0 -r  
)m2 xur L:4'8 m ) '

AYTH

To rpiorpo tpoptio go unol"oyrototiv crn6Tov rD7[o :

#nt
Prp

s 2rk

'Erot po, touq &(oveq z Ko.ly 0c 61oup.e :

,? m, nt Er.,
( P"p )v ( P*p )'

( 4 .8 )2

( [u)r' ( :r )'-

Ot np6q tou el,eu06poo n ovl"ypevou prlKo; i'rryoprou (

rjvat k: 0.5( 2L): L svr,l Tlo rov o(ovo' z eivcrt 1

nupilzr0'.'<o olcoerq eloupc :

I t  zoo(ton) N I m'1; s.:1 lo -6 
)m:l

flivurcaq 1 ) yro tov d,(ova 1
: 2L. Avrtrcu0rottilvtuc on;

(1 )

(2)

t t

(  P*o)t  = = 45-l k\ (3)



r/t  zoo(ro) N I m'1; to.zi 1o -6;m'1

( P . p ) '  : : 357 kN

12( 4.s)12

A<pori ( P*o )" < ( P*p )v , o l.uytop6g 0a fiopouotofiei npata otov diovc z ^{1{t ro

rptorpo goptio rng rtpng .'ElouPe :

Prp ( P*p )" :357 kN (5)

Ito ap6pl.rlpo uno0rioap^e 6n 11 6o169 BC eivor drupncq ror 6rt ro oripeia B xcrt C

eivo,r ouyrol,1rlpwo 6tor ioore ot lorvieq petcr(6 tcrlv 8orrirv vcr eivcn 90o- llpotou

8eltoripe ,to *pi-1ro tpopcio nou pprFope, ugori pur TrpoTpoTlKIi 6or6q BC 6sv

pnopei-vu etvor teL€trrrq d,rcrpncq Kot 01 ouyrcol")'r1oeq oto oqpeta B rat C pnopel vo

eivsi e6*o WTE; rrrote vo eznrp6nouv rq Sorofg vo psroKlvofvtut, 0g zrp6zrer va

)dpoupe un6yw pog 6l"o autd tu 5e6opwo. H lerpoteprl urc60eoq 0u qtov edv or

oTtll€s qrov pe apopdloer5 rcor 6p zrorcrcop6veq pr rnv 6orc6 BC. Aqorl q 5or6q BC

eivor el€li0€pq vo prercrrcweitot opr(6vno, n flpn rou ft pn np6polo pe n&rtrrroq oro

6va drpo rccrt el.eri0epo to dL),o, €tvttl : [x:2L. An6 rqv e(iocrlorl (3) 0o 61oupe :

(4)

(  P*p)y :
ntl zoolton) N I mt 11 s.:1 1o -6)m2l

[ 2 (4 .8 ) ] 2

Iuyrcpivowa4 n{ e(roiooe4 (5) KOt (6) p}.^6noupe n6oo orlprovrtr6 eivor vtt

8r.eurcpwi{oup€ rE ouvgr1reg nou ond,ploDv or1€ Sororiq (n.1ro wa drpo zrotropfvo)'
'Etor q e(totool (5) ea yiver :

Pxp ( P*p )y : 113 kN

H rpiorpq tdor'1yra to tpopdo eivo,t

Prp 113 kN
o ro : -  =  30 ' 5MPa<36MPa

A 3 .7 (  10 ' ) t n '

H uzoOeol yttr e)-conro ).upop6 ro2g'riet.

