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Horizontal rectangular plate:  Fp = (Py + pgh)ab




Fp=(P,+ pgh)ab

T L

- da -

Horizontal rectangular plate: — Fp = (P, + pgh)ab



Fp=(P,+ pgh)ab

N

-

v

-

da -

Resultant
force:
F=posA

Horizontal rectangular plate: — Fp = (P, + pgh)ab



2.5 Hydrostatic Forces on
Plane Surfaces




pgh

P,.+ pgh
(a) P, considered (b) P, subtracted




Pressure prism




Vertical rectangular plate: Fo =[Py + pe(s + b/2)]ab
Vertical rectangular plate (s = 0): Fp= (P, + pgb/2)ab
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Resultant
§ force:
F =pmA
i
F -
b X=i
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Vertical rectangular plate: Fo= [Pyt pe(s + b/2)|ab

Vertical rectangular plate (s = 0): Frp= (P, + pgb/2)ab
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Vertical rectangular plate (s = 0); Frp= (P, + pgb/2)ab



Free surface P=P;
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X The first moment of area about the x -axis is
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Free surface P=P;
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Plan view of arbitrary plane surface



F= ’ﬂp dA = ’ﬂ{p” + yh)dA =pA+ vy |hdA



F=[pda=[(p,+yh)da =pA+y [nas

Free surface P=P,
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Plan view of arbitrary plane surface



F= Jﬂp dA = Jﬂ{p” + yh) dA = pA + L]ﬂh dA

Free surface P=P,

— f’#ﬂ“* .
. ﬂ'xf ‘HH\ gq:é\
h = g sin 6 hex, ) - h r&;u{s
h e AN A O il
Resultsfnt - N EE!QS.-P-H;'\
‘ 7755
Hn:u
©0: W
[1: G
Kk:Ls
AW, AR
MHU: 55
NvV: ss

=i PN

Plan view of arbitrary plane surface



F=[pda=[(p,+yh)da =pA+y [nas
h = &sin 6
F=pdA+ysin6 |£dA.

Resultant
force:

Plan view of arbitrary plane surface
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F= Jﬂp dA = Jﬂ{p” + yh) dA = pA + L]ﬂh dA

h = &sin 6

F = paAJr—ysmﬂ gdﬂ

by definition, the centroidal slant distance from the surface to the plate is

o
b = |€dA (2.36)

Therefore, since # is constant along the plate, Eq. (2.35) becomes

F=pA+ ysin 6 L]ﬂg dA = p.A + ysin 0 EcgA (2.37)



F=|pda=|(p,+ ) da=pA+y |hda

h = &sin 6

F=pﬂﬁl+ysinﬂjfﬂ

1e plate is

Ecc = i jf‘ﬂ (2.36)

Therefore, since # is constant along the plate, Eq. (2.35) becomes

F=pﬁ+ysinﬂf§dd=pafl+ysinﬂ§cgﬂ (2.37)

Finally, unravel this by noticing that &g sin 6 = hcg, the depth straight down from
the surface to the plate centroid. Thus
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Plan view of arbitrary plane surface



3y g0 nt YU ) toa‘x\"ubﬁf 1,8 glay e 1

s s R ) § 2 e

el vt )

3 g 4 Ml dal) | — -&lﬂ TR
Rl Sl el



-, M
- N --.-

'd:luua._-_,..b w‘x‘_s)s'f))wbwwb..’:uuuf’uw ’ ;o‘,a.aS

o3 s B b 5 (Y7-Y)

Jw’wj_’}_ff u:ll-' )° prA_S',ua‘_,. dL-.; (W—") E P J:uuuw
-rLu |_,»J’-"""-" ,_g:,,jw_,b;}ao ygp‘wwuuiﬁlb Pa‘ﬂu_‘,bqui.u
WL e JMl &S peg .2 c..U\oU,o o (YV=Y) dsles js Ladas-




et st 4XCP S Sl ilia H b 4
Frcp = [ xpdA= x(pa+7 (e = y)sin0]dA
- j xp dA+ ]' x7({ e ~ y)sin 0 dA
= pa [ xdA+ysin 6(¢cq | xda- | xyda
13 48 gn 4 WU il 3l ol .jxydA =1y dass -deA= o W3S 4 3 IS sl pen (51
Fxcp =—ysin@1,,

::f:‘;«ggj\llg oyl 5 (YY) olas 4 a5 b ol b o ol O palol> 1 Ol 55 S

(YA-Y)

ardo H g 5S4 S 3 JL:-’;J‘ Il RLSLIERT ‘““”?'ui““ xGP‘QI@">'a')§|"

