STATICSLESSON PLAN
(Approximate lecturetime: 3 hours)
FORCE [FERM 10:1]
F=2F= ZFX,ii + ZFy,ij + ZFZ,ik
Fx=Rcos &; Fy=Rcos &y F,.= Rcos 6,

Concurrent forces

When all the forces act at a single point, the system is concurrent. With concurrent forces
there can be no moments (couples), so all that mattersis the sum of the forcesin each
coordinate.

Resultant

The resultant is the vector sum of all the forces acting at a concurrent point.

Examples: Force

AY

F,=30i+40j-50k
F,= -60i+20j+30k| ~12,4,0)

=y
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Which of the following systemsis equivalent to the system shown?

(A) y (B) Y )

R= -30i+60j-20k

R=-30i+60j-20k ~

z Z  (C=80i+40j+240k z

The vector sum of F;and F, is—30I + 60j — 20k applied to the original point of
application.

Therefore (D) is correct.

The magnitude of the resultant in the diagram shown is most nearly
(A) 140N  (B)191N  (C)396N  (D)470N

Thisis only atwo-dimensional problem, but whether two-dimensional or three-
dimensional, the magnitude is only an application of the Pythagorean theorem. Also, our
good friends the 3-4-5 triangle and the 5-12-13 triangle are featured in this example.
These two triangles are popular with writers of exam problems because they make
solutions turn out in whole numbers. The sine or cosine of the anglesisasimpleratio of
the side to the hypotenuse. The problem can also be solved with some trigonometry, but
thisway is much easier. On the FE exam, NCEES will most likely give the angle(s) if the
triangle is not of the 3-4-5 or 5-12-13 variety.

\/EIIQGOX—SD 0300x4 0 O 260x12) [] 300%3 [
008 58 60

H 13 HH 5 05 H q %N

Therefore (C) is correct.
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Moments (Couples) [FERM 10:2]

Two forces of equal magnitude in opposite directions but not in line are a couple. A
couple can be thought of as two concurrent systems tied together by alever arm.

The moment of the couple isthe cross

product of one forcein acouplewith a M
vector perpendicular in between the f/ FI
couple. r/iF
M =rxF
M|=rF

Mita = Z(r X F) =1 x Z(F)

Equilibrium [FERM 10:3]

The sum of the forces and momentsis zero.
>F=0 >M=0

Two-dimensional eguilibrium

When we solve two-dimensional equilibrium problems, the force equation and moment
equations will give two simultaneous equations, so we can solve for up to two unknowns.

Example: Equilibrium

For the system shown to be at equilibrium, what is the resultant R? What is the distance x?

SN
3N 5N
6 m%’ﬂ' m=>
Y \ 4

SF=0=R-3N-9N-5N
R=17N
>M=0=3x+9(x-6)+5(x-10)
x=104/17=6.1m
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Three-dimensional equilibrium

Most likely, three-dimensional equilibrium problems will be limited to observation and
basic understanding. The systems requiring simultaneous equation solution will likely be
confined to a plane.

Example: Equilibrium

A bar isanchored at the middle with auniversal, frictionless joint. A forceof F =3i + 4j + 5k is
applied one end of the bar. What force must be applied to the other end of the bar to keep the
system in equilibrium?

(A) 3i + 4j + 5k (B) 5i +4j + 3k (C) 3i +4j -5k (D) 3i - 4j -5k

The other forceis at the other side of the joint, so the force must be in the same direction.
3i +4j + 5k
Therefore (A) is correct.

CENTROIDS AND MOMENTS OF AREA [FERM 13:1]

The moment of areais used in finding the centroid. Strictly speaking, the moment of area
isan integral of an infinite number of infinitesimal chunks of area. For the exam, the
chunks of the object will have shapes that have a known area and center.
May = Z X, &, With respect to the y-axis
Max = Z Y an , With respect to the x-axis
a, isthe area of the n™ chunk of the object
Xn and y,, are the coordinates of the center of the n™ chunk

Centroids[FERM 13:1]

The centroid is also called the center of mass. Strictly speaking, the centroid is an integral
of an infinite number of infinitesimal chunks of an object times the density of the chunks.
The integral takes into account that the object can have density that is not homogeneous.
For the exam, we can ignore cases where the density is not homogeneous, and instead
stick with the simple summation.

Centroid of an area

With respect to the coordinate system origin,
A=7% a, = total areaof the object
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Centroid of an line

X = Ij L Yie :_z)ll_”In z. = z?'” Where L= 31,

Centroid of avolume

2X V, PATAVA _ 27V,
P D\ .

Xy v Yie V c Y WhereV =3v,

Example: Centroid of an area

N

1

R

4

The area can be considered a 1x1 square plus a 4x8 rectangle minus a semicircle with
radiusa = 1.

From the table in the NCEES Handbook, y. for a square or rectangle is one-half the
height.