:  113  kN (6)



ATKHTH 3.4

Eri).woq apqrupOprrrt6g o'n-r}.og tstpalrovtrfq 8rotoprlg- pe pnKog 2 I 0iipetat

u(our6, sv6 q u-"prrr6p*n r6on oe 0),iry1 tiv0,r t.n : 12 MPa. Nc unoi-onotei ro

pileOog.rqq 6t'toprlq TroD l.rnop€ivu uvr6\xt <popdo o) 100 kN B) 200 k\i. O on-riog

eler ouvteLeotrl oocpul"eing v :2.5 rur E : 13 GPa'

AY'H

u) fra ro <poprio trov 100 kN rar xpqolpofiolrbvtoq tov ouvteleotq oo<pa).eiaq

61oupe:

P*o:  V  P :2 .5  (  100 kN )  :250 kN L:2  m E:  13  GPa

r/ El-,"
n -

An6 tov trino tou Euler P*o : - rot L1: L e1oupt :

u ' )v . -ul(

P*p L (25ox lo rN) (2m)2
Imin

:7.794x10-6 mo

,] P,

An' 6nou nporfntet 6tr :

I * i n :  d4  l 12

On6te ypd,goupe :

d4
- :7 .794xI04 ma
t2

nr  1  l3x lon  Pa ;

d:98.3 ITIm = 100 mm



frc, tqv 6r6prerpo zrou pprFa pe xpL";{i'va rcdvoupe t\syxo Tto v0, 6ouue etrv ovrelet'
'Etot 61oup,e :

100 kNP
o :  - :

d4

15 .588x10  
{m{

T2

d :  116 .95  mm

: 10 MPA

A (0 .100m) -

Aqof o ( oe,r,1 6r.u,topr1 pnopei vc ovt6(et to goptio trov 100 kN'

p) fro to goprio tcov 200 kN 6oul''suoupe pe tov i6ro tp6no :

P*p :V P : 2.5 ( 200 kN ) : 500 kli

An6 rov Euler elouPe :

(  500x l0 i  ) (2m) '
:  15 .588x10  

{  maT -
rm|n

n t  (  l i * l o 'Pa ;

On6te e)"ey1ouFe rrp'drapetpo Troo ppn*aps ed'v avtflet '

P 200 k)i
c i : -  :  :  14 .62MPa

A (0 .11695m) :

Bl"€noupe orr rl n$n 116 xcrvovrrqq rdor1g eivat ̂ peyal"r5teprl 
un^o o'T rn;

en*pen6gevrlq o > ;r- dip" n dutoprl nou ppr'*'pe 6w avr6ler rccrr 0a TrpsTrtr vo

BpoOpe rcnvoripyua. prp$lotouilwoq crurq n1v qopd,T qv ezncperu6trrwq taoq :

P 200 h\
A- -  =  =  l6 -67r10- 'm-

oez 12 MPa

& : rc.ol*l0 
-3 m2 d: 129- l  nrn



ATKHIH 3.5

Miu orrl)"r1 K0rooKsD0opsvrl an6 ol,oopivro eivor op0olrovrrflg Stcrtopq: xut 61er

prlKoq L. Eyetzrcrrctorp6vo ro wo drgo cqg, orlpeio B' xot rc'tcrnoveitcr oe c;ovrrrl

bnVn oro orlpeio A. Ario l"eiu, rcul.rv6prrcd oTtg drcpeg touq, el.doporo nsptopi--ou' to

&rcpo A v0, perq,K;eiru,r otov 6vuv crn6 touq 6uo KgroKopugouq d(o.v'e-c ouuprerpic-r:

rng ornlqq, o1.1.6 ro ercwptnoDv otov d)"]"ov. o) No uzcol"oyioete tov )"61o^ b h tcov

ario ,rl,*plou qq 6r'topr1q, 6ror crrote vo avtunorpiverot orqv rno oaote)'€opcni:r1

rotoorceurl rcutd tou tuy#1rori. F) Ncl unol.oyioete rnv 7flo ano,el'eoportlcTl Sratouq

qqorn lnqyv r r l p i (ov taq '6nL :500mm,P :20kN 'E :T0GParca roouv te r -eo rq :
o,o<oul"eioq v : 2.5.

