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EIZANQrH

To BiBAio TTou diaBadete avagépeTal OTIG AUCEIG TWV AOKNCEWV TTOU TTPOTEIVOVTAl OTO AVTi-
oToIX0 BIBAio Bewpiag e TiTAO “Texvikip Mnxavikr] — Avtoxn Twv YAIKWV”.

Mnv karapeuyere oro BiAio autd us sukolia.

* [piv TTpocTTaBroeTe va AUCETE Pia doknon PEAETAOTE KOAd Tnv avTtioToixn Bewpia Kal
TTPOOTIABOAOTE, Kal he Tn BorBegia Tou KaBnynT 0ag, va KATavoroeTe Kal va uabete 600
yiveTal KaAUTEPQ TIG EVVOIEG TTOU EPTTEPIEXOVTAI OE AUTH.

* Md&BeTe TTOAU KAAG TOUG TUTTOUG. ‘EpaBa KaAd Toug TUTTOUG ONUAiVEL:

v Tvwpilw TNV évvoia TTou ekppalouy,
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v Tvwpidw TI oupBoAilel To KGO aUuBOAO,

v Tvwpidw TIC AVTIOTOIXEC HOVADES PETPNONC.
Mo ouykekpiuéva:
O 1UTOG 0 = F
A

= EK@pAadel TNV €vvola Tng TAong, TNV OTToia JTTOpW va SIOTUTTWVW,
= To gUuPBOoAO (O) ekppAalel TNV TAGON TNG OTTOIAG 01 JOVAdES gival:

N/mm?, N/cm?, daN/cm? K.A.1T.
= To gUuPoAo (F) cuuBoAilel Tn dUvaun A To YOPTIO TNG OTToIaG OI JoVAdES eival:

N, daN, KN k.A.1T.
= To oUpBoAo (A) cupBoAicel Tn diatoun (TTIQAveIa, EYPAdOV), £TTi TNG OTTOIOG AVATITUCOE-

Tal n 1aon (o). O1 yovadeg TnG dIaToNG €ival:

mm?, cm? K.A.TT.

MeTd atrd Tnv TTapatrdvw TTPOCTIABEIA, €i0TE £TOIUOI YIa TN AUCT TWV QVTIOTOIXWV OOKNA-
OEWV.

Edv Tapd tauta ouvavtAoeTe SUOKOAIEG Bev anpaivel Kat avAaykn OTl gival SUCKOAEG Ol
AoKACEIC. Znuaivel ouvnBEéaTepa, i oxedov TTavTa, OTI KATI a1rd TN Bewpia dev KaTavonoa-
1€ ) Oev BupdoTe. ETTavaAdBeTe Tnv TTpooTrddeia atrd TNV apxr HE Gpwyo, UNV TO EEXVATE
autd, Tov KaBnynTA oag. Eival BéRalo 611 Ba Ta katapépeTe. EAv Tap’ OAa auTtd CUVAVTACETE
Kal TTAAI BUCKOAIEG, KaTapuyeTe 0TO BIBAIO Twv AUCEWY, UTTO TIG £ENG TTPOUTTOBEDEIG:

® 0TI Ba PeAeTAOETE TIG AUCEIG TWV AOKNOCEWV Kal 01 aTTAwG Ba Tig dlaBAoETE,

°® o011 Ba gvroTTioeTE TIG Aduvapieg 0ag Kal Ba TTPOCTIABACETE VA TIG AVATTANPWOETE.

O1 ouyypa@eig

Or avayvwareg, ol o1roiol 6a dIATTIGTWO0OUV TTIBAVES TTAPAAEIWEIS, avayKaies TTPOOONKES N emIBuuoUV
va OIaTUTTWOOUV YEVIKOTEPES TTAPATNPHOEIS, TTou Ba BeATiwwoouv To BIBAio, oTnv emouevn €kdoar Tou
mapakaAovue va amreuBuvovrar mpog T1o: MNaidaywyikd Ivatirouro, Touéag MnyavoAoyikog, Meooyei-
wv 396, Ayia lNapaokeun 153 41, Abnva.
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aoknon
oo™
Na mpoadiopiorei n ouviaTauévn Twv duvauewy F, kai F, 0 - >
. : . ; oo / F,=2000N
TTOU EVEPYOUV aTO KoIvo anueio O, utro ywvia 30°. B
Avon
Aivovrai ZnTouvTal
F,=1200 N a) To yETpo TNG cuvICTAMEVNG (Z)
2 =2000 N B) H ywvia ()
¢ =30°
ouv30° = ﬁ
1
30° =—
nu 5

Fqy=1200 N

=/

r 7 Fp = 2000 N

) 2 =JF? +F2 + 2F, -F, - oLV

>= \/12002 N? +2000% N> +2-1200 N- 2000 N ?
¥=3098 N

F
B)nu 6 =§-nu<p

_1200N 1
~ 3098 N 2 Amavtnon
nuoe=0,19 a) H ouviorauévn givar £ = 3098

0=1116° B) H ywvia sivai 6 = 11,16°
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acknon

Na amodeixTei 0TI n ouvioTapévn Twv duvapewv F, = F, = 2N peiwvetal ammd 4 N £€wg 0
N, oétav n ywvia utré Tnv otroia evepyoUlv ol duvdpelg augavetal amod 0° Eéwg 180° (kai
Traipvel diadoxika TIg TIiEG 0°, 60°, 120°, 180°).

Auan
AivovTai ZnTouvTai
F,=F,=2N a)HZvyiagp=0°
Z=4N+0N B)H X yia ¢ = 60°
¢ =0°+180° y) HZ yia ¢ = 120°
(¢ =0°,60° 120°, 180°) O)H Z yia @ = 180°

a) H cuviotapévn Z yia ¢ = 0° (ouv @ = 1).
I=F +F,=2N+2N
2=4N

B) H ouviotapévn Z yia @ = 60° (ouv ¢ = 1/2).

Z=\/F12+F§+2-F1-F2-%

2= +F; +F,F,

> =+/22 N2 +22 N2 + 2N - 2N

T =12N?

s=2J3N
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y) H ouvioTauévn Z yia ¢ = 120° (ouv @ = -%).
2, 2 1
Z=\/F1 +F, +2-F1-F2~(-Ej

s= R +FZ-F,F,

¥ =22 N2 +22 N2-2N-2N

3 = /4N’

2=2N

0) H ouvictapévn Z yia @ = 180° (cuv @ = - 1).

S=F,-F,
S=2N-2N
=0

ouviorauévn givai:
a)lflae=0° ZX=4N

B) MNa ¢ =60° 2=2
lNae=120° =2
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acknon

270 onueio A evdég ocwpaTtog evepyouv duo duva-
peig 80 N kai 100 N Twv otroiwv o1 dieuBuvoeig
oxnuatifouv ywvia 25°. Na TTpoodIopiceTe TO
METPO Kal T d1EUBuUVON TNG CUVICTOUEVNG WE TN P

A =
YPOQIKN Kal TNV avaAuTIKA pEB0SO. J !
Auan
Aivovtai Znrouvral
F,=80N To pétpo kai n dietbuvon NG Z
F,=100 N a. Mg mn ypa@ikf péBodo
¢ =25° B. Me Tnv avaAuTikA néBodO

a) Me 1n ypaikr ué6odo:

Opiloupe kAipoka: 1 cm £ 25N

To €uBU0ypappo TuAua AB = 32 mm ekmmpoowTrei Tn duvaun F,. To turjua Al = 40 mm, utto
ywvia 25° pe 10 TponyoUuEVO eKTTpoowTTEl TN duvaun F,. H diaywviog Tou rapaAAnAo-
ypaupou AA gival n cuvioTapévn () TTou EXE:

AietBuvan: Tn diaywvio Tou TTapaAAnAoypduuou,

Métpo: 7,024 cm x 25 =175,6 N 2=1756 N
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B) Mg 1nv avaAuTtiki uéBodo

s =JF? +F2 +2F, -F, -ouvg

5 =+/80% N2 +100? N? +2.80N -100N -ouv25 °

2=175,79N

=2 e
ua==

10N oo

HAa=775 70N

nu a = 0,2404

a=14°

Amavtnon

a) H ouviorauévn éxer disubuvon tn diaywvio
paiAnAoypauuou kai uérpo 2 = 175,6N

B) H disubuvon tn¢ ouviorauévns kabopils
ywvia a = 14° kai uérpo tng givair £ = 17




8 TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN - AYZEIZ TON ASKHZEQN

acknon

Mia duvapun pérpou F, = 20+/3 N kai Mia OU-
vaun petpou F, evepyouv ato onueio O. H
OUVIOTAMEVN TwY OUO DUVANEWY EXEI HETPO
Z =20 N kai gival kaBetn otn duvaun F,. Na
uTToAoyIOTEl TO PETPO TNG duvaung F, Kai n
ywvia g ye v F..

Auan
Aivovral
F,=20y3N
>=20N
w =90°

a) ATT6 TO0 0pBOYWVIO TPIYWVO EXOUME:
FZ=F?+%* ka1 F,=F?+2*

F, =\/(20J§ N)"+(20N)
F, = /1600N?
F,= 40N

F
e=_1
B) nu F,

_ 203N
40N

nuo

Znrouvral
a) To pétpo Tng duvaung (F,).

B) H ywvia () Tng F, pe v F..



nue = g ka1 6 = 60°
Etopévwg:

¢ =90° + 60°

¢ =150°

"ENIKA INMEPI AYNAMEQN

Amavtnon

a) H duvaun diverair: F, = 40
B) H ywvia (@) Tng F, pe 1

9
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KEQAAQLO

POMEZ AYNAMEQON

AZKHZH 1
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acknon

Na epapuooete 10 Bewpnua Tou VARIGNON oT1o aUoTn-

Ma Twv SUVAPEWY TOU OXAUATOG, WG TTPOG To onueio, O \
(kKAipakeg: ynkwv 1 cm 2 1 m, duvapewyv 1 cm 2 15 N). / 1

F, F, F3
Avon
Aivovrai ZnTouvTal
O1 Béoeig Twv duvapewy, Na e@apuooTeEi TO BeWwpnpa TWV POTTWV
n 8éon Tou onueiou O kal
Ol KAIJOKEG.

Me Tn péBodo Tou BUVAOTTOAUYWVOU TTPOCBIOPICOUNE TN CUVIOTAMEVN .
Av (,,0,,l,, [ ol amooTdoeig Twy duvapewy avtiotoixa F,, F,, F,, X, amé To onyeio O,
TTPOKUTITOUV:

F,- £,=2-15Nx1,9-1m =57 Nm
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F,¢,=1-15Nx3,6-1m=54Nm
F,-0;,=3-15Nx33-1m=148,5Nm

F,-l,+F,-(,+F, -{,=259,5Nm
Z-(=47-15Nx3,7-1m=260,85Nm

Amavtnon

Mera Tnv epappoyn Tou OswpRuarog Twv pomrw
259,5Nm ka1 £ - ¢ =260.85N - m
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KEQAAQLO

2YNOEZH - ANAAYZH AYNAMEQN

AZKHZH 1
AZKHZH 2
AXZKHZH 3
AZKHZH 4
AZKHZH 5
AXZKHZH 6






2YNOEZH - ANAAYZH AYNAMEQN

ackmnon 1

Na mpoodiopioTei N cuvicTapévn PE TNV AVOAUTIKA Kal
N YPOQIKA UEBOOO TWV OUOEUBEIOKWY JUVAUEWY, Ol
0TT0ieG evepyoUv aTo owpa O:

F,=2daN 'iz 51 Ea F:,
F,=7daN o
F, =4 daN
F,=9daN
Auan
Aivovrai ZnTouvTal
F,=2daN H ouvioTtapévn (2)
F,=7daN a) Me tnv avaAuTiki p€6odo
F,=4daN B) Me Tnv ypaikn yébodo
F,=9daN

H koivA &1e0Buvar Toug Kal N @opd Toug

a) Mg 1nv avaAutikf u€6odo

Auvapeig e Qopd TTpog Ta apioTepd (21):

5, =F, +F,=2daN+7daN =9 daN

Auvapeig pe @opd mpog Ta degIa (Z,):

5, =F,+F,=4daN+9daN =13 daN

TeAikry ouvioTapévn (2):
2=2,-2, =13daN-9daN

2 =4daN
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B) Mg 1n ypaeiknA yébodo
Opifoupe KAigaka 1 cm 2 1 daN.

A6 éva onueio O oxedidfoupe dladoxIKa TTpog Ta apioTepd Ta diavuouata F., F, Tou
gival avtioToixa Ta OA kai AB.

ATT0 10 B oxediadoupe diadoxika Tpog Ta degid Ta diavuopuata F,, F, Trou gival avTioToixa
Ta Bl kai FA. MeTpdue 10 prikog Tou diaviopatog OA, TTou TTPOKUTITEN i00 PE 4 cm, dnAa-

on Bdoel TG KAipakag TTou kaBopicape: £ = 4 daN.

Anavtnon

a) 2 =4daN
B) £=4daN
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dokmnom 2

Na Bpebei 10 pétpo TG ouvioTapévng Twv duvdapewy F.,
F,, F, Tou gvepyolv oTo idlo onueio, OTTwg @aivetal oTo
oxAua, 6tav F, = 50N, F, = 10N, F, = 20+/3 N kai ¢ = 60°

Auan
Aivovrai ZntouvTal
F =50N To PETPO TNG ouVICTAPEVNG (2).
F,=10N
F,=20y3N
¢ =60°

AvaAdoupe Tnv F omig F, kal F, -

F

F1x 1y

F TW(P=F1

ouv Q=

F,=F, -ouo F1w=F1-np(p

YT1roAoyifoupe Ta JETPA TNG CUVICTOUEVNG OTOUG AEOVEG X, V:

2F, =F, -F,=F -oueo-F,

5F =50N- 1 -10N
2
SF = 15N
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2F=F -F,=F nuo-F,

ZFw=50N-§-20\/§N

ZFw=5\/§N

£=/(2F,) +(zF, )’

5= \/(1 5N)’ +(5v3 N’

=225 N? +25.3 N?

2=4300N

$=17,32N Amavtnon
2=17,32N
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aoknon 3
Na TTpoodIopICETE PE TN YPAPIKK KAl TNV AVOAUTIKI JEB0SO "
TO ONWEIO EQAPUOYNG TNG CUVIOTAUEVNG TwV TTAPAAANAWY ML st
duvauewyv F,, F, TTou @aivovTal 010 OXAua, 6Tav n améoTa-
on MN eivai ion pe 0,70 m.
F, = 400 N F,= 600 N
Avaon

AivovTai ZnTouvTal

F, = 400N To onpeio epapuoyng g

F, = 600N a. JE TN ypa@Iikn uéBodo

MN =0,70 m B. pe TNV avaAuTik YéBodo

a) Me 1n vpa@ikh ué6odo:

F, =600 N
a /
z

H kaTaokeur @aiveral oTo OXNUa Kal yivetal eUKOAQ KartavonTr], META atmmd 6oa €xouv
avaeepBei 0To BewpPNnTIKO PEPOG.

B) Me tnv avaAutikA puéBodo:

S=F,+F,
S =400 N + 600 N
$ =1000 N

Av gival ion Pe X N améaTaon TG CUVIOTAPEVNG 2 aTTo TN duvaun F,, TOTE:
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OM=0,70 m - x

A6 1a dpoia Tpiywva OM a kai ON B TTPOKUTITEL:

400N _ 600N
X 0,70m-x

400 N - (0,70m - x) = x - 600 N
280N -m-x-400N = x - 600 N

280N -m=x-1000 N

x=280 N-m
1000 N

x=0,28m

Amavtnon

a) To onueio O (BAéme oxnua)
B) x = 0,28 m (BAéme oxnua)




ackron 4
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patog F,, F,, F,, étav:

F,=35N,  F =15N
F,.=2N, F,=-1N

2y

F,=-15N, F, =35N

Na uTToAoyIOTEI N CUVIOTAPEVN TWV DUVAUEWY TOU OXI)- ¥

b
w
R EE PR 5

F,

Auan

AivovrTal

F,=35N,F, =15N
F,=2N,F, =-1N
F,=-15N,F, =35N

ql'\
¥

ZnTouvTal
a) To gETPO TNG OUVIOTOUEVNG ()

B) H dieubuvaon Tng
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a) Kataokeudloupe 10 OUVAUOTIOAUYWVO Kal TTpocdlopifouue Tn cuvioTapévn . OToTe
EXOUME:

ZFX= F1x+ F2x_ F3x=4 N

SF,=F, -F,+F, =4N
— 2 2

= [ZF2 +3F

S =4 N? +42N?

2=5,65N

B) Apou ZX = Zy, ETeTal OTI: B = 45°,
Amavtnon
a) 2 =5,65N
B) 6 = 45°
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acknon

F,=1,5 daN
Na avaAuoete Tn duvaun Z = 4,5 daN oTIG CUVIOTWOEG
F, =1,5daN kai F,, av n améoTacon g F, amd 10 0on- F,
peio O gival ion pe 100 cm.

I=4,5daN
A r

Aivovrai ZntouvTral

Z =4,5daN H ouviotwoa F,

F,=1,5daN

ON =100 cm

a M x O N b
Fy= 1,5 dan
Fo= 3 dan
ZI=4,5dan
Z=F+F,
F,=Z-F,
F,=4,5daN - 1,5daN
F,=3daN
F,-ON=F,-MO
AnAadn:
1,5daN - 100 cm = 3 daN - x
x=120daN-cm Andvtnon
3daN
F,=3daN

x =50 cm x=50cm
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aokmnom 6

Na Tpocdiopicete Tn Ouvaun F,,
TIPOKEINEVOU Va £EA0QAAIOTEI N I00p-
POTTia TOU CUCTHHOTOG TOU OXAUATOG,
avr=25cmkal R =40 cm.

Auan
Aivovrai ZnTtouvrTal
F,=5daN H d0vaun F,
r=25cm
R =40cm

MNa Tnv 1Ico0ppoTTia TOU CUCTAUATOG Ba TTPETTEL:

F-r=FR
F-r
TR
_5daN-25cm
F,=————
40cm

F,=3,125daN=31,25N

Amavtnon
F,=3,125daN = 31,25 N
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KEQAAQLO

KENTPO BAPOYZ - EYZTAOEIA

AZKHZH 1
AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
A2ZKHZH 6
AZKHZH 7
AZKHZH 8
AZKHZH 9
AZKHZH 10
AZKHZH 11
AZKHZH 12
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aokmon 1

Na TTpoodiopioTei To K.B. Twv cwudTtwyv
A(F,=15N),B(F,=5N), I (F, =10 N) tou
BpiokovTtal oTnV idla gubeia.

F,=15N
: X;=10cm

Auan
Aivovrai ZnrtouvrTal
F,=15N To K.B. (G).
F,=5N
F,=10N

ATtrooTdoelg (6TTwG OTO OXAMQ)
2=F +F,+F,=15N+5N+10N
2=30N

Av n ouvioTapévn Z améxel X, atmo Ty F, TOTeE N €8iowan Twv POTTWY WG TTPOG TO A,
Ba divetal atmd Tn oxéon:

2-X,=F,-0+F,-X, +F, (X, +X,)

30N-x,=5N-10cm+10N-20cm

250N-cm
Xg = ——— A
30N o r
x, = 8,33 cm — ——
I
Fz=5N Ye=10n
Fi=15N Y % h
.
x;=10cm Xo=10cm
—|=
Amavtnon

X, = 8,33 cm (BAéme oxrjua
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ackK1on @
80

-
120

Na mpocdiopiotei 10 K.B. Twv owuatwy A (F, = 10
N), B (F,=4N), T (F, =2 N) tou Bpiokovtai g0 id10 o @ 8
emmiedo (O100TATEIG OE CcM). l

o)
Auan
AivovTai ZnTouvTal
F,=10N To K.B. (G).
F,=4N
F,=2N

ATrooTdoE€Ig (6TTWG OTO OXAUA)

S=F+F,+F,=10N+4N+2N

2=16N

Av X, Y, ol ouvteTayuéveg Tou K.B. (G) n egiowan Twv pottwv wg 1pog Tov dgova Oy,
Ba divetal atmd Tn oxéon:

16N-x,=10N-40cm+4N-80cm+2N-120 cm

16 N - x, =960 N - cm

960N-cm
X0:—
16N
X, =60 cm

H e€iowon Twv pottwyv wg 1Tpog Tov dfova Ox Ba diveTal:
16N-y,=10N-80cm+4N-120cm+2N-50cm

16N-y,=800N-cm+480N-cm+ 100N -cm
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=1380N~cm
Yo 16N
X, = 86,25 cm

Etmopévwg ol ouvtetaypéveg Tou K.B. civat:
X, =60 cm

Yy, = 86,25 cm

Amavtnon

X, = 60 cm (BAéme oxn
Y, =86,25cm
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ack1on

Na 1rpocdiopioTei To K.B. TOU opoyevoug oTeEPEOU CWHATOG, TTOU QAiVETAI OTO OXua
(dlaoTdO€Ig o€ cm).

6
6 1
]
© r 2
4
14 12
1 I 1
‘OYn ané v nmieupa B ‘Oyn and mv nAeupd A
Z1eped owpa Tou omoiou InTeital
1 801 TOU KéEVTpOU Bapoug
Auan
AivovTai ZntouvTtal
AlooTa0EIS 0TEPEOU OTTWG OTO OXNMA. To K.B. (G).

Xwpidouue 10 0TEPES OTA TUANATA 1 KaI 2 TTOU £XOUV KAVOVIKO OXHJA.
To 1 éxer dyko (V,):

V,=6cmx6cmx12cm

V, =432 cm?

To 2 éxe1 oyko (V,):
V,=6cmx12cmx 14 cm
V, =1008 cm?

O oAikég bykog (V) ivar:

V=V, +V, =432 cm®+ 1008 cm?

V = 1440 cm?®

Av ol ouvTeTaypéveg Tou K.B. gival X, y,, avTigToixa atrd Tnv TTAEUpa apioTepd Tou
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oTePEOU Kal atrd TNV KATW TTAEUPd TOu, OI POTTEG TWV OYKWYV WG TTPOG Tov dova y Ba eival:

1440 cm? - X, =432 cm®-11cm+ 1008 cm® - 7 cm
1440 cm® - x, = 11808 cm*

11808 cm*
Xg ==

1440 cm
Xy = 8,2cm

432

Poriég oykwv wg npog y Poriég OYKwv wg pog x

PoTtré¢ wg mpog x
1440 cm® -y, =432 cm®- 9 cm + 1008 cm®- 3 cm

1440 cm?® -y, = 6912 cm*

v = 6912cm*
® 1440 cm®
Y, =4,8cm

Amavtnon

H 6éon rou kévrpou BApoug ToU OTEPEOU PAiVETAl OTO TTAPAKATW X1

E
i
i

Topn oTo eTiredo
TOU Ggova

Toun TOU OTEPEOU GTO ONUEIO TOU KEVTPOU BAPOUG TOU
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acknon

Na TTpoodIoPICETE TO KEVTPOEIDEG HiIOG NUITTEPIPEPEING aKTiVaG 1,20 m PE TN YPAQIKH) Kal
TNV avaAuUTIKN UEBodO.