P PRRIN PO ORI SUVRTSS W SR Soy i DT PESe D T S (RO

..}J‘S )‘} }’ T))’IA'



Slalas ,L2s
}bjd,i[,—d,}’f’@wﬂ LNMJ‘*IMM Sl
@""Ml shles )ujlu[__‘;‘m - J—§J3 - L;_a : J_,é;r I s es _53.
<) L_,
Mﬁﬁ

e

‘v .;,\dc_);ﬁ_)u_)fﬂb(\'/\—\‘)b(
— _}‘J’ (‘~>:~u JJ




[..sin# f.sin# _
F o ThCG"ﬂl :Ilr.‘CF _— — AN II_‘:F — X {2'44)}

b
|t
S
I
=
el
2
I
=
|
A

- bL E' xR
) | KT T

== HRZ
, 3
' |
| ;b | I, = 0.10076R*
- r - — -
X Y — 36 y
"'._‘ F / _}’ va _o
/ VL ; _bp-25L J N _ :
y2 T m 'f T
‘ R | = ‘ 3




O-Y JLs
U255 Sl 03y 4S5 Uil Hls SO A i s o odd Jais B ahi 5 (glag s

M o e (6, (D)t slhae Lol oft WES mio 3 gae dlAal 53 (4w ys
BJJAAJ)LDU:—‘S‘J(C) cAdaj.;j\o.)JbPuﬁ\LgJJé(g.J)

)‘)‘_’

PR—— — -
) .
» - .

:.
g
i
§




:d_’
AB .ia..-_,)aoijlﬁsfj;c,..\ \oft L Iy B A dhai 5l oy Job ~}(.24.3«.7_JL3.(-3-“)

hog =\Vo—Y=\xi

A=0(\o)=0oft"
Wl i 3y p e u-g:"'\;-ﬂ_))l_& S (W YA=Y) Jge 3w ax o L
F = yheg A= ($IbtT) (\¥ft) (0oft¥) = YAY o o Ibf o

)‘xﬁ




c@:ﬁ)b.@“}:hlml@)}&q%)) (":SJ‘ (=)

bLY  (oft)(\oft)" ’
l.=s I W = =¥\t
3 S \Y

il oo o YA-Y dolae 3 (O HLES S0 U ane )3 138 e o Alols

' I..sin@ (Y &v)(\",)
B, l==ycp =+—— = = o ¥Vt
hcgA (A ft) (2o ftY)

Lol ply F gy, 3l s U B dats u (53 3es Al
\o—l—0=Y¥,0AYfl
Dy D ey par B el g sy by 0 5 ki8S
PLsin@—-F(—Il)=0 = P(#ft)—(YA¥oolbf) (¥ ,0AYfl) =0
= P =YAYoolbf |



e Pt By g By la Sy s 6l ()
ZFX=° ol BI+FSin6_P=Bx+YA?°°lbf(°/f)—\'\\'oolbf=o
>F,=0 = B, —Fcosf=B, —YAfoolbf (o;A) =

g o 4 Laddoles ol 5!
Bx = Yo olbf J,-

B, =YoVoolbf >,




EXAMPLE 2.6

A tank of o1l has a right-triangular panel near the bottom, as in Fig. E2.6. Omitting p,. find the
(a) hydrostatic force and (/) CP on the panel.

P, v |
N <

5m Oil: p = 800 kg/m”’

11 m

I
I
lﬁm
|
I




Solution

The triangle has properties given in Fig. 2.13¢. The centroid is one-third up (4 m) and one-third
over (2 m) from the lower left corner, as shown. The area is

H6 m)(12 m) = 36 m°
The moments of inertia are

_ bl _ (6 m)(12 m)’

_ 4
_ b(b — ZS}LI _(6m)[6 m— 2(6 m)](12 m)’ L 4
and ."ji?r = 7 = 7 = =72 m

The depth to the centroid is iicg = 5 + 4 = 9 m; thus the hydrostatic force from Eq. (2.44) is
F = pghccA = (800 kg/m™)(9.807 m/s*)(9 m)(36 m®)
= 2.54 X 10° (kg - m)/s® = 2.54 X 10° N = 2.54 MN Ans. (a)
The CP position 1s given by Eqgs. (2.44):

_ _Insing _ (288 m™*)(sin 30°)

YT TTheA T Om@em?) o4

_ Iysin® (=72 m*)(sin 30°)
Yer T TR A T T (9 m)(36 mo)

= +0.111 m Ans. (b)

The resultant force F = 2.54 MN acts through this point, which is down and to the right of the
centroid, as shown in Fig. E2.6.
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Curved Surface, example

Determine the resultant force on the curved part of

the base and also determine its line of action.

