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. Yypo o f. Yyod mow V. Yvod mou
LOODDOITLNL HAVELTOL UE TEDLOTOEQETILL
ETLTAYUVOT)

Pevotd oe 1coppomic. — Oyl oyetikn| kivnomn tov evog Lopiov Tov pevoTol ¢ TPog KATO10 dALO
— Awotuntikn taon (1) =0 - AF,=0 — povo AF, # 0 (kdBetn dvvaun)
— Tayvmra owdtunone dov(y) / dy =0

AlMNe-MnA Mnxavikj PeuoTtwv 2



0000
AVVAUELS GE EMITEOT EMPAVELD, UEGO GE PEVGTO i
: [
eAeVBEQY emupaveLa p=0 0
o a X
h
F
nabem
oW
ETLPAVELOC
TGOy
ETUPAVELOS

AEVIDO
Pdapovc
EMUPAVELXC

AMNO-MMA

Mnxavik PeuoTwv




Soelhen Crdovea B0

AVVAUELS GE ETITEON
EMPAVELD LEGA GE PEVGTO

e H otoyeiowong dvovaun dF oe po otorgeiwon emedvein dA :  dF =p - dA
¢ H ocvvoiu| dvvaun tov vypov tpokvmtel and v dBpowon : F= L p-dA (1)

e Av otV eAedBepn emedvela TOV PELGTOV Elval po =0 T0T€ p=v-h =7 -y sina (2)

1
1,2 F: - i , _:_ F: ._.A. ‘
{(D,(2)} Y - sina y y }:> ysma:>

: F — ’y : h : A : F = pKB * A
F = Avvoun mov aokel pevato oe emipavero fobiouévn o’ oto.
Dip = Ilicon oro kévipo Papoug tnes empdveiog (X, )

|(*) H 60vaun oev €0 ptdTon 0o TOV TPOGAVOITOAGUO TNG ETLPAVELOS (OEV VITAPYEL M ycovia)|
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ekw(gv‘fm Cndovea  B=0 /
J 1 y R

AVVAUELS GE ETITEON
EMPAVELN HEGU GE PEVOTO

e [ va vwoloyicovue To 6MNUEl0 OV AGKETAL 1] OVVOLN OPKEL VO EQAPLOGOLUE TO BedpNULL TOV
pom®Vv: «H porn ¢ ocvovierousvns o0vouns eivor ion ue 1o alpoiouo twv pormy TV GOVIGTW GV

e 'Eocto 0t M dOvoun ackeitol 6to onpeio ¢y (Xp , Yp ) , TOTE :

Y sina jyz -dA

yp' F= Ly-dA =1y - sina ;[yz-dA = Yp= AF =
_ysind [y*-dd  [y-dA
A

- j/-?-A-S}'xfa - v-A 1

= Yp

Pomn adpaveiog = Eupadov x (amdctoon)? , Snhadf Ix= I Y -d4 (2)
A
I _ _ T+A-§ ~ 1
D2} =yp=—2 , el +A ¥V = yp= —— =|lyp=y + ——
HOXO RIS Ay Y =0T WY TS
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SCxlBey Cndavena

AVVAUELS OE EMITEON
EMPAVELU UECU, OE
PEVOTO

Ix = Pomn adpaveloc oc mpog dEova X

1 = Pomy adpdvetog ¢ mpog K.P. empavelac

(*) To x.B. (X,y) kot ot porég adpaverac 1 0a divovron (Iapdaptnue fiiiov)

e To kévrpo micong (cp) eivar yopunrotepo omwod to K.p.
e Oco Baditepa civar n em@avera T060 GVYKAIVOVY TA ¢, KOL TO K.[.
e Toc, oev e€apTdTor amd T Yovio a Kot To £101K0 fapog 7y
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ONOMA ZXEAIO EMBAAO  POIIH KENTPO
AAPANEIAZ BAPOYZ
A = bh? -_h
Opboydvio A h n bh Ix—F Y 3
f-- —h
. = h " = bh’
Tolyovo y = bh/2 T
- 2 T J'|:D.4
Kuxhog y=r aD-/4 L=
64
_ 3
‘EMewym  y=b mab I= natb L h
4 y
3 D
Kvhwvdpog -1 D - aDh+nD*2 nD%h/4 y=h/2
- Y h
y -
o
Zgaloa ) 3 aD? aDY6 ¥ =D/2
Kovog A7 " x(2+rVrI+h2) aD?h/12 ¥ =h/4
— A
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AVVOUN PEVOTOV 6€ EPPURTIGUEVO GO, eecs
it
fe=Foe P=Povepysind o o dpfféfé‘iion

Pressure prism

\\Kmﬂ volume V
P=Py+ pgh \\

N

Plane surface
Centroid

Center of pressure
Plane surface

of area A V=JdV=deA=FR

H ovvaun Fi mov evepyel oe emimeon enpaveLln TEAEIMC
BuOicuévn ce opoyevéC pevotod givon iom UE

FR=PCP*A
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Kévtpo mieong

Line of action
YA
0

Center of

ressure :
P Centroid

of area

AMNO-MMA

Line of action of resultant force
Fr=P:A does not pass through
the centroid of the surface. In
general, it lies underneath where
the pressure is higher.

Vertical location of Center of
Pressure is determined by
equation the moment of the
resultant force to the moment of
the distributed pressure force.

1

xx,C

v.A
L c IS tabulated for simple
geometries.

yp:yC_I_
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» XTATIKH POITH pag emodveiag epPadov A mepi tov dEova tmv y:

j xdA
A

» KENTPOBAPIKOXZ AZONAZX : évag moapdAiniog dEovag
x=k= 2XC nepi tov onoio n POITH EINAI MHAEN

[ (x—k)dA= | xdA~kA=0=> [ xdA=kA=>|x=

1
4 4 4 4

| xdA
A

O A&oveg Xoupetpiog elvor kot kevipoPapikoi dEoveg
(Ywoti  pomt] YOp® am’ avTtovg elvan iom pe unoev (= 0)

» KENTPO BAPOYZ: To onueio Toung Tov KeVIpoapikdv aovmv.

» H ortoatikn ponn mepi onolovdnmote aova d1EpyOUEVO Od TO KEVTPO

Bépovc =0 .

AlMNe-MnA Mnxavikj PeuoTtwv
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Kévtpo Bapovg yvwoto : Xtatikr) Ponr =

(A: eupadd emeaveiac, £ : oandctoon ond K.B.)

2tatikn Ponn) evog 6ykov V mepl Eva eninedo yz

Andotoomn Tov K.B. Tov dyKov and 10 eninedo

jsz — 24 -

X=—

]
”

|

xdV

Kévtpo Malag (M:olun udlo, dm: otoryeio palog)

X :ﬁjxdm

M

AlMNe-MnA Mnxavikj PeuoTtwv

11



POIIEX AAPANEIAX EIII®PANEIAX

1) Pom adpdvetog pag emedvelog nepi Tov aZova y (Tévta OeTikn)

2
= I x“dA
A
2) Me petagopd oe mapdAinio dEova depydpevo omd to KEVIpo PApovg Tng
EMUPAVELOG
=j(x—f)2dA=(jx2dA)—(2xjdi)+xzjdA
A A A A

I,-2xxA+%"4

=, =1, -X"A|=|I, =1 +x"4

Pou phven empieny = Porh obpdveospt | B et
25k OROOUMAPOT OV — supybyevon ond w KB, | (Aniowen o2

3) T'wopevo adpdvelog empaveng (Betikd 1 apwvnticd)

= J'xydA
A
= [+ x)(F+))dd = A+ | ¥y'dA+ %[ y'da+ [ x'dd =
4 4 4 Y

[, =xyA+1,

AlMNe-MnA Mnxavikj PeuoTtwv
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2Uvoyn TwWV €CICWOEWYV TOU TTAAICIOU | 2°

Purpose of the Equation Equation Variables
Predict the magnitude of F, = pA (3.28) F, = pressure force (N)
the hydrostatic force p = gage pressure evaluated at the depth of the centroid (Pa)

A = surface area of the plate (m?)

