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:Statically Indeterminate Members

When the reactive forces or the internal
resisting forces over a cross section exceed
the number of independent equations of
equilibrium, the structure is called
statically indeterminate. These cases
require the use of additional relations that
depend on the elastic deformations in the

members.
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ADDITIONAL PROBLEMS
Problem 1
A reinforced concrete column 200 
mm in diameter is designed to carry 
an axial compressive load of 300 kN.
Determine the required area of the 
reinforcing steel if the allowable 
stresses are 6 MPa and 120 MPa for 
the concrete and steel, respectively. 

Use Eco = 14 GPa and Est = 200 GPa.
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Normal Strain and Stress

Normal Strain and Stress,  Stress strain 
diagram,  Hooke’s Law
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Strain

• When a body is subjected to load, it 
will deform and can be detected 
through the changes in length and the 
changes of angles between them.

• The deformation is measured through 
experiment and it is called as strain. 

• The important of strain: it will be 
related to stress in the later chapter
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Normal Strain

Normal strain is detected by the changes in length.
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l’: length after deformed

l: original length.

Note :
• dimensionless

• very small (normally is mm (=10-6 m))

• 480(10)-6 m/m = 480 mm/m = 480 “micros” = 

0.0480 %



Example 1
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When load P is applied, the RIGID lever arm rotates by 0.05o. 
Calculate the normal strain of wire BD

Foundation: L/L
Knowledge required: geometrical equation
Rigid: no deformation on the lever



Geometry: The mathematics 
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Sine and Cosine Rule
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Example 1
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LBD after deformed is DB’
Cosine rule can be applied 
here
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When force P is applied to the 
rigid lever arm 



Example 1
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LBD after deformed is DB’
Cosine rule can be applied here
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Strain:

DB
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When force P is applied to the 
rigid lever arm 

mmLBD 3491.300' =

mmmmBD /00116.0=



Example 2
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The force applied to the handle of 
the rigid lever the arm to rotate 
clockwise through an angle of 3o

about pin A. Determine the average 
normal strain  developed in the 
wire. Originally, the wire is 
unstretched. 

Discuss the approach?



Solution
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LB’D = 0.6155 m

= 0.0258 m/m



Simple Tensile Test
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• Strength of a material can only be 

determined by experiment

• The test used by engineers is the 

tension or compression test

• This test is used primarily to 

determine the relationship between 

the average normal stress and 

average normal strain in common 

engineering materials, such as 

metals, ceramics, polymers and 

composites



• Nominal or engineering stress is obtained by 
dividing the applied load P by the specimen’s original 
cross-sectional area.

• Nominal or engineering strain is obtained by 
dividing the change in the specimen’s gauge length 
by the specimen’s original gauge length.
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Conventional Stress–Strain Diagram



Conventional Stress–Strain Diagram



Conventional Stress–Strain Diagram

Elastic Behaviour
• A straight line

• Stress is proportional to strain, i.e., linearly elastic

• Upper stress limit, or proportional limit; σpl

• If load is removed upon reaching elastic limit, specimen will return to its original shape

Yielding
• Material deforms permanently; yielding; plastic deformation

• Yield stress, σY

• Once yield point reached, specimen continues to elongate (strain) without any increase in 
load

• Note figure not drawn to scale, otherwise induced strains is 10-40 times larger than in 
elastic limit

• Material is referred to as being perfectly plastic



Hooke’s Law

• Hooke’s Law defines the linear relationship 
between stress and strain within the elastic 
region.

• E can be used only if a material has linear–

elastic behaviour. 

 E=
σ = stress

E = modulus of elasticity or Young’s modulus

ε = strain

E can be derived from stress 
and strain graph.
What is it?



Example 

• The stress–strain diagram for an aluminum alloy 
that is used for making aircraft parts is shown. 
When material is stressed to 600 MPa, find the 
permanent strain that remains in the specimen 
when load is released. Also, compute the 
modulus of resilience both before and after the 
load application.

• Approach to the problem:

– Parallel to elastic line

– Both slope is equal

– Distance CD can be calculated based on the 
slope

– Permanent strain: 0.023 – distance CD
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Solution

• When the specimen is subjected to the load, the strain is 
approximately 0.023 mm/mm.

• The slope of line OA is the modulus of elasticity,

• From triangle CBD, 



Example
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The bar DA is rigid and is originally 
held in the horizontal position 
when the weight W is supported 
from C. If the weight causes B to 
be displaced downward 0.625mm, 
determine the strain in wires DE 
and BC. Also if the wires are made 
of A-36 steel and have a cross-
sectional area of 1.25 mm2, 
determine the weight W.

Discuss the approach????
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1) Calculate the displacement of D. 

mmD
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2) Based on displacement on D, calculate the strain and normal stress 

mmmm
LD

D
D /)10(157.1

900
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MPaED 4.231)10(157.1)10(200 33 === −

* strain in mm/mm,
stress and E in  MPa, F in 
N and length in mm
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3) Based on normal stress at wire DE, calculate the T of wire D 

4) Calculate W, based on FBD of bar DA 

NW

WT

M

DE

A

2.482
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5) Calculate normal stress of wire CB and strain of wire CB

MPa
A

TBC
BC 7.385

25.1

2.482
===

Strain can not be calculated as normal stress goes beyond yield stress (Sy = 250 
MPa), elastic property is no more applied. Therefore it requires the stress and 
strain curve to predict the strain


