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I. Force and Moment Systems
A force is the action of one body upon another and is a vector

quantity because its effect depends on both direction and magnitude.

The direction and magnitude of a force in 3-D space can be defined

by its x, y and z components as shown below in Figure 1. The

direction cosines multiplied by the force F give the x, y and z

components.

Fx = F (Cos θ x)

Fy = F (Cos θ y)

Fz = F (Cos θ z)

and

F = √Fx
2 + Fy

2 + Fz
2
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Example 1

In Figure 2 the length of the vector F = (32 +52 + 72)0.5 = √83

hence,

Cos θ x =
ଷ

√଼ଷ = 0.33

Cos θ y =
ହ

√଼ଷ = 0.55

Cos θ z =


√଼ଷ = 0.77

Fx = 100 x 0.33 = 33 lb

Fy = 100 x 0.55 = 55 lb

Fz = 100 x 0.77 = 77 lb
Thus, the vector F written in terms of the unit vector is

F = 33i + 55j + 77k
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Moments are treated as vector quantities as well and are

typically depicted by using double arrowed heads.

The direction cosines are used to determine the x, y and z

components of a moment vector are shown here in Figure 3.

The direction cosines multiplied by the Moment M give the x, y and z

components.

Mx = M (Cos θ x)

My = M (Cos θ y)

Mz = M (Cos θ z)

and

M = √Mx
2 + My

2 + Mz
2

The procedure to determine the unit vector M is the same as above in

calculating the force vector.

M = Mxi + Myj + Mzk
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The cross product is the product of two vectors and can be useful in determining the resultant of vector forces in 3-D

space. Consider two nonparallel vectors A and B having the same initial point as shown in Figure 4.

If A = (a1, a2, a3) and B = (b1, b2, b3) then the cross product of

A and B denoted by A X B, is given by

A X B = (a2b3 - a3b2, a3b1 – a1b3, a1b2 – a2b1)

or

A X B = ቚ
aଶ aଷ
ଶܾ ଷܾ

ቚi - ቚ
aଵ aଷ
ଵܾ ଷܾ

ቚj + ቚ
a a
ܾ ܾ

ቚk

or

A X B =
  

a a a
ܾ ܾ ܾ
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Example 2

Given A = (2, 1, -3) and B = (3, -1, 4), find A X B.

A X B =
  
  −
 − 

= ቚ
 −

− 
ቚi - ቚ

 −
 

ቚj + ቚ
 
 −

ቚk

= [(1)(4) – (-1)(-3)]i - [(2)(4) – (3)(-3)]j + [(2)(-1) – (3)(1)]k

= i - 17j - 5k
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Example 3

A100 lb force is directed along the line drawn from the point

whose x, y, z coordinates are (4, 2, 1) to the point whose

coordinates are (0, 4, 2). What are the moments of this force

about the x, y and z axes?

M = r X F where r is the position vector relative to any point

on the force vector F

If we use point (4, 2, 1), then r = 4i +2j +1k

Figure 5 shows the 100 lb force in the parallelepiped box

depicted in green. The x, y and z values of the length of the

sides of the parallelepiped box must first be determined.

The x side is 0-4 = -4 (Fx is in the negative direction)

The y side is 4-2 = 2

The x side is 2-1 = 1

The length if the vector representing the

100 lb force = (−4ଶ + 2ଶ+1ଶ)0.5 = √21
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Calculating the three orthogonal components of vector F yields

Fx = F (
ିସ

√ଶଵ
) = 100 (-0.873) = -87.3 lbs

Fy = F (
ଶ

√ଶଵ
) = 100 (0.436) = 43.6 lbs

Fz = F (
ଵ

√ଶଵ
) = 100 (0.218) = 21.8 lbs

or

F = -87.3i + 43.6j + 21.8k
And as determined on the previous page

r = 4i +2j +1k
Therefore,

M= r X F =
  
4 2 1

−87.3 43.6 21.8

= ቚ
2 1

43.6 21.8
ቚi - ቚ

4 1
−87.3 21.8

ቚj + ቚ
4 2

−87.3 43.6
ቚk

= [(2)(21.8) – (43.6)(1)]i - [(4)(21.8) – (-87.3)(1)]j + [(4)(43.6) – (-87.3)(2)]k

= 0i – 174.6j + 349.1k
Note that in this example the Fy & Fz components summed about the x axes cancel each other out.
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II. Free-Body Diagrams
A free-body diagram is a representation of a body where all of the external forces, moments and support

reactions result in the body being in equilibrium. Mathematically this is represented by the following equations:
Summation of forces in the x, y and z directions equal 0

ΣFx = 0

ΣFy = 0

ΣFz = 0

Summation of moments about the x, y and z axes equal 0

ΣMx = 0

ΣMy = 0

ΣMz = 0

Figures 6A depicts a structure supporting the load P.

