UNIVERSITY OF HOUSTON
Department of Civil and Environmental Engineering

CIVE 2330 Engineering Mechanics I (Statics)

Fall 1999
1999 Catalog Composition and resolution of forces, free-body diagrams, analysis
Data: of forces acting on structures and machines, friction, centroids, and
moments of inertia.
Instructor: Theodore G. Cleveland, Ph.D.

Associate Professor, Civil and Environmental Engineering

Required Text:  Engineering Mechanica — Statics. Fourth Edition. J.L. Meriam and
L.G. Kraige. J. Wiley & Sons, New York 1997

Prerequisites by Topic:

1. Algebra
2. Calculus (Differentiation, Integration)
3. Physics

Course Objectives':
Objective 1.  Teach students the principles of equilibrium mechanics (1 and 5).

Objective 2: Teach the practice of mechanical analysis, including effective
communication of ideas by legible sketching and the application of
mathematics (2).

Topics:

1. Forces in a Plane; Particle Equilibrium; Forces in Space; Rigid Bodies (5
classes).

2. Moments; Couples; Reduction of Force Systems, 2D Equilibrium (4 classes).

3. 3D Equilibrium; Centroids: Lines, Areas, Volumes; Fluid Statics (5 classes).

4. Structures; Method of Joints;, Method of Sections, Frames and Machines (5
classes).

5. Beams: Internal Forces; Shear and Bending Moment; Cables (4 classes)
6. Friction; Wedges and Screws; Bearings (3 classes)
7. Moments of Inertia; Area Moment, Mass Moment (3 classes)

lNumbers in parenthesis refers to the Department of Civil and Environmental Engineering educational objectives.
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UNIVERSITY OF HOUSTON
Department of Civil and Environmental Engineering

CIVE 2330 Engineering Mechanics 1 (Statics)

Assessment Tools:

1. Exercises.
2. Examinations.
3. Portfolio.

Performance Criteria’:

Objective 1.

1.1 Students will demonstrate knowledge of the principles of equilibrium
mechanics (a)

Objective 2.
2.1 Students will demonstrate an ability to formulate and solve an equilibrium

mechanics problem (e k)
2.2 Students will demonstrate an ability to effectively communicate and
engineering problem and solution to a technical audience (g).

zLettem in parenthesis refer to ABET EC 2000 outcomes and assessment items (Criterion 3).
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CIVE 2330
Engincering Mechanics 1
Statics

Fall 1999

1999 Catalog Data: Composition and resolution of forces, free-body diagrams, analysis of forces acting on
structures and machines, friction, centroids, and moments of inertia.

Kmige. Wiley and Sons, Inc. New York, 1997. 524p.

The minimum prerequisites for this course are college algebra, caiculus through analytical geometry
(concurrent OK) and physics up to electricity and magnetism,

Course Objectives:

1. Teach students the principles of equilibrium mechanics.
2. Teach the practice of mechanical analysis, including effective communication of ideas by legible
sketching and application of mathematical formulas.

Schedule:

Date Subject Exercjses Reference
1 8-23 Introduction & Review 11.Y4. 1140 M&K pp 1-16
2 8-25 Computational Methods i , M&K pp 493-508
3 8-30 Vectors and Forces 25,214,2,49,3777 M&K pp 19-34;495-498
4 9-1 Vectors and Moments 231233237238 M&K pp 34-45;496-498
5 9-8 Couples 2.40,2.41,2.47,2.52 ME&K pp 46-53
6 9-13 Resultants 2.54,2.58,2.61,2.66 M&K pp 54-70
7 9-15 3D Force Systems 2.72,2.75,2.76,2.83 M&K pp 71-83
8 9-20 3D Moments and Couples | 2.92,2.94,2.98,2.103 M&K pp 84-101
9 9-22 Review Chapters 1-2 2.113,2.125,2.138,2.142
10 9-27 Exam 1
11 9-29 Free Body Diagrams 3.1,3.3,3.8.3.11 M&K pp 103-115
12 10-4 2D Equilibrium 3.24,3.253.40,3.54,3.55 | M&K pp 116-141
13 10-6 3D Equilibrium 3.61,3.73,3.104,3.109 M&K pp 142-173
14 10-11 Method of Joints 4446494.154.26 M&K pp 175-190
15 10-13 Method of Sections 4.30,4.32.4.354.37446 | M&K pp 191-200
16 10-18 Space Trusses 4.53,4.54,4.59,4.63 M&K pp 201-207
17 10-20 Frames and Machines 4.674.74.4.774.94,495 | M&K pp 208-238
18 10-25 Review 4.104,4.1084.117,4.118
19 10-27 Exam 2
20 11-1 Centroids 5.1,5.5,5.7,5.8,5.13,5.16 | M&K pp 241-262
21 11-3 Composite Bodies 5.46,5.51,5.74,5.92 M&K pp 262-279
22 11-8 Beams-Reactions 5.93,5.96,5.102,5.107 ME&K pp 280-286
23 11-10 Beams-Shear;Bending 5.113,5.116,5.121,5.131 | M&K pp 287-298
24 11-15 Cables 5.141,5.143,5.144 5.148 | M&K pp 299-313
25 F1-17 Fluid Statics 5.161,5.162,5.165
26 11-22 Fluid Statics 5.167,5.171,5.177,5.190 { M&K pp 314-333
27 11-24 Friction 6.164,656.86.23 M&K pp 345-368
28 11-29 Wedpes 6.50,6.53,6.55,6.64 M&K pp 369-379
29 12-1 Bearings 6.68,6.86,6.93,6.101 M&K pp 380-406
30 12-15 Arca Moment of Inertia A LA 14,A29.A.36 M&K pp 455-490

