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Analyze the given continuous beam using stiffness matrix method. The support B and C
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sinks by 10mm and 5mm respectively. Take E=200Gpa, I= 80*10°mm?*
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Analyze the truss shown in fig 2. by flexibility matrix method. Assume EA constant for all
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Analyze the given continuous beam using stiffness matrix method of analysis
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Analyze the given frame shown in fig. by Stiffness matrix method.
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Solutions:

1. Problem 1:

Fixed end moment:
Mfab= -100*2.67*(2.67+2.67)2/8*8-100*(2.67+2.67)*2.672/8*8- 6*2*200*10

6%80*10°*%10° 0.01/8*8 = -178.44kN.m
Mfba= 100*2.672*2.67+2.67/8*8+100*(2.67+2.67)2*2.67/8*8- 6*2*200*10"
6+80*105*10% 0.01/8*8 = 178.44kN.m
Mfbc= -60*6*6/12-6*2*200*10°*80*10°*10° (—0.005)/6*6= -180kN.m
Mfch= 60*6*6/12-6*2*200*106*80*10°*10° (—0.005)/6*6=+180kN.m
Mfcd= -100*5/8-6*2*200*10°*80*10°*10° (—0.005)/5*5= -62.4kN.m
Mfdc = 100*5/8-6*2*200*10°*80*10%*10° (—0.005)/5*5= 62.4kN.m
Mfde= -(40*2+20*2*1)= -120kN.m

2. [A],[P], [Pd]

Op
[A] = unknown displacment matix = [6?6]
Op

0
[P]= moments acting -External :[ 0 I:
—-120
Mgpa + Mppc 178.44 — 180] [—1.56
[PL]= joint moments :[MFCB + MFCD]: = [ 180 — 62.4 ]: [117.6]=
Mgpc 62.4 62.4
3. Stiffness matrix= to find the 65, 6,
Applying the unit rotation along the co-ordinate 1

Op =1
kll kZl k.’)l
kll 4x2E] 4-*2EI_ 2 33E|
ker= 227= 0.67E|
k31: 0

Applying the unit rotation along the co-ordinate 2
2%2EI

Ko1= =0.67El
kop= 2254 4*5E’- 2.13El
k23—2E1— 0.4E|

Applymg the unit rotation along the co-ordinate 3
k31=0



2+EI

k32— —O 4E|
Ks 3— = 0.8El

k12 k22 k32

[kn ka1 ks
kiz kas ki3

233 067 0
=[EI]|0.67 213 0.4
0 04 08

[A] = [KI* [P-PL]

2.33  0.67 “Ir 0+1.56
= 067 2.13 04 0+117.6
0.4 —120 — 62.4

HB =, HC =, QD:
4. Substitute the above values in the slope deflection equation

Mgc = Mesc+ £(293+9c' _)

2EI

Mcg = Mrce+ —(29c+B‘ —)

Mcp=-128.47 kN m
Mpc =-7.93 KN.m

Problem 2:
1. Determine the static indeterminacy
Member+reaction-2*joint = DOSI= m+r-2j = 5+4-2*4=1

2. Selection of redundant: reaction at A is considered as redundant = Va
Length of the members
AB=5.83m
BC=5m
DB=5.83m
AC=3m
CD=3m

3. Computing the axial force- actual force (P): by method of joint



Horizontal forces = 0, H.+60=0
H.=-60kN
Since A is the redundant support A will be released
Take moment WRT A : -V*3-Vp*6+60*5=0 ,,,,,,1,1,,1
Take moment WRT C: -Vp*3+60*5= 0
Vp= 60*5/3 = 100kN
Fromeql ......... V. =-100kN
Consider joint C =
Y. H=0= -Pac+Pcp-60=0
-Pac=0kN
Pec

V=0 = Pcg=100Kn

I:’DBsin59

59

Consider joint D

Y. H=0 = -PpgCOS59- Pcp =0

Y. V=10=PpeSin59=-100
Pps=-116.67 kN
-PpgCOS59 = Pcp
Pco= 60.66kN

\ Pcs

100

4. Computing the axial force — Unit load application at redundant (K)

Apply unit load at redundant I, e at Va=1kN

59




Take moment wrt to D
Va* 6 + Vc*3=0
1*6+ Vc*3=0
Vc=-2kN
Vat Ve +Vp=0 = 1-2= 1kN
Consider the joint A =
KAB
Kag Cos 59

>

" Kac
1kN

Y. H==0 = Kac+ Kag Cos 59=0
Y. V=0=Kag Sin59 =-1
Kag=-1.17kN

Consider joint C

Kcs

L<AC Kgo
06 -2

Z H=0=0.6= KCD
Y V=0=Kcg=2

Consider joint D




H=0= -Kep- Kpg Cos 59=0

KDB=-1.17kN
V= 0= 1=- Kpg Sin 59
KDB= -1.16kN
5. Force in the member — actual load and unit load
Membe | Length(L Areaz E ,| P K(kN PKL K2L
(mm= | (KN/mm — -

r ) ) ) (kN) ) AE AE
AB 5.83 A E 0 -1.17 0 7.98/AE
BC 5 A E 100 2 1000/AE 20/AE
BD 5.83 A E 116.6 | -1.17 | 795.81/AE | 7.98/AE

