CHAPTER §

Slope Deflection Method of Analysis

9.1 Introduction

This method was given by G.A. Maney. This melhod is based an sliliness approach and basic unknowns
are taken as joint displacements (0 and A). To find unknowns (joint displacements), joint moment equilibrium
conditions and shear equalions are wrillen and the joint moment in members are lound by force displacement
relations called slope-deflection equations. In this method, delormations due to bending arc anly considered and
awxal defounation are neglected.

8.2 Sign Convention

{a)

)

(c)

End moments: Clockwise end moments are laken as
posilive and anliclockwise end moments are (aken as
negalive,
Here, M, = ~ve {Anuclockwise)

My, = +ve(Clockwise)

Slope {Rotations): Clockwise rolations are laken as
posilive and anticlockesse rolations are taken as
negative,
Hare, 0, = +ve (Clockvase)
0, = —ve (Anbiclockwisc)
- = +ve{Clackwise)

Deflection (Scttiement}

(s) Positive deflections: Those displacement
{deflectiops) will be positive which producas
clockwise rolation to lhe member,

Hern, A= +ve
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' Anticiockvdse rotation
[ to the membar

{ii} Negative delleclions; Those displacements (defleclions) v}il! be
negalive which produces anliclockwise rotalion 1o the member.
Here, a=-ve .

9.3 Derivation of Slope Deflection Equations ,,J.-. a—L

Consider a segment AB of a continuous beam as shown intigure, The slope
deflection equalions are derived by superimposing the end moments developed
due lo

{iy Appliedioad
» {li) Rolation of joint B{(0;)

(i) Rotation of joinl A(g M)
(iv) Setlement of support 8 virt support Aa)
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The span AB can be subjected to combinalion of multiple loading as shown abova.
() inbeamshown in ligure (1), the Ived end momenl at ends A and & vill be Ey,m 2nd May respectively.

(@) In beam shovim i figure (i) if joint A rotates by angle .. then lixing mements at end 4 and 8 will
be

. - AE7 - 2E
MA{ = —7—04, M = —-L—IU,-,

{sii} In beam shown infigure (i), it joint B rotates by angle 04 then fixing moments at ends Band Awill be

— AE;

= —
Maa T8
— 2E!
Mg = Toﬂ

(v} I support B setiles down & with respec! Lo support & causing rolation to member BA in clockwise
direclion, then fixing moment produce at B and A will be

— 6E1A
May = - &

_ GEIA
e = =

Thus the linal moment at end A and 8 due 1o above mulliple effect wili be
AEf 2510y BEIA

Mo = Mo+ 0 =20
Mg = Meg +g-il[29,§+9 —STA) ‘ -Aiy
, Similarly, Mye = Maa +-2-'E-{ (2BB+9A _?E‘_) i}

Equations (i) and {i{} known as slope deflection equalions.

9.4 Procedure of Analysis

Siep-1: Consider each span fixed and lind fixed end moment for each span due 1o given loading.
Nole: If any suppont sellles then do not find lixing end momen! separalely because we have already
consider its effect in derivalion of slope-deflection equalion,

Step-2: Take @ and & as unknown and write slope deflection equation for end moments.

Step-3: Find joint displacement {8 and A} by using momenl equilibrium condilions and shear equations.
(77 Number of moment equilibrivm conditions = Number of rotationa!l displacement components

(i) Wumber of shear equations = Number of vanslational displacement components

Slep-4: Substituling the values of unknowns in slope deflection equations and delermine the end momens.
Step-5: Draw bending momenl diagram by superimposing end moment BMD and free BMD for each

span.
Consider a beam shown in figure 9,6: G0kN
Step-1: Fixed end moments: | l & 12 kNin |
Span 8C: i A 1 & 1
4 Mag = _%____GU:‘(D = —453 kN-my o Int—efe— Jm——nt &m -
_ PL £} is constant
Mus =+ =B kEm Fig.9.6
Span BC:

W’ 12x6?

Moo = —qg =g - RN



2

Mes = +-1"1'2— = +36KN-mM

Step-2: Slope deflactlon equations:
Member AB: :

MM = VE’A‘J‘FE [2BA +93 '-?—A‘)

L L

Here, Mg =-45Kkm 0,=0anda=0

Mg= ‘-45 +£6€{ 0Oy
and M&= EB'H'z—f—l—(zﬂgﬂ'Og-%é)
Here, Mus = +45kN-m, 8, =0and A =0

- 2F1
Mg, = +43+T (265 -0)
4E7

Mg, = 45+ — %

MemberBC:

My = ﬁfx}-(»% (2031- Bc—%a-]

Here, Mac=-36KNm, 0; =0 and 4 =0
2Ef
Mm= —364'—6‘(2004'0‘0}

4E7
Arfsc = ~306 +—E' 05

Here, Mcg = +3GKkiN-m, 0 =0anda =0

2E}
Mcs’f +36+ —5—(04-3{, ~0)

' 2E1
MCE = +36+ T Hg

Step-3: Jaint Equilibrium Conditions
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Here we have unknown 9,i.e. rotational displacement, Hence one joint equilibrium condition is required.

