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‘L |/ INTRODUCTION (GISI THIEU)

= This chapter -»> Mechanics of Materials
(Strength of Materials or Mechanics of
Solids)

= Mechanics of Maferials is a branch of
Mechanics that develops relationships
between the externadl loads applied to a
deformable body (vat thé bién dang
dugc) and the internal forces (n&i lUc)

acting within the body
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|/ INTRODUCTION (GIGI THIEU)

i (continued)

» Mechanics of materials = stresses, strains
and deflections based on 3 fundamental
principles:

v Statics: Equilibrium of forces (stresses)
v Geometry: Compatibility
deformations:

v Constitutive Laws. stress-strain relations
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|/ INTRODUCTION (GIGI THIEU)

i (continued)

» Boundary conditions: (diéu kién bién)
v Static ones (diéu kién bién finh hoc)
v’ Kinematical ones (d/k bién ddng hoc)
» Material Hypotheses (Gid thiét v/I):
v Perfect Elasticity
v’ Continuity, Homogeneity, Isotropy
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I/ CONCEPT QF STRESS
‘L (KHAI NIEM VE UNG SUAT)

A body in equilibrium (Vat thé can bdng)

https://fb.com/tailieudientucntt
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I/ CONCEPT QF STRESS
‘L (KHAI NIEM VE UNG SUAT)

» Stresses at a point (U/sudt tai 1 diém)

- AP (6 : normal stress
p = lim —
AF>0 AF |T: shearing siress
Z
m Stress tensor (tfenxac uy/s) T
(o, 1, 7, <
c = ’ny Gy Tyz szl/l_
oy T
\sz sz Gz y,
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I/ CONCEPT QF STRESS
‘L (KHAI NIEM VE UNG SUAT)

m Sign convention of normal stresses:
v o, > 0: tensile stress

v o6, < 0: compression stress

= From the equil. egs. of moments about
the x-, y-, & z-axes, one has:

T = sz’ sz a sz’ T

Yz = Tyx

Xy

- 6 independent stress components
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I/ CONCEPT QF STRESS
‘L (KHAI NIEM VE UNG SUAT)

s Uniaxial Stress State (Trang thai u/s don)

n State of plane stresses/ two dimensignol
stress state. (Trang thdi Gng sudt phdng)
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II/UNIAXIAL PROBLEMS (BAI TOAN

(d)

(e)
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II/UNIAXIAL PROBLEMS (BAI TOAN
‘L PON TRUC)

s |Internal force: From a cuft section —

N = P represents also the resultant of
normal, tensile stress

x Normal stress: arf a secfion far from the
bar ends, the normal stress can be
regarded wuniform, or considered as
average value

N P
g = — = —
A A
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II/UNIAXIAL PROBLEMS (BAI TOAN
‘L DON TRUC)

« Deformation (Bién dang):

v' Longitudinal strain (Bi€én dang dai):

O
g = —

L
v’ Lateral strain (Bi€n dang ngang):

lateral = — V&

v- Poisson’s ratio, determined by
experiment
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II/UNIAXIAL PROBLEMS (BAI TOAN
‘L DON TRUC)

= Dilatation = unit volume change (b0
dan thé tich):
AV (1-2v)
= ——=¢g(l—-2vV
V
(v cannot pass the value 0,5, since any
larger value would mean that the
volume of d bar decreases when it is

being stretched!)
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II/UNIAXIAL PROBLEMS (BAI TOAN
‘L DON TRUC)

s Axially Loaded Straight Bar of Varying
Cross Section (Thanh c6 tiét dién thay
ddi chju 1di doc truc)

. - _— P
8=j' g (x)dx PR . B
’ i
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V/ SHEARING STRESS & STRAIN
‘L (UNG SUAT - BIEN DANG CAT)

s Shear sfress = stress component acting in
the plane of considered section

In Many engineering prolems, shear
stress t is assumed as uniformly
distributed over certain sections for

simplicity
v
A

Tover _
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IV/ SHEARING STRESS & STRAIN

‘L (UNG SUAT - BIEN DANG CAT)

» State of pure shear (TTUS trugt thuan

tay)

An element being acted upon by shear
stress only is in sfafe of pure shear

T

Y

1
1
&
I
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1

Fig.2.7 State of pure shear
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V/ SHEARING STRESS & STRAIN
‘L (UNG SUAT - BIEN DANG CAT)

= Shear Strain, y: the change in right angle
due '|'O 1, Plane of Shear in Rivet

‘P_l/‘—twl 2 /\_I P
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IV/ SHEARING STRESS & STRAIN
UNG SUAT - BIEN DANG CAT)