Auan
Aivovrai ZntouvTal
Hurmrepipépeia r = 1,20 m To KEVTPOEIDEG JE:

a. TN ypaoikni uéBodo
B. TNV avaAuTikr péBodo

a) Me 1n ypa@ikr) yébodo

Opifoupe KAipaka: 1 cm £ 40 cm

Me Baon Tn pEBOBO TTOU £XOUME TTEPIYPAWEl OTO BewPNTIKO PEPOG TTPOXWPEOUUE OTNV
KATOOKEUN TTOU QaivETal OTO OXAUA, ATTO TNV OTTOIa TTPOKUTITEL:

X, =1,9x40 cm

X,= 76 cm

B) Mg tnv avaAuTikr) ué6odo: A

r=1,20m Ga D /

r-c
Xo=— C=2r
l=1r-r

Xo

Me avTikaTtdoTaon TTPOKUTITEL:

« _r-ar
° mer
_2r
xo—?
2-1,20m ;
Xg = ———— Aravinon
3,14

a)x,=76cm

X,=0,76 m=76 cm B) x,=76cm
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acKion

Na TTpoodIoPIoETE TO KEVTPOEIDEG EVOG TETAPTAMOPIOU TTEPIPEPEIAG aKTivag 1,50 m pe Tn
YPOQIKN Kal TNV avaAuTiKh péBodo.

Avon
AivovTai ZntouvTal
TetapTnuoéplo TTepIPépelag r = 1,50 m To KEVTPOEIDEG JE:

a. TN ypa@Iiki péBodo
B. TNV avaAuTiki péBodo

a) Me 1n ypa@ikr yéBodo

Opidoupe KAipaka: 1 cm £ 0,50 m
Me tn péBodo trou TrepIypdyape aTo BewpnTIKO PHEPOG TTPAYUATOTTOIOUME TNV KATAOKEUN
TTOU QaiVETAI OTO OXNMA, ATTO TNV OTTOIO TTPOKUTITEL:

X, = 2,7 - 50 cm
X, =135 cm

B) Me tnv avaAutikA yéBodo:

x0=E r=1,50m
!

Me avTikatdoTaon TTPOKUTITEL
_r. r«2-2

0
m-r
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2.\2.r
X0=
T
. _2:4/2:1,50m
0 3,14

X,= 1,35 m =135 cm

Anavtnon

a)x,=135cm
B)x,=135cm
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acKion

Na TTpoodIopIiCETE TO KEVTPOEIBEG NUIKUKAIOU aKTivag 60 cm PE TN YPOQIKA Kal TNV ava-
AUTIK) péBodo.

Auan
Aivovrai ZnTouvTal
HuikukAIo r = 60 cm To KEVTPOEIDEG JE:

a) TN YPOQIKN YéBodo,
B) Tnv avaAuTikA p€Bodo.

a) Me 1n ypa@ikr) yé6odo

Opifoupe kAipaka: 1 cm 2 20 cm

H kataokeun TTou @aiveTal 0To oXNua, YETE a1t 60 £Xouv avagepBei 0To BewpPNTIKO
MEPOG, YiveTal EUKOAQ KaTavonTh.

Emopévwg: x, = 1,2 x 20 cm

X, =24 cm
B) Mg 1nv avaAuTtiki yéBodo
g =2.1C
3 /
r=60cm
c=2r
=11

Me avTikatdoTaon TTPOKUTITEL:

_2. 2
3 1
4.r
XO _—
ST
X, =0,4-r=0,4-60cm Amavtnon
a)x,=24cm
X, =24cm

B) X,=24cm
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ack1non

Na 1TTpocdlopiceTe TO KEVTPOEIDEG EVOG TETAPTNHOPIOU KUKAOU akTivag 90 cm, UE Tn ypa-
QIKN Kal TNV avaAuTIKA p€6odo.

Auagn
Aivovrai Znrouvral
TeTapTNUOPIO KUKAOU To KEVTPOEIDEG JE:
r=90cm a) TN ypa@ikr pébodo

B) Tnv avaAuTikA pEBodO

a) Me 1n ypa@ikr yéBodo

Opidoupe KAipaka: 1 cm 2 30 cm
H kaTtaokeur) TTou TTPOKUTITEI QAiVETAI OTO OXAMA KAl €ival KaTavonTr) JETA aTTO 60a £XOUV
avoQepoBEi.

Emopévwg:
X, = 1,8 x 30 cm
X, =54 cm

— .
I o

B) Mg 1nv avaAuTikA yéBodo:

Xg =

wWIN

% r=90cm
c=r-2
21-r

4
gt

(=




Me avTikaTtdoTaon TTPOKUTITEL

2 rr2-2
XOZ—-—
3 -1
42 -1
Xy =
3m

X, =0,6-r=0,6-90cm

X, =54cm

KENTPO BAPOYs - EYSTAGEIA
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Amavtnon

a) x,=54cm
B) x,=54cm
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ackion

21NV AAwOoN Tou OXNPOTOG UTTAPXElI N OUAdO TwV TTEVTE
NAwv. Na TTpoadioploTei TO KEVTPOEIDEG TNG opdadag (dia-
OTAOEIG OE MMm).

Auan

Av E_T0 guBadov Tou evog nAou, T0TE TO UPAdOV E Tng opdadag:
E =5E,

KapewTtr) ouvdeon
Av x, n améoTaon Tou K.B. 0trwg @aiveral oto oxrua, ToTe:
E-x,=3E_ 40 mm+2E_-80 mm

SE, - x,=280 E - mm

280E, -mm

XO . —
SE,
X, = 56 mm

H deuTepn amoaTacon y, dev amaiTeiTal yiati n
OIATagN €ival CUPPETPIKA KAl ETTOPEVWG TO KEVTPOEISEG
Ba BpiokeTal oTov GEova CUPPETPIag TnG dIATAENG.

Amavtnon

X, =586 mm
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ackmon 9

Na TTpoadIopIOTE TO KEVTPOEIDEG TOU EAACUATOG |E TO TTa-
POKATW OXAMa PE TNV avaAuTik péBodo (dlaoTaoelg o€
cm).*

Auan

AvahuTikA u€Bodog
Oewpoupe OTI N CUVOAIKN ETTIQAVEIQ ATTOTEAEITAI ATTO TIG ETTIMEPOUG ETTIPAVEIEG 1 KAl 2.

Eppadov (E,) Tng emedveiag 1:
E,=10cm-1,2cm

E, =12 cm?

Eppadov (E,) Tng emedveiag 2:
E,=(10cm-1,2cm)-1,2cm
E,=10,56 cm?

To oAIkO gupadov (E):
E=E,+E,=12cm?+ 10,56 cm?

E =22,56 cm?

(*) 2Bnare amrd 1o avriaroixo axnua Tou BiBAiou Tng Bswpiag 1i¢ povades (m)
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10 cm

10 cm

AV X, Y, Ol CUVTETOYHEVEG TOU KEVTPOEIBOUG G, N £8i0WaN TWV POTIWY, WG TTPOG Y, SiveTal:

10cm-1,2cm
E-x,=E,-0,6cm+E, f+1,2cm

22,56 cm? - x, =12 cm? - 0,6 cm + 10,56 cm? - 5,6 cm

22,56 cm?- x, =7,2 cm®+ 59,14 cm?®

66,34cm’
Xog =

22,56cm
X, = 2,94 cm

H egiowon Twv poTTwV, wg TTPOG X:
E-y,=E,-5cm+E,-0,6cm
22,56 cm? -y, =12 cm? - 5cm + 10,56 cm? - 0,6 cm

22,56 cm? - y, = 66,34 cm®

_ 66,34cm?
Yo 22,56cm?
y, = 2,9cm Anavtnon

a) X, =2,94cm
B)y,=29cm
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Na TTpoodIOPICETE TO KEVTPOEIDESG TNG I00OKEAOUG DIOTOUNAG
TOU OXAUATOG ME TN YPAPIKN KAl TNV avaAuTikr péBodo, av
a =150 mm kai e = 24 mm (*)

Avon
Aivovrai ZntouvTal
loookeAAg diatoun L To KEVTPOEIDEG JE:
a =150 mm a) TN YPOQIKr YéBodo,
e =24 mm B) Tnv avaAuTik p€BodO.

a) Me 1n ypagikr u€Bodo:

Opifoupe KAipaka: e
1cm 2 3cm

H diatoun €ival 1000KEANAG, €TTO-
MEVWG €xel Afova OUMPMETPIOG, TOoV
OTT0i0 XapAOCOUUE OTO OXNHA. Xw- /
pioupe OTn OUVEXEID T OIATOUN .
oTa opBoywvia 1 Kal 2 Kail TTpoadio- d /
pifoupE Ta KEVTPOEIDI TOUG. © Xo i

(*) Mpoaobéare uera tnv ekpwvnaon g doknong 10 aro BiBAio Bswpiag 1o oxrua mou Bpiokeral Gvw Oe€id
auTng tng oelidag.
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YTtrohoyifoupe Tig eTTIQAVEIEG TwV opBoywviwv E, kai E, Kal TNV OAIKA eTTIQAvEIa TNG
dlatoung E:

E, =150 mm x 24 mm E, = (150 mm - 24 mm) - 24 mm
E, = 3600 mm? E, = 3024 mm?
E = 6624 mm?

E@appoloupe ota KevTpoeldr) Twv opBoywviwv 1 kai 2, katd opifdovtia dielbuvon wg
duvaueig Tig emipaveieg E, kai E,. Av o1 duvapeig ivai ol 0-1 kai 1-2, pe Tn BoriBeia Tou
OUVOUOTTOAUYWVOU Kal TOU GXO0IVOTTOAUYWYOU opifoupe Tnv opidovTia dielbuvon TnG Ou-
VIOTAPEVNG.

To onueio Toung TNG d1EUBUVONG TNG CUVIOTAUEVNG KE TOV AEova CUUUETPIAg TNG SIOTOUNG
gival 1o {NToUPEVO KEVTPOEIDEG.

AIOTTIOTWVOUE OTI:
X, =Y,=1,5%x3cm
X, =Y, =4,5cm=45mm

B) Mg Tnv avaAuTiki yéBodo:

E@appoloupe 10 Bewpnua Tou Varignon wg TTpog Tov dfova y:
Av X,, X, Ol ATTOOTACEIG TWV KEVTPOEIBWY Twv opBoywviwyv 1 kai 2 atrd Tov agova y, TOTe:

E-x0=E1-x1+E2-x2

6624 mm? - x, = 3600 mm? - 12 mm + 3024 mm? [(150”‘”‘2' 24mmj+24mm}
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6624 mm? - x, = 43200 mm? + 263088 mm?

_306288mm°®

Xg = ——
6624 mm
X, = 46,24 mm

Kai e1Te1dn n diatopr gival CUPPETPIKN:

X, =Y, = 46,24 mm

2UYKPIVOVTAG Ta ATTOTEAEOUATA TNG YPOPIKAG KAl TG AVAAUTIKAG HEBGDdOU dIATTIOTWVOU-
ME, OTTWG €ival QUOIKO, PMIKPOTEPN OKPIEIa TNG TTPWTNG £VAVTI TNG OeUTEPNG.

Amavtnon

a)x,=y,=45mm
B) x,=y,=46,24 mm
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Na TTpoodIoPICETE TO KEVTPOEIDEG OTN DIATOWN TOU
OXNMATOG WE TN YPOQIKA KAl TNV aVOAUTIKF) PEBO-
00, av a =160 mm, b =80 mm kai e = 16 mm

Auan
Aivovrai ZntouvTal
H diatoun ox\uatog L To KEVTPOEIDEG JE:
Je dlaoTAoEIg a. TN ypao@ikni uéBodo
a =160 mm, b =80 mm B. TNV avaAuTikr péBodo
e =16 mm

a. Mg Tn ypa@iki péBodo:

Opidoupe KAiyaka: 1 cm £ 2 cm

Xwpioupue Tn diatour ota opBoywvia 1 Kai 2 Kal TTPocdIopifOUE TIG ETTIQAVEIEG TOUG:

b-
80 mm - 16 mm
1280 mm?
-e)-e
(160 mm - 16 mm) - 16 mm
= 2304 mm?

/\

E, =
E,
E
E,
E
E2

Eg@apudloupe ota kevipoeidr) Twv opBoywviwv 1 kal 2, katd opidovtia dielbuvon wg
duvaueig Tig em@aveleg E, kal E,. Av o1 duvapeig givar avrigtoixa ol 0-1 kai 1-2, (BAETre 10
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avw 6e€i& duvapoTtoAlywvo), Je Tn BoABeia Tou oxoIVOTTOAUYWVOU opifoupe TNV opIod-
vTia 81eUBuvon TNG CUVIOTAUEVNG.

E@apudloupe TIG id1EG DUVANEIG, KATA TNV KATAKOPUQN disUBuvon Kal KaBopidoupe Tnv
KATaKOpU®n, autn TN opd, dicubuvan Tng auvioTauévng. To anueio Topng Twy dUo digu-
BUvVOEWVY TNG CUVIOTAREVNG CUMTTITITEI E TO {NTOUMEVO KEVTPOEIBES. AIOTTIOTWVOUE OTI:

X,=3x2cm y,=1x2cm

X, = 6cm =60 mm Y, =2cm =20 mm

B) Me Tnv avaAuTiki pé6odo:

Xwpiloupe n diaToun ota opBoywvia 1 kal 2, TTPocdIopifoupE Ta KEVTPOEIDN TOUG, ETTI-
A£youpE TOUG AGOVEG X,y OTTWG PaivovTal OTO OXMUa Kal UTToAoYi(oupE TIG TTIQAVEIES E .,
E, ka1 Tnv oAIkA E.

E, =1280 mm? E, = 2304 mm?
E = 3584 mm?

E@apudloupe 10 Bswpnua Tou Varignon, wg TTpog Toug AEOVEG X Kal y:
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Av X, Kal X, O ATTOOTACEIG TWV KEVTPOEIBWY Twv opBoywviwv 1 Kai 2 atro Tov agova y,
TOTE:

E-x0=E1-x1+E2-x2

3584 mm? - x, = 1280 mm? - 8 mm + 2340 mm? {(160mm2-16mmj+16mm}

3584 mm? - X, = 10240 mm? + 205920 mm?

_ 216160mm?®

X0 = afar o2
3584mm
X, 60,31 mm

Qg 1pog ToV Agova x avaAoya TTPOKUTITEL:
E-y,=E "y, +E,y,
3584 mm? -y, = 1280 mm? - 40 mm + 2304 mm? - 8 mm

_ 51200 mm?® +18432 mm?®
Yo 3584 mm?
Yo =20mm

Amavtnon

a) X, =60 mm
Y, =20 mm
B) x, = 60,31 mm
Y, =20 mm
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40

Na uTtoAoyIOTEl JE TNV avAAUTIKE Kal TNV YPAQIK u€6od0 To
KEVTPOEIBEG TOU TTAPAKATW OXAMUATOG (BI00TACEIG OE CM).

80

—l14

Avan

o) AvaAuTik pé0odog

Xwpifoupe TNV OAIKA €TTIQAVEIQ 0€ dUO £TTINEPOUG, TNV 1 Kai 2.
EpBadov (E,) ng emeaveiag 1:

E1=4Ocm-14cm

E,= 560 cm?

EpBadov (E,) Tng emeaveiag 2:

E,=14cm (80 cm - 14 cm)

E, =924 cm?

To OAIKO gupadov (E):

E=E, +E, =560 cm®+ 924 cm?

E, = 1484 cm?

Ma Tov TTpoCdIopIoHO TOU KEVTPOEIBOUG (G) ETTAPKEI N aréaTaon y,, apou To oxnua civai
OUMMETPIKO Kal TO KEVTPOEIOES Ba BpiokeTal oTov Afova ouppeTpiag Tou. H e€iowaon Twv
POTTWV WG TTPOG X:
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E -y, =560 cm?- 14 cm - % +924 cm? - (M+14cmj

1484 cm? - y_= 3920 cm®+ 43428 cm?

_ 47348cm?
Yo = 484cm?
Yy, =31,9cm

B) CpagikA péBodog

AkoAouBwvTag Tn S108IKOCIa TTOU TTEPIYPAWAUE AETTTOPEPWG OTNV TTPONYoUlEVn doknon
KataAfjyoupe: y, = 31,9 cm

Amavtnon

a)y,=31.9cm
B)y,=31.9cm










AZKHZH 1
AZKHZH 2
AXZKHZH 3
AZKHZH 4
AZKHZH 5
AXZKHZH 6

BA>IKEZ ENNOIEZ

KEQAAalLo

BAZIKEZ ENNOIEZ

53
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aoknon 1

Mia paBdog pe opBoywvikr) diatour) 4 cm x 6 cm e@eAKUeTal aTrd QopTio 2400 daN.
Na mpoadiopiaTei n avamtuoadpevn Tadon o€ daN/cm? kar daN/mm?.

Auagn
Aivovrai ZnrouvrTal
a=4cm a) o og daN/cm?
b=6cm B) o oe daN/mm?
F = 2400 daN

a) o oe daN/cm?
F

0 -_—
A

A=a-b=4cm:-6cm=24 cm?

ETTOMEVWCG:
P _2400daN
0'=_=—
A 24cm?

o =100 daN | cm?

B) n T@don oe daN/mm?

1 cm? = 102 mm? = 100 mm?
ETTOPEVWG:

o0 = 100 daN/cm? = 100 daN/100 mm?

o =1daN / mm?

Amavtnon

a) o = 100 daN/cm?
B) o =1 daN/mm?2
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aokmnon 2

>¢ pia HETAAAIKT) BOKO TETPAYWVIKNG dlaTopr TotrofeTeiTal Bapog 80 kN. Av n avatTuo-
oopevn BNITTTIKA Taon eival ion pe 0,8 KN/mm? va uttoAoyioTei N TTAeupd TNG SIATOUAG TNG.

Auan

AivovTtai ZntouvTal
F =80 KN H mmAeupd NG diatopng (a)
o = 0,8 kN/mm?

O' = —

A:E:LNZ =100 mm?

o 0,8kN/mm

A=02

a=+/A =,/100 mm?

a=10mm
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doknon 3

ATTO £va oupuaTdoxXoIvo KpEPETal BApog ico pe 22,6 kKN. Av n avatmruocoopevn Taon givai
ion pe 0,20 KN/mm?2, va utroAoyiaTei n SIGUETPOG TOU.

Auagn
Aivovrai ZntouvTal
F=22,6 kN H diaueTtpog (d)

o0 = 0,20 kN/mm?

_ 22,6kN
0,20kN/mm?

A =113mm?

2
A:nd

4
d= /ﬁ_ 4.113mm?
T 3,14

d=./144mm?

d=12mm
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ackmon 4

uTTOoAOYIOTOUV:

a. H avatmrruooépevn 1éon,

B. To péTpo €AAOTIKOTNTAG TOU UAIKOU,
y. H 1édon 6pavong NG Adpag.

Mia Adua diatouric 40 x 6 mm Kai prikoug 30 cm KATATTOVEITAI O€ EPEAKUTHO OTTO QOPTIO
2400 daN. Av n Adua emiunkoveral kata 0,12 mm kai BpaveTal uttd gopTio 4000 daN, va

Auan
Aivovrai
A=40x6mm=4 x 0,6 cm
¢=30cm =300 mm
F = 2400 daN
A/ =0,12 mm
Fe, = 4000 daN

o) H avamrruocodpevn taon (o)
F

0‘ = —
A

A=40 mm x 6 mm
A =240 mm? = 2,4 cm?

_F _2400daN

o
A 24cm?

o = 1000 daN / cm?

B) To pérpo eAaoTIKOTNTOG TOU UAIKOU (E)

E:g
€

ZnTouvTal

a) H avatrruooéuevn 1aon (o),

B) To péTpo eAACTIKOTNTAG TOU UAI-
kou (E),

y) H 1d0on 8pavong (cep).
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_A¢ _0,12mm

"~/ 300mm
£€=0,0004
o_ 1000daN/cm?

E=—
€ 0,0004

E =2.500.000 daN / cm?

y) H téon 8pavong (o)
Fo, _4000daN
oep - —2
A 2,4cm
O = 1666,6 daN/cm?

Amavtnon

a) o = 1000 daN/cm?
B) E = 2.500.000 daN/c
y) o,, = 1666,6 daN/c
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acKnon

To @opTio Bpavong Tou UAIKOU piag e@eAkuouevng pdpdou gival ico pe 1000 daN. Av n
PARdOG £xel dlaTopr ion Pe 4 cm? Kal 0 CUVTEAEOTAG AOPAAEIag gival ioog pe 5, va uTro-
AOVYIOTEI N ETTITPETTOPEVN TACT.

Auan
AivovTtai ZntouvTal
Fep = 1000 daN H emtpemopevn taon (o).
A=4cm?
v=5
—
O’STI
F
Ogp = %
_1000daN

O, =250daN/cm’

- _Ogp _ 250daN/cm?
ETT V 5

o, =50daN/cm?

€

Amavtnon
o, =50 daN/cm?
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acKion

E@eAkudpuevn p&pdog urikoug 40 cm tmapouciace emunkuvon 0,04 cm. Na mpoodiopl-
OTEl N €10IKA ETTIUAKUVON Kal n idla 0 TTOO0O0TO ETTi TOIG EKATO.

Auagn
Aivovrai ZntouvTal
/=40 cm a) H €181k etmipnkuvon (€)
A/ =0,04 cm B) H £%
Ar _0,04cm
Q) e=—=
14 40cm
€=0,001

B) £%=%-100=0,001-1OO

€°/o=0,1

Amavtnon

£=0,001
&% =0.1
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KEQAAQLO

A=ONIKOZ E®OEAKYZMOz KAI OAIYH

AZKHZH 1
AZKHZH 2
AZKHZH 3
A2ZKHZH 4
AZKHZH 5
AZKHZH 6
AXKHZH 7
AZKHZH 8
AZKHZH 9
AZKHZH 10
AZKHZH 11
AZKHZH 12
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a. H didperpog TnG papdou,
B. H empnkuvon.

Me 1n BonBeia piag pdpdou prikoug 10 m pupouAkoupe agovikd @opTio 10.000 daN. Av
TO METPO €EAACTIKOTNTAG TOU UAIKOU TNG pdaRdou eival ioo e 2.100.000 daN/cm? kai n €TT1-
TpemoOuevn Téon ion 1200 daN/cm?, va uttoAoyIGTOUV:

Avan
Aivovral
F =10000 daN

E = 2.100.000 daN/cm?

ZntouvTal
a. H diduetpog NG pdapdou (d)
B. H emiurikuvan (AY).

o, = 1200 daN/cm?

€

/=10m
d?
a)A= 2
gz [F A
m

A =FU11= 10000daN
™ o 1200daN/cm?

ETT

A, =8,33cm?
d= 4.8,33cm?
3,14
d=3,25¢cm
B) A/ = F-l_ 10000daN-1000cm An’dvrna‘r’
2 2
A-E 8,33cm”-2100000daN/cm a)d = 3,25 cm

A?=0,57cm B) Al = 0,57 cm
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ackron 2

H aAucida 1Tou @aiveTal 0TO OXUO KATOTTOVEITOI OE EPEAKUCUO QTTO
@oprio ico pye 4000 daN. Av n 1adon Bpavong Tou UAIKOU eival ion pe
4800 daN/cm? kai 0 ouvTeAEOTAG ao@AAeiag AngBei icog pe 6, va uTro- e
Aoy106¢gi n dIAUETPOG TOou Kpikou TNG aAuaidag. ALIJ

Avon
Aivovrai ZnrouvTal
F = 4000 daN H didpetpog Tou Kpikou (d)
0,, = 4800 daN/cm?
V=6

To @oprTio Tng aAucidag KaTavEéUETAl ICOPEPWS OTOUG BUO KAGDOUG Tou Kpikou. Av F, givai

TO PopTio KABE KAGDOU TOU Kpikou, TOTE:

=

Fa = >
_4000daN

Fo=——F—

2

F,,.=2000daN

m-d?
A, =
kk 4
= 4-A, 1)
T
F
A =é 2)
g =2t
\'%
o = 4800 daN/cm?
em 6

o, =800 daN/cm?
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ATTO TNV (2) TTPOKUTITEL:

_2000daN
" 800daN/cm?