Figures 6B depicts the free-body diagram of the structure
supporting the load P.
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In Figure 6C a section is cut through members AD &
AB as shown. Because equilibrium must be maintained in
the free-body diagram shown in Figure 6D the forces in
members AD & AB can be determined by summing
forces and moments.

A structure can be divided into a sufficient number of
free-body diagrams such that the internal forces and
moments on points or members of interest on the structure

can be determined from ΣF = 0 & ΣM = 0.

III. Trusses
In the following section on trusses there are several assumptions which are made:

a.) The weights of the members are considered to be negligible as they are small compared with the

loads.

b.) Trusses are composed of rigid members.

c.) Forces are transmitted from one member to another through smooth pins fitting perfectly in the

members.
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Some common types of trusses are shown below.
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Three basic methods may be used in analyzing trusses.
1.) Method of Joints
2.) Method of Sections
3.) Graphical Solutions (Not addressed in this course)

Method of Joints
The method of joints is explained using the Example 4 below.

Example 4
Find the forces in members L1L2, & L1U1 in the truss
depicted in Figure 7.

Solution:
For a plane truss using Method of Joints, there are only

two equations of equilibrium, ΣFv = 0 & ΣFh = 0. The

support reaction on joint L1 of 15K acts upward and

ΣFv = 0, therefore, there must be a 15K force acting

downward or
15K – (L1U1)V =0 there must be a 15K vertical
component in member L1U1. Because member
L1U1 is on a 45° angle (L1U1)h =15k. The 15K

horizontal force in member L1U1 must be
resisted by a 15K horizontal force, -15K + (L1L2)h =0.

Results
Member L1U1 =15K (√2) = 21.2K Compression

Member L1L2 =15K Tension
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Method of Sections
The method of sections is explained using the Example 5 below.

Example 5
Find the forces in members U1U2, L2L3, & L2U2 in the truss depicted in Figure 8.
Note: Tension and compression members are depicted in the adjacent diagram.
Solution:
For a plane truss using Method of Sections, there are three equations of equilibrium,

ΣFv = 0, ΣFh = 0 and ΣM = 0.

By summing moments about joint L2 will provide
the force in member U1U2

ΣML2 ↻= 0 = 15K (20’) - U1U2 (20’)

The force in U1U2 =15K Compression
By summing moments about joint U2 will provide
the force in member L2L3

ΣMU2 ↻= 0 = 15K (40’) - 10K (20’) –L2L3 (20’)

Therefore, the force in L2L3 =20K Tension
By summing horizontal forces on the left hand free-body shown in Figure 8 will provide the force in member L2U2,
from above the force in L2L3 =20K to the right and the force in U1U2 =15K to the left

ΣFh = 0 = 20K – 15K - L2U2, Therefore, the force in L2U2 =5K of compression for its horizontal component which

results in the force in L2U2 = 5k (√ ) = 7.1k compression.
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IV. Flexible Cables
The two types of flexible cable configurations which will be examined here are Parabolic Cables

and Catenary Cables.

Parabolic Cables
The following equations apply to a parabolic
cable supporting a uniform horizontal load of w
lbs/ft as shown in Figure 9.
d = sag (ft)
a = span (ft)
l = length of cable (ft)
H = tension at midpoint (lbs)
T = tension at supports (lbs)

Sag = d =
௪మ

଼ு

Tension at supports = T =
௪

ଶ
1 +

మ

ଵௗమ

Length of cable = l = a1 +
଼

ଷ
ቀ
ௗ


ቁ
ଶ

−  
ଷଶ

ହ
ቀ
ௗ


ቁ
ସ

+
ଶହ


ቀ
ௗ


ቁ


−  … .൨
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Example 6
Find the tension at the midpoint and the
support points of the suspension bridge
cable and the length of the cable shown
in Figure 9A.