For a semicircle, the distance from the base to the centroid is:
4al(3r) = 4(1)/(3n) = 0.424

The base of the semicircle is 8 units above the x-axis, so for the semicircle:
Y. =8-0.424=7576

The area of the semicircleis ria%/2 = 1.57

Since the semicircleis anegative area, it gets a negative sign in the summation.

Thetotal y. isthe sum of theindividual areas times the individua y. divided by the total
area

_ > AY, _(1.0)(0.5) +(32)(4.0) +(-1.57)(7.576)
S A 1.0+32.0-1.57

Yac =4.98
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MOMENT OF INERTIA [FERM 13:2]
The moment of inertiais also known as the second moment of the area.
ly= | >f(x)dx = | xCdA
Iy =] yo(y)dy =] y'dA

Transfer or parallel axistheorem [FERM 13:2]

If the moment of inertia about an axis is known, the area is known, and the distance from the
centroid is known, then the moment of inertia about another axis can be found.

I = e+ d?A

ly = lye + dPA

Examples: Moment of Inertia

(1) Find the moment of inertia for the shape about the x-axis. (All dimensions show arein mm.)

(2) Find the moment of inertia about the horizontal centroid of the total shape.
1

6

(1) Consider the shape as two adjacent rectangles. The bottom rectangle has a moment of
inertia taken about its edge (the x-axis) of I, (lower)= bh®3 = 0.25 mm®. The moment of

inertia for the upper rectangle taken about the axis of its centroid is I (upper)= bh%12 =
5.33 mm®. Use the transfer theorem to move the upper rectangle to the x-axis.

A= (4 mm)(1 mm) = 4 mm?
| (upper)= Iy (upper) + Ad® = 5.33 mm®* + (4 mm?)(0.5 + (4mm/2))? = 30.33 mm*
| total = I, (lower) + I, (upper) = 30.33 mm* + 0.25 mm* = 30.58 mm*

(2) The centroid of the total shapeis:

_2AY _(40)(25)+(3.0)(0.25) _; gop
S A 4.0+3.0 '

Ye

Usethetransfer axis theorem to convert the x-axis to the centroid:
Iy = o + Ad?
lox = Iy - Ad® = 30.58 mm* - (4 mm? + 3 mm?)(1.536 mm)? = 14.07 mm*
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150 mm

A A
»
Y

Y

100 mm

A B

The area of the shape is 6000 mm?. The moment of inertial about the A-A axisis

63.0 x 10° mm”. (Distances shown are measured from the centroid.) The moment of inertia about
the B-B axisis most nearly:

(A) 78 x 10°mm*  (B) 126 x 10° mm*  (C) 135x 10° mm* (D) 138 x 10° mm*

Iaa = I + Ad? = I + (6000 mm?)(100 mm)? = 63.0 x 10° mm?*

I, =3 x 10° mm*

lg.g = I + Ad? = 3 x 10° mm™*+ (6000 mm?)(150 mm)? = 138 x 10° mm*
Therefore (D) is correct.

Radius of gyration [FERM 13:3]

The distance from the centroid of the area at which you could place the whole area, rotate
it about that axis, and have the same moment of inertiais the radius of gyration.

O R
““\A YTV A N

Example: Radius of gyration

What is the radius of gyration for the shape about the x. axis?

5

From the table in the NCEES Handbook, r, = (h%/12)" = (8%/12)" = 2.31
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Product of inertia[FERM 13:3]

Equivalent to the moment of inertia taken about a coordinate system 45° from the x-y-z
system:

Ly = J Xy dAy le = | X2 dA, lyz = yzdA,

The transfer-axis theorem works much the same for the product of inertiaasit does for
moment of inertia. The NCEES Handbook gives only the transfer theorem for a coordinate
45° between the x-axis and y-axis.

Iy =1y, +d,d,A  whereds= distance between axes (x-direction)
where dy = distance between axes (y-direction)

FRICTION [FERM 12:2]

Friction is independent of the surface area of contact between two objects. All that
matters is the normal component of the force and the coefficient of friction. The
coefficient of friction depends on the materials. Static friction is greater than dynamic
friction.

F =friction force= uN

u = coefficient of friction

N = force normal to the contact surface

T =tension

Examples: Friction

%

A block on aninclined, hinged planeis at equilibrium. The coefficient of friction between the
block and the planeis 0.25. The angle of the plane to the horizontal (¢) isincreased. The block
will begin to slide when:

(A)sn¢g=1.0 (B) tan ¢ = 0.25 (C)sn¢=0.25 (D) cos ¢ =0.25

The block will beginto movewhen T > F
T=mgsing = uN = mg cos ¢

tan¢g = u=0.25

Therefore (B) is correct.
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Cable

Block A weighs 50 N, block B weighs 80 N, and block C weighs 100 N. The coefficient of
friction on al surfacesis 0.30. The maximum force (Fnax) that can be applied to block B
horizontally away from the wall without disturbing equilibrium is most nearly:

(A) 15N (B) 39N (C) 4N (D) 69 N

Between A and B thefriction forceis Fag = 0.30 X 50 N = 15 N.
The force between B and CisFgc =0.30 x (50 N + 80 N) =39 N.
Equilibrium will be broken when F > (15N + 39 N) =54 N.
Therefore (C) is correct.