A, =25cm?

ATIO TNV (1) TTPOKUTITEL:

e [ A
i

d= 4.2 5cm?
3,14

d=1,78cm=17,8 mm

Amavtnon
d=17,8 mm
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aokron 3

ZWANvag pe e€wtepik didpeTpo 30 mMm Kal ECWTEPIKN 25 mm Ka-
TaTroveital o€ BAiwn atd @opTtio 10 KN. Na utroAoyioTei N BAITTTIKE
Tdon Tou Ba avaTrTuyBEi.

(=3

|——
- D .
Avon
Aivovral ZntouvTal
D =30 mm H 1don (o)
d=25mm
F=10kN =10.000 N
F
0’=_
A
D2 .42 T(D?-d?
A=T D” m-d° _ ( )
4 4 4
3,14(302mm2 -252mm2)
A:
4
A =216 mm?
F  10000N
0'=_=—
A 216mm?
0 =46,3 N/ mm?
Amavtnon

O = 46,3 N/mm?
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aokmnon 4

ZUpMaTOoX0IVO aTToTeEAEITaI aTTd 6 O£0UEG, N KaBepia aTod TIG oTToieg £xel 37 cupuaTidla
diapéTpou (1o KaBéva) 0,5 mm. Av n Tdon Bpadaong Tou UAIKOU gival ion pe 150 daN/mm?
KAl 0 OUVTEAEOTAG AOPAAEIOG I00G PE 6, va TTPOCBIOPIOTEI N EPEAKUCTIKI] IKAVOTNTA POP-
TIong, dNAadn TO PEYIOTO QYOPTIO TTOU PTTOPEI VO avUuWwOEl ue aoPAaAEia.

Avon
Aivovrai ZntouvTal
Aéopeg: 6 H ikavotnTa @opTIoNg (Fu ).

oupparTidia: 37/6éoun

d_; (diaueTpog ouppartdiou) = 0,5 mm
0, = 150 daN/mm?

V=06

F =A o_ (ikavotnta @oéptiong) (1)

M UTT. €T

2
AU'IT :Tr—dca376
4
v=2o
O-E'IT
=%=15OdaN/mm2
Ty 6

0., =25daN/mm?

ATTO TN (2) TTPOKUTTTEL:

2 2 2
A =1'rd05‘37‘6=3,14 0,5 mm ‘

. 376
4 4

A, =43,6 mm?

u

AT TNV (1) TTPOKUTTTEL
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F, = A, -0, =436 mm?-25daN/mm?
F, = 1090 daN
1. DIN 655
ZUPHOTOOXOIVO KOVOVIKAG KOTOOKEUNG

a) 6x7+1H, 6x19+1H, 6x37+1H (a1ro 100310PETPIKG CUPUATA)

z A:’ ?uég z 3 AwdpeTpog AlfiPSTPOQ Ms‘r(l’k- ) OzmpnTIKd (pop-l:io (?pm’)m]g

Tomoc E E % £ \5 m)pp’a‘m— cUPPATOG ki ] Bapog oe kg “lu:lT :vk;%r? r:zl!mwmg

E EY & g S GY0ivov mm dwaTopn &g
gz © mm mm? kg/m 130 160 180
B 6 0,28 13,67 0,130 1780 2190 2460
7 0,31 16,76 0,159 2180 2680 3010
8 0,34 20,16 0,191 2620 3230 3640
9 0,4 279 0,26 3650 4 450 5000
10 0,45 353 0,34 4600 5650 6 350
1 05 436 0,41 5660 7000 7850
12 0,55 52,7 0,50 6 850 8450 9 500
13 0,6 62,8 0,59 8150 10 050 11 300
14 0,65 73,7 0,70 9 600 11 800 13 250
15 0,7 85,4 0,81 11 100 13 650 15 350
16 0,75 98,1 0,93 12 750 15700 17 650
6x37+1H 6 | 37 | 222 18 08 11,6 1,06 14 500 17 850 20100
20 0,9 141,2 1,34 18 350 22 600 25400
22 1,0 174,4 1,65 22 650 27 900 31400
24 1,1 21,0 2,00 27 450 33750 38 000
27 1,2 251,1 2,38 32 650 40 200 45 200
29 1,3 294,7 2,80 38 300 47 150 53 050
31 1,4 341,7 3,24 44 400 54 650 61 500
33 1,5 392,3 3,72 51000 62 750 70 600
35 1,6 446,4 4,24 58 050 71 400 80 350
37 1,7 503,9 4,78 65 500 80 600 90 700
40 1,8 564,9 5,36 73 450 90 400 101 700
42 1,9 629,4 5,97 81800 100 700 113 300
44 2,0 697,4 6,62 90 650 111 600 125 550
Amavtnon

F,=1090 daN
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acKnon

Me oxolvi Tou oTToiou TO UAIKO KOATAOKEURG €xel Téon Bpadong ion pe 1200 daN/cm?
avuywvouue Bapog ico pe 4200 daN. Av AneBei ouvteAeo TG ao@dAEiag icog pe 4, va
TIPOCOIOPIoTEI N SIGUETPOG TOU OXoIVIOU (S100TaCIOAGYNoN).

Auvon
Aivovrai ZnTouvTal
0, = 1200 daN/cm? H diaueTpog (d)
F = 4200 daN
v=4

_ 1200daN/cm?
ETT 4
o, =300 daN/cm?

ATTO TNV (2) TTPOKUTITEL:
_ F _ 4200daN

0., 300daN/cm?
A=14 cm?

A6 TNV (1) TTPOKUTITEL:

d= 4.14 cm? 3
"\ 3,14 Amavtnon

d=4,22 cm d =4,22cm
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ackron 6

H aAucida Tou oxruaTog KataTroveital atmmo epeAKUOTIKO @opTio 1800 daN.
Av n emTtpeméuevn Téon eival ion pye 820 daN/cm? kai n dIAUETPOG TOU
KAGSOU Tou Kpikou ion pe 16 mm, va yivel o EAeyxog Twv Tdoewy, dnAadn
va atro@aveeite av n aAucida avtéxel T OPTIoN e ACQAAEIQ.

Auan
Aivovral Zntouvral
F =1800 daN O éAeyX0G TWV TACEWV

o, =820 daN/cm?
d=16 mm=1,6cm

Me Toug cupuBoAIoHOUG TG AOKNONG 2, £XOUE:

O, = AF““ <0, (EAeyxog Twv TGoEWY)
F
O-uTr(kk) = AL:k = O (1 )
d?
A = 2 (2)
F
Fkk = E
1800 daN
fou=—5
F,, = 900 daN

A6 Tn (2) €xoupe

md? =3,14-1,620m2
4 4

A =
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A,=2cm?

A6 TNV (1) éxoupE:

_900daN _ g5 gaN/cm?

urr(kk) 2cm?

daN
3™ < 820 daN/cm?

o-u1'r(kk) =450 sz —

Amavtnon
o =450 daN/cm? < 820 daN /

um(kk)

Emouévwg, n aAugida avréxel Tn @OpTIOo:




74 TEXNIKH MHXANIKH - ANTOXH TQN YAIKON - AYZEIZ TON ASKHZEQN

ackKnon

KA} Tou OIGUETPOG.

Aivetal KoxAiag pe dIGUETPO TTUprva ion pe 10 mm Kai €1TI-
TPETMOUEVN TAon ion ye 8 daN/mm?2. Na mpoodiopioTei TO
MEYIOTO €QEAKUCTIKO POpPTIO, (IKavOeTnTa POPTIONG). ZNMEl-
WVOUWE OTI, yIa TOV UTTOAOYIONO TNG AVTOXAG TwV KOXAILWV
Xpnoigotrolgital n SIGPETPOG TOU TTUPAVA Kail OXI N EWTEPI-

Auan
AivovTai
d=10m

o, =8daN/mm?

€

F=A-0
vl T
A= md® _3,14-10°mm?
4 4
A=78,5mm?
Emopévwg:

F, = A-o_ =785 mm?- 8 daN/mm?

F,= 628 daN

ZnTouvTal
H ikavotTa @opriong (F,)

Amavtnon
F,=628 daN
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aokron 8

ATTO KoxAia TTpoKeITal va KpepaoTei Bapog ioo pe 1000 daN.
Av n 160N Bpatong Tou UAIKOU ival ion pe 48 daN/ mm? kai
AN@Oei cuVTEAEDTNG OOPAAEIAG I00G UE 6, VO UTTOAOYIOTEI N
OIGAUETPOG TOU TTUPrVa TOU KoxAia, (81aoTaagioAdynaon).

Auan
Aivovtal ZntouvTtai
F = 1000 daN H diaueTpog Tou koxAia (d)
0, = 48 daN/mm?
V=06
A md?
4
a= 22 )
T
F
OEW =
A
o

Oy, _48daN/mm?
ETT v 6
0., =8daN/mm?

ATTO TNV (2) TTPOKUTITEL:

Ao F _ 1000daN
0,, 8daN/mm?

A =125 mm?
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AT16 TNV (1) TTPOKUTTTEL

d= /ﬁ_ 4 - 125 mm?
T 3,14
d=./159 mm?

d=12,6 mm

Amavtnon
d=12,6 mm




aoknon 9

A=ONIKOZ E®EAKYZMOZ KAl OAIWH 77

Mia xaAUBdIVN pAaBdOG KaTATTOVEITAI ETTAVAANTITIKA O€ EQEAKUCUO Kal BAiWn atrd opTio
3700 daN. Av n 1adon Bpauong Tou UAIKOU TnG pdpdou gival ion pe 420 N/mm? kai 0 ou-
VTEAEOTNG aoQaAgiag ioog pe 4, va uTToAoyioeTe Tn diatour) TNG pdRdou.

Auan

AivovTai

F . = 3700 daN
0,,= 420 N/mm?
v=4

_Og, _ 420N/ mm?

Ty 4

o, =105 N/mm?

€

ATTO TNV (2) TTPOKUTITEL:

O eniy )=10 =105 N/mm?
TT(MET 3 ETT 3

OEW(

per

ATTO TNV (1) TTPOKUTITEL:

ne P __ 3700daN
Ounen  3,5daN/mm?

A=1057 mm? =10,57 cm?

) =35N/mm? =3,5daN/mm?

ZnTouvTal
H &iatoun (A) Tng p&pRodou

Amavtnon
A = 10,57 cm?
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O eykdpolog oTPoPEAG TNG ATPAKTOU
TIOU QaiveETAl OTO OXNMO TTIECEI TOV
TpIB€a Tou €dpdvou PE QOPTIO I00 HE
1000 daN. Edv n em@aveiakr Trie-
on civail ion pe 40 daN/cm? kai 10 un-
KOG Tou oTpo@éa (¢) eivar dITTAGGIO
NG diapéTpou Tou (d), va TTpoodiopl-
OTOUV TO OTOIXEIO QUTA TOU OTPOYEQ
(¢ kai d).

Avon
Aivovrai
F =1000 daN
p = 40 daN/cm?
¢ =2d
l=2d (1)

A=/ -d=2d-d=2d?

_[A
d—\g(Z)

_F
PTA

1000daN

A:E:—2
p 40daN/cm

A=25cm?

2av ETMPAVEIQ ETTAPNG OTPOYED Kal TPIREQ &€
Bewpoupe TNV NUIKUAIVOPIKA ETTIQAVEIQ, OAAG
TNV 0pBn TTPoBoAn TNG.

ZnTouvTal
To uiAkog (/) kai n diGueTpog (d) Tou oTpoPEa



ATTO TN (2) €xoupE:

\/:_ 25cm?

d=3,5cm

ATIO TNV (1) €XOUpE:

¢ =2d=2-35cm

¢ =7cm

A=ONIKOZ E®EAKYZMOZ KAl OAIWH

79

Amavtnon
d=35cm
£=7cm
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>@aIPIKO KEQUAOG e0WTEPIKAG BIapETpou (d) Kal TTAXouS (t) BPIOKETAI UTTO ECWTEPIKNA
mieon (p). Na amodeixBei 011 N Tdon PEAKUCOU, TTOU QVATITUCCETAI GTNV TOMI TOU KEAU-
(POUG, TTOU TTPOKAAEITAI ATTO DIAUETPIKO ETTITTEDO TTOU TEUVEI TO KEAUQOG KATA TTEPIPEPEIT

MEYIOTOU KUKAOU, €ival ion pe 1 - d/4 - t.

Auan
AivovTai ZnTouvTal
dt,p Na amrodeixBei 6. c=p-d/4 -t

H trieon p ota 800 nuIc@aipia gival auTr TTOU EVEPYEI TNV ETTIYAVEIQ, N OTTOIA TTPOEPXE-
Ta1 ATTO TNV TTPOROAN TWV dUO NUICPAIPIWV OTO SIGUETPIKO ETTITTESO TOUNAG TTOU avapEépPa-
ME. Av n em@dveia auTh gival ion pe A, TOTE n ouvioTapévn Twy TTECcEwWV Ba dideTal atrd
TN oxéon:
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H diatopn (A,), TTOU TIPOEPXETAI ATTO TNV TOUN TOU KEAUPOUG &ival:

A =1m-d-t

1
Av n avatrtucoouevn 1aon givai ion pe (o), TOTE:
F=A-o=m-d-t-o

Etmopévwg, og ouvduaoud pe tnv (1) TTPOKUTITEL

2
m-d =1m-d-t-o

p .

o

o=——

4
p.
4.1

Amavtnon

(oL

o =Dl
4-t
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MeAeToUpe éva o@QaIpIKO KEAUPOG e0WTEPIKAG dlapéTpou 20 cm Kal TTAXoug 4 cm TTou
Bpiokeral utrd Tieon. Av n Tédon Bpavong Tou UAIKOU eival ion pe 52 daN/mm? kai o ou-
VvTEAEOTNG ao@aAciag ioog e 10, va UTTOAOYIOTE N PEYIOTN ECWTEPIKN TTiECN, TTOU Eival
duvatdv va avatTuxBei ue ao@AAEIa 0TO KEAUQOG.

Auan

Aivovrai ZnTtouvrTal
d=20cm H péyiotn ecwtepikn Trieon (puev)
t=4cm
0, = 52 daN/mm? = 5200 daN/cm?
v=10

Osﬂ = pugv d

4.1
_4-to,,
pUEV d

- _ O, _ 5200 daN/cm?
Ty 10

o, =520 daN/cm?

0 _4-to, _4-4cm-520daN/cm’
v d 20cm
P, =416 daN/cm?

Amavtnon
P, =416 daN/cm?
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KEQAAQLO

POMNEZ AAPANEIAZ ENI®PANEIQN

A2ZKHZH 1
AZKHZH 2
AZKHZH 3
AXKHZH 4
AZKHZH 5
AZKHZH 6
AXKHZH 7
AZKHZH 8
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aokmnon 1

TpIYWVIKAG 1I000KEAOUG BIATOPNG PE TTAEUpd b Kai
Uyog h va Bpeite TN potr adpaveiag TNG wg TTPOG
agova trou TrepvAel atto TNV KopuPn A (TrTapadAAnAog
Tou X — X') E@appoyA: b =4 cm kai h = 6 cm

B| 4cm ! r
Auan

Aivovrai ZnTouvTal

AB = Al Ly

b=4cm

h=6cm

3
E@apudlovrag 1o Bswpnua Steiner, AauBavovrag utroyn oti: g =¥, KOl T YEWMETPIKG

OTOIXEIO TOU OXNMOTOG, EXOUE:

3 2
» =bL+m(2h) Lo
36 2 \3 4

1
7 [ . ==bh®
Apa l, 4 2

Egappoyn: yia

b=4cm

, 1 .5

EXOUpE |y =Z-4b cm?

Apa:l . =216 cm* Anavtnon

| =216 cm?




86 TEXNIKH MHXANIKH - ANTOXH TQN YAIKON - AYZEIZ TON ASKHZEQN

ackron 2

AideTal opBoywvikr diatour) diacTdoewv b =4 cm, h = 6
cm. Na Bpeite TNV akTiva adpdavelag TnG dIaToung AuTthS wg

TTPOG TN Bdon TnG.

Auan
Aivovrai Zntouvral
b=4cm g
h=6cm

Q¢ 1Tpog dgova x — X', n potr adpdveiag TNG opboywvikAg dlaTouAg 4 X 6 cm, Ba eival:

bh? _4cm- 6°cm?®

= =72cm*
12 12

Apal =72 cm*

Ma ™ pot adpdvelag TnG SIOTOUAG WG TTPOG Agova T BAan Tou Tpiywvou AB, étTou:
E=4-6cm?=24cm?kaia=3cm

= e A
lg=1 +E-a

Ba £xoupe:
l,g=72 cm* + 24 cm? - 3 cm? = 288 cm*

Apa l,, =288 cm*

H akTtiva adpdveiag 1ng diaToung we Tpog 1n Bdon tng AB Ba civai:

iag =4 /% cm=,/12cm =3,46cm

Apai,, = 3,46 cm

Amavtnon

i, = 3,46 cm
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aokron 3

AidovTal dUo opBoywvikég diatopég (b, 2b) kai (2b, b). Moia givail n 1o o1abep wg TTPOg
agéova x — x” Kal Trola givai n Mo oTafepn wg TTPog agovay —y'.

Avon
Aivovral ZntouvTtal
E=2Db2 W, W,
Wy1’ Wy2

O1 pomrég avriotaong W ,, W, avTioToixa Twv diatopwy (a) kai (B) wg mpog agova x — X’
ivai:

2
Wx1 :—):—:0,666b3 sz —T—?—0,333b3

onAadn wg Tpog afova x — x” n diatoun (a) ivai n o aTabepr).

AvTioToIXO £XOUE:

W =—_"—"=""=0,333p° w =—"" =""_~0,666b°

AnAadn wg Tpog GEova y — y  n diatoun (B) gival n o atabepn.

Amavtnon

a) we mpog aéova x — X " n Siaroun (a) givai n mo oradep.
B) w¢ mpog aéova y — y  n Siaroun (B) eivai n mio orabep
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ackron 4

AideTal opBoywvikr diatour] diacTdoewy b =4 cm kai h = 6 cm. Bpeite TN TTOAIK) pOTTA
adpaveiag Tne.

Avon
Aivovrai ZnTouvTal
b=4cm Ip
h=6cm

Av AdBoupe uttown Ot
| =1 +1 étou
p S y

_4cm-6°cm’

I, =72cm*
12
3 3
|y =M=320m4
12

Ba £xoupe: Ip =72 cm*+ 32 cm* =104 cm*

Apa Ip =104 cm*

Amavtnon
|, =104 cm*
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acKnon

Bpeite Tig potrég adpaveiag |, Iy NG SIATOUNG TOU
OXNMOTOG.

= |

|

Auvaon
Aivovtail ZntouvTal
O1 diaoTdoeig L, Iy

NG oUVOETNG dIOTOUNG

Q¢ 1pog afova x — x’, n potr adpdveliag TNG olvBeTnG auTrg dlaToung, Ba eivar:

3 3
’:5cm(15cm) +1Ocm(4cm)
X-X 12
Apal _ . =1459,58 cm*

=1406,25cm* +53,333cm* =1459,58cm*

Qg 1Tpog Ggova y — y’, n potri adpdveiag TG oUvOETNG auTrhG diaTopng Ba givail:

I 5cm)” (10cm)’-4cm
|y_y,:m+5cm.15cm.( ) +( )
12 4 12

=156,25cm* +468,75cm* +333,33 cm* +4000cm” = 4958,33cm?

10 2
+10cm-4cm 7cm+5cm =

Apaq, = 4958,33 cm*

Amavtnon
|, = 4958,33 cm*
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acKnon

AideTai diatoun dITAoU Tau pe eykotrA. Na Bpebei n
pOTTA adpaveiag Kai n poTrr avriotaong Tng dlaTo-
MAG auTAG.

Auagn
Aivovrtai

20vBeTn diatoun

s

-
o
o
3

lo}
=
.4+__

@
o
3

N
=}
=

=
(0]
T
S

ZntouvTal
I, W

x’ X

Eival Trpo@avég 611 n potr adpdvelag TnG dIaTOUAS Tou SITTAOU TAQ PE EYKOTTH) OTO Wé-
oov TnG, Ba civai: n pot adpdveiag Tng em@aveiag ABIA peiov 1o SITTAACIO TNG POTING
adpadveiag g emeaveiag M'B'EH, ueiov 1N pot adpdveiag tng emeaveiagc E'Z'O'H'".

‘Exoupe avTioToIxa:

_bh® _28cm-36°cm’®

hors =25 = -108864cm*
3 . 3 3
e = b1hz _12¢cm 1322 M _32768 cm*
3 3 3
eyon = blhz = 4em is °M" - 1365,33cm!

l, =108864cm* -2-32768-1365,33cm*

Apal =42962,7 cm*
H potmr avtiotaong Tng dlaTouAg auTtrg Ba eival

=%cm3 =2331,26¢cm®

WX
18
Apa W _=23331,26 cm?

Amavtnon

W, =23331,26 cm?
I =42962,7 cm*
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Aok o
o T
5cm
e
Bpeite Tn potrr) adpaveiag TG KoiAng dIATONNG WG TTPOG l
TOUG AGOVEG X — X" Kaly — Y. N X 1Ulcm

f
5cm
4
vy
i l¢5 cm=}«5 cm >}«5 cm+|
Auon
Aivovrail ZntouvTal

O1 diooTdoeig TNG oUVOETNG SIOTOUNG I

X

ATTO TOUG TUTTOUG:
_bh® _hb®

x=qp0 Ty YiaTn oUVOETN dlaTOUN €XOULE:

Eivai

_ :|.5'203 4
L= cm
! 12

|, =10000cm’

5'103 4
= cm
212

|, =416,66cm*

Apa | =9583,34 cm*
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20.15°
y = cm?,
! 12
l, = 5625cm*
10-5°
., = cm?,
2 12

l,, =104,166¢cm*

Apa Iy =5520,83 cm*

Amavtnon
l, =5520,83 cm*
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acknon 8 Ly
T je—6cm—]
- :
2cm
_]_
AideTal ap@iapbpwTdg oTUAOG, GUVBETNG diaTo-
MNG, OTTWG @aivetal oTo oxfpa. Na BpeBei: ¥
a) n 6€on Tou K.B. diatoung 2cm
B) n pottr) adpaveiag wg TTPOG TOV KEVTPORAPIKO G —r.
acovay —y'.
y) N akTiva adpaveiag iy — y” p Y fiom
L., ;I_m
Kimmnonos -5F- X
e 141cm I
. y'
Auan
Aivovrai ZnTouvTal
O1 diaoTdoeig NG Yo by iy_y,
ouUvOeTNG OIOTOUAG
a) ‘Exoupe:

E,=2:-14cm?=28cm? y =1cm, E\y, =28 cm?
E,=2-16cm?=32cm?y,=10cm, E)y, = 320 cm?

E,=2-6cm*=12cm?,y, =19 cm, E)y, = 298 cm?
E.y,+E,y, +E;y, _ 28+320+298 cm?

