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* Chapter 1

INTRODUCTION AND
REVIEW OF STATICS®

(* Statics is concerned with bodies that are acted on by
balanced forces)
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& Schedule of Teaching Plan

Introduction and Review of Statics 9/12, 9/15

Analysis of Stress: Concepts and Definitions 9/19, 9/22, 9/26, 9/29,
10/03, 10/6,10/13, 10/17

3. Analysis of Strain: Concepts and Definitions 10/17, 10/20, 10/24
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Material Properties and Stress-Strain Relationships 10/24, 10/27,
(10/31), 11/03, 11/07, 11/10

Axial Loading Applications and Pressure Vessels 11/14, 11/17, 11/21,
11/24

Torsional Loading of Shafts 11/24, 11/28, 12/01, 12/08, 12/12, 12/15,
Flexural Loading: Stresses in Beams 12/15, 12/19, 12/22, 12/26, 12/29,
Flexural Loading: Beam Deflections 12/29, 01/02, 01/05

Expected 1%t Midterm exam: 2017/10/31 (Tue)

Expected 2" Midterm exam:2017/12/05 (Tue)

Semester homework: 2017/12/08 (Fri)

Final exam: 2017/01/09 (Tue)



i 1-1 Introduction

m Objective

Development of relationships between the
loads applied to a nonrigid body and the
internal forces and deformations induced in
the body.

i Example

___________

deformation internal force

internal force



* 1-2 Classification of Forces

m contact ~ noncontact
(surface) (weight)
distributed 2

l

m concentrated

m external ~ internal (see 1-5 in detail)
m applied ~ reactions 2
m static ~ dynamic (impact, cyclic...)

* Concentrated Load ~ Distributed Load

5 . ) >
! ~ Concentrate: oist—
oads
W ‘igure 1-2

Figure 1-1

concentrated distributed



* Types of Loads

applied F

(a)
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(b)

1-3 Equilibrium of a Rigid Body (I)

Rigid body: a body that does not deform under the
action of applied loads

Y F=0
> M, =0

> F =0 > F, =0 > F, =0
DM, =0 >M =0 >M,=0

+




i 1-3 Equilibrium of a Rigid Body (II)

Free-body diagram (FBD) :

A (carefully prepared) drawing or
sketch that shows a “body of interest”
separated from all interacting bodies.

F Fy

_Concentrated
1 1 loads

i A review of Mechanics

Statics

Mechanics of rigid body { i i
Dynamics { !nema ICS
kinetics

Mechanics of deformable body:
Mechanics of Materials

Elasticity
Plasticity
Rheology

Mechanics of fluid (continuous deforming)

(review)



* A review of Mechanics: Forces

m A force is described by its magnitude, direction,
and point of application. Force is a vector
quantity. o
m Effects of a force on a body: -m n -
m external effect: change body motion’
(dynamic), or develop reactions on the body
(static).
m internal effect: deform the body —
stress/strain (mechanics of materials).

f
|
F - L Fixed support
y Support Reactions

(review)

and Connections (Table 6-1 & 6-2 in Statics, Riley & Sturges)

‘ A review of Mechanics: 2-D Reactions at Supports

1. Gravitational attraction 2. Flexible cord, rope,
chain, or cable

@

3. Rigid link

(review) Link bar: two-force member



A review of Mechanics: 2-D Reactions at
Supports and Connections

5. Smooth surface 6. Smooth pin

(review)

A review of Mechanics: 2-D Reactions at
Supports and Connections

9. Collar on a smooth shaft

J =7
=

EEran e =t
R R e

(review)



Supports and Connections

‘ A review of Mechanics: 2-D Reactions at

12. Ideal pulley

(review)

Supports and Connections

‘ A review of Mechanics: 3-D Reactions at

1. Ball and socket 2. Hinge

(review)



Supports and Connections

‘ A review of Mechanics: 3-D Reactions at

5. Thrust bearing 6. Smooth pin bracket

(review)

+ Example Problem 1-1
; Neglect weight of members

Determine forces at A=? & Tension =?

dYM,=0 = T

YF=0 = A

B

, 5000 1b ZFYZO = A

£

Free-body diagram

5000 Ib

10



* Example Problem 1-2

(a) Neglect beam weight

8m {
r—.?m—i‘
i lF:mg:(‘)OO)(‘).HHN

A, > ]

Ik L,

(@) ZMAzo = B

Neglect Beam mass YFE =0 = A
Determine reactions A=? & B=?
>F=0 = A

* Example Problem 1-2

(b) Include beam weight

F=8829N - w =83.39 N/m

@ ZMA=O

=
Beam mass = 8.5 kg/m YFE =0 = A
Determine reactions A=? & B=? -



* Example Problem 1-3
(consider one side)

BFI3 fx 13ty ) 850 Ib

Car =3400 Ib
M. =0 = E
Determine forces in members z A
BD=? DE=? & CE=? Z F -0 = A,
Z Fy =0 = Ay

* Example Problem 1-3 (continued)

y % 2 Tpg
Bh E
x A A‘ > F TCE ®

! IE

Method of joints ~ > F, =0 ~ Tee
=

ZFY =0

12



* Example Problem 1-3 (continued)

T
5 B D BD. D
| 9 7\
A, A \
i g E Ty l c IE

850 Ib 4251b

Method of Sections dMc=0 = Teo

* 1-4 Equilibrium of a Deformable Body

m Example Problem 1-8

Assumptions:

bar AB rigid

wire BC deformable
pins frictionless

48 Tge = ko, k=2500 Ib/in

A B
‘@ Determine tension in wire=?

13



i Example Problem 1-5

3 equil. egs 4 unknowns
> M, =0 A
> F. =0 i

-

> F, =0 6

+ Tgc=kd force-deformation

i Influence of Wire Elongation

rigid wire | k =5000 Ib/in | k =2500 Ib/in | k =2000 Ib/in
7071 1b 7221 1b 7379 Ib 7893 1b
0° 2.465° 5.097° 14.246°

14



* Solution of Defomable Body Problems

m Equations of equilibrium
m Force-deformation relationship
m Geometry of deformation

* 1-5 Internal Forces

internal
forces

F
4 \ Plane a-a F Fy \
3
/‘ i &
e &t .

resultant
force and
¢ couple

15



* Resultant Force and Couple

R=>PV,,V,
P : normal force
Vy, V,: shear forces

C=>T,M,, M,
T : twisting moment or torque

M, , M,: bending moments
(b)

~ 300 mm __ 2200 N 2200 N

530 mm

16



Example Problem 1-10

¥ SKN Determine (a) support reaction?
’ (b) internal force at x=4m?

10kN - ZMAZO = MA:?
A Zszo = A, =?
“ 1L, SF,=0 = =)

Example Problem 1-10

15.00 kN = ZMZ =0 = MZ

or p«e




+

6 Exercises

1-9, 1-21, 1-25, 1-63, 1-76, 1-83

18