Note: In this example, the friction force between block C and the floor is greater than the
force of friction between block B and block C; therefore block C will not dlip.

Belt Friction

For abelt dliding over a stationary circular sheave, the force necessary to get the belt
moving (F1) must be greater than the force trying to keep the belt stationary (F,). The
relationship depends on the angle of contact on the pulley (6 in radians) and the
coefficient of friction (u). Therelationship is:

F, =Fe"*

Screw Thread [FERM 12:2]

Any screw-thread problems that appear on the exam will be solved by plugging them into
the formula. However, it’s worthwhile to review the variables.

M= Prtan(ax¢) where+istightening and —isloosening
M = moment applied

P = load applied on the jack centerline

r = mean screw thread radius

a = pitch angle of thread

u = coefficient of friction =tan ¢
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The definition for pitch isthe nominal distance between two adjacent thread roots or
crests. The pitch angle is defined by:

q= pitch _ pitch
2 circumference

DISTRIBUTED LOADS (EITS8 32:14)

Thetotal forceistheintegral of the force over the distance.

Fr = J:W( X)dx
The place the force acts is the center of pressure. The center of pressure is analogous to
the centroid, so the table for the centroids in the NCEES Handbook can be used for
finding the center of pressure.

J:xw(x)dx
X = R
R

Example: Distributed |oads

What is the magnitude and location of the load on the beam?

mloo N

|

JAN

"L

24 m

F. :124@ xdx =1200 N
0 24
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e
100 100
= 0
_on24(x)dx_ H3H

R = =16m
1200 N 24 x 1200

An easier way to get the location of the load is to use the formulain the NCEES
Handbook for the centroid of atriangle:
X =2b/3=(2)(24 m)/3=16m

STATICALLY DETERMINATE TRUSSES[FERM 11:1]

Plane trusses

All trusses on the exam are single-plane, with frictionless pins, loads in the same planes,
and at equilibrium. Symmetry can be a powerful shortcut.

M ethods of joints
Write vertical and horizontal force equations for each joint.
Solve for unknowns.

Example: Method of joints

Use the methods of joints to calculate the force on section BD in the truss shown.

B D
60
A E
30
f 50m c 50m r
Ra l Re

2000 N

Calculate the moment around point A:
>Ma = (2000 N)(50 m) - Rg(50+ 50 m) =0
Solving for Re:
Re = 1000 N
Summing the forces on the truss in the y-direction:
2Fy=-2000N+Re+Ra=0
Solving for Ra:
Ra = 1000 N
Note: By symmetry, we know Rg = Ra.
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At point A, the member AC has no force in the y-direction, so the y-component of the
member AB must be equal to Ra:

AB, = Ry = 1000 N = AB sin 30°

AB =2000 N

Writing the equilibrium equations for point B:
>Fx, =ABs+BC-BD=0
=AB cos30°+BCsin30°-BD =0
= (2000 N)(0.866) + BC (0.5) -BD =0
*F, =AB,-BCcos30°=0
= 1000 N - BC (0.866) = 0

Solving for BD = 2310 N

M ethod of sections [FERM 11:2]

Draw the free-body diagram for the portion of the truss cut through the member of
interest.

Treat the member of interest as an external force and calculate the force the remaining
portion of the trussis exerting at that point.

Example: Method of sections

Find the forces on members CD and CE.

2
1 C I D
\
B ' t
I
% e\ I
20ml20m %Om I20m 20m | 20m
\4 \4 \4 A\
S000N 2000 N each 5000 N

To find the force on CE, the trussis cut at 1.
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A

20ml20m l

5000 N
2000 N each

The vector BC exerts no moment about point A.
>Ma = (2000 N)(20 m) + (2000 N)(40 m) — (40 m)(CE)
CE=3000N

To find the force on CD, thetrussis cut at 2.

C b

A E P

A =

20m | 20 m 20 m

\{ A\ \{

2000 N each

5000 N

Mg = (5000 N)(60 m) — (25 m) (CD) - (2000 N)(20 m) - (2000 N)(40 m)
CD =7200N

Note: The vector CD is 25 m from point F, so the moment is 25 m times the magnitude
of CD. Although it looks like we should find the distance along the CF member and
resolve the CD vector into a component perpendicular to the CF member, these two
operations are actually complements of each other—so doing this would have wasted
time.

END OF STATICSLESSON
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