The bottom corner of

the tank is a circle of

2.0m

B
[20m

radius 2.0 m .

The tank length (out of
page) is 8.0 m . 70



Quarter Circle

N
|

TR* /4
I = I,.=0.05488R"
Liye = —0.01647R"

R




I'he centroid of the

Q

I
t

uarter circle wedge is
4R
T = —
’ 37T
re. = 0.84883 m

t is 0.84883 m  from
he left boundary of

quarter circle.




Fy = ~42.0(2.0 x 8.0)
F, = 313.6kN

1
W = ’“/ZW(Q.O)Q x 8.0
W = 246.3 kN

The total vertical force is
246.3 +313.6 = 559.9 kN

F line of action 1.0 m from wall.
W line of action 2.0 — 0.84883 = 1.151 m from wall.
Line of action for F} and W .

313.6 x 1.0 +246.3 x 1.151
099.9

LR =
rr = 1.0606 m



Curved Surface, Horizontal

Rectangle

Fq = ~2.0(2.0 x 8.0)
Fo = 313.6 kN

1

Fn = ~=2.0(2.0 x 8.0)
- 2
i2.0m Fn = 156.8 kN

The net horizontal force is 313.6 + 156.8 = 470.4 kN
F line of action 1.0 m below 2.0 m line.

F'» line of action 1.33 m below 2.0 m line.

Line of action for horizontal force.

313.6 x 1.0+ 156.8 x 1.333
470.4

Yr =
1.11 m

YR



Curved Surface, Summary

20m

470.4 kN

 \731.3 kN
V1.06 m

559.9 kN

The net force is

Fr = /559.92 +470.42 = 731.3 kN
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2.7 Hydrostatic Forces in
Layered Fluids

Plane i z=0
F'_Fccﬁd‘l surface b, —
p,<p,
Fluid 1
F= 2 F,‘ — E PCG,'Af {2.46}

Similarly, the centroid of the plate portion in each layer can be used to locate the cen-
ter of pressure on that portion

=

pr'g sin IE'r' "I.r.'-.',- Fﬁg sin 'H:' ‘r.tj';,-

Yep; = =
: Pcc,A;

\\

! Pca. A
\ L2:Pa

| p=p—-Plz-2))

(2.47)

P =P P8 -7y



EXAMPLE 2.8

A tank 20 ft deep and 7 ft wide is layered with 8 ft of oil, 6 ft of water, and 4 ft of mercury.

Compute (a) the total hydrostatic force and (b) the resultant center of pressure of the fluid on
the right-hand side of the tank.

z=0
/
/4 ft
8 ft '@’
11 ft
Peg, = (35.0 Ibf/ft*)(4 ft) = 220 Ibf/ft* /
Pca, = (55.0)(8) + 62.4(3) = 627 Ibf/ft* / 16 ft
Pca, = (55.0)(8) + 62.4(6) + 846(2) = 2506 Ibf/ft>




Solution

Divide the end panel into three parts as sketched in Fig. E2.8, and find the hydrostatic pressure
at the centroid of each part, using the relation (2.38) in steps as in Fig. E2.8:

These pressures are then multiplied by the respective panel areas to find the force on each portion:
F, = pca, Ay = (220 Ibf/ft*)(8 ft)(7 ft) = 12,300 Ibf
Fy = pcg,A, = 627(6)(7) = 26,300 Ibf
F3 = peg. Az = 2506(4)(7) = 70,200 Ibf

F =23 F, = 108,800 Ibf Ans. (a)



Equations (2.47) can be used to locate the CP of each force F;, noting that # = 90° and sin =
I for all parts. The moments of inertia are I,,, = (7 ft)(8 ft)/12 = 298.7 ft*, I, = 7(6)*/12 =
126.0 ft*, and I, = 7(4)*/12 = 37.3 ft*. The centers of pressure are thus at

P8l (55.0 1bf/%)(298.7 ftY)

Yeo, = T T 12,300 Ibf - L
C 624(1260) C 846(373)
Yop, = 26.300 = —0.30 ft Yep, = ?D,EI][] = —0.45 ft

This locates zgp, = —4 — 1.33 = =533 ft, Zep, = —11 =030 = —11.30 ft, and Zcp, =
—16 — 0.45 = —16.45 ft. Summing moments about the surface then gives

E F;'ECP,- = Fzcp

or 12.300(—5.33) + 26,3000 —11.30) + 70.200(—16.45) = 108,800z-p
1,518,000
or Icp = 108.800 13.95 ft Ans. (b)

The center of pressure of the total resultant force on the right side of the tank lies 13.95 ft be-
low the surface.