I'
I

P

l x

AYTH

ftu to etrifie8o xy to crvqlprfvo tlrlKog ltryopou lttt

o,rrlvo. ubpcrveio,q qg 8rotoprlq pploretat ypuqovra: :

, ,  k:  0.JL

rnv orrl)"n eivor 0k : 0.7L- H



I, : lll2hb3

Agof l, : At

A:  hb

T6te lrivovrog t,lg npogi,z 61outr-te :

Ulzhb3 E
i r : I r i  A :  

*  

:  

n

L:b  I  ̂ h2

H )"u^yep6qr0 rqq orrl}"r.1q etvor :

x :0 .7L  I  (b l1 l2 ) (1 )

fro ro ezc[ne6o xz ro crvnYpwo pr'6oq ],uyropori eivat'tx: 2L rut q orcriva obpo'veigg

qq 8rcrtoprlq eivor :

ir:h I tr12

'Eror 11 )"uyeporqtcl rnq ornlnq eivor :

" ) " : 2L  I  ( h l ^ l I 2 )

o) H rno anoteLeopoTtlcn rco,ta,orceur1 rcotd tou l.uyropori, eivut oucrl ro,td tr1v onoio,

q rpiorprl tooq o*o avtazrorpivrr0,r oro 6T1 or 611o rn0sv6q np6g tou l,uytopori pa

touq 6rio d(oveq etvo,r ioeq. An6 tov r6no o*o : n'E I tJ, g1tnoupe 6tr aorrl 0o eivor r1

nupand,vro neptnrrool eav or 6uo npe_c Trct fllv )"uyep6rlto rnq orllnq eivur ioeg.
'Eror 61oupe :

0.7L 2L

(2)

0.7
-  :  0 .35

)

bl^h2 h l \12

b
Arivovtu,q npog tov 1,61o 61ouPe

h

F) Na unol,oyioete rnv 7no cnote),.eoptonrr1 6raroprl rn,c ornlqg

fra qoptio P : 20 kN ror o-DvreLeod oogc}efur5 v : ?.5, ppforcoopre to rpiotpo

<poprio rqv on1lr1 :

P*o :  V  P  :2 .5 (  20  kN  )  : 50  kN



H xpiorprltdoq Bpiorcetot on6 : b: 0.35h

Pxp 50x103kN
6rp: : ------- 

^-
A 0.3sh'

Avrrrca0rorrirvtcrq ro L:50Crrrrnocqv e(iorool (2) 61oope L:3.464 I h.

An6 cqv 0160Tl o*r: r?E t* Aa pnop6ooupe va pporipe rq 6raot6o€tg Ttou rpcrct

vo 61er 11 6ro,topr'1 T1o vo eivor mo unote)"eoponlcn.

A=hb=b:0 .35h-

,?P.
o*p :  -1 ,

A-

h: 39.7 mm

0.35h2

b :0 .35h :  13 .9  mm

50x103kN n ' (  70x10e )

( 3 .464  l h )2



AXKHXH 3.6

Xe pio pdp$o on6 xpdpo ul.oopwtoo vo uzrol.oyioere rrlv ptKpotepn Ourpttpo nou

pnopei v0 xprlorForco$1oei T10 vC[ 6e1rei tpoptio P = 60 lcN. E6v ro prlro,c rric sivcr

a )L=750mmF)L=300mm.

AY'H

fta rqv Drotoprl pdp6oo rur&ucnq 8rutoprlg 61oupe :

l :n l4 ( r4 )  A :  r - r4  i : r , / I lA :  r l 2

o) fro pnKog 750 mm : Agori q 8urperpoq rnq pdp8ou eivur dTvtoorq np6net vcr

uno06ooupe rrlv nprl rqq l.uylp6rnloq 1.. Yno0eroupe 6T1 l. > 55 6tor y10 to tpoprio P

0c eloupre o: P I e .i o,,. :37)x103 MPa / )"2)

372x103lvlPa 60xlo3 N 372x10'lvtra

nr ' [  0.750 m/ (  r  12)] '

r :  18 .44  mm14 :115 .5x10 -ema

fu, r :18.44 rnm o Bc0p6q l"uleporqtc-c eivar :

L L  750mm
f , : - : - :

i  r l 2

#
n
ii
+i
wk

,":),,

;:

P
- :  o e n  :

A

(18 .44mm) /2
=  81 .3  >  55



Apo I un60eor1 poq eivor oolorl Kol Yto
8rdperpoq eivor :

d :2 r :2 (T8 .44)

pllKog L : 750 mrn I cr;ratrofPwrl

d:  36.9 mm

p ) fru pllrcog L : 300 mm : Yno06toupe [avd 6rL ]" > 55, 6ou].fiiovrc,: o;ro1 xcrt

npoqyoripwog Bpforcoupe 6ct ro f : 1 1.66 mm KCrl rov po0p6 l"uleporrlta: i, = 5l .-i.

