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Qa3
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The flexibllity malhod in structural analysis starts
with \ :

{a} compalible deformations.

(b} equilibrium of forces.

(c) force-deformalion refation.

(d) kinsmatically-admissible deformations.

Tha stiliness method of struclural analysis alvays
slarts vith

(a) force-deformalion relation.

{b) equilibrivm conditions,

{c) compatible deformalions.

{d) none of lhese.

The cross-stillness coelficlents in efaslic
structural analysis are '

(a) always symmelrical.

(b) symmetrical only In prismalic membets.
{c) symmelrical in symmelrical members only.
(d} have no relation al all.

The slittness matrix for the canlilever beam with
reference 0 the coordinales, as shown belovs is
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Matrix Method of

Structural Analysis
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Displacement coordinales for abeamn are shown
in the given figute, The slilfness matrix is given

by
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The flexibilily malrix of the beam shown in the
given figure is .
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The number of unknowns lo be determined in

the stiliness melhod is equal to

(a) the static indelerminacy

{b) the kinematic indeterminacy

{c) 1he sum of kinemalic indetarminacy and
slatic indeterminacy

{d) o limes the number of suppons



Q.8 Thebeamsinthe two sloray frama shown in the
figure below have a cross seclion suchthal tha
fiexural rigidity may be considered infinite. Which
among the following is Ihe stillness malrix for
Ihe structure in respect of the global coordinales
1 and 2?
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Q.9 Ftexibilily matrix of the beam shown below is
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i support 8 setlies by E units, whal is \he
roaclion al 87
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Q.10 Considering only llexural deformalions, whichis

the stiliness matrix for the plana frame shown
in the figure given below?
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Q.11 The sliliness malrix of a beam element is
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Which one of the following is its flexibility matrix?
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.12 A canlilaver beam is shown in 1he ligure below

with ils degrees of Ireedam. The coellicient of
slitlness K;, is given by
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2.13 Inalinear elaslic struclural element

(a) stitfnessis direclly proporlional to llexibility.

{b) stilfness is inversely proporlional to
flexibility.

(c) slifiness is equal lo Mexibility,

{d) sliltness and flexibility are not related,

D.14 (n a non-prismalic beam element AB, the
colactors C,; and Cg, are 0.6 and 0.5
respectively. Il the stiliness k, = 0.4 E}then the
sliflness kg will be
{a) 0.24 E/
c) 0.38 E/

(b) 0.32E/
(dy 0.48 EJ

(115 Whal is the stitfness mairix for the slruclure
shown with loadings symbolised as {1} and {2)7
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m Matrix Method of Structural Analysis
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Q.16 Findthe llexibility matrix of the continuvous beam
shown below by considering thal suppon Bsinks
downward and support Crotates Inanliclockwise
direstion,
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16. {d}

Matrix Method of Structural Analysis

1. (B}
In flexibility melhod, unknowns are forces, soit
always starts with equilibrium of forces. Hence
flexibilily method is also called force mathod.
While in stiffness melhod displacements are
taken as unknown quantities, hence called
displacementmethod.

. (@, b
According 1o Maxwells law or reciprocal theorem,
coellicient of stiliness matrix are always
symmetrical.

4, (b}
To generate |® column of sliliness malrix,
apply unit displacement in direction (1) anly

without any displacement in direction{2)and {3}, .
k,, = lorce cequired in direction 1 o cause unit

displacement indirection 1.
AE
o~ k“ = -L_
Similady k= 0
k=0

Yo generate H™ column, apply unit
displacement in direclion {2} only without any
displacement in direction {1} and (3)
kR k" =0
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To generate LII® column, apply unit

displacement in direction (3) without any
displacementin direction{1}and (2}
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Stitfness malrix can he obtained by making
sacond co-ordinale i.e. roletion in the direction
of 2 ag zero and considering unit rofation in the

direction of co-ordinate 1.
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The beam AB has rotationat sliffness

2!
v ﬂ—}ﬂfl and beam BC has rolational

sliffness 4E{.'} —— = EI . Somomeni required in the
direction of 1 lo produce unil rolation will be
28+ £/ =3EL. Thus K, = 3EL.

The moment generated atpaint Cin tha direction

ol co-ordinale 2is x £7 = 0.5E¢ as the carry over

2
factoris haki, So K,, = 0.5EL
Similarly make O, =0and 0, =1.0
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. Etements of ﬂaxlbltity malrix can be oblained

by applying unit [dree in f‘:s direction of any one
co-ardinale and. calgulaling displacement in the

_ direciionof bath co-ordinates.
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Applying unit load in the direclion of 1.

"Delleciionat B, *
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The positive signis used when lhe displacement
is in lhe direetion of co-ordinale, othenwise
negative sign is used.
Applying unit moment m (he direction of 2,
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(b}

The stiffness or displacement meihod of analysis
is based on kingmatic degree of indeterminacy
orindapendent degrees of treedom atjoint.

(a} : :
For [irst column of metrix D, = 1.0; D, =0
The shape ol delormed columns is shown below.
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For second column of matrix
D,=0,0,=10

9.

The shape of the deformed columns Is shown.
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We know that
Dy = Dpe+ FQ

where Dy, is the (inal displacement malrix
corresponding lo the redundants in the aclual
struclura.

Dps= Do + Ogr+ Dgp+ Dgg
'Dgincludes the elfects of external loads { Dy ),
temperature (D), pre-sirain etlects (Dpp),
supporl settlemenls, etc,

Fis the Flexibility matrix and Qs the unknown —

reactions matrix.
Assuming upward displacements as posilive.
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Finaf displacement, D, =0
Dps+FQ =0
= FQ=-Dps
= 0:-F—1 Dos
} A
[ act|8 -2 ———
- e ,] £
| Ve ] 0
(V5] --—35—’::[ A 1
Ve = e Er 1]lo
[Va] 3a[ B+(-2)=0
= Vo] 4 [(-2)x 1+ 1x0




10.

11,
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Keeping O, = 1.0 and 0, = 0, the frame will be
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Keeping D, = 0 and b, = 1.0, the frame will be
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The flexibility and sliffness matrices are inverse
of aach olhar and both are symmetrical.
The value of determinant of slitiness matrix is
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The llexibility matrix will be = Eﬁ[—‘l 2]

14.

(d)

K,, = Force required along degree of freedom
‘1" lo produce unit displacement in the direclion
of degres of freedom 1 and degres of freedom
‘2" must be locked.

w=3

{d)

Refationship belween colacior and slillness

facloris

’ Cagka= Cou ¥y

= 06x04E/=05x1,
ky = 0.4BE!

(a) .
{iy " Provide unit deflectionin the direction of {1).
oAt a=1
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(i) Provide unilrolationin tha diraction of {2,
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The elements of the flexibility matrix are obtained
by applying unit values of redundanis a! the
coordinates one after the olher as shown below
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