LECTURE NOTE

EGM 5533 APPLIED ELASTICITY AND
ADVANCED MECHANICS OF SOLIDS

By Nam-Ho Kim

Spring 2006



CHi. INTRODUCT Ion) T
1. 4. Introduction
1. ClossiBcation

b. Kinetics
C. Congtitutive relatibn  ( material property)

3. Problems and  <cluen  methods



nkim
Rectangle


4 Elonortas, _v.s. Adwnced Hechonics o Hgternls. |2

a) Elementars
. one dimensianal +reatmovt

'§Mph’f7m3 basic assumptions - &) plane  Cross—section

- Simplest.  stress  drstrilution

b) Advamced
PT circuloar shalt
| . ‘_H
% (R D=
J\"5/\ g = He
%’1/ x 1 _C=j_"_'_‘_
p& - ) J
AP
| # LLL oLl I
AT i " G {fm :
. v |
& Tmin



nkim
Rectangle


: G
i [

-4 O ’

b ..

5. Assumptions on Material

4.2, Review

1, Axioﬂﬂg Loaded Member (Bar)

a. Kinemotic ama |y$fs‘

' Cross—section  remams plane.
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b. Kihetic Mo% S
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C. Mechonical Property.
|D Hooke’s Law

2. Beam

a. Kinematic amalyss
1) There exists a heutral plame (N.A.) (ho staen)
2) Cross-section perpendiclar to LO.A. remauwns plane

and perpendicular to L. A.
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b. Kinetic ana lysu‘s
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3 Circu

lar Shaft

a:Kinematic amalysis
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Beam Deflection Using Maclaurins _Series e

~Represevrfvrﬁon o a continuous +n Y& b& o
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in terms of +he hiaher‘ derivatives of 4 ot x=o.
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«Represarrh:&ew of? beam deFlection
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-3, Stress - Stoin  Relations
4 Elastic & ZInelastc Respanse

- Tension test r_ﬁ‘
1 .

~ stress
- aSSbmFﬁm : small deRrmation L=50mm Ltie
Gineering, stress LSmin
o True stress aad TTU€ Shitln s M
P -+ MD=125mm

~True stress Oq:-—-A_t

b T
O ()] (b)
At

~ True stmin

- for given Mmcrement SP, the longth chmges by, dlt

- infinitesimal Mcroment of Stam resulting from dP
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2. Material Properties 4
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l-4. Failure _and Limits on  Design
- Fadbing con be defined using, stress, strun, d"spﬁ.,

® Moad , number of lbad cycles, ete.
- Factorn of %{%ﬂ‘g
SH = .o~ 3.0,
~Des‘3n M
A 98““%
fa < &
Teﬂ?ect of ith load.
° - Desgn with  Reliabil Ity o+ Statistical wariance
%Rn o-P ,ahcl A
¢ - stotistical  varionce

oP the capaci
4. Excessive elastic deflection * %l

. Statie. deRrmation
: Bucklu‘n&

- Amplitude of vibration
R. Material ‘vielding, Cinglastic)
. Permanewt defymation cawsed bg dislocation in +the
graun boun

- Stram harﬂwmg ontargloment o P dislocations
3. hracture
o . Pritiie material
‘ﬁ‘ah‘gue
4. Bu cklrng;~
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HW#d ! Solve Prldems 4.28 £ l-ﬁﬁ

1.26. A steel bar and an aluminum bar are joined end to end and
fixed between two rigid walls as shown in Figure P1.26. The
cross-sectional area of the steel bar is A, and that of the alumi-
aum bar is A,. Initially, the two bars are stress free. Derive gen-
eral expressions for the deflection of point A, the stress in the
steel bar, and the stress in the aluminum bar for the following
conditions:

& A load P is applied at point A.
b. The left wall is displaced an amount & to the right.

'—» é
. Steel

Aluminum

b~

"

Y

A ke
~

1)

Y

FIGURE P1.26 Bi-metallic rod.

1.27. In South African gold mines, cables are used to lower

worker cages down mine shafts. Ordinarily, the cables are made

of steel. To save weight, an engineer decides to use cables made

of aluminum. A design requirement is that the stress in the cable

resulting from self-weight must not exceed one-tenth of the ulti-

mate strength o, of the cable. A steel cable has a mass den-

sity p = 7.92 Mg/m> and 6, = 1030 MPa. For an aluminum’
cable, p = 2.77 Mg/m® and o, = 570 MPa.

a. Determine the lengths of two cables, one of steel and the
other of aluminum, for which the stress resulting from the self-
weight of each cable equals one-tenth of the ultimate strength
of the material. Assume that the cross-sectional area A of a
cable is constant over the length of the cable.

b. Assuming that A is constant, determine the elongation of
each cable when the maximum stress in the cable is 0.100;,,. The
steel cable has a modulus of elasticity £ = 193 GPa and for the
aluminum cable E = 72 GPa.

c. The cables are used to lower a cage to a mine depth of 1 km.
Each cable has a cross section with diameter D = 75 mm.
Determine the maximum allowable weight of the cage (includ-
ing workers and equipment), if the stress in a cable is not to
exceed 0.200,.