Calculate the location of the I (¥ — ¥) = slant distance from the centroid to the CP (m)
center of pressure (CP) Yo =V~ yA (3.33) I = area moment of inertia of the panel about its centroidal
axis (m* for formulas, see Fig. A.1 in the appendix)
y = slant distance from the centroid to the liquid surface (m)
| This ﬁgure defines variables (y,,—¥) = slant distance between CP and centroid
(this distance) . I

ik

D = gage pressure F \
at the centroid—\ PN *— 7 = slant distance
7 between centroid

and surface

AlMNe-MnA Mnxavikj PeuoTtwv 13



[lagaoerypa 2.6

Na foeBel ) dvvaun zal To ®EVIQO TEONS TOU UOKETUL OF RURMRY| TTOOT, WRT(-
vag R, mov Poloxetal otov mubugvo deEanevi)c, YeRdmg vypol eldmol dooug v

oL Uyoug hr.

-

Avoy

Emewd 0 mleon eival otabepij og oha o onuela Tov mubuéva, Ba €yovue yio to

HETOO TS ddvaung

F=pA=vyhaR?

Axnoun, To onuelo epaporoyng TS dUvaung eival To %Evtpo PApoug Tov ®iKAOU
YL AOYOUS OUMIETOIOS, ETTELON OL OTOLeLOELS duvdnelg oe ndBe otoryeLnon emt-

@avela elval (0eC HETUED TOVE.

AMNO-MMA

Mnxavik PeuoTwv

14



Hopadsrypa

Noa Bpedel n dvvaun (OnAadn to HETPO Kol TO GNUEID EQAPLOYNS TNG) KOL TO KEVTIPO TECTC TOV
ackeitan og opfoywvia eninedn empdveln, TUNU TS omoiog PpiokeTon péca 6e VYPO E101KOV
Bapovg y.

Awctacelg opfoywviov (h, a ), k.p. opboywviov (%’%)
2

F=vy-h -A=V'§ -h-a=v-a-h7 (uétpo dHvapmg)

AlMNe-MnA Mnxavikj PeuoTtwv
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Mapdadeiypa. YOPOOTATIKK TTiIEON O& KAAOUTTI ooo

EXAMPLE 3.7 —

Hydrostatic Force Due to Concrete Apply the panel equation (3.28).
Problem Statement Solution
Determine the force acting on one side of a concrete form 1. Panel equation:

2.44 m high and 1.22 m wide (8 ft by 4 ft) that is used for
pouring a basement wall. The specific weight of concrete is
23.6 kN/m? (150 Ibf/ft?). 2. Term-by-term analysis:

» p = pressure at depth of the centroid
ﬁ = ('Yconcrete)(zcentroid) =(23.6 kN/ m3)(244/ 2 m)

F=pA

Define the Situation

Concrete in a liquid state acts on a vertical surface.

The vertical wall is 2.44 m high and 1.22 m wide = 28.79 kPa
Assumptions: Freshly poured concrete can be represented as « A = area of panel
a liquid. A = (244m)(1.22 m) = 2.977 m*

ies: - 3
Properties: Concrete: y = 23.6 kN/m 3. Resultant force:

State the Goal F = pA = (28.79 kPa)(2.977 m®) = |85.7 kN
Find the resultant force (kN) acting on the wall.

AlMNe-MnA Mnxavikj PeuoTtwv 17



Y OPOoTUTIKES OVVAUELS
GE EMIMEOES EMPAVELES

v ] e
e - 5 » On a plane surface, the
| S hydrostatic forces form a system
e = of parallel forces
I
| T
h | = » For many applications, magnitude
L and location of application, which
| L is called center of pressure, must
L . be determined.
I
\ » Atmospheric pressure P, can be
Pam + pgh pgh neglected when it acts on both
(a) P, considered (D) P, subtracted sides of the surface.

AlMNe-MnA Mnxavikj PeuoTtwv 18



[lopaoeryna 2.9

H nopug nuxhinot mapaBipov axtivag R=1 m pfoloretal og fdbog 5 m amo v
emupdveLa vepou mou neepel. Na poebel ) dOtvapn mov aoreltal oto mapdupo,
®aBig now To wévipo mieong. Aiverar y=9810 N/m?.

Avay
To #évtpo Pdpove Tov rurhxrol mapabipon PEIORETUL OTO REVIOO TOU HURAOU.
"Etoun natarnopugn andotaoy) tov %Evipou fdooug tov mapabipou amrd Ty erev-
Beon emupdvera tow vepol elvat: y=h=5+1=6 m. H divan) dtvetot amd Ty eEl-
Cwon

F=vhA=9810x6xnxR2= 18482 kN

H pom| adodverag g vurhinic emepdvelag foloretal amd 1o mapdomyua 1
fz%, "Erou to névrpo mieomg Poltoretal mc:
=
W=y =6+ —2 = 6,083m
Ay tR%*% 6

[ Aoyoug ovppetolag, to X PolORETEL OTOV RUTUROQUEPO GEoVa OV TEQVH
0 » PO

ITO TO ®EVTOO TOV HUKAOU.

ANO-MMNA Mnxavikj PeuoTtwv
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Mapadeiypa. AUvapun yia To avolypa pioag EAAEITTTIKAG TTOPTAG

AMNO-MMA

EXAMPLE 3.8

Force to Open an Elliptical Gate

Problem Statement

An elliptical gate covers the end of a pipe 4 m in diameter. If
the gate is hinged at the top, what normal force F is required
to open the gate when water is 8 m deep above the top of the
pipe and the pipe is open to the atmosphere on the other side?
Neglect the weight of the gate.

Water
8m

J Hinge
D) m?\ ; T
F \( / tmospheric 4, giameter
pressure l
— |

Define the Situation
Water pressure is acting on an elliptical gate.
Properties: Water (10°C): Table A.5, y = 9810 N/m?

Assumptions:
1. Neglect the weight of the gate.

2. Neglect friction between the bottom on the gate and the
pipe wall.

State the Goal
F(N) e= force needed to open gate

Generate Ideas and Make a Plan
1. Calculate resultant hydrostatic force using F = pA.

2. Find the location of the center of pressure using
Eq. (3.33).

3. Draw an FBD of the gate.

4. Apply moment equilibrium about the hinge.

Take Action (Execute the Plan)
1. Hydrostatic (resultant) force:
o p = pressure at depth of the centroid
ﬁ = ('Ywater)(zcentroid) = (9810 N/mB)(IO m) = 98.1kPa

o A = area of elliptical panel (using Fig. A.1 to find
formula)

A = mab
w(2.5m)(2 m) = 15.71 m*

» Calculate resultant force:

F, = pA = (98.1 kPa)(15.71 m®) = [1.54 MN
2. Center of pressure:

o y = 12.5m, where y is the slant distance from the
water surface to the centroid

« Area moment of inertia I of an elliptical panel using
a formula from Fig. A.1:
wa’b  w(2.5 m)*(2 m)

j: =
4 4

= 24.54 m*

« Finding center of pressure:

I 25.54 m* 0.125
— =—=—7=(). m
Yo 7Y T 34 T (125 m)(15.71 m?)