6= =8cm
E,+E,+E, 72 cm
Apa:y,=8cm
B) ‘Exoupe:
2.14° , 16-2° , 2.6° ,
| .= cm” + cm” + cm
12 12

Apa:l .= 504 cm*
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y) Exoupe:

/I o
|_,= Yy = &Cm=2’65cm
v E 72

Apa:i . =2,65cm
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KEQAAQLO

POPEIZ - POPTIZEIZ - ZTHPI=ZEIX
EMIAYZH AOKQN

AZKHZH 1
AXKHZH 2
AZKHZH 3
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aokmnon 1

2€ pia TOUA T — T piag dokoU EXOUE:

1) N=Q=0,M=0

2) N=M=0,Q+#0

3) Q=M=0N=0

Na e€dyeTe Ta CUPTTEPATUATA Yia KABE pia aTTd QUTEG TIG TTEPITITWOEIG.

Auaon
Aivovrai Zntouvral
1)N=Q=0,M%0 Ta ocupTTrEPAOPATA Yia KABE pia
2)N=M=0,Q=+#0 arro Tig epimTwoelg 1,2,3

3) Q=M=0 N0

1. Av M > 0 167¢ 01 iveg (u6pIa) TOu KATW TPAPATOG TNG SIATOUAG €@EAKUOVTAI, EVW Ol iVEG
TOU TTAVW TPRAPATOG TNG diatoung BAiBovTtal. Av M<0 cupBaivouv Ta avTibeTa.

M>0
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2. H mepimmwon autr) pag didel kaBapn didtunon, dnAadn ol iveg (Ta popia) Teivouv va
oAioBrioouv peTagl Toug katd tn dietbuvon Tng Q.

Qe T T . @
ﬁ . #
Q Q

3. Av N > 0 161€ €x0UME KOBAPO ePeAKUCUO. Av N < 0 TOTE €XOUlE KaBapr BAIwn.

i L
-
| I
T T
N>0 N<0
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ackron 2

Na BpeBolv o1 avTIBPACEIS OTNPIEEWV TWV TTAPAKATW YOPEWV.

Auan
Aivovral ZntouvTtal
Ta goprTia Ay, By

a) AapBavovTag TIg OUVBAKEG I00PPOTTIOG EXOUHE:

%F,= 0,100 daN + 200 daN =A +B,

300daN =A +B,

M =0,

100daN-3m+200daN-9m-By-15m=0

2100daN-m=By-15m

B,= 229 jaN=140 daN
15
A =160 daN

Apa:
By= 140 daN
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B)AauBdavovTag TIG GUVBNKES ICOPPOTTIAG EXOUE:

3F, =0,
100 daN + 200 daN =A +B,
300daN=A +B,

IM{ =0,
-100daN-2m+200daN-4m-B -8m=0

Apa
A = 225 daN
B,=75daN

lﬂ}ﬁdaN lzooGaN

|2 m—} 4m > 4m —s

y) AauBavovTtag TIG OUVBNKES ICOPPOTTIAG EXOUE:

2F, =0,
100 daN +200 daN + 50 daN =A +B,
350daN =A +B,

IM =0,

-100daN -2m +200daN-4m-B -8m+50daN - 12m=0
1200 daNm =B - 8 m

B, = 150 daN

Apa Ay = 200 daN,
B, =150 daN
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0) AapuBavovTag TIG CUVBRKES I00PPOTTIOG EXOUME:
>F =0,
y

kN
Q- —m=A, +B,

q-/-kN=A + B,

1
q-ﬁN-Em-By-£m=0

62
quNm-By-f-m=0

— q KN/'m

[TTITLITIITT

Ay By

€) AauBAavovTag TIG CUVBRKES I00PPOTTIAG EXOUUE:

2F, =0,
250 daN + 600 daN =A +B,
850daN =A +B,

M, =0,
250daN-2m +600daN-7,5m-B -10m=0
B, = 500 daN

A =350 daN
Apa: 7

B, =500 daN

1250 daN q = 120daN/m
A B

T 600 daNT
A B

y
k—2m—st— 3m—>le— 5m—> !
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oT) MNa v opoidpopen eoépTIon g = 200 daN/m ka®’ 6Ao 10 pAKog ¢ = 3,5 m £XOUE:

Ay =200 daN/m - 3,5 m = 700 daN. Apa:
Ay =700 daN

H pomAj moktwoewg M_ Ba givai: M_ =700 daN - 1,75 m
Apa: M_=1225daN - m

—q= 200 daN/m

¢) AaupavovTag TIG CUVOARKES I00PPOTTIOG EXOUNE:
zF, =0,

A, +B =150 daN + 100 daN + 200 daN + 400 daN
A, +B =850daN

IMg =0,
150daN-1,5+100daN-3m+200daN-7m-B -7m+400daN-9m=0
5525daN-m=By-7m
B, = 789,29 daN

A, =60,71daN

60 daN, By =
y=225daN, By=75 da
= 200 daN, By =150 da
q = 50 daN/m q = 100 daN/m B _ MkN

Y,

= 350 daN, B, = 500 a
‘l‘ = 1225 daN - m
2 -3
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AIATPAMMATA, [M], [Q], [N] IZOZTATIKQN ®OPEQN

acKion

Na BpeBouv T1a diaypduuara [M], [Q] Twv TTAPAKATW QOPEWV.

Auan

1. 'EXOUE: Ay = By =100 daN

Aiaypappa (Q)
Q,=-100 daN, Q=0

Q,%=0, Q%= 100 daN = Q,

Aildypapua (M)

M_ =0, M, =- 100 daNm = M,
M, =-100 daN -3 m +

+100daN - 2 m =-100 daNm

M_=-100 daN-m

1100 daN
A B

A

100 daNl
-

[

L1 AP — D11
Ay= 100 daN By = 100 daN
100 daN
- B A
. [
100 daN
Adypapua [Q]
100 daN 100 daN
[ A 1} B A
Aaypappa [M]
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2. 2F =0
y
150 daN -A +70,7daN+B -100daN=0
A -B, =120,7 daN
y y
ZM,§1=0,-150daN-1 m+70,7daN-2m+B -4m-100daN-5m=0
4B, =508,6 daN
A, = 247,85 daN

B, = 127,15 daN

150daN
200daN
A A 707daN B E
I N
I \_100daN 100daN
70,7daN¥___ .. N\ B,
Aidypaypa [N k-1 m—sp—2m ——sp—— 2m —f1 m—|
MapatnpoUpe 611 A = 70,7 daN " L a i S

6trou he Tn duvaun Twyv 70,7 daN
(avaAuon Tng duvaung Twv 100
daN) epeAkuouv Tnv F'A. Apa £xou-
ME OTO TUAMO auTO OTABEPN EPEA-
KuoTIKA duvapn ion pe 70,7 daN.

AGVOaLLO 50 daN 100 daN
E
Q,=Q®,=-150daN
0,5 = 98.75 daN, 27,15 daN
98,75 daN
QA65§ =27,15daN = QBap’ Awaypappa [Q]
= - — 65§
Q. =-100daN =Q, 150 daN-m
Aiaypapya [M] r E
M.=0,M,=-150daN-m
E 153 545.70 daN-m 100 daN-m
M, = - 150 daN - 3 m + 247,85 [0

daN:-2m=+4570daN-m Aldypappa [M]
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3. ‘Exoupe:
2F, =0
A, +B, =670 daN
IM_A=0,
-120daN-1m+400daN-2m
-B,-4m+150daN-5m=0

1430daN-m=B -4 m

B, = 357,5 daN,
A, =312,5 daN

120 daN 100daN/m 150.deN
|t |
Q. =-120 daN = Q,, B4 A W AT
Q% =192,5 daN, Q, = - 7,5 daN o ! o | -
Q, =150 daN = Q.%, A, =312,5 daN B, = ?!57,5 daN
Q,% = - 207,5 daN.

207 daN

120 daN

A
r
, 150 daN
Aidypauua [M] 192,5daN  Adypaupa [Q]
M, =0,

M,=-120daN - m
190 daN-m

M, =-120daN-3m + -120 daN'm
+312,5daN-2m-200daN-1m

Mp=65daN-m

M, =0,

65 daN'‘m

M; =-150daN -m
Aaypappa [M]
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4,
‘EXOUpE:

A, +B, =600daN

IMFA=0,-200daN -1 m+ 250 daN -

Apa:A =242,5daN

B, =357,5 daN

Aidypappua [Q]

Q- =0,

Q,® =-200daN, Q,* =42,5 daN
Q,=42,5daN, Q. = 150 daN,

Q. =150 daN, Q,* = - 207,5 daN

Q, =-82,5daN

Aidypauua [M]

M, =0, M, =-200 daN - m

M,=-200daN-3,5m +
+242,5daN-2,5m=-93,75daN - m

M, =0,

M, =-300daN - m

3,75m-B 5m+150daN-7m=0

100 daN/m

150 daN

A
357,5 daN
200 daN/m 250 daN T |
I om T 25m | 25m [ 2m ]
A, = 242,5 daN
200 daN 207,5 daN

82,5 daN
A

42,5 daN
Awaypappa [Q] 150 daN

300 daN
200 daN-m

148,875 daN-m

Aaypappa [M]
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5. A =B, =300 daN

100daN/m oy i 100daN/m

100|:lj\! 100daN
I 1m =1m : 2m =Ir"_1m“1m']
Ay = 300 daN B, = 300 daN
Aidypauua [Q]
Q, =0, Q% = -100daN 100 daN 200 daN
Q,%* =200 daN, Q.* = 200 daN
Q%= 0, Q% = 0, Q. = - 200daN r 3 z e .
A
Q,=0, QBGE§= 100 daN
Qg® = - 200 daN 200 daN Awaypappa [Q] 100 daN
50 daN 50 daN

Aidvpayua [M]

M, =M_=0,M, =-100-0,5 daN =

=-50daN-m=M 150 daN-m 150 daN-m
. Aaypappa [M]
M_=-100daN-1,5m+300daN-1m=
=+150daN-m=M,
M,=-100daN-25m +
+300daN-2m-200daN-1m=

=150daN -m
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KEQAAQLO

AIATMHZzH

AZKHZH 1
AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
AXZKHZH 6
AZKHZH 7
AZKHZH 8
AZKHZH 9
AZKHZH 10
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ackmon 1

Na uttoAoyioBei n Tédon di1dTunong Tmou avaTTio- ——
oeTal 0TO AQIPG XuToo1dnpdag d€oTpag, TTou n OI-

atoun TG €ival KUKAIKOG SOKTUAIOG, PE ECWTEPIKN
diaueTrpo D = 40 cm kai Taxog 3,5 cm, 6Tav oUpe-

Ta1 M6 eyKapoIa Sovapn F = 500 KN ,”W”m “‘"‘““I

Auaon
Aivovrai ZntouvTal
E€wrtepIikn dIAUETPOG n t1éon didtunong 1
D=40cm

méxog 3,5 cm
n d0vaun F = 500 kN = 500.000 N

To guPadOv TNG dIATOWPNG TTOU UTTOKEITAI a€ SIATUNON Eival:

A= % (4002 - 3302) = 40133,846 mm?
dpa n avatmrtuooodpevn Tdon Ba eivai:
F . 500000

T=—RAT=—————=12,458 N/mm?
A 40133,846

TTaipVoUpE

T=12,5 N/mm?

Amavtnon

H avamruoodusvn oro Aaiud raon diarunong givar T = 12,5 N/m
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ackron 2

Tpia eAdouaTa evwvovTal PE Eva TTEi-
PO, TTou €xel dIdueTpo = 18 mm. Av n
EMMTPETTOUEVN TAON TOU UAIKOU, aTTO TO

7
oTToi0 €ival QTIayUEVOG O TIEIPOG, €ival ///%
1 = 800 daN/cm? va utroAoyioBei 10 Ee——

MEYIOTO QOPTIO, PME TO OTTOI0 YTTOPOUE /////A

VO KOTATTOVI OOUE TOV TTEIPO.

—> P2

Auan

AivovTai ZntouvTtal
Aiduetpog Treipou d = 18 mm P =;

1. =800 daN/cm?

1) YTroAoyidoupe 10 euBaddv piag dIaToung Tou TTEipou.
Eivai:
2
A= 'ITd—
4

1,8

A=Tr =2,54cm?
4

2) H oUvdeon Twv TpIWV EAACUATWY PE TOV TTEIPO £XEI WG ATTOTEAECUA va gival dUo ol OI-
QTOMEG TOU TTEiIPOU TTOU avaAapBdvouv 1o @opTio. OTav Ba €Xoupe TO PEYIOTO QOPTIO TTOU
avTEXEI O TTEIPOG TOTE OTIC SIATOUES TTOU avaAapBdavouv To opTio autd Ba avatrTuooETal
n HEYIOTN ETITPETTOUEVN TAOH. Apa OTNV TTEPITITWON TTOU £XOUUE PEYIOTO opTio Ba eival:
P =2-1_-A-Comou C o ouvieAeoTg peiwaong, Adyw oxniuarog. Edw C = 0,75
Etopévwg

P, =2x800x 2,54 x0,75 = 3048 daN apa

P__ =3048 daN = 30480 N = 30,48 KN

Amavtnon
P__ =30,48 KN
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aokron 3

‘HAwaon o€ dITTAN o€lpd pe 8 TePTaivia, KATO-
Troveital atré duvaun F = 280 KN, o€ didTun-
on. Av To UANIKO TwV TTEPTOIVIWYV gival XaAuBag
st 42 kal 0 OUVTEAEOTHG AOQPAAEING 4, va UTTO-
Aoyi00¢€i n DIAUETPOG TWV TTEPTOIVIWV.

Auan
Aivovrai ZntouvTtal
apIBUOG TTEPTOIVIWY 8 N SIAUETPOG d TWV TTEPTOIVIWV

n duvapn F = 280 KN
UAIKO TTEPTOIVIWV St 42
0 OUVTEAEDTNG ao@aAgilog v = 4

1) AQou 10 UAIKG TwV TTEPTOIVIWY gival st 42, n Taon Bpauong Ba givai:
O, = 420 N/mm?

dpa n emTPETOUEVN TAON O€ EQEAKUTUO Ba givari:

(0)
n
_ 420 _

ETT

0, =——=105N/mm?

4
Kal ETTOPEVWG, N ETITPETTOUEVN TAoN 0€ dIATUNON Ba givail
1.=0850,

T_=0,85x 105 = 89,25 N/mm?

2) Av d n SIGUETPOG TWV TTEPTOIVIWY TOTE TO €UBAdSOV TNG BIATOWNG £VOG TTEPTOIVIOU Ba
ivai:
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d2
ATI' =1T-—
4
Kal €TTEION Ta TTEPTaIVIA €ival OKTw, N eTIQAaveia A TTou Ba avaAdpel TIG SIATUNTIKEG duvd-

peig Ba eivai:
2

A=8-Aﬂ=8n-d721'r-d2

3) Emropévwg Ba £xoupe

otTou C 0 ouVTEAEOTAG HEiwoNG Adyw OXANATOG, £dW gival

Cc=0,75

2m-d* = F

T

ETT

d2 :L
2.m1,-C

. / F
nd= ———
2.m1.-C

AVTIKOBIOTOUE TIG TINEG KAl €XOUME

d= 280000 =25,8mm=26 mm
2x1rx89,25%0,75

Amavtnon

H d1aueTpog kdBs mepraiviou Ba givar d = 26 mm
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ackron 4

Me duo Bideg diauéTpou d, evw-
voupe Tpia eAdopoTa. H olvoe-

F/2

on karatroveital ammd duvaun F = l i)

10000 N. To UAIKS, aTI6 To OTToi0 i | F
€ival KOTOOKEUQOWEVEC ol Ridec, | F/2 T i

£XEl 6plo Bpauong, O, = 400 N/ [ |

mm?. Na uttoAoyioBei n avaykaia T =

OIAPETPOG TOU KOPUOU, TTOU TTpé-
TTEI VO £XOUV OI BidEG. ZUVTEAEOTAG Y—d—% $—d—%
aoQaAelag, £0Tw 4.

Auan
AivovTai Znrouvral
ApIBu6g Bidwy 2, n diaueTpog d Twv Bidwv

0, = 400 N/mm?
n duvaun F = 10000 N
OUVTEAEOTAG aopaAgiag v = 4

1) H emtpemduevn Tdon o€ epeAKUCUO ivarl:

=$=100N/mm2

ETT

2) H emirpemépevn 1don o€ didTunan eivai:
1.=0850,_

€

Nt =0,85x 100 = 85 N/mm?

3) O1 em@dveieg TTou Ba avaAdBouv TIG dIATUNTIKEG BUVANEIS gival, OTTwG @aiveTal aTrd TO
OXNHa, TEOOEPIC EXOUE:
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2

A=4-1T-d—='IT-d2
4

4) MeTd atré 10 TTAPATTAVW EXOUE:

F
Tsnz_
A-C

o6trou C = 0,75 0 ouvTeAEOTAG Peiwong, Adyw OXAHOTOG

85 = 102000
m-d*-0,75
cival: dzzﬂ
mx85%0,75

d= ﬂ=7,06 mm=8 mm
mx85%0,75

Amavtnon

H {nrouusvn diausrpog sivard = 8 mm
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QAoK10T)

©¢Ahoupe va kowoupe Adua 10 x 60 mm o€ unxaviké waAidl. Na utroAoyioBei n avaykaia
duvapn KOTTAG, av To UAIKG TnG Aduag givai st 37

Auagn
Aivovrai ZnrouvrTal
AlaoTdoeig Aduag n duvapun kotmg F,
10 x 60 mm
UAIKO Aduag st 37

1) To uAiké gival st 37 dpa n Tdon Bpavong eival O, = 370 N/mm?
2) H 1don didtunong Ba givai: Top = 0,85 - T4,

ETTOMEVWG Top = 0,85 x 370 = 314,5 N/mm?

3) Hemeadveia kotAg givai: A= 10 x 60 = 600 mm?

4) H duvaun KoTTAG €ivat:

F = L A

n

F.=314,5x600 = 188700 N = 188,7 kN

Amavtnon

H avaykaia duvaun korrrig givai F, = 188,7 Ki
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ackron 6

2€ TTPE0CA Ba KOWOUE KOPPATIO, OTTWG OEiXVEl TO TTAPA- % 200 +
TAeUpWG OXAMA, aTTé Aapapiva TTAXoug t = 2 mm Kail UAI-

KO hE OpIo Bpauong O, = 300 N/mm 2. Na utroAoyioeTe Jﬁ A
N
_;._Fj:cu_‘l

TNV avaykaia dUvaun KOTTAG, TTOU TTPETTEI VA AVATITUEE!

n Tpécoa.

\J
#—100—#

Auan
Aivovrai ZnTtouvTal
TO OXfMa Kal o1 SI00TACEIG TOU n duvaun kotmg F,

TTax0g Aapapivag t = 2 mm
6p1o Bpavong O, = 300 N/mm?

1) H 1don &idtunong eivai:
To, = 0,85 - 0
N Tg, = 0,85 x 300 = 255 N/mm?

2) H mrepipetpog KoTAG S, civar: s = 200 + 200 + 100 + 100 + 4x2 = 608 mm
To guPadov KOTIAG gival:

A=s-t

NnA=608 x2=1216 mm?

(©ev utroAoyifoupe TIG OTTEG, TTOU Ba avoixBouv ag deuTtepn @Aan)

3) H duvapn kot F,, givai:
Fe=To, A
F.=255x1216 =310- 08 N = 310,1 KN

Armtavtnon

H avaykaia duvaun korrrig givair F, = 310,1 Ki
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acknon

KoBoupe évav agova pe d = 6 mm. Av n Tdon Bpalong givai T & 370 N/mm?, TTo1a €ival
n d0vaun KoTrAg;

Auan
Aivovtai ZntouvTtai
diGueTpog Géova d = 6 mm H duvaun kotmg P,

Téon Bpauong O, = 370 N/mm?

1) H diatoun KoTAg €ivai:

62
A =1T-I=28,27 mm?

2) H 1don Bpavong o€ didTunon givai
To, = 0,850,
N Tg, = 0,85 x 370 = 314,5 N/mm?

3) H duvaun KotrAg ivai:
F,=A-C-1,(C=0,75)
F =28,27 x0,75x 314,5=6-668,18 N = 6,7 KN

Armdvtnon
H {nroduevn Suvaun sivai P, = 6,7 KN
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aokmnon 8

Mia oriva, twoug 10 mm , TAdToug 10 mm kai ufikoug 75 mm, ouvdéel évav agova,
dlapeTpou d = 50 mm, e pia TpoxaAia Trou Kiveital ammé pia porrr) M, = 1 KNm. Na utro-
Aoy106¢i n avatrtuocoouevn SIATUNTIKY TAON OTH OQRVA.

-

o

Iy =
77

Auan
Aivovrai ZnTtouvTal
O1 diaoTdoeIg oPrRvag ZntouvTai n dIaTUNTIKA TAoN OTn OPAVa T=;
uyog 10 mm,

TAGTOG 10 mm

MAKOG 75 mm

didueTpog agova d = 50 mm
KivnTApia potm M, =1 KNm

H pomi M, pETOQEPETAI HEOW TNG OPrVAG OTOV Agova. [a TNV Ic0ppoTTia gival

d
2

1 KNm =F -0,025 m

M, =F
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H em@advela TTou avaAapBavel TIg SIaTuNTIKEG BUVAEIS gival
A=0,01x 0,075 =750 mm? =750 x 10°m?
F
H diatunTikA 1don givail T =K
n
_ 40000
T e —
750%x10°

n
1=53,3 MP,

=5333.3333 N/m?

Armtavtnon

H avamrruooduevn diaruntikn raon orn ognva givai r =
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aoknon 9

Me €va poxAd, uAkoug 640 mm, oTPEPOUNE Evav
acova, dlauéTpou 80 mm, PE TOV OTTOIO CUVOEETAI
ME Mia o@rva, TTAAToug 8 mm Kail yrikoug 30 mm.
Av T0 UNIKO TNG OQrvag £XEI ETTITPETTOYEVN TACT O€ 10
didtunon, 45 N/mm2, va uttoAoyioBouv: !’H‘

1. H péyiotn duvaun F_, TTou avTéxel n oenva o b )
Kall 1/

2. HavrigTtoixn péyiotn duvaun P, Trou TrpéTrel va ".t\ + 600 *
EQPAPUOCOUNE OTO AKPO TOU HOXAOU. 40
Auan

Aivovrai ZnTtouvTal
Mrjkog poxAou ¢ = 640 mm n Wéyiotn duvaun F
Alduetpog aéova d = 80 mm n péyiotn dovaun P
dI00TACEIG OPVAG:
TTAGTOG = 8 mm
MAKog = 30 mm
T =45/mm?

1) H emdveia rou avaiauBdver Tn diatunTiky) dUvaun givai:

A =8 x 24 =240 mm?

H péyiotn duvapn Ba avatrtuxBei 6tav £xouue TN PEyIOTN TAON, dpa

Fm = TE'IT ) A

F,=45x240=10800 N = 10,8 KN

2) Metagu Twv duvapewy F_ kai P 1oxUel n oxéon:

F.,-40=p_-640

. 40

apa p,=F.,-—n )

640 Amdvtnon
p,. =10800x 40 _ 675N a) H uéyiotn duvaun mou avréxel n oQnva givai

F_=10,8 KN kai
B) H uéyiorn duvaun mou UIToOpoUlE va EQAPUO-
OOUNE OTO AKPO TOU HoYAou P, =675 N
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AUO TTAAKEG PE TO iB10 TTAXOG t KAl TTAGTOG @, €ival KOAANUEVEG, OTTWG PAiVETAI OTO OXIUA.
Na opicete Tn PEYIOTN SIATUNTIKN TAGN GTNV KOAANGH, TTOU QVTIOTOIXEI O€ QopTio P.

| A A

'\'_t AT /{!