Final Exam 2:00-5:00pm
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CIVE 2330
Engineering Mechanics |
Statics
Assessment Tools:

) Exercises:

Exercises to reinforce lecture material will be assigned from the problem sets in the textbook. Sotutions to
the exercises are located in a binder at the department. Exercises are seif-assessment tools. Exercises will
be collected at the beginning of each class meeting and returned the next meeting. The exercises will be
spoi-checked. The teaching assistant will hold office hours during which the students can ask questions
about the exercises.

Examinations:

Three in-class examinations will be assigned. The examinations are shown on the course schedule. The
examinations will be comprised of material from exercise problems. Examination grades comprise a
significant portion of your grade.

Portfolio:

The student will maintain a portfolio of their self-assessment exercise papers and graded exams. A copy of
the portfolio will be handed in at the final examinaticn period. It will not be returned. Failure to hand in
the portfolio will result in a reduced course grade. The portfolio should be bound with a cover sheet
showing the student’s name, semester, and course number. The preferred binding is spiral bound, but a
three-hole folio is acceptable.

Performance Criteria:

Students will be evaluated using three in-class examinations. Students must completely solve at least 4
examination problems to receive a passing grade. The examinations will be comprised of exercise
) problems and material similar to the exercise problems.

A complete solution must have the following attributes:

Problem statement listing the known and required quantities.

Clear sketch and free-body diagram showing all required forces, directions, and coordinate sysiems.
Correct selection of the fundamental principles of mechanics for the problem.

Correct algebraic and arithmetic reduction of the problem to the required quantity.

Correct numerical or algebraic answer with correct units.

Partial credit will be awarded for correct components of an incorrect problem,

_) L:\F99_WorkPlan.doc Page 2 of 2
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CIVE 2330 Fall 1998 Examination #1 Name;

Page 2 of 5 Student Number:
Problem #2
)

2144 Repfacle th.e two forces and one couple acting on
the rigid pipe frame by therr equivalent resultant
force R acting at point O and a couple M,
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CIVE 2330 Fall 1998 Examination #1 Name:

Page 1 of 5 Student Number:
Problem # 1

2/132 The force F acts along an element of the right
cireular cone as shown, Determine the equivalent
force—couple system at point 0.
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CIVE 2330 Fall 1998 Examination #1  Name:

Page 3 of 5 Student Number:
Problem #3

/77 Determine and locate the resuliant R of the two

forces and one FEE“ le acting on the I-beam. )
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CIVE 2330 Fall 1999 Examination 1

Page | of 4
Problem 1:

It is desired to remove the spike from the timber by
applying force along its horizontal axis. An obstruc-
tion A prevents direct access, so that two forces, one
400 Ib and the other P, are applied by cables as
shown. Compute the magnitude of P necessary to

Y

= zE. = Té-fo.&_

ensure a resultant T directed along the spike. Also ZE = PCOb b("a: rP.s]n o(‘é 4+ Yoo co'h‘iil'_u_
find T . .
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CIVE 2330 Fall 1999 Examination 1
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Problem 2:

A portion of a mechanical coin sorter works as foi- M .
lows: Pennies and dimes roli down the 20° incline, ™
the last triangular portion of which pivots freely _ ' :
about a horizontal axis through O. Dimes are light 'f = S L - C?) A, S’\ ¥
enough (2.28 grams each) so that the triangular por-

tion remains stationary, and the dimes roll into the

right collection column. Pennies, on the other hand, E - w Si1a ]_ol_ - VJ(Os 1D ;)'
are heavy enough (3.06 grams each) so that the tri- -

angular portion pivots clockwise, and the pennies

roll into the left collection column. Determine the

] ]
.-5
X
1

moment about O of the weight of the penny in terms Y % * . k
of the slant distance s in millimeters. L ;/ J ™~
P 3 ]
. —~Weos 2o &
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CIVE 2330 Fall 1999 Examination 1

3 Page 3 of 4
Problem 3: R=3IF
A
The concrete slab supports the six vertical loads MD = § X E = \: R P;

shown. Determine the x- and y-coordinates of the
point on the slab through which the resultant of
the loading system passes.
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Problem 4: R=3¢
Two upward loads are exerted on the smali three-
dimensional truss. Reduce these two loads to a
single force-couple system at point O. Show that
R is perpendicular to My. Then determine the
point in the x-z plane through which the resul-

tant passes. ]} = 390;_ < "\oo }. = _-{—OCD} \\: Z

0= 2C» E

1=

M, = 12 300y = 200(8) &
Y(i-3k)¥% Yoby = (Btdoc) Yo - (3l4ed)

= 2}\00& + 3200k + \Zool,_
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4/48 Determine the forces in members DE, EI, FI, and

HI of the arched roof truss.
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¢/68 The lengthy boom of an overhead construction

crane, a portion of which is shown, is an example

of a periodic structure—one which is composed of

j ' repeated and identical structural units. Use the

method of sections to find the forces in members
FJ and GJ.