3. FBD of the gate:

4. Moment equilibrium:
Z Mhinge =0
1.541 X 10°N X 2.625m — F X 5m = 0

F = (809 kN|

20



IpoPinpa (eCetaocemv) oes

Avo@epOUEVOlL GTO OYNUO. TOL aKoAoLOel mowa Tun mAdTOLG Elval
avaykaio yio vo tpo@uAdéel Tov opBoydvio KTiotd 10iY0 and oAicOnon
av 0 cuvteheotng TPIPNG eivon 0,4; Amodeilte Ot 0 TOlYOC ElvOl LGPAANC
EvavTt avatpomng. (pavopevo Bapog tolyov=2,4 t/m?, p,.,,,=1000 kg/m?,
oNUEI®ON: TO VEPD OEV EIGYMPEL KAT® Amd TOV TO1Y0)

TTAQTOG ;

AlMNe-MnA Mnxavikj PeuoTtwv 21



AUon

r\"‘ &‘Wg\ﬂ;o i-\-:\bc) B >V.y= ((qb).z'q (gqfeq "IA\'Z(N)
F:{C A= 1 +A) %) . (L'l-!) -1 %;«Qto“w?ym

‘V’\‘)(a
(\‘9\ Ve ‘-\4" 0\\6&“:\"\'\ 0 —W:TO’ 9»0\ ryeéne—\ LFX"O ’)
_Fe0=

04 -(14b)-24 -F2r=0 =

~[E=5.350 ]

rto\ v Q\vw\ a&{u}% ewwu owameonq;. &v\ r\Cen(—\
SirraGes

MB&(w) P Hﬂf.w{w‘ = <M °$,3Y)'(2,‘f f}y > F2 - l}é =
Bams

%f P 2’8? e (62(‘291
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2ToTIKN TOV Pevot@V 414

O voatoppdytg I £xel Hyog 40 m Ko GuyKpatet TO . e ¥ w
vepo pog woAd peydAng Adpvng. ~ Q4 S

O voatoppdytng I £xel Dyog S0 m kot cuykpatel T0
VvEPO HOG TOAD kPN g Apvng.
[Tolog amd Tovg dV0 TPEMEL VAL, EYEL KATOCKEVOGTEL £TGL
dOTE VO TOPOVCIALEL LEYAADTEPT] OVTOYN:

1) o voéatogpdyng I,

2) o voatoppdytng 11,

3) ka1 o1 3o TPEMEL va, EYouv TNV 1o ovToyn.

ANO-MMNA Mnxavikj PeuoTtwv 23



YOpooTUTIKES OVVAUELS GE KOUTVAES eo0o

EMPAVELEG b

LU

/ Horizontal projection \

of the curved surface \

V |
R 1

i -W: X

| Vertical projection
of the curved surface

=

Curved
surface

Free-body diagram
of the enclosed
liquid block

[ToAvmAokoc 0 vroroyiopdg g Fy 010t amattel Tnv oAokApwon TV duvapeny Ttieong Tov aArlalovv
dtevBiveelg Katd UNKog NG KAUTOANG ETUPAVELNG

H mo edkoAn mpocéyyion: avaivon ce opilovtio Katl kafetn cvvictwoeg Fyy kou Fy, avtictoya.

Métpo g dovaung Fr=(F,+F,?)"? T'ovia epappoyng g dvvaung a = tan'(F/Fy)

AlMNe-MnA Mnxavikj PeuoTtwv 24



AVVOIUELS 6E KOUTVUAES EMLPAVELES

———————

1. OpuOvVTIO GUVIGTOGA OVVIUEMS 6E KOUTUAN ETLOAVEL,

b 4

Ortav o1 ctotryeimdeig ovvauelg p dA petafdriiovv 61evBvveon, OO OTNV TEPITTOOT KOAUTOANG
EMLPAVELNG, TOTE TPOCTIOEVTOL VUG LLOTIKA.

Métpo Avvaung :
H opildvtia dOvaun mov ackeitonr 6€ 0mOIOONTOTE KOAUTOAN EMPAVELD Eival iom e TN SVVaUN
OV AOKEITAL GTNV KATOKOPLPT TPOPOAT| TNG EMPAVELNG

F,= jpdi — Ip(cosﬂdA) =p - A
A A
Omov cos@-dA etvon 1 KaTakOpLET TPOPOATN TNG ETPAVELOG

Xnueio e@apuoyng : To k€vipo mieong (amodetkvueTan OmmE Kot Yol ETITEIN EMPAVELD,
cuviotopévn ponr =0 )

AlMNe-MnA Mnxavikj PeuoTtwv 25



AVVOIUELS 6E KOUTVUAES EMLPAVELES

2. Koatakopu@n cuvieTMOGO OVVAUEMS GE KOUTOUAN ETLOAVELY
Fy:ijé‘A :>Fy=jpc0s0-5A (1)
A A

p=v-h (2)
cosf - 0A = mpoPoAn Tov SA o10 oplovTIo eminedo  (3)

(1,2, 3)} = Fy=y " [h-cos0-dd = Fy=y - [dV = [Fy=y V| Sl —
A v i —

Métpo Avvapng:

H xatakdpoen cuvictdo T 0OOVOUNG TECEMS GE 0L KAUTOAN ETLPAVELD 1GOVTAL LLE TO
Bdpoc Tov vYpPo TOL TEPLEXETOL KATAKOPLPA, LETAED TN KOUTUANG EMLPAVELNG KOL TNG
erebBepnC emEAvVELOC.

———————

Inueio E@appoyng : To kévipo Bapovc Tov dykov
Pomn cuvictapévng 6Ovaung = d0potcpa pomtmdv GToEImd®OV KATAKOPLP®OV SUVALE®V =

F-i=y~jde:>y~V-i=y-jde:> iz%j‘de
V V Vv

7oL €ival 1 ATOGTACT) TOV YEMUETPIKOV KEVIPOL TOL OYKoL amd 10 O.

b 4

Allog Tpomog :

Emeom eivon iom pe to fapog Tov vepkeipevou peuotov (apov 1 empavelo 1coppomnet) o
dEpyeTal Kot omd TNV 1010 KATaKOpLEO oL d1EPYETOL TO BApog dnAadn amd 1o K.f. Tov
OyKOv.

