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Sub topics

* Degree of determinacy

* Energy methods

* Virtual work method

* Deflection of beams and portal frame
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Degree of determinacy
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Degree of determinacy

Determinate structure
Number of unknown = Number of equation available
Cquiliornn e 4 @y 2qu”
Indeterminate structure
Number of unknown > Number of equation available
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Degree of static indeterminacy
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D. = Unknown — equation of equilibrium
A— 3 >
S 2 — Dg=1—3(for2D)= Dsi Zs .
& o 4 D., =7 — 6 (for 3D) & o
x’ Z Lx=theg,q BSQ:X-E:Q
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C fD |s negative, it is unstable ™ M =,

If D is zero, it is stable & ¢>\0j

If D is positive, it is over stable LEPIRI
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Dg = Dge + Dy;

D., = External static indeterminacy
D.; = Internal static indeterminacy
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7 Dg=@Bm+r)-Gj+a) f——1 DM
Se=V-):]

Di=3*loop o

() . . . J=2

a’ is extra equations from mtirnall hinge — ),i@mqy (3x2+ 0)
a=m —1 A

m’ is number of member joining at that internal hinge

Internal guided roller provides 1 extra equation

Internal unguided roller provides 2 extra equation

Link provides 2 extra equation >
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D.=@Bm+r)—(3j+a)

Di=3*loop
‘A’ is extra equations from internal hinge

a=m'—1
m’ is number of member joining at that internal hinge
Internal guided roller -1 extra equation
Internal unguided roller - 2 extra equation
Link - 2 extra equation
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For Truss,

D.=(m+r)—2j
D,, =r—3(for 2D)

DSl=m—2]+3
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For Truss,

Dk=2j—7"
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Considering Axial Deformation in Frame

D k = 3 ] —1r+a
Neglecting Axial Deformation in Frame

D,=3j—r+a—m
Consider horizontal reaction
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Considering Axial Deformation in Beam

D k = 3 ] —1r+a
Neglecting Axial Deformation in Beam

Dk — 2] —Tr+a
Do not consider horizontal reaction
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Strain energy can be defined as the energy stored within an
elastic body when the member is deformed under the action of
the load.

Ability to absorb the strain energy within elastic limit is called
resilience.

Maximum energy absorbed is Proof Resilience.
~ 0°Vol

U —
. " max -ZE ng.
Maximum energy per unit volume is modulus of resilience.
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Stress due to load:
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When object of weight ‘W’ falls from height ‘h’
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Maxwell’s remprocal thedord
The deflection at ‘I' due to a unit load at j Is the
same as the deflection at ' if a unit load was
applied at . e
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Castigliano’s theorem /) NS
71
System should behave elastically w
force deformvation relations are ivnear ) o
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External work done:
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Internal work done:
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Calculate from strain energy ) Z’I
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Strain Energy Method ¢
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Resilience

It is the property of materials to absorb energy and to resist shock and impact loads.
It is measured by the amount of energy absorbed per unit volume within elastic limit this property is
essential for spring materials.

Proof resilience

It is defined as the maximum strain energy stored in a body.

So, it is the quantity of strain energy stored in a body when strained up to the elastic limit (ability to
store or absorb energy without permanent deformation).

Modulus of resilience
It is defined as proof resilience per unit volume.
It is the area under the stress-strain curve up to the elastic limit.
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Deflection of beams and portal frame

Using virtual load methods and strain energy method
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Deflection of beams and portal frame

Using virtual load methods and strain energy method
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Which of the following is correct equation for DSI of frame ?

a. 3m+r+3j

b. 3m+r-3j

C. 3m-r-3j
.d-Depend on Strutcure.

Qo #r-%;
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How many degree of freedom are counted for a roller support

while calculating DKI ?

R’—1) DIF =< -R
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MCQs

If j represents number of joints, r represents number of
external force and Structure has 2j-r members, Then Stability

of structure will be
T 2D —y

a. Stable D= () <)

b. Unstable
ez Depends on structure
d. Depend on magnitude of load
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MCQs

The ability of material to absorb energy when elastically
deformed and to return it when unloaded is called

_a: Resilience
b. Proof Resilience — na.»
c. Plasticity
d. Malleability

V“l"\& ‘)J S‘L‘f‘ﬁv\f\ fwvvj 1A e\.aJ)-'t7“"u
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Which of the following methods are included in ENERGY
Methods ?

a. Castigliano Method

b. Betti’'s Method

c. Maxwell Reciprocal theorem
d. All of these
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MCQs

If 4 reactions are acting on the beam then the system is

a. unstable and indeterminate
b. stable and indeterminate

c. Stable and Determinate

& Can’t Say
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The maximum deflection of a cantilever beam of length | with

a point load W at the free end is
_aWL3/3El
b. WL3/8E| @ —)

c. WL3/16El

d. WL3/32E]
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The strain energy stored due to flexural forces is:
a) - 1 [ P?
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Thank YOU !l