\_‘ E

Auan
Aivovrai ZntouvTtai
éayxog t MEYIOTN dIOTUNTIKA TAoN T

TAGTOG a TNG TTAGKAG

MEyioTo popTio P

TTOU avTEXEl N KOAANON
H em@avela Tou TTapaAapBavel 1n diatunTikg duvapn civai n AB kai n EA (61Twg @aive-
Tal 070 OX. 9.8)

Eivai:
(AB) = (Bl / ouv 45° 4 (AB) =t/0,707

. . . . . P
Etropévw emmavela givar: A= -a KAl N TQ0N €ivar: T=—
MEVWG N ETTIP 0.707 n n A
, _ p _0,707p
Apa T T o
0,707
Amavtnon

AV Ta YEWUETPIKA aTOIXEIa TWV TTAQKWYV gival TAxo¢ t Kal TTAATOS a n HEYI:
diarunTikn Taon otnv K6AAnon yia oprio P, sivai: T = 0,707 P/t-a







AZKHZH 1
AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
AZKHZH 6

KEQAAalLo

KAMWH
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KamwH 127

aokmnon 1

Au@IEPEIOTN BOKOG 0pBOYWVIKNG dlaToung 4x6 cm déxeTal goptio 500 daN
Na Bpebolva)Hao,
B) O1 akpaieg TéoEIG OTO PEOO TNG BOKOU.

Auan
AivovTtai ZntouvTal
Aiatoun 4 x 6 cm O o
P =500 daN o

a) O1 avTidpdoeig A, B, oTnpi€ewg TNG dokou eival:

A,=300daN, B =200 daN

b-h® _4.6°
12 12

cm*=72cm*

Eivai I, =

M. =300daN -4 m=120daN - m
H potm aTto I Ba civai:

M. = 1200 daN - cm

ATTO TOV TUTTO TNG KAPWEWG EXOUNE:

M. ___12000daN-cm
Gmax - = - A __2
I . 72 cm*

X

3cm
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daN

5 =500 at
cm

0, =900

0,. = 900 at

B) Zto pyéoo p TnG dokou Ba eivai: Mu =300daN -5 m-500daN -1 m=10.000 daN -cm

Apa:
10000daN-cm
0,=———>—-3cm
72cm
o,= 416,67 at

Amavtnon
o, = 416,67 at
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aokron 2

AUQIEPEIOTN BOKOG KUKAIKAG Siatopng éxel: £ =3 m, 0, = 120daN/cm? pe opoiduopen
@opTIon q = 60 daN/m kaB’ 6Ao 1o urkog TnNG. Na Bpebei N akTiva R TNG KUKAIKAG diaTo-
HAG.

Auagn
Aivovrai ZnTouvTal
{=3m R
o, =120 daN/cm?
g = 60 daN/m

a) Ao Tov TUTTO TNG KAPWNG:

Mmax z
Omax = I *Ymax EXOUME:
qt?
- R 2
_ 8 _qf
o =92 =
™ R* 21R (1)
4
oTToTE
g = 40 daN/m,
{=3m,

o, =120 daN/cm?

€

Etreidn o¢:

o .. < 0_ =120 daN/cm? a6 1n oxéon (1) £XOupE:

max

2

ql

———=0,_ a1o OTTO0U:
2mR® T
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2
R=s/ A% (3)
2mo,,

Edv otn oxéon (3) 6€coupe Ta dedopéva (2) AaupAavoue:

R =4 cm

Amavtnon

R=4cm
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aokron 3

131

0, =800 at. Na BpeBei 1o TTaxog TG diatoung.

AideTal pia atpakTog atmmd xutooidnpo. To TTNAIKO Twv dIauéTpwy Toug gival 1,4 kal

Auan
Aivovral ZntouvTral
Doia D
d
o, =800 at
‘Exoupe

A, +B =2100daN, 100 daN-2m +400daN - 5m + 1600 daN -9 m =13 B

A, =823 daN,
Oravmidpdoeig A, B eivar:
B, = 1277 daN

Ta diaypdupata (Q) kai (M) givar avtioToixa:

1600 daN

400 daN

100 daN




132  TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN - AYSEIZ TON ASKHEEQN

1277 daN

Aigypappa [Q]

323 daN

823 daN

Aigypappua [M]

1646 daN-m

5108 daN-m

Eival rpogavég 611 ot Béon E Tng dokou AB éxoupe: (diaypaupa (M))
M_=5108daN-m=M__

X

H potm avTiotaong W, KoiAng KUKAIKAG DIOTOUNAG €ival

_m D*-d*
WUTT T Aan
32 D

(1)

Emeidn de:M__ =0, - W _ (2)

Kal %=1,4 (3) Ba éxoupe:

daN‘
cm?

5108 daN - m = 800 W,

T

510800 daN - cm = 800 daN/cm? - w__

_>10800

uTr

cm®=638,5cm’ (4)

Apa W, _=638,5cm?



AT6 Tn oxéon (1) AauBdvovrag uttéwn 1n oxéon (3) £XOUNE:

" 32 T 1,4d ’
Apa n oxéon (4) yiveral:

w, _=638,5cm?®=0,27 d® Apa:

3
d® =M=2365 Cm3,
0,27
d=13,4cm

KamwH 133

Amavtnon

d=14cm karD = 20cm
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ackron 4

Apgiépelotn dokdG prkoug £ = 3,5 m ye opol-
opopen @option q = 200 daN/m atroTeAgital
at1o XaAUBOIVo EAacpua pe diatour) atmmAou Tau.
Na BpeBolv otn ducpevéaTepn B€on (2) ol Ta-
O€Ig 0, Kal 0, TNG TTAvw Kal KATw ivag.

Auan
Aivovtal
/=35m
g = 200 daN/m

MNa TN d1aTOPN £XOUE:
E,=24cm?y =6cm,E y =144 cm?

E,=16cm? y =13cm, E, y, =208 cm?

_144+208
Yo =0

Apay,=8,8cm

Ma ™ poti adpdvelag TG ouvOeTng dIaTOUNG, £PapuolovTag Kal To Bewpnua Steiner

EXOUME:

3
_212 cm*+24.2,8%cm

Il
|, =476,16cm*

8.3

cm®+16-4,2°cm*

1,

91=

8 cm

ZntouvTal
g, 0,
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l, = 287,58 cm*
Apa:
=1, +1,=763,74 cm*

H potm kGuwng otn diatoun (2) (duopevéoTepn) eivail:

2 2 2
m=3L 200daN/m-3,5°m" _ 40 o5 4aN/m?
8 8
Apa:
—
2 W2’
o1ToU
w2=763’74cm4/cm=146,87cm3,
5,2
onAadn

v, = -306,25daN3-m =_30625daN-c3:m = -208,5daN/cm?
146,87 cm 146,87cm

Apa: o, = - 208,5 daN/cm?

Opola: o, = 353 daN/cm? (W = 86,79 cm?®,)

Anavtnon

| =763,74 cm?*
o, =353 daN/cm?
o, =-208,5 daN/cm?
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aocknon

21NV aU@IEPEIOTN OOKO TOU OXAMUATOG va Bpebouv:
a) O1A, B,
B) Ta diaypapparta (Q), (M)

y) H péyiotn potrm kapywng max M _kai n 8€on mmou avamriooeTtal aTn dokd Kabwg Kai n
avTioToixn max g, av n potrf avriotaong Tng diatoung W = 1000 cmé.

Auan
Aivovral ZnTouvTal
W = 1000 cm? a) O Ay, By
B) Ta diaypdappara (Q), (M)
V) omax
q=1000daN/m
12000 daN

4000 daN I
ey | L

4m Y o2m ! 2m I

EI' B

500 daN 2500 daN

3500 daN T A
|-.— X -——---v|-—4—x—al

Aaypapua [Q]

r A B

Mg = 5000 daN-m

M, = 6000 daN'm
Mp = 6125 daN-m

Adypappa [M]
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a) XpnOoIPoTToIwvTag Tn deUTEPN OUVONKN I00PPOTTIOG £XOUHE:

2F =0,
y
A, + B, =4000 daN + 2000 daN = 6000 daN

XpNOIPOTTOIWVTAG TNV TPITN CUVOAKN I00PPOTTIOG £XOUNE:

SMA =0
4000 daN - 2m +2000 daN - 6 m =B, 8 m
20000 daN - m = 8B, - m

B

y

daN=2500daN

_ 20000
8

A = 3500 daN kai
Apa:
By = 2500 daN

B) MNa 1o didypaupa (Q) Exoupe:
Q,=A, =3500daN,
Q, = 3500 daN - 4000 daN = - 500 daN

O undeviouog Tng Q yivetal og amméoTaon X ato 10 A.

Eival 6mrwg egayetal mapakdrtw, x = 3,5 m. Opoia: Q, = - 2500 daN ka
Q. =-2500 daN,
Q. = - 2500 daN + 2000 daN = - 500 daN

y) A6 Ta dpoia Tpiywva AAT kat AAT €xoupe:

x 3500 . .
——=——qamé 6Tou X = 3,5 m
4-x 500

‘Exoupe dnAadn 1o undeviopo Tng Q o€ amoéoTtaon 3,5 mamé To A (Al =x = 3,5 m)

O1 TINEG TwV POTTWV KAPWNG oTa onueia E kai A gival avtioToixa:

M, = 3500 daN - 4 m - 4000 daN - 2 m = 6000 daN - m

M. = 2500 daN - 2 m = 5000 daN - m

Kal

M__ =M, =3500daN -3,5m-3500daN-1,75 m=6125daN - m

m
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Qore:
(o) :Mmax =6125 daN.Cm_102

max

w 1000-cm?®

Apa: o, =612,5 daN/cm?

- AYZEIZ TON AZKHZEQN

Amavtnon
O'max = 612,5 daN/sz
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ackron 6

H ap@iépeioTn 0KOG TOU OXNHATOG QEPEI AyvwoTo opTio F. H diatour TnG dokou gival

atrA6 Tau. Na BpeBouv:

a) H 8éon Tou K.B. TnG diatoung.

B) O1 potrég avTioTaong TNG TTAvVW Kal KATw ivag Tng diatopng agou Bpebei n potrr adpa-
VEIOG WG TTPOG TOV KEVTPORapPIKO opIfovTIo dgova.

y) H Tiun Tou péyiotou @opTiou F, TTou pTTopei va @€pel N S0KAG av To UAIKO TNG EXEl TNV
idla avToxr| o€ epeAKUOUO Kal BAiyn pe o, = 1000 daN/cm?

—f 2bm
Auagn
Aivovral ZnrouvrTal
Al0OTAOEIG TNG Yo W,
ouvBeTng dlIaTouNg L, W, F
a) Eivar:

E,=12cm?y =3cm, E\y, =36 cm?

Kal

E,=12cm?y,=7cm, E)y, =84 cm?

_Ey,*Ey, _120

G cm=5cm
E,+E, 24
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Apa:y_=5cm
B) Eivau:

L, =1, +1,0Tmou pe I, kahoUue tn pot adpaveiag TngG diatoung (1), kai pe I, KaAouue
TN POTT adPAvEIag TNG BIATOWNG (2).

‘ExOupE:

3
Ly, =(212 +12-22Jcm4 =84cm’*

3
L, =[6 2 +12-22jcm4=52c;m4

12
|, =136cm*
Eivai:
_l, 136 4 _l,_136 4
c=X=—com’, w,=>*=——cm
Yo 5 Yo 3
Apa:

W, =27,2cm?, W, = 45,33cm?

EAETXOl

i) €1Ti TNG AVW ivag:

F-¢

g=_%=_i=_1000daN/cm2 =_Lm3

W, W, 4.45,3cm
Apa: F =453 daN
ii) 11 TNG KATW ivag:
Ouoia:
o- = max

Y. apa
F = 272daN

Amavtnon

To péYIOTO QOPTIO TTOU PE AOPAAEIN, UTTOPEi va PEPEI N BOKOG Eival
TO MIKPOTEPO aTTd Ta SUO TrpoavaPepoueva dnAadn F = 272 daN
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AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
AZKHZH 6
AZKHZH 7
AZKHZH 8

KEQAAQLO
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aokmnon 1

Na uttoAoyioB0oUv n BIGPETPOG, N Ywvia OTPOPNG Kal N YwVia TTapapop@wong evog aco-
Va TTOU KATATTOVEITaI o€ oTpEWN atrd pia potrr) 50 KN/m? étav n emITpETTOPEVN TAON gival
30 MN/m? kai To pétpo diaTunong eival G = 80 GN/m?2.

Auan
Aivovrai ZnTouvTal
potr oTpéwng 50 KN/m? n didueTpog Tou agova d
1. = 30 MN/m? N ywvia Tapapopewong y
G =80 GN/m? n ywvia otpo®ng avé m e/ﬁ

1) A6 Tn Bewpia yvwpidoupe OTI

__16M,
d®

dpa

g=a/18M
T
QAVTIKABIOTOUME TIG DOOHEVEG TIMEG:

3
d=3 199010 _ 4575085 =0,204m
mx30x10

dpa

d=20,4 cm



144  TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN - AYSEIZ TON ASKHEEQN

T
2) lMNa TNV ywvia Toapapdpewaong EXOUME Tov TUTTO Y =6
QVTIKABIOTOUYE TIG TINEG Kal EXOUME:

_30x10°

y=———5=0,000375 rad
80x10

180

y= x0,000375 =0,0193=1'9",61
'IT

3) MNa ™ ywvia oTpo@ng £Xouue Tn oXEon:
r \¢
0

oTov TUTTO BETOUE rg Kal €XOUME (zj =§—'(T3 QVTIKOBIOTOUNE TIG TINEG

6
8. 2x30x10°___ 50368 rad
7 0,204x80x10

%=@XO,00368 =0°,21=12'38",3
'IT

Amavtnon

a) H didpetpog Tou agova civar d = 20,4 cm
B) H ywvia Trapapdpewong eivar y = 0,000375 rad = 1°

y) H ywvia otpo@nig ava pétpo Esivou 6 =12 38", 3/
Y4 /
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ackron 2

Na uttoAoyioB0oU0v N ECWTEPIKN Kal N €EWTEPIKA DIANETPOG VOGS AEoVA, PE DAKTUAIOEIDN
dlatoun, KaBwg Kal N ywvia otpo@ng. O dfovag Katatmoveital o€ oTpEWn aTTd dia potrh
50 KN/m? n emrpemouevn tadon givar 30 MN/m? kai 1o pé€tpo didtunong eival G = 80 GN/
m? 0 Adyog Twv diapéTpwy givail 0,9

Auaon
Aivovrai ZnTouvTal
€idog agova (dakTUNIOEIBNG) D, d ka1 6/¢

pot| oTpéwng M, = 50 KN/m?
T..= 30 MN/m?
G =80 GN/m2d/D =0,9

Ma m TepimTwon dAKTUANIOEIBOUG DIATOUNG, EXOULE VIO TNV EEWTEPIKN TTEPIPEPEIN

5-M,-D
T=
D4_d4

Kal

9= 10°M, ¢
(D“-d“)G

ATI6 T TTPWTN OXEO0N, 0€ OUVOUATUO PE To Adyo Twv dlauéTpwy d/D = 0,9 €xoupe:

5M:D _ 5M,
D*-(0,9D)" D*(1-0,9°)

D=, 2M
1(1-0,6561)

QAVTIKOBIOTOUE TIG TINEG KAl £XOUE:

Dzi/ 5x50x10°
30x10°x0.3439

=3/0,0243 =0,289m=29cm

dpa
d=0,9x%x28,9=26cm
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ATTO Tn OeUTEPN OXEDN, £XOUME AVTIOTOIXA:

g= 10-M -/
(D*-d*)G
n
6_  10M, __10-M,
! G.D4(1-o,94) G-D*x0,3439

QvTIKOBIOTOUE TIG TIMEG:

3
%= 10x50x10 =0,0026@=(180
Ll

0
x0,0026 | =0°,15
(0,289)" x(0,3439)x80x10° m j

8.
apaz=9/m

Amavtnon
gowrepikn d1aueTpog d = 26 cm
g§wrepikn Siauerpog D =29 cm
n ywvia otpo@n¢ ava uérpo 6/(=
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aokron 3

271G dU0 TTPONYOUNEVEG QOKAOEIG, £XOUME OUO OIOPOPETIKWY YEWUETPIKWY OTOIXEIWV
agoveg, TToU gival aTTd TO iG10 UAIKO Kal KaTatrovouvTal atrd Tnv idia potrh. ATré Ta aTroTe-
Aéopata Twv dUO TTAPATTAVW ACKNOEWYV, Tl CUUTTEPACHATA PTTOPEITE va eEayAyETe aTTO
TO Yeyovog TNG dIAPopAg TOUG WG TTPOG TO YEWUETPIKA OTOIXEIA.

Auan
Aivovrai ZntouvrTal
OU0 Ggoveg Evag ouPTTayAG Kal oUyKpIoN PETAEU QUTWYV TwV OEd-
évag OaKTUAIOEIBAG PE Ta auTd VWV WG TTPOG TN CUMTTEPIPOPA TOUG
AoITré oToixeia OTNV KOTATTOVNON TNG OTPEWNG

1. MpwTtn d&ueon TTapatipenon €ivai o1 éxoupe dlagopd oTIG dlaoTAaoelg. O cuuTTayng
agovag €xel diapeTpo 20,4 cm evd 0 OAKTUNIOEIBNG £XEl EEWTEPIKN DIAUETPO 29 cm. AnAa-
0N £xoupe pia augnan, oto péyeBog TNG dIOUETPOU TTOU TTOCOCTIaIA, gival:

29-20,4 N
29

_8,6x100

100 =29,6%

2. A6 drmoyn duoTpewiag o dakTUAIOEIBAG cival xeIpdTePOG (9° avda PETPO) atrd Tov Ou-
ptTayn (17977, 6 ava pETpo)

3. A6 dmroyn BApoug avd PETPO PRKOUG EXOUNE, av w TO €18IKO BAPOG Tou UAIKOU:

o oupTrayng B, =Tr23r—’4-w-1 =326,8w

(292 -262)

0 dakTuNioeIdrg B, =1 ‘w-1=129,6 w

O ouptraynig Aoimrév gival BapuTtepog KaTd TToO000TO

326,8-129,6

x100=60%
326,8

Amavtnon
Apa omrou n duoTtpewia nj To uéye0og givai Ta onuavrika ueyEon
ToUu mpoBAnuarog Tére mporiuoUuE Tov ouutrayn a§ova. Omou 10
Bdpog givar avem@uunTo mpoTiuoUuE TouS SaKTUAIOEISEIS.
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dokmnon 4

Mola Tadon Ba avatTuxBei o€ évav dgova, diauéTpou d, Tou €xel HETPOo diGTunong G = 80
GN/m? av Béooupe wg TTPoUTIeBeon OTI N ywvia oTpo@rg Ba ival 1° og prkog £ = 20 d.

Avon
Aivovrai ZntouvTal
80x10° N _ 3 ) ]
G =80 GNIm* = — 5 =80x10°"N/mm ntdonT__

0 =1° og uRkog £ =20 d

A6 T oxéon G0 _T  ¢youpe
/ r
ReX
T_—
/
f
_G0d/i2_G
20-d 40

alG €xoupe Béoel Tov 6po va gival 6 = 1° o€ pkog £ = 20 d

'IT
406=1=—-1=0,0174rad
aAAG 180
80x10°x0,0174 N
3 T= : =34,8
Etropévwg 40 "

Amavtnon

H raon mou Oa avarmrruy@si ivai T = 34,8 N/mm?
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acKion

Afovag TTaKTWPEVOG KaTA TO €va GKPOo Tou, Kartatroveital o€ oTpéwn. O dgovag autdg
€xel pnkog 1000 mm, eival kataokeuaopévog amo xaAuBa pe G = 83x104 daN/cm? kai
n emTpeTTOpEVN Taon givar T = 80 daN/cm?. Av Béhoupe yia AGyoug olkovopiag va £&a-
vTAjooupe Ta 6pla avtoxng, TToia Ba TTPETTEN va gival n dIGUETPOG Tou Agova; (H péyioTn

EMTPETONEVN YwVia oTpoPng 6 = 00,25/m).
Avon
Aivovral ZntouvTral
/=1000 mm=1m d

G =83x10* daN/cm?
1 =80 daN/cm?
8, ., =0°25/m

m

MNa va emTUXOUPE TNV OTTAITNON VA £EaVTAOOUNE Ta OpIa TNG avToXNG Ba TTpETTel va
1I0XUOUV OUYXPOVWG

- _1em,
Tomed
Kal
_32:M, -/
ToGom-d?

AlaipwvTag Katd PéEAN, TIG BUO QUTEG OXETEIG, Ba EXOUE:

16M,
Tm‘r: W =dG .
8, 32M-¢ 2"

G- m-d*

2.1 -/ . ,
d= G €T QVTIKOBIOTOUME TIG TIWEG
gz 22801 404417 m

Amavtnon
d=4,42 cm

83x10*x0,25%
180




150  TEXNIKH MHXANIKH - ANTOXH TQN YAIKON - AYSEIS TON ASKHZEQN

ackron 6

Na utroAoyioBei n peyaAUuTepn 10XUG TTOU PTTOPEI va
peTaBiBacBei ammd éva dgova dlapéTpou 150 mm o
otToiog oTpé@eTal e 240 rpm, OTAV N ETTITPETTOPEVN
1Gon cival T = 55 N/mm?. O agovag autdg €xel Eva
OUVOECHO UE €€ UTTOUAGVIA, TTEPIPEPEIOKG OE pia OI-
auetpo 260 mm. Na opiceTe TN SIAPETPO TWV UTTOU-
Aoviwv éTav n PEYIOTN ETTITPETTOPEVN TACN TOUG Eival
T, =100 N/cm2.

1max

Auvon
Aivovrai
dag =150 mm
f=240 rpm

T =55 N/mm?
apIBPOG PTTOUAOVIWY 6
d,,, =260 mm

a

T =100 N/cm?

1max

Tl
1. ATT6 Tn oxéon ¥=1 éxoupe M, —rr gival
r

r

T=55N/mm? =55 x 106 N/m?
d=150 mm =0,15m

. A4
=" 92 T 0,15¢ =0,0000497 m~ 0,5x10"*m"
32 32

AVTIKOBIOTOUE TIG TINEG KAl £XOUE:
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_55x10°x0,5x10"
t 0,15
2

M =36,7x10° Nm

ATT6 Ta JaBruaTa QUOIKAG, YVWwPICouuEe OTI yia TNV 1I0XU gival:

p=M,:2m-f

p=36,7><103><2><Tr%=922,4><103 kw

2. Ta utrouAdvia emmiBapuvovTal o€ SIATUNON €€ QITiOg TNG TTEPIPEPEIAKNG dUVAUNG ATTO
TN OTPETITIKN POTTA.

3
Eiva: F-r,. =M1 F=% dpa F=%=282,3X103N
r )

K&Be ptrouldvi Ba avaAdpel To 1/6 autrg Tng duvaung dpa

_ 282,3x10°

F =47,05x10°N

4F,

dpa yia kaBe PtTouAdVI Ba gival T, =

avTIKaBIoTOUUE

|
o
|

'Tmax

3
d, =,/% =,/0,000599 =0,02449 m i d, = 24,49 mm ~24,5 mm
T

Amavtnon

P =922,4 x 10° Kw
d,=24,5mm
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acknon

Na uttoAoyioBoUv ol avaykaieg dIGPETPOol eowTeEPIKN d Kal eEwTePIKN D, evég déova pe
OAKTUAIOEIBN BIATOMN], O OTT0I0G PETAPEPEN I0XU 750 kw pe 50 rpm.
AidovTal: a) n ywvia otpoeng 6 amd 10/ 20 D

B)d/D =0,6

y) G = 85 x 103 N/mm?