AlMNe-MnA Mnxavikj PeuoTtwv 26



[lopaoerypa 2.13

Y 0utogodxTng 0To ®ATm HEQOC TOU €Y EL OO RAWTUAY Tov eival To 1/4 nuhiv-
doung emgpavelag axtivag R=4 m xnat pijxog a=5 m. Na vrohoyioBel 1 Otvaun
mov aoxeal otov vdatogedxt. Alvetan y=9810 N/m?, h=1 m. To %évipo
Pdoovg Tou TETAETOV TOL ®UXAOU POIOXRETCL OTNYV XTIV TTOV OYNUaTICEL yovic 45°

nat aréyel amd Tov dEova AA améotaon 48

3
or

X
< A

h

- r

R

F, E
N ~__| A D paedlC
.-Tp FJ‘

ANO-MMA MnXGV|K|| reuuviwyv A 27



[logaoerypa 2.13

Y O0uTomoartg 010 ®ATM HEQOC TOU EYEL OO ROUTUAY oL Eival To 1/4 nukiv-
Oowc emupdverlag axtivag R=4 m »at mjroc a=5 m. Na vmoroyioBel 1) Ovvoun
mov aoxetal otov vdatogodxt). Alvetar y=9810 N/m?, h=1 m. To =évioo
pdooug Tou TETAOTOU TOV ®URAOU POIORETHL OTNV CXT(VA TOV OyuaTiCel yovia 45°

noL aITEYEL ot Tov dEova AA améotaoy 4R
3

Avoy

H ooiCovria dtvap F, Ba etvar vy dtvapn omv wataxéougn mpofok mg emgd-

vewac. To »évipo Pdpovg e ratardpugne mpofoing g emgpave g Poloretal
oe fabog h=h+R/2=1m+2m=3 m, a0 Vv eAeUBeQ)] ETUPAVELH TOV VEQOU,

"Etou gyovne: F_ = 9810 x 3 x (5 x4)= 588,6 kN.

To onueio epaouoyns g OUvale POIORETUL OTO EVIQO TIEONS TIG KOTURO-
ovEn g TEoPoiic ™S emupdvelag mou £xel oyijue opboyavio. H andotaoy amo my
ehevBeQ emupdvela Tov vypol Poloxretal e epaopoyn Mg eElomong (2.35) »al
ue dedopévo 6t y=h=3m.

- a(R+h) 52
yp=h 4 =h 42 —342-360m
Ah a(R+hh 3

ANO-MMNA Mnxavikj PeuoTtwv
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[logaoerypa 2.13

Y O0uTomoartg 010 ®ATM HEQOC TOU EYEL OO ROUTUAY oL Eival To 1/4 nukiv-
Oowc emupdverlag axtivag R=4 m »at mjroc a=5 m. Na vmoroyioBel 1) Ovvoun
mov aoxetal otov vdatogodxt). Alvetar y=9810 N/m?, h=1 m. To =évioo
pdooug Tou TETAOTOU TOV ®URAOU POIORETHL OTNV CXT(VA TOV OyuaTiCel yovia 45°

noL aITEYEL ot Tov dEova AA améotaoy 4R
3

H notaxopvgn ovviotwoa g dtvaung divetal amd to fdoog tov vmoBetinon
vepou mov mepLeyxetal otov oyro OATAEZO. O oyrog elval 1o 1/4 tov oyrov tov
®uAlvdpou e avriotolyo fapog B, xuL 0 6y%og Tov tapaiiemmédov OAIZ ne

paooc B,.

F,= ~,=4inR2u +y % (Rha) = 9810 (4ix 314x42% 343 x 1% 5) = 8123 kN

To #évroo aoovs g vmoBetinnc moaotnTas vepoU POLORETHL ad T oUvOe-
orn tov Pdoovg tov opBoywviov, Tov e@aouoletal oto ®Evrpo Tov opboymviov,
%ol To %EVIO PAooUg TOU TETAOTOV ToU ®UAIVOpOU. AUTo PoloxeTal o)V axtiva

oV oyNUATICEL Ywvia 45° xan améyet amd Tov dEova AA andotaon 4R Av egag-
3n

HOCOULLE TO BEDONIC TV POV ™E TTPOS Tov dSova AA, Ba €yovue:

Fy(4-xp) = By x 2+Bgﬁ :>xp=812 x3-1962x2-628x1,69_

3m 812,3
AMNe-MMNA Mnxavik PeuoTwv
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Hooaoerypa 2.13

QUOELL T
o000

Y 0uToqoantnG 010 #ATm UEQOC TOU £ EL LOOQY] RUUTUAY Tov elval To 1/4 nukiv- o000

Oowc emupdverlag axtivag R=4 m »at mjroc a=5 m. Na vmoroyioBel 1) Ovvoun :.

mov aoxetal otov vdatogodxt). Alvetar y=9810 N/m?, h=1 m. To =évioo
pdooug Tou TETAOTOU TOV ®URAOU POIORETHL OTNV CXT(VA TOV OyuaTiCel yovia 45°

noL aITEYEL ot Tov dEova AA améotaoy 4R

R
X of |
1“ ko
[l Aoyoug ovppetoiag ol do duvApEeLs elvat OUVETTEDES %l £T01 “h
* };. ?
' ] 5 — !
Fo) = «/Fx' + F, = V659831,2 + 346449,9 = 1003,1 kN
' R
H detiBuvon g F, nmopel va foebel amd Ty eqamtopevn g yoviog F, -
F Yy
y _ 8123 ° ———————— =
F, 588.0 6 4
g F,

[Mapamijonon: o vrohoyloNog Tmv X, ROLY Urooe { var TopohnpbEel.

ANO-MMNA Mnxavikj PeuoTtwv 30



Bpeite T 0Ovaun mov aokeitol oty em@avelo AB. 0000
o000

[Tp®dta vroloyilovpe T1g GVVICTOGEG Fry KOt Fry. : : ®
®

H op1lovtia mpofoin g kaumving emedveloc AB givon n AC. H x-cuvictdca g dvvaung tvor 1
dvvaun mov ackeitor oty empdveion AC, Oniadn,

Frx = pghe Aac = (1000 kg/m’) (9.8 m/s®) (4.5 m) (3 m) (8 m) = 1,058 kN
Ynueioon: he etvar n KatakOpLEN ATOGTAGT TOL KEVTIPOL TNG emimednc empdvelag AC.

H y-cuvictdoa g dvvaung eivar 1o fApog Tov veEPOD LIEPEV® TNE KOUTUANG EmPavELNS (ONA. O
@avtaoTikdg 0ykog ABEF).

Fry = pg VaBer = PE (Vaper+ Vasp) =
= (1000 kg/m’)(9.8 m/s*)[(3m)(3m)(8m)+(n3*/4)m” (8m)] = 1,260 kN

H cvvictapévn dovaun : Fr = (Fry + Fry)™ = [(1,058 kN)* + (1,260 kN)*]°° = 1,645 kN
Kain yovia 6 : @ =tan "' (Fry / Fry) = tan ™' (1,260 kN / 1,058 kN) = 50°

Eniong n cvvictapévn dovaun Fr mpénet va mepvd and to onueio D apod dAec o1 duvapelg mieong sivan
KAOETEG GTNV KOUTOA EMPAVELQ.

IMAGtog: 8m




Mapadeiypa. YOpooTaTIK OUVANN € KAMTTUAN ETTIQAVEIQ

EXAMPLE 3.9

AMNO-MMA

Hydrostatic Force on a Curved Surface

Problem Statement

Surface AB is a circular arc with a radius of 2 m and a width
of 1 m into the paper. The distance EB is 4 m. The fluid above
surface AB is water, and atmospheric pressure prevails on the
free surface of the water and on the bottom side of surface AB.
Find the magnitude and line of action of the hydrostatic force

acting on surface AB.

9 o d

Define the Situation
Situation: A body of water is contained by a curved surface.
Properties: Water (10°C): Table A.5, y = 9810 N/m?