Aps I uzr60eor1 po,g eivat ldOog rot (ovd uno06toupe yw 12 < l. < 55.',Eror eloupe : (

o ,n:212 -  15851.  MPa ) .

P
:  oez :2 I2 -  15851'  MPa

A

60x103 N
:  [212-  1585 [  0 .3  m I  ( r  l2  )  ]  I  10"  MPa

2
T E T

r :  12.00 mm

fro r : 12.00 mm o po0p6g l.oyep6cqtag eivot :

L 300 mm
I :  - :  :  50

i  (  12mm)12

Apa n un60eor1 po,g eivor ocrlorq rcot q Sr.opetpog yro L : 300 mm eivor :

d :2 r :2 (12  mm) :24mm



A'KHXH 3.7

'Evo,q 
lol.r5B8rvoq ool"rlvoq pr'6ouq 24 ft 0a Xprlotpo?rot10ei oov orniq 1're ctp0pcboetg.

No, uzrol.oyrotai to pfyroto ezntpen6pwo <poprio luytopori Trou pnopst vcr oe7-rei 11

oqln 6tor ioote vo pnv unoorei luyrop6.( o,n : 36 ksi , E = 29(10 ') ksi t.

m!*;M'
3 rn"*2.15 in

AY'H

Yno)"onop6q rpiorpou gopdou :

n'Er
P*p :

L'

_ 
n' lzg( to3 ) ktp t tt l(v, n)l( 3 itr )o - (2.75 n)4)

- :64 .5k ip
124f t ( rz : r : , / f t )1 "

H rpiorprq roo-n rn-c onlinq yro ro napcndvrrr <poptio eivor :

prp

o r l o : - =

A

64.5 kip
:  14 .3  ks i

Aqori o*o ( ocr, to rpiorpo qoprb nou pprlxape pnopei vcr liva ro F€-Ttfio
ernrpen6pevo goptio.



ATKH>H 3.8

H 1ol,rip6rvr1 6o169 0o prlorponouloei oav o'u41.q pe 6p0proo4. Nc rrzoi-o,vrotei 11

puytl6*pt1 
'o(ovrrrl 

q6pnon noD plropst va Eelte; npw ap4oer vo i.u.r[et q o

Xqiupoq vay ivetor  e l .oonr6q.(  o ,n:36 ks i  ,E:29(  l0  i ;  k ip ,  F:9.13 in-  .  I . :  110

in ' , Iu :  37.1 in-  ) .

f l r :  L

AY'H

An6 npooeicrtr,crl e(6raoq p}eruoope 6n o l.uytop6g zropouord(etor otov a(ovc 1'- 1"
Egopp6(ovrog rov nino tou Euler 61oupe :

,rt  EI*,n n';zs1io 3 
; t ipl# l( 37.1in4 )

P*p:  - -  
" -  

:

L"

: 512 kip
a

[  12  f t  (12  n l f t ) ] "

Ito n).r1peg <poptio q rpiorpq tdoq qg ornlqg eivcrr :

Pxp 512 kip
:  

;  
:  

o , ,  i r i  
:56 '1  ks igxp

Apa o*o ( o"n 6sv ror-rer Pcri 56.1

P
36 ksi :

9 .13 in2

>  36  6no te :