From the equation above for sag

d =
௪మ

଼ு
or H =

௪మ

଼ௗ
hence,

H =
଼మ

଼ସ
= 900,000 lbs of tension in cable at midpoint

T =
௪

ଶ
1 +

మ

ଵௗమ
=

଼

ଶ
1 +

మ

ଵସమ
= 931,450 lbs of tension in cable at the supports

l = 6001 +
଼

ଷ
ቀ
ସ


ቁ
ଶ

−
ଷଶ

ହ
ቀ
ସ


ቁ
ସ

+
ଶହ


ቀ
ସ


ቁ

൨=600[1 + 0.0119 − 0.00013] = 607.04 ft
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Catenary Cables
The following equations apply to a

catenary cable supporting a uniform load of ߤ
lbs/ft along the cable in Figure 10 rather than a
uniform horizontal load.
d = sag (ft)
a = span (ft)
l = length of cable (ft)
H = tension at midpoint (lbs)
T = tension at supports (lbs)

d =
ு

ఓ
( ఓ

ு
-1)

l =
ଶு

ఓ

ఓ

ு

T = H
ఓ

ு
= H + ݀ߤ
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Example 7
Find the maximum tension in the cable and the
length of the cable shown in Figure 10A.

From the equation above for sag

d =
ு

ఓ
( ఓ

ு
-1)

d = 200 ft, a = 500 ft & =ߤ 8 lbs/ft of cable

200 =
ு

଼
( (଼ହ)

ு
-1)

or
ଵ

ு
=

ସ)

ு
-1

The above equation is most easily solved graphically as shown in Figure 10B.

The maximum tension is found from

T = H + ݀ߤ = 5,246.9 + (8)(200) = 6,846.9 lbs

The length of the cable is found from

l =
ଶு

ఓ

ఓ

ு
=
ଶ௫ହଶସ.ଽ

଼
( ଼௫ହ

ହଶସ.ଽ
=1,311.7 x 0.838

l = 1,099.7 ft.
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V. Analysis of Beams with Concentrated Loads
Beams which are supported in such a way that the external reactions can be determined by the methods of statics

are statically determinate by definition. Beams which have more supports than are required to provide equilibrium
are statically indeterminate by definition.

Examples of statically determinate and statically
indeterminate beams are shown in Figure 11.

The same principles of equilibrium and free-body diagrams

apply to statically determinate beams, ΣF = 0, ΣM =0.

To examine the internal forces of a beam, the shear and
moment at any section of the beam must be determined.
Shear and moment diagrams provide the engineer with this
information. The example below illustrates the basic procedure.
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Example 8
Draw the shear force and bending moment diagrams for the beam shown in part (a), and determine the maximum

magnitude of the bending moment and its location.
From the diagram in figure (b) calculate the reactions RL and RR,

ΣMRL ↺=0 = 7RR – 4(200) - 9(100)

ΣMRL ↺=0 = 7RR – 1700, RR = 1700/7 = 242.9 lbs

Solving for RL using ΣF = 0 = RL + 242.9 – 200 – 100, RL = 57.1 lbs

Illustration (c) represents the free-body diagram of the left portion of the

beam. Using the ΣF = 0 & ΣM =0 equations to calculate the shear and

moment values at the right end of free-body diagram are shown below.

ΣF = 0 = 57.1 + VA, VA = -57.1 lb

ΣMA ↺=0 = + 57.1X

Illustration (d) represents the free-body diagram of a portion of the beam.

Using the ΣF = 0 & ΣM =0 equations to calculate the shear and moment

values at the right end of free-body diagram are shown below.

ΣF = 0 = 57.1 – 200 + VB, VB = 142.9 lb

ΣMA ↺=0 = -200(X – 4) + 57.1X = 800 -200X +57.1X = 800 – 142.9X

Illustration (e) represents the free-body diagram of a portion of the beam.

Using the ΣF = 0 & ΣM =0 equations to calculate the shear and moment

values at the right end of free-body diagram are shown below.