State the Goal
Find:
1. Hydrostatic force (in newtons) on the curved surface AB

2. Line of action of the hydrostatic force

Generate Ideas and Make a Plan

Apply equilibrium concepts to the body of fluid ABC:

1. Find the horizontal component of F by applying
Eq. (3.34).
2. Find the vertical component of F by applying Eq. (3.35).

3. Find the line of action of F by finding the lines of action
of components and then using a graphical solution.

Take Action (Execute the Plan)
1. Force in the horizontal direction:
F, = Fy = pA = (5m)(9810 N/m*)(2 X 1 m?
= 98.1 kN
2. Force in the vertical direction:
« Vertical force on side CB:
Fy = ppA =9.81kN/m> X 4m X 2m X 1m = 78.5kN
« Weight of the water in volume ABC:
W = y¥upc = (NGETr)wW)
= (9.81 kN/m®) X (0.25 X 7 X 4m*)(1 m) = 30.8 kN
« Summing forces:
F,= W + Fy = 109.3 kN
3. Line of action (horizontal force):

oI . )+(1x23/12 )
= —=(0Gm —————m
Yo =V T 54 5X2 X1

Yo = 5.067 m

4. The line of action (x, for the vertical force is found by
summing moments about point C:

xpF, = Fy X1m + W X x,,

The horizontal distance from point C to the centroid
of the area ABC is found using Fig. A.1: xy, =
4r/3m = 0.849 m. Thus,

. = 78.5kN X 1m + 30.8 kN X 0.849 m
e 109.3 kN

= 0.957 m

5. 'The resultant force that acts on the curved surface is
shown in the following figure:

L 0957 m |=—

1.067 m /
> 98.1 kN

T A
o tan 0= % =111
L_— o = 48°
109.3 kN Froqu = 146.9 kKN
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Hydrostatic Pressure
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Avoon Kot 6TadepotTnTa eess

IK

Floating
p < pf bOdy

e H ovvaun dvoong Fi
Fluid 160VTAL UE TO PAPOS TOV
EKTOTICOUEVOL OYKOV

Suspended body

- y Vd ‘splaced-
(neutrally buoyant) 1V displace

e 3 mbava cevapia :

] Sinking Phoagy < Puia: Emimhevon
Py P =Ps | body 2 Progy = Puia s Adpnon

~

5 Prody™ Ppuia . BOOON
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Ocpuoperpo I'aliaiov

e MetaffoAr) TG TLKVOTNTOG TOV
EUTEPLOYOLLEVOL GTOV KOAVOPO PELGTOV

e Elicmon tnc ovvaung advoonc Le ta
Bapiota O1apoOpmV ¥pOUATOV

e Avdayvmon g Oepuokpaciog

ANO-MMNA Mnxavikj PeuoTtwv




Hapaostypa: Novrnyeto mov
EMUTALEL

Mepikde Bubiopévo EmmAiéer poli pe éva vroPpiyo

AlMNe-MnA Mnxavikj PeuoTtwv
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EXAMPLE 3.10 ] /@ 2.5mm ]

Buoyant Force on a Metal Part

ik
N

T 10 mm
Problem Statement y

A metal part (object 2) is hanging by a thin cord from a
floating wood block (object 1). The wood block has a specific
©) H,0, 15°C

gravity §; = 0.3 and dimensions of 50 X 50 X 10 mm. The L/
metal part has a volume of 6600 mm”. Find the mass m, of the ‘ | | T d

metal part and the tension T in the cord.

Define the Situation

A metal part is suspended from a floating block of wood.

Properties: Generate Ideas and Make a Plan
» Water (15°C): Table A.5, y = 9800 N/m” 1. Draw FBDs of the block and the part.
s Wood: 5, =0.3 2. Apply equilibrium to the block to find the tension.
State the Goal 3. Apply equilibrium to the part to find the weight of the
« Find the mass (in grams) of the metal part. part.
« Calculate the tension (in newtons) in the cord. 4. Calculate the mass of the metal part using W = mg.

AlMNe-MnA Mnxavikj PeuoTtwv 39



Take Action (Execute the Plan)
1. FBDs:

YT+W,

AT+ Fp

W,

2. Force equilibrium (vertical direction) applied to block:
T=Fz— W
 Buoyant force Fp; = yVp,, where V', is the
submerged volume:
Fg = vV

= (9800 N/m?)(50 X 50 X 7.5 mm’)(10~° m¥mm?)
= 0.184N

» Weight of the block:

W, = vy§W,
= (9800 N/m?)(0.3)(50 X 50 X 10 mm’)(10~° m* /mm?)
= 0.0735N

« Tension in the cord:

T = (0.184 — 0.0735) =

3. Force equilibrium (vertical direction) applied to metal
part:

« Buoyant force:
Fy, = vV, = (9800 N/m’)(6600 mm?)(10~°) = 0.0647 N
 Equilibrium equation:
W, =T + Fp, = (0.110 N) + (0.0647 N)

4. Mass of metal part:
e = Wig =

Review the Solution and the Process

Discussion. Notice that tension in the cord (0.11 N) is less than
the weight of the metal part (0.18 N). This result is consistent
with the common observation that an object will weigh less in
water than in air.

Tip. When solving problems that involve buoyancy, draw an
FBD.

AMNO-MMA Mnxavik PeuoTwv 40



000
000
| 4 | 4 r . ‘
2X100gpoTNTO EUPUTTICUEVOV COUATOV o
Fluid Weight Restoring moment
ui
DRE
GeB B
W i}
(a) Stable (b) Neutrally stable (c¢) Unstable

Weight

e H ctafepotnta copdtov eufanticuévov oe peuoto eaptdtal amd
M GYETIKN 0€om ToV KEVTPOL fapovs G Kol TOV KEvIPov dvwens B.
G Kt ond B: otabfepotntal
G névo oo B: actddeio

G ocountmon e B: ovdetepo-octabepdtnta
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27100Ep0TNTU EMTAEOVTOV COUATOV
Metacenterw

R : Overturning
. , Restoring ; e

‘ / moment /
(a) Stable (b) Stable (c¢) Unstable

EmmAéovta copata umopei va eivar otabepa otav 1o Kévrpo Bapovg G eivon vynhotepa and
10 Kévrpo Avmonc B e€attiog Tne LETATOMIONS TOV KEVIPOL AVIOGTC KOl TNG ONLOLPYioG
eNavopOOTIKNC OVVOUNC.