Auaon
Aivovrai ZntouvTal
agovag dakTtuhioeidrg M, = 750 kw D,d
f=50 rpm
e < 10/20D
d/D =0,6

G =85 x 103 N/mm?

ATé Ta padnuata QUaIKAg yvwpitoupe 6TIP =M, - 2 - 1 - f apa

= 2-1F3r-f QVTIKABIOTOUNE TIG TINEG
3
M, =M=143239,4;143240 Nm
50
2XTTX——
60
ATT0 TN OX€0N OUTA M _G8 EXOUUE | = M, -
L7 " G-6
O1 Tipég eivar:
M, = 143240 Nm

G = 85x10°N/m?
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d=06D

=l 4 _ 4=l 404 _ 4\ — 4
| =55 (D~ %) =25 D(1-0,6) = 0,085 D

Emopévwg Ba givai
143240x20D

85x10° x 21t
360

0,085D" =

op _ 143240x20x360

= 5 =0,0227m?® n
0,085x85x10° x2xTT

D=%/0,0227 =0,283m =283 mm Kol apa

d =0,6:-D = 0,6%283 =169,8mm =~ 169,5mm

Amavtnon

D =283 mm
d =169,5 mm
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acKion

‘Evag dakTuAIo€1dG agovag £xel CwTepIKA didueTpo D = 10 cm kal eowTepik) d = 7.5
cm. Na utroAoyioBoUv oI TAoEIG TTOU avaTITUOCOVTAl OTNV EEWTEPIKN KOl ECWTEPIKA ETTI-
@aveia Tou agova, éTav autodg KATATovEiTal o€ aTPEWN ato pia potrm) M, = 2000 Nm. Na
uttoAoyIoBei eTTiong N ywvia oTpo®ig. To pnkog Tou Gfova eivar 1 m kal 10 UNIKO €XEl
pETPO OiaTunong G = 80 GN/m>.

Avon
Aivovrai ZnrtouvTal
agovag daKTUAIOEIBNG
D=10cm
d=7,5cm
M, = 2000 Nm
{=1m
G =80 GN/m?

max’ Tmin’

1) MNa va uttoAoyicoupe TIG TAOEIG TNV ECWTEPIKI KAl TNV ECWTEPIKH ETTIPAVEIQ SAKTUAIO-
€100U¢g a&ova Traipvouue Tov TUTTO

. D . .
6Tou p=R = 5 YIO TNV EWTEPIKN ETIQAVEIN KAl

N

P =Tr= — YO TNV ECWTEPIKN ETIPAVEIA

Eival Aoitrov:
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‘R _M,-D

t

ma:
* I 2

r r

yia TNV EEWTEPIKN ETTIPAVEIA KOl

M,-r _M-d . . . .
0 T T T yla TNV E0WTEPIKA £MIQAvEIQ UTToAOYiCoUPE OTNV | TNG SlaTOUNG

| =—=(D*-d*) == x(0,1*-0,075" ) == x0,00006836
32 32 32

n

| =6,7 x 10°m

dpa Ba civai

_ 200001

Too S =14925373,1N/m?* =14,9MN/m?
2x6,7x10

Kal

; _2000%0,075
mn 2x6,7x10°

=11194029,85 N/m?=11,2MN/m?
2) MNa va Bpoupe T ywvia oTpo@rg Ba TTapouE Tov TUTTO

M _G6
I 1

QVTIKOBIOTOUUE TIG TIMEG

= 200001 _ 0373 rad
80%10° x6,7x10
0
e:(o,00573x@j =0°,21379=12'49" 64
Tt

Amavtnon
1 =14,9 MN/m?
1= 11,2 MN/m?
6=12'49", 64
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KEQAAQLO

2YNOETEZ KATAZTAZEIZ
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ackmnon 1

XaAUBBIVOG OTUAOG, TETPAYWVIKAG DIGTOUAG TTAEUPAS a = 50 mm kai prkoug £ = 2,8 m
gival TTaKTWHPEVOG KATd TO £va AKPO Tou eV aTo AAAO €xel duvaTdTnTa oAicBnong. Av 10
UAIKG €xel uéETpo eAaoTikéTNTag E = 21 MN/cm? nTeital To EMITPETTOPEVO POPTIO LWOTE O
OUVTEAEOTAG aoPAAclag va givai 5.

Avon
Aivovrai Znrouvral
dlaTopr) oTUAOU (TETPOYWVIKN) F.
a =50 mm
/=28m
TPOTTOG OTAPIENG
E =21 MN/cm?

v=5

ot 0,05*

1) H potm adpaveiag tng diatoung sival | =— 1 | =———1n | =0,00000052 m* Gpa
12 12 r

| =0,52x10° m*

2) To euadodv Tng diatopng eivalA=a? A =2,5x 103 m?

3) To avnyuévo Pnkog Auyiopou, Adyw Tou TPOTTOU OTEPEWONG TOU GTUAOU Eival

p =t o2 0
J2 2

2.8*1,41_4 979m

4) H akTiva adpdveiag 1ng diIaToung eival
i=

\ﬁz 0,52x10°
A\ 2510°
i =0,0144m

5) H AuynpoTtnTa eivai:
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gipaoTe eTTopEVWG PEoa oTa Opla Tou vopou Tou Hooke kail dpa 1oxUel o TUTTOG Tou Euler.

6) To kpioiyo @opTio €ival:

£ T E -l _m?x210x10°x0,52x10°

R (1,9+9)°
F =275,2 KN

7) To emMTPETTOUEVO POPTIO Eival

Amavtnon
F., = 5504 KN
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aokmnon 2

XaAuBdIvog 0TUAOG e KUKAIKA diatoun diapéTpou 10 cm, gival TTaKTwWPEVOGS Kal oTa dUO
dkpa Tou. To UWog Tou gival 5 m. Aivetal yérpo €AaoTIKOTNTAG TOU UAIKOU E = 210 KN/
mm?.

Na uttoAoyIoTOUV:

a) H Auynpdétnrta,

B) To kpioipo @opTio

Y) n Kpioiun téon.

Avon
Aivovrai ZntouvTal
diaroun oTUAou (KukAiki) d = 10 cm ANF.O,
Kal TPOTTOG OTAPIENG
h=5m,

E =210 KN/mm?

1) To avnyuévo prkog Auyiopou civar /= 0,5 ¢ =500 x 0,5 = 250 cm

2) H potm adpdveiag TNG KUKAIKAG BIATOUNG gival:

_T[-d4r,]|
r 64 r

_ 1x10*

I =490,87 cm*

3) To guPadodv TNG dIATOWNG gival

4) H axTiva adpdvelag TnG dIAToung givai

i=\ﬁ= 490,87=2,50m
A \ 7853
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250
i 2,5
ere1dn 1o A=100 £rTeTal OTI AUACTE OTA OPIA TNG EAAOTIKAG TTEPIOXAG KAl dpa I0XUElI O
TUTTOG TOU Euler

6) To kpioiuo @opTio AuyiouoU gival

_m*E-l,_m?- 210x10° x490,87

F = =
e (250)°

f

F =1627,8 KN

7) H kpioiyn téon eivai

. ='IT2-E i o =1'r2210><105
N “ 100°

A

o, = 20,7 KN/m?

Amavtnon
a) A =100
B) F =1627,8 KN
y) o, = 20,7 KN/cm?
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aokron 3

BdakTtpo euBoOAou atpounxavig €xel urnkog 300 cm. To BAKTPO KataTToveiTal atrd duvapn
80 KN. Av 10 UAIKS Tou BakTpou givai t 52 (E = 2,1 x 107 N/cm?) Kal 0 OUVTEAEOTAG a0PA-
Aglag 10, va uttoAoyicBei N avaykaia dIGUETPOG.

Auan
Aivovrai ZnTouvral
¢=300cm d
F =80 KN
st 52
E =2,1 x 10" N/lcm?
v=10

1) To BAkTPO doUAEUEl oav au@IapBpwTOG GTUAOG Gpa

l.=¢, dnkadn ¢/, =300 cm

F .
2) To emTpeTOPEVO QoprTio sival F, =7K n F.=v-F.apa

F = 10 x 80 = 800 KN =800 x 10°N
m-E-l

3) O 10TT0G TOU KpiaIyou gopTiou gival F, = e J

AUvoupe Tov TUTTO WG TTPOG TN POTTI adPAVEING

F -2
b=
m-E

QVTIKOBIOTOUNE TIG TIMEG

3 2
= 80010 X300°_ 547 4 om¢
% -2,1x10
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4) A1r6 TOV TUTTO TNG POTING AdPAVEIAG YVIa KUKAIKY) SIOTOMN €XOUME

d4
I—% n d=420-1 avrikaBioTouue

d=%/20%3,4

d=9,129
d=10cm
‘EAeyX0G

MNa tnv gupeBeioa TIPA TNG SIOPETPOU EXOULE:

m-d? 10°

EuBaddv diatourig A= ——4 AL 1 =78,54 cm®

4 104 .
Potm adpaveiag |, =—=—=500 cm

aop ° 20 200
AkTiva adpaveiag i= \/: = =2523
78 5

AuynpotnTa A=—K=—=1 18,9 > 100

dpa 1oxuel o TUTTOG Tou Euler kKal KOAWG utToAoyioape.

Amavtnon
d=10cm
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ackron 4

Na BpeBei n AuynpdTtnTa evog EUAIVOU aTUAOU, opBoywVIKNG diatourg 20 x 25 cm? au@i-
TTOKTOU PE PAKOG 8 m.

Auan
Aivovrai ZnTouvTal
Eidog oTUAOU opBoywVviKAg A
diatoung 20 x 25 cm?
TPATTOG OTAPIENG
QAUQITTAKTOG
/=8m

. 8
Ma ap@itrakTo oTuAo gival £, =412 apa £, =T=4000m

3
1) Na tnv opBoywvikr diatoun 1. = - 207 %25 =16666,667 cm*

min 12

) H akTtiva adpdveiag eivai

/mm [16666,667 6666 667

i=5,77cm
dpa
:Z_K_ﬂ:69’3
5,77

Amavtnon
A=693
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acknon

YmooTUuAwpa ammé NP1 10 (DIN 1025¢ 1) amd st 52, yfikoug 4.5 m gival apgimrakTo. Na
utToAOYICOEi TTOCO POPTIO avTEXEI O AUYIOUO PE OUVTEAEOTH ao@AAEiag v = 5.

Auan
Aivovrai ZnTtouvTal
TO €id0G Kal 0 F..
TPOTTOG GTHPIENG TOU
oTUAoU st 52,
{ =45
v=5
52000 N KN
5 jon T, = =10,4
1) EmTpemdpevn 1don T, 5 o .
2) To uttooTUAWA gival apgitTrakTo dpa ¢, = 0,5 x 4.5 =225 m =225 cm
i =1,07cm
3) Atr6 1o mrivaka DIN 1025 ¢, éxoupe: ™
A=10,6 cm?
(225
4) H Auynpdtnta sival A= I—K =m =210,3>100

€iMOOTE EVTOC TWV OPIWV TNG EAACTIKAG TTEPIOXAS

5) a1ré Tov Trivaka 10.3.6.a yia st 52 kai A = 210,3 (e TapeuBoAn) £xoupe w = 15,685

6) eTTopué o _me n F =T A
TTOMEVWG O, A em w

apa F. = 10400><10,6N
15,685

F_=70283N

€

Amavtnon
F_=70283N
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ackron 6

KuAivdpikog AéBntag améd eAdopara maxoug € = 30 mm kai o, = 800 KN/ m? BéAoupe

va gpyadetal o€ Triean 12 x 103 N/m?2. Méxpi TTola SIAPETPO UTTOPOURE VO TOV KOTOOKEU-
GOOULE.

Auvon
Aivovrai ZnTouvTal
€ =30 mm d

o, =800 KN/m?

€

p = 12x10% N/m?

. . pd , 2.0
€= — =
AT6 TN Ooxéon o0 nd .
. _2x0,030x800%10°
£xoupe d= 3
12x10
n
d=4m

Amavtnon
péxprd =4 m
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ackKnon

2.€ TTOI0 CUUTTEPAC A KATAAYOUUE OV OUYKPIVOURE BUO AEBNTEG WG TTPOG TNV TTiECN AEI-
Toupyiag Toug av gival kaB’ 6Aa duolol Kal SIaPEPOUV JOVO KATA TO TTAXOG TOU EAAOUATOS
TOUG.

E@apuoyn P, =2 x 10° N/m? &,=4 cm, g,= 6 cm moia n P,;

Avon
Aivovrai Znrouvral
P, =2 x 10% N/m? P,
g, =4cm
€, =6cm

Noitrd aToixeia AeBATwy
Ta QUTd

A@ou B¢éAoupe va gival kaB’ 6Aa duolol Ba TTPETTEI va avaTITUoOo0oUV TIG idIEG TAOEIG.
Apa atTo TIG OXETEI

0':M Kal g:M r'] &zi
2-¢, 2¢, P &
Ba £xoupe p1_d:M g i:i

2., 2g, P, e,
ETTOPEVWG TA TTAXN TV EAACUATWYV €ival avaAoya TwV TTIECEWV

6 N
Egappoyn p, =p1§—2 A P, =2x103xz=3x103ﬁ

1

Amavtnon

a) Ta maxn Twv EAaoudTwy gival avaAoya Twv mMIECEWV
B) P, =3 x 10° N/m?
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aokron 8

Téooepig XaAUBdIvol oTUAOI pe KUKAIKE dlatoury otnpidouv éva Trartdpl Bapoug 50 KN.
2UYXPOVWG 0 XWPOG OTTou BpiokovTal ol aTuAol, Bepuaiveral amod 15 °C oe 60 °C.

Av givai yia To UAIKO Twv oTUAwV E = 210 GN/m? a = 12 x 10 rad” g, = 500 MN/m?Kai
0 OUVTEAEOTNG ao@dAclog v = 4. Na uttoAoyioBei N avaykaia SIGUETPOG TwV OTUAWV.

Auan
Aivovrai ZnrtouvrTal
apIBuog oTUAWY 4 d
B =50 KN
8,=15°
8,=60°C
E =210 GN/m?

a =12 x 10 rad”
0, = 500 MN/m?
v=4

1) H emrpemdpevn 1d0n €ival o, =Je e =@=125'\/|—'2\l=125><106 lz
v m m

2) O1 aTUAol, €kTO¢ atmd Tn BAiwn oTnv otoia uttokelvTal, euTrodidovTal va diacTalolv
Kal dpa ugioTavtal Kal TRV BNITTTIKA TTieon atmd Tnv TapakwAnon Tng dIaoToAnG Toug. H
QvaTITUOOOUEVN TAON O, 0€ KABe 0TUAO €€ aiTiag Tng Bepudvoewg NG eival
o,=akE(6,-90,)

0,=12x10°x210 x 10°x 45

o,=113,4 - 10° N/m?

3) H 1don o, TTou TIPOKUTITEI yia KABE OTUAO €5 QITIAG TOU YOPTIOU ATTO TO TTATAPI, AV KABE
OTUAOG £xel epBadov diatoung A, eivai:

50x10°
0,=

A-4

12,5x10°
o, =—"" """

z A
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4) n oAk} BAITTTIKA Taon TTou avaTITUCCOETAI €ival
0,=0,%0, n

3
o, :113’4x106+w
A

5) pétrel va gival
GOA = Osn r]

3
113,4x10° + 122107 _ 155 4 108
AUvoupEe wg TTpog A

12,5%10° _12,5x10°

T 125x10°-113,4x10° 11,6
A=1,077 x 10 m2 = 10,77 cm? dpa

2
m-d =10,77 cm? kai

d= M: [13171
T

d = 3,7cm Traipvoupe
d=4cm

Amavtnon

d=4cm




ZYNOETEs KaTAsTAsElE 171

ackron 9

ATPaKTOG KUKAIKNG dIATOUNG KATATIOVEITAI 0€ OTPEWN atmo potm M, = 12 KNm kai o€
Kauwn amé pot) M, = 6 KNm. Na utrohoyioBei n avaykaia dIGUETPOG av giva:
0., =60 MN/m* G = 81 GN/m?kai 8 < 0,00436 rad/m

Auan
Aivovrai ZnTouvTal
€i00G aTpAKTOU d
(KUKAIKR)
M, =12 KNm
M, =6 KNm
0, =60 MN/m?

G =81 GN/m?
0 < 0,00436 rad/m

1. H1c0dUvaun tdon gival g =1/0§ +317
2. [Na KukAIKA dlatoun gival

_32M,
*o.gP

Kal

3. Apa €xoupe
32M2 _16°M? _ 16
0=\/112-d% o A A

avTIKaBioToUuE

60 x 10° = %\/4X(6><103)2 +3%(12x10°)
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3
60%10° = 12'3 J576x10° =16xl? J576
1T -

16x10° /576 1
d=3 =1 32037201267 m
\/ 60x10°xm 10 4

d=12,67 cm

‘EAeyX0g TNG ywviag 6

QAVTIKOBIOTOUE TIG TIMEG

3
dzi/ 32x12x10  4/0.000346 i

81x10° x1rx0,00436
d=0,136 m=13,6 cm
dpad=13,6 cm

METOEU BUO TINWYV ETTIAEYOUNE TNV DEUTEPN TTOU PAG KAAUTITEI TNV TTPWTN ATTAITNON.

Amavtnon
d=13,6cm
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KEQAAQLO

EPro - 12XYZ - ANMAEZ MHXANEZ

AZKHZH 1
AZKHZH 2
AZKHZH 3
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ackmnon 1

Me tn o1aBepn TpoxaAia BEAOUPE VO aVUWWOOUUE QOPTIO
B = 30N. O1 maBntikég avTioTdoelig avépxovial o€ 5% Tou
popriou. Noia gival n dUvaun TTou TTPETTEI VA KOTOBAAOUUE
TTPOG TOUTO, Kal 0 Babuog amdédoong.

Auan
Aivovtai ZntouvTtal
B=30N F
n=95%

A@ouU oTtn oTaBepr] TpoxaAia ol TTabnTIKEG avTIoTAoEIS gival 5% Kkal gopTiou, 0 BaBudg
atrédoong TNG PNXavig pag Ba givar: 95% = n. Emreidn: F:E Ba £xoupe
n

F=30N_31 N

Amavtnon
F=31N
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ackron 2

270 GUVOUAGNO TPpoXaAIwV va Bpedei n duvaun F yia Tnv aviyw-
on @optiou 1200 N, étav o BaBudg amdédoong eivai n = 0,7.

Avon
Aivovrtal ZntouvTral

B=1200 N F

21n d1aTalA Jag EXOUME vV = 4 0 apIBPOG Twv AeUBEPWY TPOXAAIWY, OTTOTE N OXEON JE-

1_1
Taddoong Ba cival o> =ﬁ Kal dpa n duvaun F yia Tnv aviywon Tou @opTiou Twv 1200 N
Ba civai:

_1200N 1

1
F
2 0,7

Amavtnon
F =107 N
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aokron 3

To S10@opIkO TTOAUCTIOOTO aTToTeAEITal aTTd dUO OTOOE-
PEG TPoxaAieg 1Ti Tou idlou dgova, aAAd SIaPOPETIKAG
OlapéTpou, Kal atrd pia eAeUBepn TpoxaAia. Or TpoxaAi-
€G €ival KATAOKEUAOUEVEG WG TPOXOi aAUCOOU, N &€ A€l-
Toupyia Tou TTOAUCTIAOTOU YiveTal e aTépuova GAuo-

R-r 1
00. Av gival 0edouévo OTI VI TO AOYyO —— =— €XOUUE:
0. Av gival OuEVO OTI yia TO AGy SR 16 XOU

n=0,51 kai F, =4 N Bpeite v F,

Avon
Aivovrai ZntouvTal
Rr_1 F,
2R 16
n = 0,51
F,=4N

O1 dU0o TpoxaAieg R kal [T atroTeEAOUV éva CWHA KAl 0T TTEPIPEPEIG TOUG PEPOUV DOVTIA
yla va KivnBei n aAucida.

R+r
Mia TpiTn TpOo)aAia pe akTiva R, :T epyacletal eAclBepa. OTTwg eidape kal oTn Bew-
F (R-r
io Oa Tpémrel F, =1 — | (1
pio e mptre =25 B | (1)

H oxéon (1) ypageTar:

F, :%(%] Kai av 1e6¢i n = 0,51, F, =4 N Abvovtag 1 (2) wg mpog F, Ba £xoupe:

F=F, n.—2R_-4N.0,51-16

(R-r)

Amavtnon
F,=32,64N







AZKHZH 1
AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
AZKHZH 6
AZKHZH 7
AZKHZH 8
AZKHZH 9
AZKHZH 10
AZKHZH 11
AZKHZH 12
AZKHZH 13

KeEQAAalo

TPIBH
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ackmnon 1

"Eva kiBwTtio Bapoug B = 50 N, TTpoKeITal va ekQopTwBEi péow piag pauTrag pe KAion 25°
wg¢ TTPOG 10 opIgdvTIo eTTiTTedO. O ouVTEAETTAG TPIPAG €ival n = 0,6.

Znreital:

a) H duvaun F pe Tnv otmoia 6a wBriooupe To KIBWTIO WOTE AUTO VA UTTEPVIKNOEI TN OTA-
TIKA TPIRA Kal va oAIoBroel oTn pATTa KAl

B) To uwog TToU Ba ePapudooupe TN dUVAUN WOTE VA PNV avaTpatrei 1o KiBwTio. To
KEVTPO Bdpoug Tou KIBwrTiou gival o€ Uwog B = 60 cm atmd Tn BAcn Tou Kal o€ opIfovTIa
amoéoTacn a = 40 cm atrod TNV aKUf avaTpoTrG.

Auan
Aivovrai ZnTouvTal
B=50N F h
¢ =25°
n=0,6
a=40cm
B=60cm

a. Tn oTiypn 1ou apyicel To KIBwTIO va oAIoBaivel, IcoTaxwg, gival
T=F+B,

n

T=F+B-nue
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aAAG

T=B, n=B"-n-ouvyp dpa

B - n-ouve =F + Bnue emmopévwg

F = Bnouve - Bnue = B (N - ouve - NUY), avTIKABIGTOUUE TIG TIMEG
F =50 (0,60 x 0,906 - 0,423) apa

F=6,03N

B. MNa va Teivel va avatpatrei 70 KIBWTIO anuaivel 0TI dev oAIcOaivel aAAG OTpE@eTal TTEPT
TNV akun Tou A. H oTaTikr TpIRA diépxeTal atrd 10 onueio A, KaBwg Kai n avtidpaon g
EMMQPAVEIAG TG PAUTTAG. Apa auTég ol dUo duvdapelg dev divouv poTTh wg TTPog To A. O¢-
WPOUNE TIG POTTEG TWV AAAWV BUVANEWY TTOU £vEPYOUV TTAVW OTO KIBWTIO WG TTPOG TO
onueio A, TNV oplakr oTIYUA TToU apXidel n avaTpoTrh gival

F-h+Bnuo-B-Bouvp-a=0

h= @B-ouve-B nue
F

A

h= 40%50%0,906-60%50%0,423

6,03

h =90,049 cm
dpa

h < 90,049

Amavtnon

a)F=6,03N
B) h < 90,049 cm
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ackron 2

Mia okdAa prikoug 3,4 m akKoupTrdeEl
OTOV TOIXO UE KAION a wg TTPOG TO OpI-
COVTIO ETTITTEDO.

a) To Bapog Tng okdAag eivar B =
200 N, o ouvTeAeoTnG TPIRNAG PE TOV
T0ix0 n, = 0,2 kal pe 10 dATIEDO N, =
0,15. Na utroAoyi08¢i n ywvia a, otav
AvBpwTTog BpioKETAl OTN KOPUPH TNG
OKAAaG, €101 WOTE N OKAAQ va pnv
oNiobroel. (Bapog avBpwtiou B =
800 N).