ΣF = 0 = 57.1 – 200 + 242.9 + VC, VC = -100 lb

ΣMA ↺=0 = 242.9(X-7) -200(X – 4) + 57.1X = 242.9X-1700 -200X +800

+57.1X = 900 – 100X
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Illustration (f) represents the shear diagram. The shear diagram is simply the
magnitude of the forces which the beam is resisting at the supports and the
magnitude of the forces which the beam is resisting at the loads to maintain
equilibrium. The support at the left end (RL = 57.1 lb) exerts an upward force
on the beams left end therefore the shear in the beam must be a downward
force of 57.1 lb or -57.1 lb. The remainder of the shear diagram is drawn using
the same principle.

Illustration (g) represents the moment diagram. The area in the shear diagram
between 0 & 4 feet = 57.1 lb x 4 ft = 228.4 ft-lb, therefore, the moment value
for the segment of the beam between 0 & 4 feet varies from a value of 0 to a
value of 228.4. The next segment of the moment diagram is from the area in
the shear diagram between 4 & 7 feet = 142.9 lb x 3 ft = 428.7 ft-lb. Note that
whenever the shear value in the shear diagram passes through 0 the rate of
change of the moment must also be 0 and the moment is at a maximum or minimum. So the next segment of the
moment diagram is now diminishing in value. The moment value for the segment of the beam between 4 & 7 feet
varies from a value of 228.4 to a value of -200 → (228.4 – 428.7).  

The last segment of the moment diagram is from the area in the shear diagram
between 7 & 9 feet = -100 x 2 = -200 ft-lb.

Again, the shear value in the shear the shear diagram passed through 0 and the moment
is now increasing in value. The moment value for the segment of the beam between
7 & 9 feet varies from a value of -200 to a value of 0 →[(-200 + 100 x 2)]. 

The maximum magnitude of the bending moment is 228.4 ft-lb and its location is located 4 feet from the left end of
the beam.
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VI. Analysis of Beams with Distributed Loads
Figure 12A represents a portion of a loaded beam with an element dx

of the beam being isolated.
Equilibrium of the element shown in Figure 12B requires that the sum

of the vertical forces be equal to 0.
V + wdx – (V +dV) = 0
or

w =
ௗ

ௗ௫

Equilibrium of the element shown in Figure 12B also requires that the
sum of the moments be equal to 0.

M + wdx
ݔ݀
2

- (V +dV) dx – (M + dM) = 0

The two M’s cancel each other out & the terms wdx
ݔ݀
2

and (V +dV) dx are dropped as they are in infinitesimally

small.

The equation becomes Vdx- dM = 0 or V = -
ܯ݀
ݔ݀

which effectively says that the shear is equal to the negative of

the slope of the moment curve. Another way of expressing the same thing is to say that the moment is the negative
of the integral of the shear.

∫ ܯ݀
ெ

ெ 
= - ∫ ܸܸ݀

௫

௫
As shown in Figure 12C, the

moment Mo is at xo and M is at x.
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Example 9
The beam in part (a) has a uniform distributed load of 25 lb/ft, draw the shear and
moment diagrams.

The support reactions must be determined,

summing moments about RL = w


ଶ
= 25

଼

ଶ
= 100 lb, from symmetry RR = 100 lb

moving from the left end of the beam toward the right end of the beam the
equation for shear and moment can be written as

V = - w


ଶ
+ wx or V = - 100 + 25x

and

M = w
௫

ଶ
- w

௫మ

ଶ
or M = 100x – ଶݔ12.5

the equation for the shear diagram, V = - 100 + 25x is clearly linear,
substituting 0 for x yields -100, substituting 4 for x yields 0, and substituting 8 for
x yields 100.

the equation for the moment diagram, M = 100x – ଶݔ12.5 is parabolic,
substituting 0 for x yields 0, substituting 4 for x yields 200, and substituting
8 for x yields 0.
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VII. Centroids of Lines and Areas

The centroid of a line in a plane will have two coordinates, namely ݔ and ,ݕ where, =ݔ
∫௫ௗ


and =ݕ

∫௬ௗ


,

or another way of writing the equations if the lines are discontinuous is =ݔ
∑௫

∑
and =ݕ

∑௬

∑
Example 10
Determine the centroidal coordinates of the composite line shown in figure 13.