Consider joint 8,

Mg~ My =0
= Mgy + Mg =0
. I45+4EI05]+[_36+4EIOB}:O
. 6 3
= 9+§§—é2—@-:
= %= "8 T TH

Step-4; Final End Moments
Substiluting value of B in slope defleclion equation, we get

2El 675
At’.ﬁ = 45 +T x —?I—- = ~47.25 kivm

4EI 675
Mgy = HI5F—— X =" = +40.5 kNm
5 6 £l
4E1 675
h"rz _364,_6-;(--—-—-—5[ = =405 kiNm
267 875
A'fm = +36+—6“K“{':_‘T =+33.75 kNm
Step-5: Support Resclions:
60 KN
Y My
_— l 3 - y 12 khim 2
3m Im - 6m
' Max Mzq
Ra ) Ray Ry Re
Fig.9.8
LMy = 0 (for span AB)
= AxG+ Mg+ M, -60x3=0
= A= %[180—(1’&4,;3 “Ma)]
) |
= R, = 5[180-(~47.25+405)] = 31125 kN (T)
EM; = O {for span BC)
= ~Fx‘cx6+MEC+n-ICB+!2x6x3=0
. R.= é[?. 16+ My + il ]
: 1 .
o R, = E[z1o+g ~40.5 + 33.75)] + 34.875 kN (T)

.{A)



Also, }IF), =0 (lor enlire beam)

= Ry+ Rg+ Aa= 60+ 12 x 6= 132N

= Ay = 132-}?,‘-R =132-31.125—3i.975=SSKN(T)
Step-6: Bending Moment Dlagram .

4725 kNm 60 KN 33.75 kNm
12 kNm
A 1 y c
T Im Im T 6m ‘T
3125 kN 66 kN 34875 kN

A725

BMD
Flg.9.9

'Examp!e"é."' For the beam shown In figure determlne supporl reaction for all membar of
beam using slope defleciian melhed,

o tpongtinton,

a1 LR S oo 2 |

Soliution:
Fixed end moranis:
Niap = Mgs =0
- i Ing?
e T T = =t = LG M
Moe = === 33

— wi®
Mea = +-1-2_=+16!-m

v
Mcp = My = _?1%?; =-6tm
Slopa defleclion equations:
Membar A8:

My = Tdag g—?(?ﬂA M}S«%{)

Herm,  filag = 0 0, =0 and A= 0

i

Meg= 0+2—g~,[()+03 ~0]

2EI8
M, = B
A8 8

Mgy = Maa +g§£(203+l},<-—3fij

Hera, Mgs=0,8,=0and4=0

Member B8C:

Here,

Member CD:

Equiliorium aquetions:

Mg, = O+?—é"5—[{205+0—03

4E18,

M., =

Tnn 2% 2E1 34
= Moy === yf‘ (265-'-60—'1-)

ﬁﬂc =~i6tmandAa=0

My = "’G*ig—/(:?ﬂgmc -0
Mgz = ~16+ 51384,5"295'

Moz = MI“Z‘E'E (20@#05--3?)
Mg = +1G+—8_(29c+eg)
Mg = +16+EIBC+§,7;-EL

My =-8Btm

Consider joint equilibrium at joint 8,

et Myz =0
2 £10,
SEro,+E7 > .16 =0
3 0_01- 051' 2
i gEIOS+E{QC—16 =

10F10,+3E/0,-96=0

Consider joint equilibrium at joint C,

IG+E10 "——-'—S =Q

ENy + 2E06, = 20

R #73]
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On solving equation {A) and (B} we gel

17.41
4 ) =-9.88 tm

Efo; = -17.41
and EiB, = +14.82
Final end momant:
On pulting values of EI0and E18;in siope deflection equations we gel
CE10y  14.82
Moo= 8 T
a 3 3 +4.941-m
2 !
Mpy= 5 105 =9.88 1m *
E19,
My, = —‘;E+Elog+-?- = -16+(14.82)+ 5
E10,
My = 16+ E10p + =52 = 14 (-17.41) + 7.41 = +61m
Support reactions:

Conside free body equllibrium of each span subjected to end moments and givan leading.