Ang. FJ = 0,GJ = —708 kN
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A

B

C

D

1 |3 by 3 Linear Equation Solver

2

3 HK [FI GJ HJ Hi FJ X

4 |HK -1 -1 -1| -0.447| -0.447| -0.707[ 169.74 0
5 |FI 0 0 0| -0.447|0.4472| -0.707] -70.73 0
6 |GJ 0 0 0| -0.775, -0.775 of -70.73 49
7 [HJ 0 0 0 0 0| -1.225| -31.63 0
8 [HI 0 1.7321| 1.7321 0 0| 1.2247| -31.63] -245
9 |FJ 0 1 -1 0 0 0 0 0
10 //

11 =MMULT(MINVERSE(B4:G9),14:19) ”
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to be Isolated

1. Flexible cable, belt,

chain, or rope i
Weight of cable i'/e(:
negligible X
Weight of cable oY
not negligible g

E—— a flexible cable is

Force exerted by

always a tension away
from the bedy in the
direction of the cable.

2. Smooth surfaces

Contact force is
compressive and is
normal to the surface,

3. Rough surfaces

Rough surfaces are
capable of supporting
a tangential compo-
nent F (frictional
force) as well as a
normal component
N of the resultant
contact force R.

4. Roller support

g o ’—O\\

Roller, rocker, or ball
support transmits a
compressive force
normal to the
supporting surface,

5. Freely sliding guide

Collar or slider free to
move along smooth
guides; can support
force narmal to guide
only,
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.j T

Type «_:i' Contact and Force Origin

.Act.ion on B_o(iy_to be lsolated

6. Pin connection

Pin Pin A freely hinged pin
free  notfree connection is capable

toturn toturn of supporting a force

in any direction in the

plane normal to the

axis; usually shown
M astwo components R,
and R,. A pin not free
to turn may also
support a couple M,

7. Built-in or fixed support

A A
or 7 i F
1 Weld

A A built-in or fixed
M ! support is capable of
supporting an axial
:- force F, a transverse
force V (shear force),
and a couple M
v tbending moment) to
prevent rotation.

= ) | 9. Spring action

8. Gravitational attraction

The resultant of

gravitational

attraction en all
G elements of a body of
mass m is the weight
W = mg and acts
toward the center of
the earth through the
center mass G.

Linear Nonlinear
Neutral F F

POS!UOH r Hardemng

|
'\’\‘\‘\""-)‘- ‘/ Amng

Spring force is tensile
if spring is stretched
and compressive if

compressed. For a
F linearly elastic spring
the stiffness & is the

force required to
deform the spring a
unit distance,
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SAMPLE FREE-BODY DIAGRAMS

Mechanical System Free-Body Diagram of Isolated Body
1. Plane truss

Weight of truss p
assumed negligible o
1 1 compared with P ¥

2. Cantilever beam

4% 3. Beam

Smooth surface

111 contact at A.
Mass m N ¥y
1
. P P %i ‘/l I
B, We=mg | .
B,
4. Rigid system of interconnected hodies
analyzed as a single unit Y
= I
P Weight of mechaniam P et |
neglected |
=R - . _ =
iy ] b b :
| | I ™ W=rmg
A ; B

e

Wl ar enhre. CSudorr /s cae jzzéa/
L CLongponenss.  Co Se Freatze  Fe o

N
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FREE-BODY DIAGRAM EXERCISES

3/A In each of the five following examples, the body to be isolated is shown in

the left-hand diagram, and an incomplete free-body diagram (FBD) of the
isolated body is shown on the right. Add whatever forces are necessary in
each case to form a complete free-body diagram. The weights of the bodies
are negligible unless otherwise indicated. Dimensions and numerical values
are omitted for simplicity,

Body Incomplete FBD
| —— | 1. Beil crank T ; mg
supporting mass Flexible 2,
m with pin support cable A "
at A4, A
_ 2y
Pull P ,%o P
2. Cantrol lever 0 1 (\
applying torque o _1
to shafi at O. N“__\ S|
| F,
3. Boom OA, of

|
|
|

negligible mass
compared with
mass m, Boom
hinged at O and
supported by
hoisting cable at B.

TYeachon ak B

Mowvepst- ot ©

4. Uniform crate of
mass m leaning
against smaoth
vertical wall and
supported on a
rough horizontal
surface,

reachons at ¢

Fchon fé'o(t:ce. atc

Ty
L

5. Loaded bracket
supported by pin
connection at A and
fixed pin in smooth

' slot ut 8.

Neacks akx




-

-y

Wrong or Incomplete FéD

1. Lawn roller of

mass m being
pushed up
incline 8.

. Pry bar lifting

body A having
smooth horizontal
surface. Bar rests
on horizontal
rough surface.