Avon
Aivovrai Znrouvral
f=3,4m a
B, =200 N
ng=0,2
n,=0,15
B,=800N

Tn oTiyur) TTou Ba apyioel va oAicBaivel n ok&Aa, To onueio A Ba KivnBei TTpog Ta deIq,
10 B 1Tp0O¢ T K&ATW B TTApPoUCIacBei TOTE N €IKOVA TwV dUVANEWY OTTWG OTo oXAua 14.2
Kal Ba €XOUE:
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a) MNavw oTn ok&Aa va evepyouv ol QUVANEIG:

* gT1o onpeio B n avtidpacn Tou Toixou Hy, n omoia avaAuetal otnv TpIRA T, Kai T
KaBetn dUvaun, TTPog TNV emdaveia TpIBAG, N.

* AvTigToixa oTo onueio A £xoupe Tnv avtidpaon Tou datedou H, TTou kai auTr Kat
avahoyia, avaAvetal otnv T, kai N,

* 210 WEOO TNG oKAAag oTo onueio M gival To Bapog Tng okdaAag B_.
* 210 onpeio B, oTn kKopu@r TNG oKAAAG TO BAPOG TOU AvOPWTTOU.

B) Tn oTiyun NG apxng TG oAicOnong n okAAa utrd To CUCTNUA TWV SUVANEWYV TTOU
ava@épapue, BPioKETal 0€ OPIAKn KATGOTOON ICOPPOTTIAG.

Apa Ba 1oxUouv

(1) 5F, =0 N,—-T,=0
(2) 5F,=0 A T,+N,—(B,+B)=0
(OA)

(3) =M, =0 T,(OA) + Ny'(OB) - B(OA) - B~ =0

Kal gival akoéun,
(4) T,=n,-N

A A

(5) Tz=ng"N

B

ETtiong éxoupe atrd 10 oYM

(6) (OA) = (AB) - ouva = 340 - ouva
(7) (OB) = (AB) - nua = 340 - nua
ATIO Tn oxéon (1) TTaipvoupe

(8) Ng=T,=n,N,
atmo TIG oxéoelg (2) kai (5) £xoupue
(O)N,=(B,+B)-Ty=(B,+B)-ngNg
avtikaBiotoupe TN N, a6 v (9) atnv (8)
Ng =N, (Bg *+By) - N Ny

Kal AUvovTag Tnv TeAeuTaia, wg TTPog Ng

Ba £xoupe
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_N, (B, + By)

10) N
(10) N 1+n, n

B

avTIKaBIoTWVTAG TIG TINEG aTnVv (10) kai oTnv (5) éxoupe

_0,15%(800+200)

=145,63 N
1+ 0,15%0,20

(1) N,

(12) T, =0,2 x 145,63 = 29,13 N

ATIO TNV (6), (7), (11) kai (12) avTikaBIoToUUE TIG TIMEG aTNV (3)

29,13 x 340 x guva + 145,63 x 340 x nua - 800 x 340 x guva - 200 x 340 ouva=00n
9904,2 - guva + 49514,2 nua - 272000 ouva - 34000 cuva =0 n

49514,2 nua = 296095,8 cuva kai dpa

nua - £a= 296095,8 =598 dpa
ouva 49514,2
epa = 5,98

a=280° 507 =80° 30" 25", 2 eTTopévwg

Amavtnon
a=80°3025", 2
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ackron 3

loiog eivar o BaBuog amrédoang n,, Kara v I0oTaxn avowwaon owlarog, EMAVwW o€
KEKAILUEVO ETTITTEDO;

Aivovral: ywvia kekAiuévou emimédou a = 30°

ouvreAearng TpiBnscn = 0,15

WA/

y
Auaon
Aivovtai ZntouvTal
a=30° n,
n=0,15

To kekAIEVO eTTITTESO XPNOIUOTTOIEITAI KAl WG PNXAvr) aviypwaong, OTTOTE TO WPEAIUO €pyOo
gival To €pyo Tou Bapoug evw KATavaAIoKOPEVO TO €pyo TNG EAkoucag duvaung. Eotw F

n éAkouca duvaun. Apou £xoule I00Taxn Kivnon Ba 1o0xUouv ol OxEOEIG IcoppOoTTiag. Apa
2F =0,F-Bnua-T=0

ZF =0,N-Bouva=0

Kal

T=n-N
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OTTOTE
F =B nua +nN
F =B (nua + nouva)

To katavaAioKOpevo £pyo NG EAkoucag duvaung F og pia dladpopr MAKOUG s gival
A _=F-s

oTn diadpour auTh s, To QopTio aveBaivel katd h. ATTd Tn yEwUETpIa ToOu OXAMATOG Eival

h =s nua.
To weéNipo epyo eival A =B - h = Bs nua

Apa o Babudg atrdédoaong cival

_Bh_  Bsnpua _  nua

A" Fs B(nua+ouva)s nua+n-ouva

h = EPa _ & 30°
¢ epa+n £¢30°+0,15

atro TN TPIYWVOMETPIO EXOUE:

£ 30° = 0,577
. 0,577 0,577 _
apan, = = =

= 0,794
¢ 0,577+0,15 0,727

Amavtnon
n,=0,794
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ackron 4

Z1a kekAipéva emrimeda AB kai Al uttdpxouv, 1o owua Bapoug B, = 110 N kai n pdda
Bapoug B, = 70 N, avrigToixa. To owpa £xel OUVTEAEDTH] ONIOBNONG pe To €MITTEDO N =
0,30 kai avTioToIixa n poda ocuvieAeoT TPIBAG KUAIong f = 0,40 cm Kkal akTiva R = 40
cm. To cwpa Kal N TpoxaAia ouvdéovTal, JETw TPoXaAiag xwpig TpIRR, YE aBapég viua.
Na eupebei TToia TTPETTEl va €ival, KaT eEAAYIOTOV N ywvia w, WOTE To GUCTANA va KIVNOEi
KOTEPYXOMEVO Tou eTTITTEDOU AB.

= % B,-ouvw

Auaon
Aivovrai ZnTouvTal
B,=110N w
B,=70N
n=0,30
f=0,40 cm
R =40cm

©¢Aoupe 1o owpa B, va olioBaivel, kareBaivovtag To emitredo AB, evw n pdda B, Ba Ku-
AieTal, aveBaivovtag. 2Tn TEPITITWON QUTH N €IKOVA TWV SUVAUEWY TTOU EVEPYOUV TTAVW
oTa owpata gival 6TTwG QaiveTal 0To OXMMA.

210 emitredo AB, eival To owpa Bapoug B, ou avaAdeTal Kata Ta yVwoTd, 0TO KABETO
oTo emitedo B, ouv w kai To rapadAAnAo rpog To emiedo B, - nu w, karn 1B T=nN
=nB, ouv w.
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21 poda, ato emiedo All, £xoupe TaAI To Bapog B, Tou avaAueTtal, avTioToixa ata B,
t
ouv w Kkal B, nua kai otn 1018 T, =§Bzouvw

(O1 TpIBEG TravTOTE AVTiBETEG TTPOG TN Kivnon) MNa va éxoupe Kivnon Ba TTpéTTel

B,ouvw

B, nuw = n B, ouvw + B, nuw + f
n

f
B, -B,nuw = (nB, + ﬁBQ)ouvw

N

B,-B, ¥ 2(nB1+%sz

ouvw
dpa
nB, +iB2
g(pr—R
B,-B,

QVTIKOBIOTOUUE TIG TIMEG

0,30-110+ % .70
EQW > 40 =1
110-70

w > 45°

Amavtnon
w = 45°
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ackKnon

‘Eva éAkuBpo, KIvoUuevo TTavw o€ TTayo, €xel id1o Bapog 700 N. Z1o éAkuBpo emifaivouv
mévte avBpwtrol (péao Bdpog o kabevag 800 N). Mola eival n avaykaia dUvaun yia va
KivnBei To €AkuBpo 100TaXWG. AiveTal ouvTeAeoTAS TPIBAS N = 0,015.

Auan
Aivovrai Znrouvral
B, =700 N F
B, =800N
n=0,015

Kivnon i1cotaxng

1. To ouvoAiké goprTio ivat:
Bo)\=BsA+5.Ba

n

B,, =700 + 5 x 800 = 4700 N

To B, TauTiCeTal o€ QuUTA TNV TIEPITITWON PE TNV KABETO BUVAUN PETAGU TWV ETTIPAVEIWV.

dpa

T=B, n
NT=4700x%0.015=70,5N

Autn gival n ¢ntoupevn duvapn F=T

Amavtnon
F=70,5N
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dokmnom 6

H tpdtreda piag TTAGvng Kiveital pe Taxutnta U = 0,3 m/s. To Bdpog Tng TpdTredas auTthg
givar 9000 N. To pé€pog TNG 1I0XUOG TNG UNXavNG TTou dIaTiBeTal yia TNV UTTEPVIKNON TwV
TpIBwvV gival 200 Kw. Méxpi TTo10 BAPOG WTTOPE va gival To TTPOG £TTeCEpyaaia eEAPTNUA.

Augn
AivovTtai ZnTouvTal
U=0,3m/s ng
B =9000 N
P =200 Kw

H tpdtreda TnG TTAAVNG KaBwg Kal n BAcn Tavw oTnv oTroia auTh oAioBaivel gival atrd xu-
T00idNPO. ZUPQwva Je Tov TTivaka 11.4a o ouvTeAEOTAG TPIRNAG 0AicBnoNng xuTooidripou
TTAVW O€ XuTooionpo ue Aitravon eivail 0,07. H dUvaun TTou evepyei KABeTa 0TO £TTITTESO
oAioBnong eival To BApog TnG TpaTTedag kail To BAPOG TOU TTPOG ETTECEPYATIA AVTIKEIUEVOU.
Anhadn

F.=(9000 + B,,) oe N. H 1piBr} oAioBnong eivai T = nF,
n
T=0,007 - (9000 + B,)
H 1ox0¢ diveTal atrd Tov TUTTO
P=F-UaMaF=T
dpa Ba éxoupue
200 =0,3 x 0,07 (9000 + B,))
n
200

B, =9000-————  dpa
0,3%0,07

B, = 9000-857,14
f
B, = 8142,86 N

Amavtnon
B£§ =8142,86 N
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ackKnon

O1 e€wTepikég duvdapelg Tou dpouv TTavw o€ va TpiREa gival 300 N. Av n dIGuETPOG Tou
oTpogéa gival 120 mm kai o ouvteAeoTg TPIRNG 0,1. Na uttoAoyIoBei:

a) H potm otpéyng Tng TpIRAG

B) H atmwAgia 1ox00g TNG TPIBAG TN OTIYMN TTOU 0 Ggovag TTEpIoTPEPETAI e 250 rpm

Auan
Aivovrai Znrouvral
F=300N M, P,
d =120 mm
n=0,1
N =250 rpm

n TeIBN eival T =n - F (oxéon 11.6.1.y)
GpaT=0,11%x300=30N

d
n potm) givar M, =T3 (oxéon 11.6.1.0)

apa M, =30-¥=1,8 Nm

H atrwAela 1I0xU0g ival

P =2mN - M, (oxéon 11.6.1.¢)

apa P, =2Tr%-1,8=23,6 W

Amavtnon

M =1,8 Nm
P =236W
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ackKion

AVEAKUOTAPAG TECOAPWY ATOPWY, £XEI YwVia TTEPIEAIENG TWV CUPPATOCXOIVWY TOU OTNV
TpoxaAia TpIRNAG @ = 160°. Me dedopévo 611 0 BaAapog éxel Bapog 3000 N, va egeTdoeTe
TNV ac@AAEIa Tou aveAKUOTHPO auToU atrd dtmmown oAicBnong Twv CUPUATOCXOIVWV.
Taxutnta aveAkuoTipa U - 0,63 m/s.

Auan
Aivovrai ZnTouvTal
Q =4 aTtoua éAeyxog oAiocBnong
B,=750N
P,=3000 N
¢ =160°

O aveAkuoTAPAG EXEl WPEAIMO QOpPTIO
Q=4 x750=3000N
Bdapog BaAduou P = 3000 N
Bdapog avTiBapou G =P + %= 4500 N
O AdyoG TwV TACEWY TWV CUPHUATOCXO0IVWY
T, _G _4x%x500 _ 1

T, 1,25Q+P 6750
Kivhon ue utrep@dpTwon 25% — =- = =
B) kivnon PPOPTWON oT2 G 2500

Etreidr n Taxutnta TOU aveAKUOTAPA gival hiIkpoTepn Twy 0,65 m/s Ba TTapouue Toug ou-
vieheateg C, = 1,1 kai C, = 1,2.

1,5

H ywvia @ = 160° = 160% rad = 2,79 rad dpa

%QCZS e omou n=0,291

2

dpa 1,5x1,1x 1,2 < e*™>°[ 1,08 < 2,25

Amavtnon

O aveAkuoripag dev oAicBaivel




194  TEXNIKH MHXANIKH - ANTOXH TQN YAIKON - AYSEIS TON ASKHZEQN

doknon 9

AUo ioeg TpoxaAieg TrepioTpEPovTal Pe TN PonBeia evog Ipdvta. O cuvteAeaTrg TPIRAG
METAEU IpavTa Kal TpoxaAiwy gival 0.4. Av n éAkouca duvapun, aTtov Igavta, gival 600 N,
va uttoAoyIoBei n eAkéuevn dUvaun oTov AGAAO KAGOO TOU INAVTa.

N ¢
7

<

S, )
' |
|
Auan
Aivovrai ZnrouvrTal
n=04 s,
s,=600N

ro=r,

1. 2Tn TEPITITWON TNG AOKAOEWG ETTEIBN Ol TPOXAAIES ival iOEg (1, =T,) N ywvia TEPIEAI-
&ne eivai 8 = 180° dpa

o=—1
180

x180=1=3,14rad

2. Att6 Tn oxéon

s ] . . .
21 =¢"™ ymrohoyiloupe Tov 6po e = e’ =" =3 51 dpa

s2
S
SZ :e—nle
600 Amavtnon

SZ :m::l.?o,?ﬁ N
: S,= 170,76 N
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2TnV TTponyouUpevn GOKNON, AV N aKTiva TwV TpoXaAlwy gival r = 20 cm Kal N ouXvoTnta
TeploTpo@ng f = 240 rpm o &€ IPAVTAG TTOU XPENOIYOTIOIEITal £X€l TTAXoG h = 2 cm, va
uttoAoyigeTe TNV TaxUTNTA TOU IWAVTA.

Auan
AivovTai ZnTouvTal
n=04 U
s,=600N
r,=r,=20cm
f=240 rpm
h=2cm

ATTO TOV TUTTO

u=2 n-f[DTJrhj EXoupE

60

2x20+2

j:w,sﬂ;asm
2 [ S

Amavtnon
U=53m/s
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Ta oToIXEia piag aTTANG IavTokivnong eival r = 0,2m R = 0,6m, ¢/ = 2m. To TAGTOG TOU
Inavta gival 80 mm kal n peta@epouevn 10xU6 gival 8 Kw. Na utroAoyioBei n taxutnTta
Tou IhavTa. ZuvteAeaTng TPIBAG INAvTa - TpoxaAiag n = 0.25 kai emTpeTOUEVN TACN YIa
METOQOPA 10XU0G oToV IhavTa 14 N/mm 1udvra.

Avon
Aivovral ZnrouvrTal
r=0,2m ]
R=0,6m
/=2m
a=8mm
P =8 Kw
n=0,25
7_=14 N/mm

ATTO TN YEWMETPIA TOU OXMNUATOG EXOUE:

180-6
w=

2

ATI0 10 Tpiywvo O,0, A £xoupe:

=02A :E A

w
W =50, 7
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“(180-9 )= 06-0,2_0.4_ 5 4pq
2 2 2

@41 1,536)° =11°32'13"

Etopévwg AUvovtag wg 1Tpog 8, Ba eival: 6 =180 - 2 x 11,536 = (156,928)° omoTE
6=2,739 rad

n

6 =156°5540"",8

YTrohoyiloupe Tov 6po e, ‘Exoupe e = g2%*27%9 = g8

ATIO Tn oxéonP =s, (1W) U, otTou s, €ival n JeyaAUTepn TWV TACEWV TOU IYAVTA.
e

Apa Ba givar s, = 14 x 80 = 1120 N, Ba £xoupe

8000 = 14><80><(1-ﬁ)U=1120><0,495><U

n
_ 8000 m
1120%0,495 s
n
U=14,43 0
S

Amavtnon
U=14,43m/s
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‘Evag avupwTikOg KOXAIag £XEI Ta £EM1G OTOIXEIA:

péon didueTpog D = 30 mm

Brua oTreipwpuaTog h = 6 mm

TPIBN peTAtU KoxAiou- TrepIKoyAiou n = 0.15. Me éva poxAoBpayiova prikoug ¢ = 0,5 m
Kal pia duvapn P =10 N, 11 @opTio uTTOPOUUE VO AVUWWOOUUE KAl TTOI0G 0 Babudg atro-
do0Nng Tou KoxAia.

Auan
Aivovrai ZnTouvrTal
D =30 mm B,n,
h=6 mm
n=0.15
P=10N
/=05m

H ywvia kKAiong Tng péong €AIKAG TOU OTTEIPWHATOS TOU KOXAIa gival

£¢6=L=L=0,06366 dpa n avaykaia duvaun F eivai
m-D 1-30
n+e@o q
1-nepd
1-nepd
n+eeo

2. H potri M, TTou e@apuoloupe gival
M,=P-£ A M, =10 x 0,5=5Nm alAa

M1:F.2 r'] 5:FM
2 2

F=_10 _33331N
0.30

’
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dpa

__10_1-0,15x0,00366 ; 5 _ 4545
0,30 0,65+0,06366

O ouvteAeoTAG aTTWAEIOG €ival

F
Toop,

F
F, = BegB = 1545,2x0,06366
n

F, 98,367

F, = 98,367 Gpa - = =0,295 1} 29,5%
F 333,34

Amavtnon

B =1545,2 N
n, = 0,295 rj 29.5%
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2€ éva QPEVO, PE EUKAPTTTN Tawvia, n SIGUETPOG Tou TUPTTAvou gival 500 mm. H duvapun
TTOU €VEPYEI OTO AKPO Tou poxAou gival 200 N kal 0 ouvTeAETTAG TPIBAG TUPTTAVOU - Tal-

viag eival 0.3. Na uttoAoyIoBei n poTrr @PeEVAPICPATOG, AV TA YEWMPETPIKA OTOIXEIO TOU
@pEVOU gival auTd TOU OXAUATOG.

Auan
Aivovrai Zntouvral
D =500 m M,
F=200N
n=0.3

1. Ta TNV I00ppoTTia KaTd 70 Ppevapiopa eival ZM; =0

S.-100 - nu 60 - F - 800 = 0
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_ 200x800

L= =1847,6N
100%0,800

, S T
.'Exoupe =B =e™® 4 S.=S_-e"™ 0=250°=250——=4,3 rad
Xouu 3 n Sg=or 180

r

dpa S, = 1847 -6 x *°***°= 18476 x 3,7 = 6.683,8 N

H porttr @pevapiopaTog ival

P
M, =(SB_SF)E n

M, =(6683,8-1847,6)0’75Nm

M, =1209 Nm

Amavtnon
M, = 1209 Nm
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AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
AZKHZH 6
AZKHZH 7
AZKHZH 8
AZKHZH 9

YAPOSTATIKH 203

KEQPAAQALO

YAPOZTATIKH
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ackmnon 1

Mia @uaoikn atpéo@aipa (at) eival 1,012 x 10° Pa. MeTpwvTag e Ta BapOueTpa AEE OTI
1 at givar (1) ion pye 760 mmHg (2) ion pe 10333 mmH,O.Na Bpeite Tig OxEoEIg PETAGU
mmHg, mmH,O kai N/m?.

Auan
Aivovrai ZnTtouvTal
1at=1,012 x 10° Pa = ol oxéoelg eTagl mmHg,
760 mmHg =10333 mmH,O mmH_,0O, Pa
1 Pa =1 N/m?

ATIO Ta 6£dopEVA TOU TTPOPRAARUATOG EXOUNE OTI

1 mm Hg = % mm H,0 = 13,6 mm H,0O

Kal
1mmHg = _160_ mm Hg = 0,0735 mm Hg
10333
Emeidn sivai
1,012xﬁ2:760 mm Hg=10333 m H,O
m
Ba éxoupe
1,012x10° N N N
1mmHg=—————=133,16—=133,16— (1 P
J 760 m? m? m? (A FR)
1,012x10° N N
1mmH,O0=—"————-=9,79 — (A P,
227710333 m? z (1R
Amavtnon

1mm Hg =13,6 mm H,0

1 mm H,0 =0,0735 mm Hg
1 mm Hg = 133,16 N/m?

1 mm H,0 = 9,19 N/m?
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ackron 2

Mia udatatroBnkn oxrfuatog TTapaAAnAeTITTéSou pe BAon 6 m x 4 m, TrEPIEXEl VEPO O€
Uwog 3 m. Mola gival n miean otn Bdon NG udATATTIOBNKNG KAl TToIa €ival n OAIKr) dUvaun
TTOU QOKEI TO TTEPIEXOUEVO VEPDO GTN BAon.

A 5
l
B.
Auan
Aivovrai ZnTouvTal
AlaoTdoeig udaTaTTobnKNG: P, F

Bdon 6 m x4 m
UWog 3 m TTEPIEXONEVOU VEPOU

MNa n TTieon npepoUVTOG UYpPoU PETAEU dUuo onueiwv A kai B 1oxUel n oxéon

P, -P,=hw

61Tou w TO €101KO BApog Tou uypou.

ATIO 10 oxfpa 15.1 BAETTOUUE OTI N HAVOUETPIKA TTieon oTo A gival pndév (n atrdéAuTn gival
1 atm). Apa n oxéon yiverar P, = hw = hgp é1mou p n TTukvoTNTa Tou UYPOU. EdW £xouue
vepo apa p = 1000 Kg/m® = 1000 Ns#m*

AVTIKOBIOTOUE TIG TIMEG KOl £XOUME

P, =3x%9,81 x 1000 = 29430 N/m?

H em@dveia Tdvw oTnv oTToia aokKeital auTr n Trieon €ival n Baon NG udartammobnkng
ommoTE A= 6 %X 4 = 24 m? dpa n duvaun Ba givai
F=A-P,

F =24 x 29430 = 706320 N

Amavtnon

P = 29,43 KN/m?
F =706,3 KN
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e €va doxeio uttapxouv duo uypd (Ta —

oTroia &ev avaplyvuovTal ouTte avTidpouv (1) A:

XNUIKA YETALU TOUG). To uypod (1) €xel €1-

O1k6 Bapog w, = 10 KN/m? kai 10 (2) w, = =

9,8 KN.m3. Moia gival n diagopd Trieong,
METAGU TwV onpeiwv A kai B. Aivovral h,
=0,7m,h,=12m, h,=2,4m.

