Static Surface Forces

Forces on plane areas

Forces on curved surfaces

Buoyant force

Stability of floating and submerged bodies

Forces on Plane Areas

» Two types of problems
— Horizontal surfaces (pressure is constant
— Inclined surfaces  dp
« Two unknowns e
—Total force
_ Line of acti
» Two techniques to find the line of action of
the resultant force
— Moments

==V

— Pressure prism

Forces on Plane Areas:
Horizontal surfaces

What is the force on the bottom of this

tank of water? f
h Side view
Fo=[pdA=p[dA=pA
F, = hA h = Vertical distance
Fr = weight of overlying fluid! to free surface
F is normal to the surface and towards A

the surface if p is positive.

F passes through the centroid of the area.

Top view




Forces on Plane Areas: Inclined
Surfaces

* Direction of force Normal to the plané

* Magnitude of force
— integrate the pressure over the area
— pressure is no longer constant!

e Line of action

— Moment of the resultant force must equal the
moment of the distributed pressure force

Forces on Plane Areas: Inclined
Surfaces
___Free surface

The origin of the v

center of pressure //, y: Ye axis is on the free
y surface
Magnitude of Force on Inclined Example
X
Plane Area P
Plywood Form
. V4 (2,44m x 1.22m)
Fo = [ pdA p=h=pysind = o Sonorete J
. 1 - F=pA =
Fr = 0| ydA =—| ydA © p I\ y=122m
< =7sind|y Vo= [ydA C oA
. = (23,600*1.22*1)*(1.22*2.44) 244m
Fr = YAy, sin @ F =85.8kN
. : S
Fo = /MA h.. is the vertical distance between free S
surface and centroid
]

Fe=PcA  p_is the pressure at the centroid of the area




Forces on Plane Areas:
Center of Pressure: Xg

* The center of pressure is not at the centroid
(because pressure is increasing with depth)
— x coordinate of center of pressure: Xy

XgFg = IA xpdA  Moment of resultant force = sum of
moment of distributed forces

1 :
Xg = HJAXPdA F. = Y.Aysin@ p=pysind

N
y.Aysind

1
Xg = YCA‘L xydA

IA Xy gsin@lA

Center of Pressure: X

Xq = y:AL xydA ly=[,xydA  Product of inertia
XR:)::YA Ly = X YeA+ |
X YA+ Ly
Y
Xg = e +X,
Ye

Center of Pressure: yg

YeFe = [, YpdA Sum of the moments
1 . .
Yr =|:RL ypdA  F, =y Aysin@ p=psin@
1 2
S QA
Yo ycAysinG-[Ay rem
_ e [ 2
Y —ycAIAy dA 1, =, y'dA
—_ IX 2
YR_ﬁ I, =1,.+Y:A
L * YfA - Ii
YR=y67A yR-yCA+yc

b — a ba’®
a =ab Ye =< Ixczi I><yc=0
i l WC 2 12
— a
— Ye = 3 ba’ ba’
a ab |, = = A 6 2d/




Properties of Areas

Inclined Surface Findings

The horizontal center of pressure and the

e =Tt
horizontal centroid coincide when the surface YA
has either a horizontal or vertical axis of
symmetry >0
The center of pressure is always below the _he

i —_— Yr = +Ye
centroid YA

The vertical distance between the centroid and
the center of pressure decreases as the surface
is lowered deeper into the liquid (y, increases)

What do you do if there isn’t a free surface?

Example

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 applied at the
bottom of the gate 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.

Solution Scheme

* Magnitude of the force
applied by the water

» Location of the resultant force

Magnitude of the Force

| hinge
8 m water
FR = pcA l F@\
A=rmab Fv\ 4 m

h,=10m Depth to the centroid i

p.=
Fr = /h.7ab

Fo = (9800 ;)(lo m)n(2.5m)(2 m)

Fr=1.54 MN




Location of Resultant Force

lXC
Yo = ﬁ‘* Ye 8m
{
Yo #h,
-1 Slant distance
O to surface
_ aba’ »hba’
Ve gy Ty A
_a’ ., _ (25m)
Ya=¥e=qy, Yo=Y 402s m)

Force Required to Open Gate

How do we find the
required force?
Moments about the hinge

Z M hinge = 0 =Flm - FRI@

FRIcp T T
Fe ,=2.625m  2.5m T
1 o S— ¢ liot
£ _(1:54x10° NJ2.625 m) P
(5m) .
F = 809 kN b=2m

Forces on Plane Surfaces Review

» The average magnitude of the pressure force
1s the pressure at the centroid

 The horizontal location of the pressure force
was at x, (WHY?)The gate was symmetrical
about at least one of the centroidal axes.

» The vertical location of the pressure force is
below the centroid. (WHY?) Pressure
increases with depth.

Forces on Plane Areas:
Pressure Prism

A simpler approach that works well for
areas of constant width ( rectangles)

* If the location of the resultant force is
required and the area doesn’t intersect the
free surface, then the moment of inertia
method is about as easy




Forces on Plane Areas: Pressure
Prism

Free surface

OF = heA= 6V
F=V

Force = Volume

of pressure prism

p=m N

Center of pressure

RN T e

1 is at centroid of
=—| ydVv :
Ve v L y pressure prism

Example : Pressure Prism

Fg = Volume
Fi = (h/cos0)(vh)(w)/2

Fr = (10 m/0.9135)(9800 N/m**10 m)(50 m)/2
Fp =26 MN

4\/

Example : Pressure Prism

water
1 hinge

T
4mxS5m  4m
(rectangular conduit) |

Solution : Pressure Prism

h +h,
Magnitude of force 12
ag of forc / ,
Fp =V =(9800 N/m*)(10m)(5m)(4m)  yh,
F, =1.96 MN

| 5o [
Location of resultant force measured from hinge a

/\
Y = 32W}' h1+hz]
(\[aw(mmﬂ 6 3

YeFe =a(aw;h,)+2a(m)
yo = 5m) [(8m)+(12m)] Fe

30 2 30 2
RT(om). 6 3




Exercise:

2.61,2.67,2.71,2.77

First Moments

J xdA Moment of an area A about the y axis
A

X, 1 J‘ xdA  Location of centroidal axis
A '

1
Ye = K&A ydA

For a plate of uniform thickness the intersection of the centroidal
axes is also the center of gravity

Second Moments

Also called moment of inertia of the area

1= y’dA

|, is the 2" moment with respect to an
I, =1, +Ay, axis passing through its centroid and
parallel to the x axis.

Product of Inertia

* A measure of the asymmetry of the area

Iy = IA xydA  Product of inertia

Ly = X YA+ L,

IfxX=X,ory=y.isan axis of symmetry then the product of

inertia I, is zero.