. Uniform pole of

. Supporting angle

mass m being
hoisted into posi-
tion by winch.
Horizontal sup-
porting surface
notched to prevent
alipping of pole.

bracket for frame.
Pin joints

. Bent rod welded to

support at A and
subjected to two
forces and couple,

L
Fricken O IAcls ia

4‘/ W/Ur&.o/,/‘cea&“m
Tvela Gl BoFeck
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3:C Draw a complete and correct tree-body diagram of each of Lhe bodies dus-

ignated in the stutements. The weights of the bodies are significant only if
the mass is stated. All forces, known and unknown, should be labeled. (Note:
The sense of some reaction components cannot always be determined with-

out numerical calculation.)

—

. Uniform horizontal bar of mass m
suspended by vertical cable at A and
supported by reugh inclined surface
at B.

Al m B

5. Uniform grooved wheel of mass m
supported by a rough surface and by
action of horizental cable.

2. Wheel of mass m on verge of being
rolled over curb by pull P.

6. Bar, initially horizontal but deflected
under load L. Pinned to rigid support
at each end.

A& J B

N

3. Loaded truss supported by pin joint at
A and by cable at B.

7. Uniform heavy plate of mass m
supported in vertical plane by cable
C and hinge A.

4. Uniform bar of mass m and roller of
muss sy tnken together. Subjected to
couple M and supported as shown.
Roller is free to turn.

8. Entire frame, pulleys, and contacting
cable to be isolated as a single unit.

Figure 3/C
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4/118 In the schematic representation of an actual

3

structure, T represents a turnbuckle, C and D are
non-thrust-bearing hinges whose axes are along
the line CD, and B, E, and F are ball-and-socket
Jjoints. Determine the tension T in the turnbuckle
and the force in member EF.
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. 3/26° The small sailboat may be tipped at its moorings

+ as shown to effect repaira below the waterline. One

attached rope is passed under the keel and secured

to the dock. The other rope is attached to the mast

and is used to tip the boat. The boat shown has

a displacement (which equals the total mass) of

.’ 5000 kg with mass center at G. The metacenter M

is the point on the centerline of the boat through

which the vertical resultant of the buoyant forces

passes, and GM = 0.8 m. Calculate the tension T
required to hold the boat in the position shown.
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3,-"74 The'3-m steel boom has a mass of 600 kg with cen-
ter of mass at midlength. It is supported by a ball- é/_UfS oL Ae7708) 7
and-socket joint at A and the two cables under
tensions T, and T3. The cable which supports the _ - 2,
2000-kg toad leads through a sheave (pulley) at B Yz- )(, 7 * Lj f /
and is secured to the vertical x-y plane at F. Cal- _—
.) culate the magnitude of the tension T). (Hint: 7 -2 é 7
Write a moment equation which eliminates all un-

knowns except T.1 7_ Z 2 - 7
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4/80 Determine the force in member BE of the loaded

truss
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- 4/28 Compute the forces in members BC, BE, and EF
of the truss
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4/6 Caltulate the force in each member of the loaded
truss. All triangles are isosceles.
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SOLUNO R

CIVE 2330 Fall 1999 Examination 2
Page 1 of 4

Problem 1: Determine the reactions at the supports.

ety gy 2t A hmge s B kips
/41/ /47*’ /’/4
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X SRR | R
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Hint: Draw free body diagram(s) of beam to the left and right of the hinge. Remember
to include the hinge forces on each diagram.
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JSoLuTioN
CIVE 2330 Fall 1999 Examination 2

j Page 2 of 4
Problem 2: Determine the force R and the couple M exerted by the nut and bolt at O to
maintain the loaded bracket in equilibrium.
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CIVE 2330 Fall 1999 Examination 2
Page 3 of 4

Problem 3: The truss supports a ramp (shown with a dashed line) that extends from a
fixed approach level near F to an exit level near J. The drawing shows the ramp angle as
15 degrees. The loace siowin wwpissont the weight of the ramp. Determine the forces in
members BH and CD when the ramp angle is 15 degrees and when the ramp angle is 45
degrees.
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CIVE 2330 Fall 1999 Examination 2
Page 4 of 4

Problem 4: Each landing strut for a spacecraft is designed as a space truss symmetrical
about the x-z plane. For a landing force of 2.2 kN, determine the force in member BE.
< iiutiane v anuus wi J€ truss itsedf is negligible.
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3/41 The man pushes the lawn mower at a steady speed
with & force P that ia parallel to the incline. The
mass of the mower with attached grass bag is
50 kg with mass center at G. If 8 = 15°, determine
the normal forces Ng and N¢ under each pair of

/) wheels B and C. Neglect friction. Compare with %
the normal forces for the conditions of § = 0 and
P=0
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»3/110 The base plate of a special industrial caster is

mounted to the carriage, with soft elastic washers o i

on either side of the plate in order to absorb shock . o I i

during operation. Bolts A and B are initially ET e

tightened to a tension of 4 kN with no load on AT /B
‘) the caster. Determine the force in each bolt when

the caster supports a load of 3 kN. The forces
acting at each bolt location may be modeled by
replacing the washers by identical stiff springs as
shown in the separate view. Consider the bolts
and base plate to be perfectly rigid. (Caution:
Draw your free-body diagrams of each part care-

fully.}
(@Al
dhn
g
Problem 3/110
Fingt-
)MA: 'CAHMQ—AB)GQ)J‘-gkN_AB)qo = LN
-3 (25) stk
LSO\.V& for 53
- —A5 . —0.536kRN
he o SN
i%z C”] \-.M*M)(?O)- (’-\W-M\ﬁ(}) -2 [‘Ig): o r
Solve b b
LY PR PREN 3N
140