=
∑௫

∑
=
ଵ(ଶ)ା ଶ(ଶ)ା ଷ.ହ(ଷ)

ଶାଶାଷ
=
ଵ.ହ


= 2.36

=
∑௬

∑
=
ଵ(ଶ)ା ଶ(ଶ)ା ଷ(ଷ)

ଶାଶାଷ
=
ଵହ


= 2.14
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Example 11
Locate the x centroid coordinate of the circular arc line shown in figure 14.

L = ݀݊ܽݎߙ2 dL = rdߠ and the x coordinate of the differential element is r cos ,ߠ

therefore, [Note: =ܛܗ܋∫ ܖܑܛ ] & all angles are measured in radians

=ݔ
∫௫ௗ


=

∫(௦ఏ) ௗఏ

ଶఈ

ఈ

ିఈ

or

=ݔݎߙ2 ଶݎ2 sinߙ

or

=ݔ
ୱ୧୬ఈ

ఈ
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The centroid of an area will have two coordinates, namely ݔ and ,ݕ where, =ݔ
∫௫ௗ


and ݕ =

∫௬ௗ


,

Example 12
Locate the ഥ of the triangle shown in figure 15.

A =


ଶ
ܽ݊݀ ܣ݀ = ݀ݔ ݕ and by similar triangles

௫

(ି௬)
=




or x =
(ି௬)


therefore, ܣ݀ =

(ܾℎ−ݕ)

ℎ
ݕ݀

ܣ =തݕ =
(ି௬)


=




-

௬మ





ଶ
)=തݕ ௬మ

ଶ
ቃ -

௬య

ଷ
ቃ ) =

మ

ଶ
-
య

ଷ
=

మ

ଶ
-
మ

ଷ
=
మ



=തݕ

మ




ଶ

൙ =


ଷ

h

0

h

0
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Example 13
Locate the ݔ centroid of the circular sector shown in figure 16.
ܣ =ҧݔ ∫ ݀ݔ ܣ

The triangular sector has an area dA =


ଶ
(rdߠ) and the equation for the ݔ of

the hatched triangular sector is
ଶୡ୭ୱఏ

ଷ
and A = ߙ2

మ

ଶ
= ଶݎߙ

Substituting the terms for dA, x and A into ܣ =ҧݔ ∫ ݀ݔ ܣ yields

=ݔଶݎߙ
ߠcosݎ2

3
(ߠଶdݎ½) [Note: =ܛܗ܋∫ ܖܑܛ ]

Therefore,

=ݔଶݎߙ
ߠcosݎ2

3
(ߠଶdݎ½) =

୰యୡ୭ୱఏ

ଷ

ఈ

ିఈ
dߠ

=ݔଶݎߙ
r3 ୱ୧୬ߠ

ଷ
] =

୰యୱ୧୬ఈ

ଷ
or =ݔ

୰యୱ୧୬ఈ

ଷఈమ
+

୰యୱ୧୬ఈ

ଷఈమ

=ݔ
ଶୱ୧୬ఈ

ଷఈ

For a 180° semicircular the area ߙ2 = ߨ and =ݔ
ସ

ଷగ

ߙ
ߙ-
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Another way of writing the equations if the areas are divided into parts is =ݔ
∑௫

∑
and =ݕ

∑௬

∑

Example 14
Locate the centroid of the trapezoid with the semicircular area removed as shown in figure 17.