Auan
Aivovrai
w, =10 KN/m?
w, = 9,8 KN-m?
h,=0,7m,
h,=1,2m
h,=2,4m

ZntouvTal
A

p

H Siagopd tieong petagu Tou onueiou A kal Tou onueiou I, oTn dlaxwpIoTr EMIQAVEIQ

Twv dUO0 uypwyv, €TTEIdN ival péoa oTo idIo uypod Ba ival
P.-P,=(h,—h)w,

Kal KaT avahoyia petagu B kai I Ba eival
P,-P.=(h,—h)w,

Al TTPOCOE0EWG KATA PEAN EXOUME

P,-P,=(hrh)w,+(h -h)w AP, -P=(12-07)x98+(24-12)x10=

=P,-P,=05x98+1,2-10= 16,9 KN/m?

Amavtnon
Ap = 16,9 KN/m?
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ackron 4

Moia dUvaun médel TTwua, euBadol 4 cm? TTou KAegivel yia ot} o€ Babog 1,5 m o€ éva
doxeio TTou TrepPIEXEl UYPO €101IKOU Bdpoug w = 9,65 KN/m?.

Auvon
Aivovrai ZnTouvTal
A=4cm? F
h=1,5m
w = 9,65 KN/m?

H 1rieon o€ BaBog h uypou pe €181kd Bapog w gival P = h - w kai n duvaun 1Tou aokeital F
=A-P=Ah-wdpaF=4-10%%x1,5x965% 103=5,79N

Amavtnon
F=579N




acknon
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TOU MIKpOU A

min

To euPadov Tou peydrou euPoAou evog udpaulikou TrieaTnpiou eivar A = 150 cm?Kal
=50 cm?. Av TTavw oTo pIKpS £uBolo aoknooupe kGBeTa pia duvaun F,
=25 N, méon Ba eival n duvaun F, mou Ba eppaviobei ato peydho EuoAo.

Auan
Aivovrai
A . =150 cm?
A . =950cm?
F,=25N

ZnTouvTal
F

2

20Pewva Pe TV apxn Tou Pascal n trieon mmou aokeital o1o pIkKPO €uPoAo eival n idia e

QUTHA TTOU QOKEiTal 6To peyAAo £upoAo, dpa:

Amavtnon

P2

=75N
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dokmnom 6

‘Eva KuAivopiké BapéAl €xel eppaddv Bdong 0,6 m?2kai Uwog 1 m. Av 10 BapéAi gival TEAEI-
WG YEMATO PE VEPO, TTOIO OUVANN ACKEITal OTOV TTUBUEVA TOU; AV OTN CUVEXEIQ EQAPUO-
OOUE 0TO TTAvVW PEPOG Tou BapeAiol Eva ocwArva dIaTouAG, 5 cm? Kal CUUTTANPWOOUNE
AANo éva pETpO vePO, TTola Ba eival n véa duvaun TTou Ba ackeital oTov TTUBPEva; Na
eupebouv, €TTioNng, Ta TTOCOOTA AUENONG TNG TTOOOTNTAG TOU VEPOU KOl TO AVTIOTOIXO TNG
auénong Tng duvaung TTavw oTtov TTubpéva (w = 104 N/m?).

Auan
Aivovrai Znrouvral
A=0,6m? F,, abgnon tng duvaung %
h,=1m F,, augnan tou vepou %
h,=1m
a =5 cm? replexduevo uypo: vepod
w = 10* N/m?

1. H dUvapn 1Tou aokeital otov TTUBPEva gival
F,=P,-A=w-h -A=10*x1x0,6 =6 KN

2.F,=P, -A=w(h +1)A=10*x2x 0,6 = 12 KN

3. O 6ykog Tou vePOU TTOU TTPOCTIBETAI Eival
1x5x%x10% =5 x10* m® 0 6ykog Tou vepou oTo BapéAi ivai
1x0,6=0,6m?

4. H TrooooTiaia aug¢non Tng duvaung eivai

%x 100 = 100% ka1 Tou vepou

(0,6+5%10*)-0,6
x100=0,083%

0.8 Amavtnon
F,=6 KN
F,=12KN
auénon duvaung 100%

auénon mooorntag vepou 0,083%
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acknon

‘Eva opoloyevég owpa Guyifopevo aTov aspa £xel Bapog B, = 4 N. Otav eival BuBiopévo
oTo vepod Quyidel B, = 3 N. To €181k6 Bapog Tou vepou eivar w, = 9986 N/m?. Tolo givai 1o
€10IKO BAPOG TOU CWHPATOG av n dvwon oTov aépa BewpnBei apeAnTéa.

Avon
Aivovrai ZntouvTral
B,=4N w
B,=3N

w, = 9986 N/m3

H diagopd Tou Bapoug ogeileTal oTnv Gvwor). Emouévwg 10 owpa €xel dvwon
A=4-3=1N
Auté onpaivel 0TI 0 OyKOg vepOU TTou eKTOTTICETAI £X€1 BAPOG 1 N eTTOPEVWG 0 OYKOG €ival

B=V-w,

v=2_
WU

n

V= L= 0,000100 m® =100 cm?®
9986

apa 10 €101KO BAPOG TOU CWUATOG Eival W =i=0,04 N3 =4OK—';l
100 cm m

Amavtnon
w =40 KN/m?
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acKion

‘Eva d10¢popIKO HaVOUETPO XPNCIKOTIOIEITAI yIa TN METPNON TNG SIAPOPAg TTieong METAGU
OUO0 CWANVWYV TTOU PETAaPEPOUV VEPD. To XPNOIUOTTOIOUHEVO UYPO TOU UOVOUETPOU EXEI
€101k Bdpog 1,6 N/m2 kai o1 evdeigeig Tou opyavou gival h = 30 cm kai x = 10cm. Moia n
dlapopd TTiEoNG TWV CWANVWV.

)

e Was
A

4
X i
Y B 3
Auan
Aivovrtal ZntouvTtal
w =1,6 N/m3 APAB
h=30cm
X =10 cm

1. 210 onueio (1), petpdue Tnv Trieon Tou cwAnva B, dpa: P, = P,
2. AvtioToixa oTo onpeio (5) HETPAUE TNV TTiECN OTO CWANVA A,
apa: P, =P,

3. AT16 TO OX MO £XOUUE:

P,=P,+30cm-H,0

P, = P, yiaTi gival 010 autd opif6vTio eTTiTredo Ta onueia (2) kai (3)
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P,=P,-10x1,6 cmH,O =P, -16 cm H,O emouévwg:
P,=(P,+30cmH,0)-16 cm H,O apa
P,=P,+14cmH,0O
gival, atrd 10 OXNUA,
P,=P,-20cmH,0=14cmH,0-20cmH,0
n
P,=P,-6cmH,0
dpa £XOUE:

P,-Py=Pg-P,= A" 6.cmH,0

omou kath=6cm=6 x 102 m
w = 102 x 9,81 N/m?3 10 €181k6 B&pog TOU vEPOU
ETTOPEVWIG

ApAa=6 x 102x 103x 9,81 = 588,6 N/m?

Amavtnon
4, = 588,6 N/m?
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doknom 9

Y®pauAikoG ypUAog €xel 40 cm SIAUETPO OTO PeyAAo €uBoAo kal 10 cm oTo PIKPO. Xpn-
olgoTrolgital yia Tnv avuywwaon 1o oAU 15 KN. Na uttoAoyioBei n avaykaia duvaun o1o
MIKPOG €UBOAO Kal N TTiECN TTOU ETTIKPATEI HECA OTO YPUAO.

40

\ -
ey
Auan
AivovTai ZntouvTtal
D=40cm F,P
d=10cm
F=15KkN

a. Eotw D kai d o1 didueTpol Tou pey&Aou Kal Tou JIKpoU eufdAou, avtioToixa. ETreidn ol
méaeig gival ravrou ol idleg Ba eival kai P, = P, dpa

15 _ F,

mD? md?
4 4

d 2
FA=15x(5j

QAVTIKOBIOTOUE TIG TIMEG KAI £XOUE:

2
F. =15X(¥j =937,5N
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B. H 1rieon oTo ypuAo eival Travtou n idia. Apa apkei va uttoAoyiocoupe Tn TTieon o€ €va

onueio .. TOA.

givai
F 4.F
P, =P=—A_= A
A mD?  1r-D?
4
N
=4x—152=0,011936K—[\12=119,36K—[:j
x40 cm m

Amavtnon

F,=937,5N
P = 119,36 KN/m?
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KEQAAQLO

YAPOAYNAMIKH

AZKHZH 1
AZKHZH 2
AZKHZH 3
AZKHZH 4
AZKHZH 5
AZKHZH 6
AZKHZH 7
AZKHZH 8
AZKHZH 9
AZKHZH 10
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ackmnon 1

Aegapevr) TTEPIEXEI VEPO, OTO id10 TTAVTA UYWOGS. 21O KATW PEPOG TNG BECOUEVAG, OE aTTO-
oTaon 2,5 m amo Tnv eAeUBEPN ETTIPAVEIR TOU VEPOU, UTTAPXEI KPOUVOG, e eUBadov OI-
aToung 4 cm?2. Mola givail n Tax0TNTa EKPORG Tou VEPOU Kal TTold N TTaPOXH ToU KPouvoU.

Auan
Aivovrai ZnrouvTal
h=25m U, Q
A=4cm?

1) Katd 1o Bewpnua tou Torricelli n Tax0uTnTa €Kpong givai

u= l29h

dpa

U= \/2x9,8%2,5 = /49,05 :7,02

2) H mapoxn divetal amrd Tn oxéon
Q=U-Adpa

Q=7x4x10%=28 x 10* m’/s

A

Q = 2800 cm?/s

Amavtnon

u=7,0m/s
Q =2800cm’/s
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ackron 2

Kpouvég pe diatou A = 15 cm? yepiCel pia KUKAIKR udatatroBnikn, dlauétpou d = 2 m
Kal w@éAIgou Uwoug h =3 m oet =4 h42'54". T1oon eival n Tapox Q Tou Kpouvou Kal
TOoN N TaXUTATA EKPONG TOU VEPOU aTTO TOV KPOUVO.

Auan
AivovTai ZnrouvrTal
A=15cm? Q,u
d=2m
h=3m
t = 4h 42' 54"

1) O 6ykog V 1ng udaTaTroBAKNG civat:

2
V='IT d h
4

mx2°

V=

x3=9,43m’

2) O xpodvog ekpong ivat:

t=4h4254" =4+ 224 2% _4 7151
60 3600

3) H mapoxn divetal atmd Tn oxéon
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4) H taxutnta ekpong divetal atrd Tn oxéon

u=2
A
-4
U:%:o,wm
15x10 S
u=0,37 m/s

Amavtnon

Q=2mdh
u=0,37m/
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aokron 3

‘Evag owAivag €xel eupadov diatoung 120 cm?. ATro Tov owAfva péel vepd pe Taxutnta

U =4 Km/h. Néco 6yko vepou Ba dwaoel 0 CWAAVAG OE pia NEPQ;

Auan
Aivovrai Znrouvral
A =120 cm? Vv
u=4Km/h
t=24h

MNa v mapoxh Q Tou CWARVa €XOUUE TIG OXEOEIG:
Q= ! Kai
t
Q=A-v
otTou: V: 0 OyKog TTou dIEpxETal aTTd TOV CWARvVa
t: 0 xpovog 1mou diépxeTal 0 dykog V atmd 10 CwAAva
A: n diatour Tou cWARVa

U: N TaxutnTa pong oTov cWANva

ATIO TIG dUO OXETEIG EXOUUE:

X:A-U
t

A

V=A-u-t

QVTIKOBIOTOUNE TIG TIMEG:

V = (120 x 10) x (4 x 10°%) x 24 = 1152 m®

Amavtnon
V = 1152m°
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ackron 4

2€ £va KOPBOo aywywyv, OTTwG @aiveTal 0To OXNKa KIVEITaI Uypd. ZTNV €i0080 Tou KOUBOoU
otn 6¢on A n diapeTpog eivar d, = 450 mm, otn 6£on B eival d; = 300 mm. 210 B yiveTal
d1akAadwaon ae duo okEAn. O1 diapetpol givar d- = 150 mm kai d,= 225 mm. MeTpriBnkav
ol TaxUTNTEG TOU UypoU aTig BEoeig A kal A kai eupeBnoav U, = 1.8 m/s kai U, = 3,6 m/s.
Na uttoAoyioBouv

a) O1 TTapoxég oTig Béoeig I kal A

B) O1 TaxuTtnTeg OTIG B€Telg B kai 0

AivovTai ZnTouvTal

d, =450 mm Q. Q. U, U,
d; =300 mm

d- =150 mm

d, =225 mm

u,=1.8m/s

U,=3,6m/s

1. Hapxn g ouvéxelog pag divel:
A,-U,=A; - U, 6mou AA kal AB T1a epBadd Twyv diatopwy atn B€on A kai otn B¢on B.
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2
A, =#=0,159 m?
givai:
2
A, =103 0 07 m?
4
Apa eivai:

0,159 x 1,8 = 0,07 U,

_0,159x1,8

i =4,00"
0,07 s

2. H mmapoxn
Q,=Q,=A,-U,n1Q,=Q,=4,09 x0,07 = 0,286 m¥s

3. O1 diatopég oTig Béoeig I kal A, givar:

2
p, =01 g 0177
4 s
2
A, =1X0225 _ 5397™M
S

4. H 1Tapoyxn otn 8éon A, civai:
Q,=A,-U,nQ,=0,0397 x 3,6 =0,143 m%/s

5. H mapoxn otn 6éon T, €ivai:
Qr = QB - QA
3 3

1Q, =0286-0,143 T =0,143 T
S S

6. H taxutnTa otn 6éon I Ba civai

Amavtnon
avTIKaBIOTOUUE
Q, =0,143 m’ls
_ 0143 =8,ogm Q,=0,143 m’ls
0,0177 s
U, =4.09 m/s

U,=8,08 m/s

Ur
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acknon

Opilovrioc owAnvag dicupuveral ouaAd amméd uia dIaueTpo 75mm o 150mm kard O1eu-
Buvan pong Tou vepou. Av n pon éxel rapox Q=85%10°cm?/s, ro uavouerpo arn diaroun
pe diauetpo Ta 75mm oeixvel p1=200Kp,. Noia Ba givar n £vOeién ToU UaVOUETPOU OTh
oiaroun e o1aueTpo ta 150mm

or——

St

75 mm 150 imm
Auan
Aivovrai ZnTouvTal
d, =75 mm p,
d, =150 mm
Q =85 x 10° cm?/s
p, =200 Kp,

OowAnNvag opiovTIog

1. H taxdtnTa porg Tou vepoU aTn Trepioxn NG dlaueTpou d, = 75 mm eivai:
=_Q
Tomed?
4

0,085%4 _.o ., m

wx(0,075)"

2. H taxutnTa pong otn meploxn Tng diapétpou d, = 150 mm Ba civai:
_Q
27 7.2
4
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U. = 0,085><42=4’ m

mx(0,15) S

P Uiop Uy
P 2 p 2

3. E@apuodoupe Tnv egiowaon Tou Bernoulli peTagu twv 800 diatopwy Twv SIaPETPWY d,
Kal d, (€1€10r) 0 owARvag gival opIfOVTIOG N SUVAUIKI EVEPYEIQ TTAPAAEITTIETAI YIQTI €ival N
idla kal oTig OU0 OIATOUEG).

‘ExOupE:

P Ui p,  Up

P2 p 2

yla 10 vePO Traipvoupe Tnv TTukvotnta p = 1000 kg/m?
dpa

2
2x10° 19,24 _ p, _ (4,81)

1000 2 1000 2

AUvoupe wg TTPog p,

_119,247-4,81> 2x10°
P, = +
2 1000

}QOOO

p, =373520,75N/m?* =373,5KP,

Amavtnon
P,=373,5KP,
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ackron 6 = -’j

L ] A 150 mm

Edv o owArfvag Tou Trponyoupevou TTPoRARUATOG Eival
KATAKOPUYOG, ME TN DIATOMN PE TN MIKPN DIAUETPO TTPOG
Ta KATW Kal TN por] Tou vepou TTPOG Ta TTévw, TTola Ba
gival n évdeign Tou pavéueTpou oTn B€on (2) av n ammo- 6m
oTaon Twv dUO dIATOPWY Eival 6 m.

| ' 75 mm

Auan
AivovTai ZntouvrTal
d,=75mm P,
d, =150 mm
Q =85x10%cm?s
p, =200 KP,
OWAVag KAtakopupog z, = 0
h=6m

1. A6 10 TTpONyoUEVO TTPORANUO EXOUME:
U, =19,24 m/s

d, =75 mm atn diatoun pe

Kal

U,=4,81m/s

d, = 150 mm otn diatoun pe

2. Eo@apudloupe, aAI, TnVv eiowon Tou Bernoulli petagu Twv idiwv diatopwy, aAAG
TWPA £XOUUE BIAYOPO TNV KIVNTIKA eVEPyEIa OTIG dlaTopég auTég. Eival z, = 0 kal z, =6 m.

OT1roTe givail:
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2x10° 19,24* _ p, 487
+ = + +
1000 2 1000 2

9,81x6
dpa

P2 :(Muoo-g,sn ejlooo
n

b, = 314660,75 -\ = 314,6 KPa
m

Amavtnon
P,=314,6 KP,
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ackron d

ATTO midaka dlauETpoU 25 mm @eUyel OEOUN VEPOU ME
Taxutnta 12 m/s mpog 1a Tadvw. Na uttoAoyioBei n didiue-
TPOG TNG 6€0UNG TOU VEPOU O€ UWOG 4,5 m TTAvVW aTro ToV
midaka. (O1 atmrwAeleg va BewpnBouv apeAnTEEG).

45m

@_. ._‘E_Z«]

Auan
Aivovrai ZnTouvTal
d, =25mm d,
U=12m/s
z,=4.5m

Oa epapuodooupe TNV e¢iowan Tou Bernoulli petagu Twv diatouwv (1) kai (2).
MapaTtnpouue

a) yia Tn QUVAIKN EVEPYEIQ

z,-z,=4,5m

B) p, =p,=1atm
Etropévwg £xoupe:

Y-y, =z,-7
zg 2 1

apa

122-U% _
2x9,81

4,5
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U, =122-2x9,81x4,5=./55,71=7,46 "
S

ATIO TNV apXr) TNG OUVEXEIOG, EXOUHE:

A, - U, =A,- U, aNa

_Tx0,025

A, =0,00049m?

Kal €XOUE TIG TaXUuTNTEG U, Kal U, OTIoTE:

_AU,

A
2 u,

_0,0049x12

, =0,000789m?
7,46

aAAG
m-d

A. =
24

A

4A, [4x0,000789
d=\/ nz =\/ = =+/0,001

oTToOTE

d=0,03169 m = 32 mm

Amavtnon
d=32mm
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‘Evag petpntng Bevioupr €xel diaueTpo €106dou 150 mm kai didueTpo Aaigou 75 mm.
Mola n €vdeiEn Tou opydvou, o€ M, YETAEU TNG €10600U Kal Tou Aaigou, av n ToodTnTa
Tou vepoU TTou dIépXeTal dla Tou opydvou gival Q = 0,04 mé/s.

Auan
AivovTtai ZnTouvTal
d, =150 mm h
d,=75mm
Q =0,04 md¥/s

™
1. EpBadov diatoung ioodou A, =Zx0,152= 0,0177 m?

£UBOBOV BIaTopAC AaitoU A, =%xo,0752 =0,004417 m?

2. TaxuTtnTa pong otnv €icodo
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3.’E0Tw p, n Triean oTnv €icodo Kkai p, n TTiean oTo Aaipo. H egicwon tou Bernoulli peTagu
€10000U Kal Aaigou ypdeeTal:

P, 2.26° _p, 9,06
P2 p 2

P,-P, _ 9,06’ -2,26
p 2

dpa

hePiP2 _ 9,06°-2,26° _

3,9m
p-dg 29

Amavtnon
h=39m
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aoknomn 9

Na utroloyioeTe Tn TITWON TTieong PETAEU dUO anueiwy TTou Bpiokovtal o€ éva €uBU-
YPOUHMO OwAAva, o€ améoTacn PeTagu Toug 800 m. O cwAnvag €xel diaueTpo 150 mm
Kal n Trapoxr Tou givai 0, 0125 m?¥/s .
AidovTal ouvTteAeoTAG aTmwAeiwy ¢ = 0,21 N/m

TTUKVOTNTa vEPOU p = 1000 kg/m?

Auan
Aivovrai ZnTouvTal
/=800 p Ap
d =150 mm
Q =0,0125 m¥/s
(=0,21 N/m

p = 1000 kg/m?

1.To guPadov TNG dIATOPNG TOU CWAAVA gival:
m
A= ZXO’152= 0,0177 m?

2. HTtaxutnta poAg Tou vepoU oTov CWARva eival

:9 r']
A
u=00125_0om
0,0177 S

3. ATTwAgieg Aoyw TpIPNAS
2
h =CU—£
29

Kal

Ap=p-g-h
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U? U?
Ap=p-g-<2—gf=§-r>7€
onAadn
dpa

2
Ap=o,21><1000><0’7207 N

x800=41987,3—
m

Amavtnon
Ap = 41,98 KP,
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Na uTToAOYioETE TNV TTPAYMATIKI TTAPOXH TN TTPAYUATIKA TaxUTNTa EKPONRG KAl Th TTpay-
MaTIKh SIGUETPO TNG GAERAG vEPOU TTOU €KPEEl, aTTO pia o1 diapéTpou d = 40 mm TTOU
gival oTn TTAUpd UBATTOBNKNG N oTToia £XEl, aTaBepd, UWOG vepou 6 m.

Aidovtal ouvteAeaTng peiwaong Taxutntag C = 0,98 kal ouvTteAeaTng auaToAng C_ = 0,66.

Auan
Aivovrai ZntouvTal
d =40 mm Q.U d.
C,=0,98
C.=0,66
h=6m
1. H BewpnTikr TaxUTNTa €KPONG gival katd 1o Bewpnua Toricelli

U, =y2-g-h &pa

U, =/2%9,81x6 =10,85%

ETTopévwg n TTpayuaTikr) TaxuTnTa kporg Ba givai
U =cC,-U,=0,98 x10,85 = 10,6 m/s

2. H BewpnrikA diatopun TG déoung gival n diatopr) TNG OTTAG EKPONG

_ T7-d? =1T><O,O42
4

A, =0,00127m?

dpa n Tpayuatikh dilatouA TG déoung Ba ivai
A =C_-A,=0,66x0,00127 = 0.00084 m?
Apa n TTpayuaTikh Tapoxn Ba givai

Q.,=U_-A =10,6 x0,00084 =0,00888 m*/s
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3. H mrpaypaTiki dIGUETPOG TNG GAEBAG Ba TTpokUWEl aTTd Tn TTPAYMATIKN dlaTouR TNG
givai

2
m

A1T=Tr-d
4

A

=0,0327m

q =\/4An _/4x0.00084
N ™ ™

Amavtnon
Q, =0,00888 m?s
U _=10,6 m/s
d_=32,7mm
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