Artudee BocTs
T s )26k (ensio
'—\-’é = AEN—.’SB = 4 *-[—0,5‘4) o) ‘{T—( [RFAJ&OM)

J



(VvE” 2330 FALL TS FIVAL FXAN
B*6kN

AL Determine the
1 force in each
3 kN member of the
) 0.9m ‘ truss shown.
! e .
) 1.2“’1 —+— 1.2 m —4
Jebhad  of  \eantz |
\\)‘M i e = TeasSing - 2N =0
= BN Loy — )
x l )Y P Z'ﬁ:,%cos@"?oe =0
L = F - s 5 5\&}\\
o €& - — ¢ |
be s ED ie-? w3636 —YEN
T Fesr Sk TV Toe = = 573086
Foez HN C
Gl 2y - 0 —Fup— B(5n336)
E" =3(.%C B B . Bb'%‘e’
)7 F‘éa l == FBD-_' L— Ssin
ZAaAkN .
3
B .ZFf:“fa%*'F£3&ﬁ3é L
) PPV
Fag® RN c F% - Coos36 36 5c,c>53>é
iy AN T = d N
Tl
— F‘—?)_D_.C“U\) ZF_ :D;_C\.:T- E_D)f\ é:&
= Fe= % A T 96
F
N _ Co&%é-‘g(:.
:-\F ;\S_lQN —\—_ ZF(TO — __F;L—EQ rg:-l;p %%
FooleeN & oo =~k —15cov26
oC
J

2 —\GkN



GIVE Z330 FALL 98 FIMAL Exany

Determine the
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FG and FH.
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‘Determine the reactions at the supports,
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8/180 Plot the shear and moment diagrams for the
beam loaded with both the distributed and point
loads. What are the values of the shear and mo-
ment atx = 6 m? Determine the maximum bend-
ing moment M. _

150 N

800 Nlm \

AI . B
Z2m—+f—3m-—rf—2m—=l2m

N
RS

X= \{,"ZS—_
D M= Sesnm

sy mpn F

L Py FVAL FxAng
Doclhans

B
Foy = ~go(3) - l%*gﬂ%
- (I 3 5(2%0) -aliw0) *C(B

=M, =
A lr N
Dta - \.gmt\\
D <X {2
v Z'F'Q:O = \'T)OO N
‘me \= 130
” SWh-0= W - lgpox
= M=\ 4001
) ex e
E@g-:) —-—"—\gm—' o0l x - 7,) \Y
. L #9° #
JF_ x — ’S*m -—‘%CD
- (800K — feokrz
tieo B i
HIB“W”" Yoo -\Loo
3% T <x < F
£ el

VL 2RO V-lsp+ales
MCT \ = - 600N
R SM=d = - N —\500(7x ) + 2100(4-

HPN N - Y- Loox

7ax <
v

Mdﬂmw”&

=2V oo N
= VyU@FQJUDK



C/vE 2330 FALL Ds  SmvalL EXAM

5/177 The triangular and rectangular sections are be-
ing considered for the design of a small fresh-
water concrete dam. From the standpoint of re-

e e e Y - Jsolbfres X, (ol by
s

‘) foot of dam length? Concrete weighs 150 Ib/Rt%.
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6/8 Determine the maximum ratio k/& for which the
homogeneous block will slide without tipping un-

der the action of force P. The coefficients of static
friction between the block and the incline is p,.
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T2 usbkesd = Pl

" Phs hpuxasd - Wdsind

lﬂ'\hwwsé NOs 48+ Loh§ia -U)Jo Cos&= O

é-kutd\&- \4305 LN -

\’\ (f\é‘— — {0 a O
..b_Nbu)co»s{-)— h Wsin& €1 WSZ 2t

Lionte \)& R

SR B x
\%Ps bb’\

—

W Lon® -—LZ:O
N 2

v\ )_____ N\
—_L(Pf:“"b’\_,_z.:é_ ) j-—ﬁ‘/\"é"




Area,  Momeubs 4! Taedtia
CounideY oawoa A i le- mee ) ])J%wu. Momtmk s 95 meSha
95 doant dA about X and -j AXeH ’mf_gd:wdg ;a4

Q=

dI. = 9y dA
dI:’ = X‘ dA

T-—_’"

Tie uoneubs of iolia +f A
M%MMMesm

f-}[ and I,-Jx"dA

(teckongntat  moreuts of ieftia )
Toe aomb»j’ weffio  abod e 3 - oxir (PWJWO) w

11=Jr’dA (pelar maneut of wichia )
Guee XL«J‘- r > I + Iy - I3 . Usib o it
e  (loah)® | e SE* or w¥ wsatly,
Com d"’l""’ e raduas o av area abek a
s gk o gou-

I’Ak:’» kx: Ix

Iy-:-Ak,z¢ kj

> >|;-{I>I

L= Ak o



ExampPle | Mosauls

OJIU,R;;

Dikermine e sorent of iefbia H_AT

Oj Hae T»w ‘tn'w}fa watta

mfuoi' Yo W bare. Fd also

e rodwor of Wkum

h

v

—

<« b > X

o

:IClamua' W%o“kl! %Ma& osea  lesant as shiown .