=ݔ
∑௫

∑
=

భ௫భା మ௫మି య௫య

భା మିయ

A1 = (5)(2)(½) = 5 and x1 = (5)(⅔) = 3.33 and ଵݔଵܣ = 16.67

A2 = (5)(2) = 10 and x2 = (5)( ½) = 2.5 and ଶݔଶܣ = 25

A3 = ()(1ଶ)(½) =
గ

ଶ
and x3 = (3) = 3 and ଷݔଷܣ =

ଷగ

ଶ

=ݔ
∑௫

∑
=
ଵ.ାଶହିଷగ ଶ⁄

ହାଵି గ ଶ⁄
= 2.75←

=ݕ
∑௬

∑
=

భ௬భା మ௬మି య௬య

భା మିయ

A1 = (5)(2)(½) = 5 and y1 = (2 + (⅓(2))) = 2.67 and ଵݕଵܣ = 13.33

A2 = (5)(2) = 10 and y2 = (2)( ½) = 1.0 and ଶݕଶܣ = 10

A3 = (½)(1ଶ)(ߨ) =
గ

ଶ
and y3 = (

ସ

ଷగ
) and ଷݕଷܣ =

ଶ

ଷ
= ⅔

=ݕ
∑௬

∑
=
ଵଷ.ଷଷାଵି⅔

ହାଵି గ ଶ⁄
= 1.68←
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VIII. Theorems of Pappus
The theorems of Pappas provide a very simple method of calculating the surface area generated by rotating a

line about an axis. A line segment on the x-y plane which is rotated 360° about the x-axis generates a surface area.
An element of the surface area is calculated by the following equation,

dA = ydLߨ2

therefore, the total surface is A = ∫ߨ2 y݀ܮ

and from Example 11 Lݕ = ∫ y݀ܮ

hence, the area is equal to A = Lݕߨ2

Example 15
The semicircle shown in Figure 18 has a radius of 1 and when rotated
about the x-axis generates a sphere. Determine the equation for the
surface area.

Using the relationship A = Lݕߨ2

And from Example 11, =ݕ
ୱ୧୬ఈ

ఈ
and for =

గ

ଶ

ݕ =
ଶ

గ
and L= ݎߨ

therefore, A = Lݕߨ2 = ߨ2 (
ଶ

గ
=ݎߨ r2ߨ4

The equation for the surface area of a sphere is A = r2ߨ4

423.pdf



A Practical Review of Statics

A SunCam online continuing education course

www.SunCam.com Copyright 2021 Thomas B. Watson, III, P. E. Page 31 of 40

The theorems of Pappas also provide a very simple method of calculating the volume generated by rotating an
area about an axis. An elemental area on the x-y plane which is rotated 360° about the x-axis generates a volume.
An element of the volume area is calculated by the following equation,

dV = ydAߨ2

therefore, the total volume is V = ∫ߨ2 y݀ܣ

and from Example 13 Aݕ = ∫ y݀ܣ

hence, the volume is equal to V = Aݕߨ2

Example 16
The semicircular area shown in Figure 19 has a radius of 1 and when rotated about
the x-axis generates a sphere. Determine the equation for the volume of the sphere.

Using the relationship V = Aݕߨ2

And from Example 13, ݕ =
ଶୱ୧୬ఈ

ଷఈ
and for =

గ

ଶ

=
ସ

ଷగ
and A=

గమ

ଶ

therefore, V = Aݕߨ2 = ߨ2 (
ସ

ଷగ




=
ସగయ

ଷ

The equation for the volume of a sphere is V =
ସగయ

ଷ
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IX. Area Moments of Inertia
The moment of inertia I of an element of area about an axis is the product of the area

of the element times the square of the distance to the axis. Figure 20 shows the
elemental area dA and the x and y distances from the y and x axes respectively.

Ix = y2 dA = ଶݕ∫ dA and Iy= x2 dA = ଶݔ∫ dA

Example 17
Determine the axial moment of inertia of the rectangle with base b and

altitude h about the centroidal axis parallel to the base shown in Figure 21.

x
2 = ∫ ଶݕ


ଶൗ

ି
ଶൗ

bdy =
௬య

ଷ
=

య

ଶସ
- (-

య

ଶସ
)

x
య

ଵଶ

ℎ
2ൗ

−ℎ
2ൗ
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Example 18
Determine the axial moment of inertia of the rectangle with base b and

altitude h about the base shown in Figure 22.

Ix = y2 dA = ∫ ଶݕ



bdy = ܾ

௬య

ଷ
] = ܾ

య

ଷ
- (- ܾ

య

ଶସ
)

x
య

ଷ

The Parallel Axis Theorem states that the axial moment of inertia of an area about any
axis equals the axial moment of inertia of the area about a parallel axis through the
centriod of the area plus the product of the area and the square of the distance

between the two parallel axes. The area shown in Figure 23 has a moment of inertia Io

about the horizontal axis passing through its own centroid, i.e., Io y2 dA

Izz = (d+y)2 dA = ∫(݀+ ଶ(ݕ dA

zz
2 ଶ 2 Io

However, the axis from which y is measured in the second term above passes through the

centroid of the area, therefore, or Aݕ = 0

The equation for the parallel axis theorem is zz Io + 2

Example 19

h

0
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Determine the axial moment of inertia about the horizontal axis of the inverted “T” shown in Figure 24.