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

V/ STRESSES ON INCLINED
SECTIONS (U/s trén m/c nghiéng)
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V/ STRESSES ON INCLINED

i SECTIONS (U/s trén m/c nghiéng)

= An axial
m-m iNnC

Yy loaded bar is cut by a section
ined with respect to the

longitud

nal axis, and whose normal

makes un angle of 6 with the x-axis

(Fig.q).

https://fb.com/tailieudientucntt
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V/ STRESSES ON INCLINED
‘L SECTIONS (U/s trén m/c nghiéng)

= Hypotheses :
v The section m-m is relative far from
the bar ends
v On m-m the stress is uniformly distribut-

ed in x-direction, whose resultant is equal
fo P
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V/ STRESSES ON INCLINED
‘L SECTIONS (U/s trén m/c nghiéng)

s The normal & shear stresses:

N 2 V cTx '
6,=—=06,C08 6 T,=-—"=-—"-5in26
A A 2

0 0

» Maximal shear stress & corres. norm. str.
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i VI/ STRESS-STRAIN DIAGRAMS

s Elastic and Linear-Elastic Material
Behavior

v If removing the applied loads restores
the original shape and size — elastic
material

v A linear stress-strain relationship —
linearly elastic material
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VI/ STRESS-STRAIN DIAGRAMS

i (continued)

= Hooke’'s Law
v’ The linear stress-strain relationships

c = Ec¢ t= Gy
E - Modulus of Elasticity or Young's
Modulus

G - Shear Modulus of Elasticity
Unit of E, G: Pa, GPa = 109 Pa
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VI/ STRESS-STRAIN DIAGRAMS

i (continued)

s Relation among E, G and n in Isotfropic
Materials (determined from theory and
experiments)

E
2(1+v)

G -

= 'The materials elastic properties E, G &
v are not independent”
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VI/ STRESS-STRAIN DIAGRAMS

i (continued)

s Stress-Strain Diagrams. Tensile Test of Mild
Steel

v'Generalities:

¢ (o—¢) diagrams >basic mechanical
properties of structural materials.

e From fensile & compression tests

e Category of Materials: ductile and
prittle (fragile) materials
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VI/ STRESS-STRAIN DIAGRAMS
(continued)

R

May van nang Mau thir kéo
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VI/HOOKE’S LAW. STRESS-STRAIN
‘L DIAGRAMS (continued)

v Tensile Test Specimen of Mild Steel: a
slender circular cross section bar:



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

VI/ STRESS-STRAIN DIAGRAMS
(continued)

v’ Redl sfress-strain diagram

20

Ultimate stress Guj —~ i
Upper yield point j‘D

Lower yield D : /' I
Elastic limit 1 /B¢ Stress a

f racture
Proportional limit G, :

L 4

0O

Linear-elastic region —-+4—++> 5 e »
_—_.,/‘H—* . - *

Elastic region lPerfect plast;cxty \Stram hardening \Necking

Imperfect plasticity region (vielding) region  region region

b
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VI/ STRESS-STRAIN DIAGRAMS
‘L (continued)

v’ Elastic domain: OB

e linear stress-strain relationship

e point B: proporfional limit, o,

e Const slope: Moaulus of Elasficity, E
v Transition domain: BCDF

e point C: Elastic Limit B=0)

e Point D: the Upper Yield Point, &’

Y
e Point F: the Lower Yield Point, 5
Yy
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VI/ STRESS-STRAIN DIAGRAMS

i (continued)

v’ Region of Plasticity: FG
e Deformation develops under

D)

constant yield stress, s, = s’ = o,

e G 2> end of the region of plasticity
v Strain-hardening & necking regions:

e Nonlinear Stress-Strain Relationship

e Point H: = the ultimate siress,c

e Point |: 2 Fracture of the specimen

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

VI/ STRESS-STRAIN DIAGRAMS

i (continued)

v’ |dedlised mild steel stress-strain
diagrams

40 A

_ [ Oy I~
Elastic- Linear v\EIQs’ric—Pe/fec’rIy
Hardening Plastic

o =>
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VI/ STRESS-STRAIN DIAGRAMS

i (continued)

v Tensile Test Specimen of brittle

materials
ot

Rupture
Gy =60p

>E
Stress-strain diagram for a typical Tested specimen of a
rittle material brittle material
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VII/ FACTOR OF SAFETY. ALLOWABLE
‘L STRESSES. SERVICE LOADS

s Factor of Safety:
actual stfrength

Factor of safety n = > 1
required strength

s Allowable Stresses, s_, . (or [o]

v'Ductile Materials:o . -2X , n<1.67

For mild steel, 5, =250MPa = (o)
— ] 5OM PO - _ O uit

v Britile Materials: "
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