M

T = 4*dA  dA = Ldy

Value 2§ L con be found fron

siidar Frangles
£ : hy o 4- (h-9)
b h |-\
= 97b(wy) gy
W

h h
-b- 1\‘_ 95 3‘1—“
hL“m’ (4% - 1)




ExAMPLE 2 : Monub oLIMJhA,
Fmd the  morout eé wta aj
the sfaded axa wre eads aj
fhe coordinate axes. Mro fud

the rodwes ej Wm w.et. eack

Ej e toodinale oxes,

’ﬂ

o a

L e |y | a e | e
o o a* a"? > S
Fink

Is cow be  calenlaled uhw\j some wedheal oiea elorent
coloalate \l\d’hi% Huis  elaeut ookt x oxw

4
dIx = 4* dxdy = 1 g3 dx
—3-‘3

3

Tuw ikogoke Hir wer ol dowd I =f41,,u.

o

a

Ix: j _l_gsdx = _‘_3_3 j X‘.JX 2 b_‘s._x:\" ,ab3
o 3 3ab J, 30 7 1,

Rodii o aunfia © k- |T/A = b/IT; h=JT /A -3 a



Tromsfer of Axug
Morenbs a} wiha abewk 2 paallel aves can be refdted | provided
oz of Hu oxes Powwafhwujk He  cnbod of He asea .

¢

omomonopee e

o) x

Mkojwhvsmdmhtdll abeul x- axw w
dTc = (9. +ds)* dA
B! W wubiie area A , e Moraalt og_'w.&& aboult the x-axi w

Ix=J(‘3c+ J,)tdA = jyc’dA + stj';ch + d«deA
- I, 4+ 0 + Ay
= IX = -I.x + A dnl.

swlaly T, = T, + A 4*
Summig > Ty = Iy + AdY

i Tase ase huowm ap e posatlel oxis Haeoremss | urlase g W
T, o echuguor mosenls 8 iellia kot the xe ad 4,
o»xu.m‘uwg. I-} S “»’iaﬁ Moruut *S utia abouk 1the
2 -oxh  povvw  fluagh C




Exanere | Componte  Ara Moruds 8  Liufhia

Frad Hon x-mostk of waathia

§ to shodid segion, R
I for  te ’

rechule s abh® omd

I for W sewi-circle

W Jg WrV,

q

h=120mm

i S

Tieat as c.w?mt» asea re:l-»;le Mumd  SLUML-Cifcle

Txx &d N()rw??e: Ix = %5\13 « 4 (awo) (120)3

z 1382 x 10° mm'

Lo 4 semiarte: Iv s gwc o 47 (a0)* = 25704 10°md

A = 33 o tx(a0)" s 12725 10° ma?

‘Uhermunlaﬁal’hwmb.‘xmd I, - I. =f
whare F oz %wr /30w 2 3%8.2 mm

-
x +AF

L =)

[}
28T x10* = T, + (1272x10%)(38-2)"
i..x = T.20 x lDb Mu*

Use poalld ove Yuowm aaoh toSmA Ie + I, = -ix +A{k-?):-
%o
Ix

1202 10° + (12.72x 10%) (IIO-B'B-?-)"
Q2.3 x 1D® mn't

11}

I;

I Ry com Yo avea ¢ subbt Tevde fom I

f Px . . ¥
| I, 1383:2 % 10° = 92.3 « IO

4S9 v 10° ma

"



Cw‘geﬁl'e, Areas
Somdimer a uucrauca\'ﬁd yumni’ub shape caw be &Lawrmd-
Wo o aumber bj G«iurla y&o‘ru, eaohoj Wl
Wt & cafenloMe  Moreut oj wedha.

ay&mu oxih U the  ame oj e more oj ‘wadha
' 0‘} 6 w‘m?«\k& aash  akonkt [
Io tie care of a vod (hole), ek pide can be

mm&mmwmuMmM

5 MoMnt Pj wefhe |

It & wwetdent to babulale the  aueas, radia 'fmal-m
Mwmhojwﬂ\'a. aj-uu, cou’wy'.fe. podts i tla

SAne namner as  wob  dowe  whew WM cambrecds

ej mw?ov'tfo bodiss |




Em\nﬂ.e 2

Co.u!m«'b.Auwﬂ Toelh:

CJUA!Gt'v He radin 01 "a“né 0‘ v
Mo gluen owea abouk te % aud :
y oxes

Tk bo‘# 05 owmporke  oxea m‘t"‘a .
9‘ fnmafe, semi-cirele awd cirele
Circle weftia wall he Cicated oa

et

Dimensions
In mm

45

Formutas :
Traxgle : Ao = bh/2
:fx = bh'/3b
I, * fn r A 3‘
:fv = hbY36
I, = I, + Ag*
Semicicle : Area = WR/2
I, = (aw- o) R*/ 727
_]:—i 3 fx a A‘é’
1y = wR*/g
Iy = Iv + A-i'&
i Ciccle 1 Ares = wr*
ix = nrY/y
Ix = Tx + Ag"
Tv = wr'/y
Iy = I, + A%*