YXta0gpa otav To M givor Tave amo to G, Actadn otav to M givar KAt amo 1o G.
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2100Ep0TNTU EMTAEOVTOV COUATOV 4

Z

G G (s
) - ’7~Y\‘.\—'<9.lrkr,‘ Al e
e Al 8 b o S i o do)
TR G g;:.%l?p{”:?u.‘;;l? L
GRS S AC R e P X
19((719,_4,_1401. (’J.’ L (’J,U'.,_, [ 22 ) o))
> L,"/Y‘A'v}’ /3’](- 33 167
AR S S

F S S L -L>rl~u Sues

N

\

Axis about which
tipping would occur

(a) Loaded flatboat (b) Top view and horizontal
Cross section

i Y

4 )’J 3 A
AL 1\—-¢L _I’,Et‘t'\'f\:f l l mnﬂﬂ 1"-‘ ‘;’f“r < ‘L\”ggj’g ‘:L\'%;f A SNLY
o, H=140) X +——— —
ce 7 / 0.80

i
w/

—2.40 — < 6.00 >
B L
(c) Front view and vertical (d) Side view

Cross section



[Hogaoevypa 2.15

Koppdrn petdarrov TuyiCer otov aépa 2 N nar oto vepo 1,4 N. Na vrokoyioBel o
Gyroc Tou petdhhov. Atvetary, = 9800 N/m®,

VE QO
Avoy

Av ayvonoovpe TV Avoor OToV R, TOTE NWTOQOUE VL TTOVNUE OTL 1) LETET O
OTNV ATUOOMALOC MO OIVEL TO TRAYNOTIXG fdoog Tov oopatoc. "Etol oto vepo Ba
Loy VEL:

Boaw =B-A = 14=2-Vx9800 = V=2"b% _612cm?
9800

ANO-MMNA Mnxavikj PeuoTtwv 44



[lopaoerypa 2.16

Kupoc axunic a emahéel o vOpdoyvoo 0ol pPapove v, étor wmote 1o 1/4 e
II:‘ II:-‘ £ o L= II:-‘ l l.:|

axic Tov vo eivar fubonévo otov vdpdoyvpo. loooBétoune vepd, eldHOU
pdoovc v,, £T0L HOTE TO VEEO HOALS va xaltpel To »Ufo. Na foebel To mooooto

™S ax g Tou ®rUfov mov elval fubiopgvo otov vOPAEYLEO.
Avan

- - - ft- 3
2TV mTomTy mEOLmTmOoY Ba wyler: A= B = — 2 £ a2 V1= a‘ﬁg::mg = “

Omov v elval To 106 fEpog Tov omuaTog.

>t devtepn mepmTmon av vrobécovue 0Tt To fublopEvo TIua TS axriig
oToV VORAEYLEO elval X, Ba €yove EQPOCOV TO TUHUC TN XIS OTO VEQO (Ve
(a—x),

A +A,=B =

“.I,I'I
4
doy, + day,—dxy,=v,a = A (y, -V, = aly, -4y, =

—

P P
Y1x a”+vy2(a-x) a”= 313”*:' = XY1t a Y—XY2=

_a (vi—4v) . Yo moO0OOTO TS Crn|g = &K 100

4(v1-v2) 4(y1-y2)
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/ 1 0000
Avoon (IIpépinpa) 3t
In preparation for the upcoming Concrete Canoe :.

Competition, the University of Oklahoma chapter of
the American Society of Civil Engineers (ASCE) is
currently soliciting design ideas from its student
members. Two canoe design layouts (as shown in
the figures) have been received so far. These
designs are similar in shape but with different
dimensions. Assume either canoe weighs 120
Canoe pounds and the total weight of the paddlers and
gear is 630 pounds.

) = 12 . Question
— {'
45H Based on a simple buoyancy analysis, determine if
' 0’ ' the designs will float or sink by calculating the
Design Diagram A submerged waterline.
Approach
12
- " . : .
_:E;i iﬂ_ﬁ' e For a simple analysis, use a single
45 concentrated load instead of distributed
; T : load.

Design Diagram B e Assume a fluid density of 1.94 slugs/ft’.
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AMNO-MMA

Force Equilibrium

Submerged Water Line

, 10" + 2h ,

Displaced Volume of Design Layout A

Displaced Volume of Design Layout B

The total weight of the canoe and the paddlers is
W =1201b +6301Ib=750Ib

For equilibrium, the total weight must be balanced by the
buoyant force. That is,

W=FB

where the buoyant force is the weight of the liquid
displaced by the volume and is given by

I:B = pgvdisplaced

The submerged waterline is denoted as h and the
displaced volume for each design will be expressed in
terms of h as follows:

For Design Layout A:

The displaced volume of layout A is given by
Visplaced = 2(10 + h)h

Applying force equilibrium yields
750 = (1.94) (32.2) (2) (10 + h)h

h’+10h-6=0
h = 0.57 ft

The submerged height h (0.57 ft) is less than the height
of the canoe (1 ft), hence this canoe will float.

For Design Layout B:

The displaced volume of layout B is given by
Vdisplaced = 2(11 + h)h
Applying force equilibrium yields

750 = (1.94) (32.2) (2) (11 + h)h
h>+11h-6=0
h =0.52 ft
Mnxavikj PeuoTtwv
The submerged height h (0.52 ft) is greater than the
height of the canoe (0.5 ft), hence this canoe will sink.
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A wooden telephone pole falls into a lake as shown. What is the density of the pole?

The pole will come to a static position where the sum of the moments about the point O is
equal to zero.

M, =0
Therefore, the buoyancy force multiplied by its lever arm must be equal and opposite the
gravitational force times its lever arm.

2Mo = 0 = (Wpoielpole - FsLg)cos6 where
Loole = L/2 (gravity acts uniformly along the entire length), and

G-l

203 5 (buoyancy force acts at the centroid of the submerged part of the
pole)
Note: 0 is not needed since it factors out of the equation.
From the sum of the moments equal zero,
Wpolel—pole = FBLB
where

iy

pole

= {densityitvolume){ gravity)

= pF’DIe [% dzl‘] g

F, = (density )i gravity ) submerged volume)

T sl
= —di—
l.uater[4 3]

WL =F.l,

pole —pale

L oL
[ppole %dng] [E] = ‘?‘water [% dz"] [E]

Cancelling nd®L?
pF'D'Eg — 51?‘water
5] T2
Multiplying both sides by 8/g
_ Vymer _ S(B24)
Proe = 99 T G(322)
=1.08 Ib,-g*/ft*
=1.08 slugs/ft?
(Note: 1 slug = 1 Ibgs?/ft)

Mnxavik PeuoTwv
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Avoon (ITpopfinua)

‘Eva agpootato £xel 0yko 3.000 m? ot sival yepdrto pe
Oepud aépa mokvotrog 0,97 kg/m3. To aegpdotoTo £xel
naCo 500 kg wou mepifaiietar oamd yuypo aEpa
mokvomtog 1,26 kg/m’. Ildécovc avBpomove 75 kg
UTOPEL VO GNKMOGEL;

AlMNe-MnA Mnxavikj PeuoTtwv
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Avoon (Aravtnon cpoPfinuatog) :

H pala tov a€pa mov ektomiCel T0 agpOGTATO EIvOL:

1.26 kg/m3 x 3000 m3 = 3780 kg
Avt n puala CuyiCer 3780xg = Gvmon

AV(DGH — Baspocrércov T Bespuof) a€Pa. UTOAOVIOV T Bow@pd)n(ov =
= (3780%g) = (500xg) + (0,97x3000xg) + (Myyppemav <) =

= m =370 kg =4,93 dtopo =

avOponmv

= Avon : 4 droua
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To ypvco otéppa Tov faciitd TOv ZvpoKovcwy | go:°

Apywnong, 287-212 n.X.