P : 329 kip

I



ATKI-IXH 3.9

Mio 1alr5p6rvr1 orrl).r1 elvor zcrroprwq ror ota 66o qq 6rpo ru,r elet uvo: ]'l ft' H

rrccrv6rqru rng vo b61"ro, goprio au(dvetot ot'pi(ovtcrq xov ir=lovc ) - y

xpnorpofiorritwog sorcapra rou o-uv66ovr01 pe 6p0prooq oro p6oo q,c orrli-r1:' \a

rnol,o^yioere ro <poprio fioD pTropei vcr 6e1tei 11 oq)'q 6tot rilote vo plv i-1r1ioer 11

oqlq q ro ol.rrc6 vo (enepdoet Trlv toorl crvo),oyicg oo= 60 ksi.( I,.:29.1inr- I. :

g.32 ina. A= 4.43 in" E : 29(10') ksi).

AYIH

H oupruept<popd.rqg ocrllrlq Trpog rov k)yrop6 0a eivor Surpopeflrq otov d(ovo, x K0,1

orov'd(ovo y ),6yrrl rrov 6orupr,ir rrou onlpi(ouv qv orq}"r1 T10 rov 6(ova y - y' o

).upop6g *oi o,'q 6fo neprntiooeq qoivetor oto, o'1po.ru (2) rcor (3). To e).erigepo r1

ovq^yp6vo pnKog }.u^yropou Yto rov d[ovo x - x eivor fu : 0'5( 24 ft) = 12 ft: 144 in'

yrO rov d(ova y - y eivor : h:0.7(24 ft I 2): 8.40 ft: 100.8 in. To rpiotpo tpoptio

y10 rouq Srio d(oveg eivot :

nt EI* n'yzs1t03; ksi I 29.1 inl
( P * p ) *  :  -

( k ) 2  (  1 4 4  i n  ) 2

n'yzegoz; tsil 9.32 in'n'El,
(P *p )v  =  -  :

(  L,) ' (  2 .56 m )2

' h ' \ l j t n
- v - . -  r \ l H



T-

I
2ft

I
t

v-v

Iuyrcpivovtag to rptotpa rpopria o l.upop6q 0u eprpauorei otov 6(ovo y -y. On6terl

rd,cl zrou crvol"olei oe uur6 to tpopdo eivcrt :

Pxp 262.5 ktp
o*o: - ------- ^ 

: 59.3ksi
A 4.43 n'

Agori q rdon o*p ( oo, o l,,uyrop6g Ocr epqcrvrotei 7[p1v ro u]"rro lenepaoet qv raol

ovol,oyiog. H <popnorl TroD pTtopti vo ovt6(et 11 otr1),r1 eivcr :

P*o:263 k ip

X - X



ATKI{XH 3.IO

O al"ouprvwrog oru),og eivur zo,Kropevog oqv p6oq roD Ko,lon1p(etor orqv xopuqrl
'uou cn6 ouppat6olowo Tro, Tnv ofioquy1 peturivrloqg tou rotd tov d(ovcr r. Na
unol"oyfoer€ Tqv p6po'cq erntpen6pevrl Erivotrrq P nou pnopei vo eqoppoorei. O
ouvteLeocqq oo<pol.eiog eivor: v:3.0, q pfytorq Ol"mnrf pozn'1 etvar on'".: ]15

Mpa ,  A :7 .5 (  10 -3 )m2 ,  I * : 61 .3 (  10 -6 )  *0 , I ,  : 23 .2 (  10* )  m4 ,  E :70  GPa .

AY'H

O Xqro'p6g oroDq d(oveg x Kor y qaiverar ota olqpora (2) rcor (3).fw tov d,(ovo x -

x ro  h :2L ,6no reL* :2 (5  m) :  l 0  m .  Ezu iongTwtovd (ovay -y ro  l x - -0 .7L ,apa

Ir:0.7( 5 m ) : 3.5 m. Tcr rptorpo, rpopr[o ]"uyropori Ko,1y1o rouq 6rio d(oveq eivcr :