Cakulahws t

TRIANGLE SEMICIRCLE CRerLE
A (me®) 4$oo 3181 1257
I, (w®| 25 x10° ‘%% x 10 c1267 x10®
I, (aw"| 2.028 x 10% | Jbi = 10° . 1267 x 10°
X me) Yo WS (TR
g (e b7 1. | 00
T (me®){ 2242 xi0* 45.51 x 10® 12.7 x 10
Iy (wm*) | 1823 x 10" g-05 x 10* 247 x 10°
&“M Mt -
Az A » k%00 + 3181 — 1257 3 LHIG aa?
L = X1, = (az.sz + 551 2T)u10® = $5.39%10" mat
I, =21, = (it-23 + 805 - 267 )% 10° = 23.6!x10% mu*
Radii '5 Guralion -
v
\(x = J IK /A - A2:9 wma
-—— 4
Ky = JI,/A ® 00 b s



Frodachis o T nefia

Pmdud:ﬂ's welba i W”

Cou ooy oxes fon codtroidal  xyooxes to genant
( f)mud,) xj-—o\m Wﬂ‘“g

i S (% + de) (4 +dy ) dA

= [ XYy, dA & d;gﬁch - djfxccu +dejjd‘

= i,’+0*0+dad‘jA

= I"Y = :-E"J + d:da A
Poduch 8 afie o wapottat  for
m“ﬁ“‘nw:}uﬁ cam - scd;:} amd ase Omenlially o

Ychiow oabowt e WMN‘.“-



\
T

Need to colanlate Mabﬂ weftaa vx area A about axes
x','j.’ wdined ok o m?Qe e b XY oxe.

I, - f(g')‘ dA - [(3me-xw9)zM

I, - j(x’)"dA . j (458 + x cor8)* dA

txpasducy s

I, -= J ( 3’m’8+x‘ Sw® & -ijg...e a»e) dA

= @'® I, + w07,

th

- swm2® T,
§:;M

!
I, wi® T,

H

+ w@ste I, + swmle T,



)

u)"‘; He dMMG 0‘!3?& JQMM io, M"&, Mo >

I)" = i1 (IX +I7) + | (I;-Iy) w220 - Ixy w29
a 2
I" = 1 (Ix‘f Iy) - 1 (Ix "'Iy) W20 + Iu, S 20
* &
9-...-.1,;1.3 Teyw = 1 (I-Iy) sw2er o Tuy ws28
g A

d-'_;"'ﬁ - (Iﬁ-IV) %18'.“ - 2 Ixj (M:.e,.._ = 0
ae

| = tom A6, = 2 Tuy
i 1‘! = Iu

Tui epuakiod qots 2 veluss for 26, whidh dfer by ¥
.Somam-ulwhmog 9»“}“‘%5;17/2.&..
u«lu. d.%«-um valua 6',..5& MM{I,‘,)‘I,.}
_i WMum.;;&j..M;‘fLuIy}.

L e s o oxe thak t),we, MAX it 8F  AMniimusd,
MAMD} u&&amw“ﬂnzpmapdaxui_

Sabstlubicg for 00 Om Who T, I, oquwe
I 'f;'_(Ix*IY) :f(}x_;_&)",,:[:,




Exanere | : Produch, *f Tautio

Fud Ha produck of  adtia oj He ‘%

T'M.Mf& Hown  aloont B x aud T

Y .ax%, Whak w ‘s roduet h

95 wtrha aleouk coutvoird ol axes

ra-rdhﬂ b e x and Y owe ? v X

>

< ->

b
Choore a wefheal sl MQWJ oot ojm)alA

|

I ATRRRERW
'}

‘lItj * XY dA

whare (xe,9¢) »  autvord o .ea,...r..h

M‘b dA’ Xe = X

. te = 1%
= 2 (1-4)
dA = ydx
= h (l" x/b) dx
b
- Tuow Iy - j dIny = j x. h (l‘x/b). h (["x/b) Ax
x50 *
b k3
= zhf "(I-’"/b) dx = b*h'/ay

e conals of fo coskioid o) M Tivate we T b G
o BD Has 'oudhﬂ oxw  HRarosens T, = Ty + %9 A

- = 3 Y 3

. D bh'/ay - Tay + (bn/a) (bn/2)

Ty = - b*h*/5,




ExAMPLE 2 : Reduchs o Telba

Tie momewts oﬂ welha, o Ha qen
Secfion ase Ty = 10.38 " aud
L= 07 Rl fla pruupd
axen M o sachion  about O, aud
We valued of e puineipal raomadi
oj welhao 'f te teclian about ©

Fist mr«ﬁ Pwd‘w}ﬂﬁé wifha akout K,y oxes, Duwnde area inbo
3 echomgler as Showw . Note that T.jso for ot 3

1.25 in.