7
AC 3 A E 0 0.6 0 1.08/AE
CD 3 A E 60.66 | 0.6 | 109.18/AE | 1.08/AE
1904.99/A | 38.12/A
E E

6. Calculation of deflection

PKL

AL= Z E = 1904/AE

7. Compatibility equation
2
F= Y-~ =38.12/AE

{A—-A}=
{0-1904.99} *[38.12]'= {R}
—1904.99

38.12

[F] {R}

= —49.97




8. Final moment

Member| P (kN) K(kN) RkN) | FF (EIZITR N‘;‘fo‘fcee"f
AB 0 117 —49.97 58.46 T
BC 100 2 ~49.97 0.06 T
BD 116,67 117 —49.97 | -58.20 C
AC 0 0.6 —4997 | -29.98 C
CD 60.66 0.6 Z4997 | +30.67 T
Problem 3:

Analyze the given continuous beam using stiffness matrix method of analysis
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Steps
1. Fixed end moments

Meas= -80
Mfba= 80
Mfbc=-37.5
Mfcb= 37.5

a. [A] = unknown displacment matix = | 93 ]

c

[P]= moments acting in unit directions :[8]

Mppa + Mppc -]: [80 — 375

[PL]= joint moments = 37c
3. Stiffness matrix= to find the 65, 6,
a. Applying the unit rotation along the 1 co-ordinate directions

[A] = [KI* [P-PL]

MFCB



For coordinate 1 =1

e
3

ki1 ko1
4E] 1’-1-E'I

k1= T < 2.33E1

ko= E— 0.67EI

applying the unit rotatlon at co-ordinate 2

Ki> 4 kzz
K= zf"— 0.67EI
Kor= = 2l 1 33E]
ki, k
k: 11 12
[K] [k21 kzz]
1233 0.67
[KI=E1 [0.67 1.33]

]1 112.33 0.66]°1
110.67 1.33

[A] = [K]* [P-PL]
[GB]ZL 2.33 0.66] [0 — (80 —37.5)

1l0.67 133 0 — (37.5)
[93] [ 11.89
0, 22.36

05=-11.89/El, 6,.=-22.36/El
4. Slope deflection equation:

Mag = Mrag+ ?(29A+93- ?)
=-80+2EI1/4(0-11. 89/E| -0)=-85.94KN.M

Mga= Mrga+ 2(293"'9,4' —)

= 80+2E1/4(2/(-11.89/El))= 68 11kN.m
Mgc= Mrgc+ E(2915¢"“9c' —)

=-37. 5+2EI/3(2* 11. 89/EI-22.36/EI): -68.16Kn.M



Mce= Mgcg+ ?(ZQC"'HB' ?)
= 37.5+2EI/3(2*-22.36/E1-11.89/El)= -0.05kN.m

Problem 4: Analyze the given frame shown in fig. by Stiffness matrix method.
30kN/m

50kN

4m

Unknows = 3
1. Fixed end moment:
Mfbc=-40
Mfcb= 40

2. [A],[P] [Pd]

o)
[A] = unknown displacment matix = [031
Oc

50
[P]= External forces =[ 0 l
0

0 0
[PL]= joint force(moments) :[MFBA + MFBC]: = [—40]
Mgcp + Mpcp 40
3. Stiffness matrix= to find the &, 65, 6,
Applying the unit rotation along the co-ordinate 1 ie, § = 1

6=1
2
Ky =2EL 2By cor

_43 23_

ko1= - %= -0.37El

6EI_

ka1= - - -1.5El




Applying the unit rotation along the co-ordinate 2, ie =

6E1

Kio= - o -0.37El
4EL 4EI

k22— —+——=2E|

ko = ZEI— 0.5El

Applying the unit rotation along the co-ordinate 3

6EI _

K1i3= - —=-1.5E|
Kzs= E— 0.5El
k3= ﬂ+£—3E|

k21 k22 k23
k31 k32 k33

= [EI]|-0.37 2 0.5

[kn kiz ki3
—-1.5 0.5 3

1.68 —0.37 —1.5]

(4] = [KI* [P-Pd]

s ] [

8 = 35.68/El, 05 = 26.6/EI , 6, = 0.1/EI

4. Substitute the above values in the slope deflection equation

Mag = Mrag+ E(249,4"“919' —)

Mag=-0.3
Mga = Mrea+ E(9,4"‘26'19'—)

Mga= 13.33
For Span BC, I=

Mec = Mrsct 25(205+0,- 2
l ¢

Mgc= -13.33

Mce = Mece+ 22(0,+26,- 22

Mce= 53.33
For Span CD, I=

i)
Mcp = Mrcp + ?(296+9D- 37)

HC '--'1



Mcp= -53.33
Mbc = Mepc+ ?(290"‘90 ?)
Mpc=-53.33