For convenience, the work is shown below in tabular form.

Area A (in2) y (in) (from bottom) Ay (in3)
Area A 4x¼=1 2½ 2½
Area B 6x½=3 ¼ ¾

ΣA= 4 ΣAy= 3¼

∑௬

∑

ଷ.ଶହ

ସ
0.81

For Area A

Io =
య

ଵଶ
=

(.ଶହ) ସయ

ଵଶ
= 1.33 in4

and Ad2 = (4x¼) (2.5-0.81)2 = 2.86 in4

I = Io + Ad2 = 1.33 + 2.86 = 4.19 in4←

For Area B

Io =
య

ଵଶ
=

()(½)య

ଵଶ
= 0.06 in4

and Ad2 = (6x½) (0.81 - 0.25) 2 = 0.95 in4

I = Io + Ad2 = 0.06 + 0.95 = 1.01 in4←

The moment of inertia for the composite section for the inverted “T” is I = 4.19 + 1.01 = 5.20 in4
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X. Fluid Statics
Fluid Pressure
The pressure at any given point in a fluid is equal in all directions; this concept is known as Pascal’s Law. In a

fluid contained in a vessel the pressure at any point in the fluid is a function of the vertical dimension.
The force P exerted by a liquid onto a plane area A is the product of the specific gravity of the liquid, multipliedࢽ

by the depth of the liquid to the center of gravity of the plane area, hcg multiplied the area of the plane area, A.

P = ࢽ hcg A, where the units are, P (lb), ࢽ (݈ܾ ⁄ଷ݂ݐ ), hcg ( (݂ݐ and A (ଶݐ݂)

Example 20
Consider the hinged rectangular plate shown in Figure 25. What is the
magnitude of the resultant force R of the fresh water on plate AB and at what
depth below the liquid surface does it act. Calculate the force R for a 1 foot
wide strip of plate.

ࢽ = 62.4 ݈ܾ ⁄ଷ݂ݐ

Pavg = ࢽ ℎ = 62.4 (ଽ
ଶ
) = 280.8 ݈ܾ ⁄ଶ݂ݐ

The resultant force R= Pavg A = 280.8 (9) (1) = 2,527.2 ݈ܾ

The resultant force R acts through the centroid of the triangular distribution of

pressure, or R acts ⅔ (9) = 6 feet below the water surface.
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Figure 26 will be used to determine the resultant of a hydrostatic
force P and the location of P acting on the inclined plane AB.
Consider an elemental area where every part is the same distance h
below the surface of the liquid such as the hatched strip. The
pressure across this hatched strip would be uniform and p dA = hࢽ
dA = dP , where dP is the differential force acting on the hatched
strip.
Rearranging a portion of the above equation and noting that
h = y sin Θ 

dP = hࢽ dA = ࢽ y sin Θ dA or

P = ࢽ y sin Θ dA = ࢽ sin Θ y dA ,
and from Example 13, ycgܣ = ܣ݀ݕ∫ which is the expression for
the centroid or center of gravity,

therefore, the resultant of the hydrostatic force P is as follows,

P = ࢽ ycg A

The hydrostatic force P is located at the spot on the plane AB which is referred to as the center of pressure (cp).
The center of pressure is at a depth of hcp, and hcp = ycp sin .ߠ The derivation of the location of the center of pressure,

ycp yields the following equation, cp =
ூ

௬
+ 

Where ܫ is the moment of inertia of the plane area about its center of gravity, A is the area of the plane and ycg is

the inclined distance from point “O” to the center of gravity of the plane area.
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Example 21
Consider the two plates shown in Figure 27. What is the magnitude and location of the resultant force P of the fresh
water on Plate A and Plate C. Calculate the force P for a 1 foot wide strip of plate.