Recb.| AG)| % ()| § Gn) | Tuy

I < ~128 | +1.16 | =318
I 1. o) o) o
™ - (*1r2S ] -,1S | -3.28




58

-—jlll. Equilibrium

11. PLANE SYSTEMS

11.1  Determine the force F that the 200-lb man must
exert on the end of the rope to support himself,

(=)~
(o

e
T T2
F
ZF}=0: T +Tz +F-200=0
200k
T4 4T
kﬁz SF=0: T+T-Tz=0, T=2T
3
By 4T
?5 2R=0: T3+T3-T,=0, T=2Ts
.
F} 4 F
#4- > Fy=0: F+F-T3 =0, Ts=2F
Ts

F=200-T -T2 =200-T,-2T = 200-3T,
F= 200-3(2Ta)= 200- 6(2F)

| 7//?[




o 717

We suspect that as you read this simple looking problem you immediately tried to solve it intui-
tively. When you were first introduced to mechanics in beginning physics classes, you.probably
learned rules about counting the cords in pulley systems, etc. Be careful! It is always safer to fail
back on basic principles.

Caution: Don’t loose track of the simplifying assumr{:_i% whig: you‘f}lust make in working
mechanics problems. We will assume here th&t‘tha,vggig t'of the ropes and the weight
of the pulleys are to be neglected and the rop&s‘ﬁﬁransmit only tensjon.

As you begin this problem, it may not be obvious what free-body diagrams to use and in which
order to use them. Since we are looking for the force F between the rope and the man’s hand, we
must have at least one free-body diagram which contains that force. We also know that the
weight of the man will be related to F. Therefore, one logical free-body diagram contains the
man and the sling in which he is sitting. The force equation in the horizontal direction for the
FBD of the man and the sling is already satisfied. Since we are assumning the horizontal dimen-
sions to be negligible, in effect, we have a collinear force system which yields only one equation.

Since the isolation of puiley 2 involves two unknowns, T, and T, which also appear in the first
free-body diagram, we can now obtain an additional relationship between these two forces.

Caution:  For a free-body diagram this simple, it may seem natural just to write down the result
without sketching the free-body diagram and formerly writing the relationship. In-
clude ail steps in your problem solution. It will eliminate errors and allow you to
recheck your work.

We can see by looking at the pulley system that to relate the forces T, and T, to F, we must intro-
duce another force, T,. Again, it may appear obvious 1o you that T, is one-half of T, but include
this step in the solution,

This free-body diagram now relates 7, and F. Note that since we are dealing with the one-
dimensional system, or a system in which we can assume the forces to be collinear, each free-
body diagram gives us only one independent equation. Therefore, we were able to write four in-
dependent equations involving four unknowns, T, T.,,T;and F,

-

This step solves the four equations which have been written for F. In spite of what we said about
organizing and solving problems as simple as this one, you as an engineer must be able to check
your work by intuition or inspection, Now that we see that the force exerted on the rope by the
man is 55 of his weight, can you, by inspection of the pulley system, check to see if this is, in fact,
correct?
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' 8/98 Calculate the mass m of concrete required to con-

¥

_,_- struct the arched dam shown. Concrete has a den-
gity of 2.40 Mg/m?.
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Problem 5/92
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CIVE 2330 Fall 1999 Final Examination
ﬁ,, Page 2 of 8

Problem 2: Determine the reaction force and couple at O required to keep the lever in
equilibrium. All dimensions are inches.

F=1001b

..*_.,..-..._-.._._-_.ﬁ——i.e_-

Hints: Draw a free body diagram of the lever and show three positive reaction forces and
a positive restraining moment vector. Use equilibrium conditions to determine the
magnitudes of the reaction forces and the restraining moment vector components.
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Problem 3: A high-voltage power line is suspended as shown. Tension in th%insulat

3kN. Determine the forces in links 4D, AC, AB.
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CIVE 2330 Fall 1999 Final Examination
Page 4 of 8

Problem 4; Determine the reaction forces at A and J, and the forces in members FG, EG,

and DG, for the simple truss shown. QC&—C“\O NG
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CIVE 2330 Fall 1999 Final Examination

Page 5 of 8

Problem 5. Determine the support reactions at A and B for the beam shown. Sketch the
shear and bending moment diagrams for this beam.
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CIVE 2330 Fall 1999 Final Examination
Page 6 of 8
Problem 6. A uniform 60-kg bar AB is subjected to force P. Guides a B are smooth. At
A the coefficient of static friction is 0.8. Determine the friction force at A if P=400N.
Find the magnitude of P required to cause slippage at A.
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CIVE 2330 Fall 1999 Final Examination
Page 1 of 8

Problem 1. For a=3m, b=6m, c=2m, F=10kN determine the magnitudes of the

components of F along directions 4C,4D aa'?d 50,
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CIVE 2330 Fall 1999 Final Examination
‘) Page 8 of 8
Problem 8: Determine y for equilibrium of the mechanism in the vertical plane under the

load P. The spring of stiffness k is unstretched when y=0. The mass of the uniform link
is m.

j Hints: Determine the deformation of the spring as a function of y from trigonometry.
Then draw free body diagram of the bar, don’t forget the weight of the bar and normal
forces at rollers. Use equilibrium conditions to determine the requested quantity.
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CIVE 2330 Fall 1999 Final Examination
) Page 7 of 8
Problem 7. The semicircular and straight bars are made from stock with a mass of 7. 5kg
per meter of length and are welded to the triangular plate made from material with a mass
of 100kg per square meter. Determine the coordinates of the center of gravity of the
assembly.
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