# Er* ,?llo(toe) N/m211 61.3(ro *)*o )
( P*p)' :

(  k)* ' (  l 0  m  )2

( P*o)* : 424 kN

zr21 zolto) N/m211 23.2(ro *)- ')
( P.p )v

(P *p )y  : 1310kN

(  3 .5  m.r -



P

r ? \

----n--7

x-\

------l

Lk:  10 m

xuTrpivovrog rq 6rio 
"iptq 

BXinoupe 6rq 6oo uo(dverol Il Srivoprl P, o ofl5}'oq 0a

Iuyioer orov d,(ova x - x. To enLrpezc6pevo <poptio eivcrr t6te :

Prp 424
Prn :  -  : 14 i kN

v  3 .0

424 kN

oqo r i  G*p=P*p lA : -  
"  

: 56 ' 5MPa<  215MPa

7 .5 (  10 - ' )

O runoq tou Euler pzopei vc eqcrppoorei'



A:KHXH 3.11

Yzrol,oyiore ro rpiorpo <poptio luytopo,.u Tto pcpdo [^ts ro tyg drpo qq oe dp$ptootl'

H pdp8oq 61er prlrog l2 ft .( E : 30x10" Pa . I*n : 9.7 in* )'

AY'H

E<popp6(ovroq rov r6no tou Euler 0a Bporipe to rpiotpo rpoprlo luyropori :

n 'Er rrt( 30*loe \ / m2;1 e.z in o 
;

Prp
:  138 lb

144 inlL2



A'KH'H 3.12

Mio op<prap0pcorrl 1ol6p6wr'1 pdp6oq op0o^yrovrrflq 8tctoprlq 40 mm x ,i0 mnL

unoBdl")"eror oe a(ovrrcq 0l"iryr1. o) Na uno)"oyioete to el"dpoto prlrog Trou nptx€t \'o

riler q pdBSog y1o ro onoio pnopet vo Xpqorponoul0ei o nizrog tou Euler Tto rov
uzrol.oytop6 tou rcpiorpou tpopriou. To 6pto ava),oyicrq tou ul"trori tivcn oo : 130

MPa. 9) Edv to ptlKog rrlg pdp8ou eivcr L - ) m va unol"olioete ro rpiotpo tpoprto
l"uyopo6 rccr E :200 GPa.

AYIH

o) H pmp6cpq porq a6pdvetog eivo,r :

I , ' in :  l lnb3 h:  L l r2  (  50 x  40 ;3  :2 .67x105 mma

H arcriva cr8pdverclg eivcn :

/ /
i :  V  I  I  A :  t  1Z.e tx to '  )  /  (  40  x  50)  :  11 .5  mm

To uvrlypwo pr1rcoq )"uyto;,rou eivot : rr = L.'Etor o Bo0p6q luyep6o'1tuq tootitur pe

X:L /T

On6te pnoporlpe vo unoioylooupe rqv rpiotprl rdol rnq pdB6ou.

gircp

n'E

ro e).oporo pr6oq qg pdpDou ptnope[ va ppe0ei to;ro()ercbvro! rnv ttpn rqg rcptorpq-
r6orlg ornv Tro,poTrdvor ro6cr1ta. Ttor 61oupe :

221 2ooxloe;

(L I  r r .s  )z f  H"  'EPPON
g i i j A i O e H K H

I

230x106 : L  =  1 .06 - i  m



p) Xprlorponorcbvtu,q tov nino Ylo ro rpiotpo tooprlo 61oupe :

,ct (  2oo*1oo X to * ; t  l .67xl05 ;n'El
132 kNpxp

L2 1 2x l0 r  ) :

H rrpn n1g rcpiotprlq rdolq Yta ro zrapazovro goprio aivcrt :

P*o 132x103
= 66 iVlPa

(40x50)



IIAPAPTHMA



NINAKAI I
povo8ov oro 6

l i n

l f t :12 in

1#

1f t2

l lb

1 lb( rt kip )

l ks i :1 lb f /# (nps i )

thp

: 2 .5400 '10 -2  m

:  3 .0480 '10 - t  m

:6.4516' rc-4 ml

:9.2903'10-3 mt

:  4 .5359 .10 -  I  kg

:4.4482 N

= 6.8948'103 Pa

:7.4570-102 W
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