O BaciMdc vroyldoTnKe O0TL O
GLONPOLPYOS AVTIKATESTNOE YPLCO AT
TO GTEUUN UE AT UL Kot CNTNGE TN
BonBeta Tov Apyunon yo vo to
emoANn0edoel

O Apyunonc Enpemne va Ppel o un
KOTOGTPOPIKT LEB0OO dOKIUNC
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To ypvoo otéppa Tov facind TOV XVPUKOVGOV -4

AMNO-MMA

To Bépoc tov otéupatoc Kat 1o fapog Tov Kabapov
YPLGOV TOV aépa. elvar 101
Wc:pc Vc = WAu —P Au VAu

Av 10 otépua gtval amd Kabapd ypvced TOTE p.=p 4, Kol
enewon W, = W, 161€ Ko o1 0yKot Tovg €ivai 10101,
Vc: VAu

270 vePO 1M AvmOTN Eivar
A =pioV . Yo TO GTEUUO KO
A ,=P 120V 4, YI0. TOV KaBPO YpLGO

KOl ETELON 01 OYKO1 €lvan 18101 KOt 1| TLKVOTNTO TOL VEPOD
1010 O Tpémer va 1coppomel

Av dev 1ooppomnel tote V, # V4, TpAyua mov onuaivet 0Tt
KAl P, 7 P au

O G61OMpovpYOC NTOV ATUTEDVIC TEAKA ... !
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YopootToTiKn mmouéTpnon cees

FOR 'IUES AND LOCATIONS , OLitmrl:
CALL: (714) 9ro.wAvVE ¥YFPAT TEST! 4
| —— .

o Métpnon Papovg couatog W=p;, ..V

e FEicoooc og doyelo ue vepd kot
LETPMNON PovOUEVOL Bépovg 6To vEPO
/4

a

o Avoon A = W-W, = pyolV v dpa
vroloyiletot 6 OYKOG TOV GMOUATOG
P body:W/ Vv

e To % Aimovg m¢ cuvelGPOpPa otV
TUKVOTNTO TOV avOPOTIVOL COUOTOC
vroloyileton amd TOTOVG
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Y OopooTUTIKY) MTOUET PG GTOV UEPU ceco

AMNO-MMA

Mnxavikj PeuoTtwv

e 'Io10 nEBoOOC pe TNV TpoyoLLEVT

e Tidwpépel n ypnon aépa. ?

H moxvotnta tov agpa eivon 0,1%
TNG TUKVOTNTOC TOV VEPOL
EEdptnon g mukvotnTog e T
Oepuoxpacia

MeTpncelc pikpov OyKmv
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2ToTIKN TOV Pevot@V oo

Mropel Eva 0mpnKTd va EMITAEEL GE L0 UTOVIEPQL;
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2TOTIKT TOV Pevotov

Kot opwg umopet !!!
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ry r
Pgvota o€ emitayvvon cece
o000
Metafoin g mieons Yo peVGTO TOL NPEUEL (VTO PHOPPT] GVVIGTMOCMOV): :.
@:0 @=O @=—y=-pg:>dP=-pgdz
4 6y &

(Y = pg Y100 OLOYEVT KO AGVUTIEGTO PEVGTA)

N [P1— P, =pg(z; —z1) | 6mov 10 h petpiéton mpog 1o kdtw h=-z
(VOpPOOTUTIKOS VONOG TNG pHETUPOI S TTiEON Q)

['a emtayvvouevo pevoto (PA. dutlavo oynua)

dp = —po dc -0 (g + o) dz

Py—Py =00, (X, —x) -0 (g +a)(z,-2)

I'a pi=p, (erebOepn emipdvera)

2122 Oy

tant = =
Xo—=X1 gta;

omov B glval 1 yovio mov oynuatiCel v eAeUBeQN EMEAVELD TOV QEVOTOV LLE TNV
0pLLOVTIO ETTLPAVELCL

57
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Metafoin TS TEoNS 6TA PEVGTA Za

1 oap o
P +—=—lzl iyl
P
1 dp
(P i} ahyidz
de P
I 4 /) —
: . L >toyeio peuoTton >
b I e P ) e
:il—L,iu'vJ dalz I — d= " Pt Ecd dxdz )
T2 oy | /j———___ TOV npsugl
="
; 1 dp f P N T
|'g-_-+_.|—?“|r_—rfr...|’l.ri.' v | . -
o r:-""_T—c.fz—ll'I||l'r4-'_'r'
‘ B =opadedydz

T
;o

/

/ ’

Avvauegig mov evepyovv 6To peveTto: o) méoers, B) Papog

P oz 6P oz 6P
OF  =-| P+—— |0y 0y + | P——— |0y Oy — 70)Oydz = - — dY0yOZ - YOyOyd
z ( 922j7(y ( HZZJXY YOX0YO0Z QZXYZ YOX0Yoz

OF =- or OY0ydz oF =- or OY0yozZ
Ox &y

To dvvcua g GLVIGTAUEVNC OVVOUNG TTOVL EVEPYEL GTO oMuEio glvar:

- (z’ &® + % + k%) OY0ydz - ky 0y0yoz,

OF = i8F , + jOF ,+ kdF , =
Ox

KOl ETELON MPEUEL TO pEVGTO NPEUEl T =0 (dvvaun / povaoa 6ykov = 0)

AlMNe-MnA Mnxavikj PeuoTtwv
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ry r
Pgvota o€ emitayvvon cece
o000
Metafoin g mieons Yo peVGTO TOL NPEUEL (VTO PHOPPT] GVVIGTMOCMOV): :.
@:0 @=O @=—y=-pg:>dP=-pgdz
4 6y &

(Y = pg Y100 OLOYEVT KO AGVUTIEGTO PEVGTA)

N [P1— P, =pg(z; —z1) | 6mov 10 h petpiéton mpog 1o kdtw h=-z
(VOpPOOTUTIKOS VONOG TNG pHETUPOI S TTiEON Q)

['a emtayvvouevo pevoto (PA. dutlavo oynua)

dp = —po dc -0 (g + o) dz

Py—Py =00, (X, —x) -0 (g +a)(z,-2)

I'a pi=p, (erebOepn emipdvera)

2122 Oy

tant = =
Xo—X1 gta;

omou 0 eival 1 yovia mov oynuatiCer 1 ehetibBeon empdvels Tov DEVOTOU [LE TNV
00LLOVTLOL ETTLPAVELCL.
AlMNe-MnA Mnxavikj PeuoTtwv
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Rigid-Body Motion 43

e There are special cases where a body of fluid can undergo rigid-body motion:
linear acceleration, and rotation of a cylindrical container.

Axis of

. rotation
l g

| )
Free |
surface

A
\

y

AZma?‘_ Fre? i
_X_ G surface \
(4 o T i
h’() quUId i ‘ a o ! e
z | ............sz h“ !
' |
X e/
z T
|

l L&

i |

e Newton's 2nd law of motion can be used to derive an equation of motion for a
fluid that acts as a rigid body (Cartesian coordinates):

P pa,E e s F e p(gra)
px’ y py9aZ IOg X
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Linear Acceleration s

Container is moving on a straight path
a #0,a,=a,=0

op_ . ap_jop__
x P e PE
Total differential of P

dP =—pa dx— pgdz

3 - Pressure difference between 2 points
ree
_ surface
Ater] K P,~R=-pa,(x,~x)-pg(z,~2)
Yl EET T
a, oy z Flnd the rise by Selecting 2 points on free
h, Liquid f a
: surface P, =P,
z ............C;.>= a
X - _ X
| Az =z,—z, ___(xz_x1)
- g
- . Z1=2Z i
= b g tanf="1"2-_"% 61
Xp—-X] g+a;




e 000
[logaosvypa 2.17 0000
o000
s - - _ 2 # - - - r - e . . .
Kuopoc anpc a=1 m mepiéyer vepo peyortmpove 0,8 m non foloretal og 0pLLOVTLO o0
eninedo. Na foeBel ny peyion) opllovna emrdyuvorn mouv umopel va dgyBel to ®
doyelo, £T0L HOTE va NV ¥ubel To vePO exTOC doyelov.
E B
C
A R ;
— _H-Hq_h‘“'-\-..
F
0.8 m
| ' .
]
Avaon
Me mv PfonBeta Tov Zynquatog rat amo To YeYovos 0Tt 0 #evog oyroc ACDE mow
TNV EMTAYVVOY TOEMEL Vo elval (00g ue Tov oyro EDFE, netd v emrdyvvon €yov-
LLE
. i, _ 1722 . Oy
0,2xlxl=lxlxle = z=04m = ecpq)='"—=%=0,4 tant = =
2 ED 1 Xp—X] g+0;
A6 mv eElomon (2.62) Ba €yovne: ()4 = e = o = 3,92 m/sec?
8
JAVR LW L] RVAY IVIT|)XUVIKI| Feuv 1wy 62