Plate A

The resultant of the hydrostatic force P = ࢽ ycg A,

P = (62.4) (3.5) (3x1) = 655.2 lb for 1 foot wide strip of plate

The location of the hydrostatic force P is at the center of pressure, ycp

cp =
ூ

௬
+  =

భೣయయ

భమ

(ଷ௫ଵ)(ଷ.ହ)
+ 3.5

cp =
ଶ.ଶହ

ଵ.ହ
+ 3.5 = 3.71 ft below the water surface

Plate C

The resultant of the hydrostatic force P = ࢽ ycg A,

P = (62.4) (3.5) (3x1) = 655.2 lb for 1 foot wide strip of plate

The location of the hydrostatic force P is at the center of pressure, ycp

cp =
ூ

௬
+  =

భೣయయ

భమ

(ଷ௫ଵ)(ଷ.ସହାଵ.ହ)
+ (3.45 + 1.5)

cp =
ଶ.ଶହ

ଵସ.଼ହ
+ 4.95 = 5.10 ft from point “O” on the inclined distance

423.pdf



A Practical Review of Statics

A SunCam online continuing education course

www.SunCam.com Copyright 2021 Thomas B. Watson, III, P. E. Page 38 of 40

XI. Friction
An example of dry friction is shown in Figure 28 (a). The block of weight W is

in contact with another surface and a horizontal force P is applied to the block.
A free-body diagram of the block is shown in Figure 28(b) and in this case, note
that the force W is resisted by the force N, and the force P is resisted by the friction
force F. The force P can vary from 0 up to a value which allows motion, this upper
limit of force is called the maximum value of static friction. As the value of P
varies between 0 and the maximum value of static friction the relationship between

F and N are proportional and
ிೞ

ே
= ௦݂, and for any two specific surfaces the value of

௦݂ is a constant and is referred to as the coefficient of static friction.

When the value of P is such as to cause the block to move the friction between
the block and the supporting surface is no longer static, following slippage the
friction is now referred to as the coefficient of kinetic friction, and the kinetic

friction is also proportional,
ிೖ

ே
= 

The resultant force R for either static or kinetic friction shown if Figure 28(b) as
measured from the N direction is

tanߙ =
ி

ே
= ݂
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Example 22
Consider the block shown in Figure 29. If W = 100 lb and P = 50 lb what is the value
of N and F if fs = 0.30.
௬ܨ∑ = 0 = W-N, N = 100 lb
and
F = Nf = (100 lb) (0.30) = 30 lb

Example 23
Determine the minimum value for the angle ߆ for equilibrium of the homogeneous
latter of length l shown in Figure 30. The coefficient of friction for all surfaces is f.
One of the ends of the ladder will begin to slip as the angle Θ continues to increase. 
There are three unknowns: N1, N2 & ߆ and
The three equations of equilibrium are:

௫ܨ∑ = 0 = N1 – fN2

௬ܨ∑ = 0 = N2 – W –fN1

ܯ∑  = 0 = N2 l cos ߆ – fN2 l sin߆ -
ௐ

ଶ
l cos ߆

Substituting N1 = fN2 into (a) yields N2 =
ௐ

ଵାమ
, and substituting this value of N2

into (c) yields ߆ = tanିଵ
(ଵିమ )

ଶ
, slip will occur for any value of ߆ below this value

(a)
(b)
(c)
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Example 24
Calculate the range of weights, (Wmax, & Wmin)
that the weight can have such that the 100 lb
block does not slide up the inclined plane nor
slip down the inclined plane in Figure 31.
The coefficient of static friction, f = 0.33.

Case I
Maximum weight W such that the 100 lb block
does not slide up the inclined plane.
௬ܨ∑ = 0 = N – 100 cos 30°, N = 86.6 lb
F = f N = 0.33 (86.6), F = 28.6 lb
௫ܨ∑ = 0 = W – 28.6 – 100 sin 30°, W = 78.6 lb
Therefore, the maximum weight which can be applied without the block moving upward on the plane is 78.6 lb.

Case II
Minimum weight W such that the 100 lb block does not slide down the inclined plane.
௫ܨ∑ = 0 = W + 28.6 – 100 sin 30°, W = 21.4 lb
Therefore, the minimum weight which can be applied without the block moving downward on the plane is 21.4 lb.
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