[Hogaoerypa 2.18

To doyeio Tov Tyfjuatog meptéyet Aadt nan emrayvvetar oolldvria pe 2,4 m/s. Na
PoeBovv ow méoerg ota onueta B,ILAE. 0=800 kgﬂ'tﬁ“”.

4

H
z1-z ¥} segm——-
tanf="1"°2 "X T~
Yp—X1 gta;
Avon
To enimedo pdevimic mleong mov mepvi amd 1o A €yt whion: f=)
tan = % = 2% — 024 = 9=137°
g 981
Av 10 dyog Tov avolyuatog Bemonbel apehntéo, 1) vrobetin eheibeon ent- 1 m
gavewr Tov pevotov mieong p=0 eivan 1 AZH. Ané 10 toiyovo AGZ €ypovue:
67=0A tan H=09 x 024=0,216 m. Aga ZI'=0,6 - 0,216=0,384 m.
Ta onuela A, Z €yovv mieon udév. "Etor o1 méoerg ora Onrotueva onueia
elvau:
pp=-0g AB = —800 % 9.8 x 0,6 = ~4704 Pa,
pr=—o0g ZT = -800 x 9.8 x 0,384 = -3010 Pa, + A

pa=0gZA = 800 x 9,81 x 0,616 = 4829 Pa,
pE= 0g AE = 800 x 9,81 0.4 = 3136 Pa,

(,9 m
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[lapaoerypna 2.19 o000
0000
Aoyelo mov mepLeyel Madl oyetirng murvomntag 0,8 avépyetal oto zerhugvo emi- ::.

nedo tov oyrjuatoc p=30° e emrdyvvon =8 m/s%. Na PoeBel 1 »hion g ehev- ®
Beong empdvewag waw v mieoy oto E.

QLA
ETUPAVELDL

z1—2 a
anf=-1"°"2_ "
X2—X1 gta;

Ava

O OVVIOTMOES TNG ETTAYLVONG EVOL:

oy, = acos30° =8 3 _ 493 m/s,

"Etou €00pe: (a0 = % = (05 — § = 26,6°

e
O +g

AA=3tanf=15m, TA=1/2 AA=075m, ZE=2m-0,75m=125m.
pE= 1.25x 9800 x 0.8 = 9800 N/m?
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000
0000
IIgproTpopi) PEVGTOV GE KVAVOPIKO 00YELD | eoss
o
Axis of
rotation
|~ o Container 1s rotating about the z-axis
Q') a =—-rw’,a,=a,=0
oP oP oP
Free az—pax,az—pay,gz—p(g+ax) 5_P: r>? a_P: a_P:_
surface \ or pres 00 oz r8
. 7 Total differential of P
hy dP = pro’’dr — pgdz
-
| I On an 1sobar, dP =0
o : :
lﬁ ‘ = > dZisobar _ ra 5 _ a)_r2 4 Cl

dl" g isobar
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Hapdosryno : Avoryt Kolvopikn de&apevi Vyovug h kot dapétpov d =2rnt

EPLEYEL VEPO

puExpLvyog h'. Av 0 KOAMVOPOC TEPIGTPEPETAL YOP® OO TOV YEMUETPIKO TOL A&ova:

e Bpeite v e&lowon g elevbepng empdvelag Tov VYpo.

e [low otafepn yoviaxn taydtta propel va emtevyBel yopic va yabel kabdriov vepod

(h=2,d=1,h"=1,5m).
e [low elvar n mieon otov mubuéva ¢ delapevng (onueia A, E)

e  Otav n yovioxn tayvnra eivon o = 20 rad/sec, Tt pépog tov Tuhuéva etvor axaAvtTo;

L4

Avon A, F
a) 2Fx =may, = Psin6 = iid a, = Psinf = Zx o’ (1) \" _‘:P@s}
g g D L

)

2Fy =W =Pcosb =W (2) B S N
2
tan = - d 2 2 2 2
(1), 2) = & :d_y:xa) :dyzﬂxdx :y=£%+c
x
tanﬁzd—y & & &
dx
0)2
May=0,x=0 =c=0 = y=2—x2 Eticwon mopaBolic
g

b) Oykog mapaforogldons amd TepIoTPOPn = % (6ykov mepryeypapEVOD KOAMVIPOD)

h,+h,

, L 1
T vo, umv xu0et to vypod mpéner r’h, = E(mfz (hy +h, )) = h, = =h=h,
Enewdn h=h-h'=0,5m = h=h,=05 m = (xz,»5)=(0.5,1
2 2 To oo tov

@ 2 @ 2 TEPLYEYPOUUEVOD
y=—ux'=1= (0.5) = w=8.86rad / sec PUYEYPULAEY

2 g 2x9.81 KUAIVEpOL 0Tto TNV

’ TEPLGTPOPT] TOVL
AMO-MMNA OYKOG 0£paL TPV Mnxaviki} PeuoTdv TopaPoroEBOVG

TNV TEPLGTPOON
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HMopaderypa : Avorytn koAvdpikn de&apevn byoug h kan drapétpov d = 2r mepiéyet vepod
uéxptvyog h'. Av o kKOAvOpog TePIGTPEPETAL YOP® OO TOV YEMUETPIKO TOV AEOVAL:

o Bpeite mv e&iowon g eledBepng enpdvelag Tov vypov.

o [low otabepn yoviaxn ToydTnTo. pmopet va emtevydel yopic va yabel kaborov vepd
(h=2,d=1,h"=1,5m).

o [low givou ) migon otov muBuéva g de&apevnc (onueia A, E)

o  Ortav n yovwokn toydto etvol o = 20 rad/sec, Tt uépog Tov Tuhuéva etvar aKaAVTTO;

Avon
C) Bdé&Boc vypoo : —> OTO TOLYMUATO TNG OEEAUEVNC : 2m
= P, = pgh=9810x2=19.620Pa
— OTO KEVTIPO NG 0eCopevnc : Im
= P, = pgh =9810x1=9.810Pa
d 20°
) = 2o = (0.5) =y, =5.1m (x5 ;) =(0.5,5.1)
20 20°
y2:2+y1:Zx22(1) (1) y1=£x12(2)

(Oyxog SAB) — (Oykog SEZ) = dykog 0€pa Tptv TNV TEPLGTPOPT, =>

1 1 1 1 ,20°
(Eﬂxzzbj—(gﬂxlzylj=(7U”20-5) = §x222—§x12£x1 =7°0.5 (3)

(1),(2),(3) = x, =0.116

Axélon empbvela = 7x,” = 0.042m’
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