G G G

IMg =0 (ForspanAB)
Ryx6+484+988 = 0

1 :
Ay = -5 (4.94+90.88) =247 (T) =247 () ,
Ry, = —A,=247 Ty 494tm 3um,
EMg=0 (Forspan8C) A 1 B
Rp % 8-6-3xBx 4498820 om em [ amy
1 -Z.d?f N%SSf . 17.5351
Ay = 5[6495 9.88]=11.515¢T) H 124s5L

EM,=0 (ForspanBC) '
g, x8-988-3x8x4+6=0 :

4}

1
Ay = 5[9,35+901=12.4851(T) 24

EMp=0 (Forspan cD)

ALx2-6-2%3 = 0=6UM
Thusthe reaclions are
R, = 247yl
Ay = Ry + Ry = 2417 4 12,485
= 14955(T)
fp = fig 1 A

= 11515+ 6=17515(T)

SFD and BMD

Examples.2

fo

1 Ji] C
AT FAEX] Zy & li

o A dm —t—— 4m —=

Solutlon:

Slope dellection equalions:
Msamber AB:

v 3
My = Mp_-a+2F( )(ZD +03——é)
Here, Mag=0, B,=0andA= +0.005m  (Produce clockwise rotation)
4Er [ SKU.Q’JS]
+0g—
3\ s
Mg = 133 £/0,-667 x 107 Ef

M =

2E(2) 3A
My = Mar+ i [205'*9/«“.'}_‘]

4Er 3x0.005
= 0+-—-3—(285— 3 ‘)

= 2,67 £/~ 667 % % 107 &

Mamber 8C.
My = Mec+ w(ms Voe -?A)
: L L
Here, Mac =0. andA=-0.005m (Produce anticlockwise rotation)

b= 04551 (0 22%)

Mg = 2.5 E10y + 1.25 €70+ 4.6875 1073 &
2E(2. 51’)( 3,\]
T T

Mg = Meg +

= 0+-—“[20(‘ OB —3}-%&}3)
fop = 25 ET0, + 1.25 EI0;, 4 48875 % 10

Member. CcO: .

M. = fdeo 4 203 Op - L

22 -

Analyse the continuoys beam shawn in figure baelow by slope dellection
melnod. Support B setttas down by 5 mm. Take E = 2 x 105 Nfmm? and 7 = 36 108 mm*.

PR

i)

L)




Here. Mcp =0, 8,=0and A =0 Support reactions:
Consider Iree body equilibrium of span A8, BC and CD separalely,
My = 0-:--5-5-‘1 (26;) 35.49 3548 9.864
( A 3m B) a am c [of Am o
M = 25 EIOC =0 r 41.76 Q 19.!) Q 198 D
Mo = Mo+ ——26(35!) [200 +0; —gf-] R Ry Rs, Re, Re, ]
Span AB:
M = 0+¥(9c) : IMg=0 ({For span AB)
R,%3-4176-3549 = 0
My = 1.25 E10, {vi) C |
Equillbrium equations; A= 5(‘“'76"’ 35.49) = 25.75%N( T)
Consider joint equilibrium of joinl B, ZFy =0 (For sban AB)
Myp+ My =0 v : ' Ry+FAg =0
287 El0,-6.67 x 109 £1 + 255 E105+ 1.25 £10,+4.6875 x 102 €1 Ag = =R, = -25.75 kN = 2575 kN(l)
= 517 E10,+ 1.25 E/0,- 19825 10 £/ = 0 A Span 8C:
Now, consider joint equilibrium of joint C, Mg =0
A x4+3540+198=<0
Meg+ Mep =0 . 3
2.5 €18, 1.25 E18,+4.6875 x 10 E[ + 2.5 E18,= 0 (B) Rgy = —7(35.48+19.8) = ~13.82kN = 13.82kN ({)
On solving equation (A) and (8), wa'get : . v Span CD:
0, = 6.49x 10~ -Ayx4-19.8-8.864 = D
0p = =1.099 103 ~ 1
Final end momens: Ay = -2(19.6+9(864) =-7.416 = 7416 kN ({)
On putting the values of & and 0. in slope delleclion equations, we get Thus the reactions are
M.p = 1.33 €/ x 649 x 10~ ~6.67 » 108 EY R, = 25.75%N(T)
= -5.80 £/ fg = Ry, + Rg = 25.75 + 13.82 = 39.57 kN (4}
=580« 2% 10° x 36 x 109 % 10-C A, = 7.416 %K (L)
= —-41.76 kN-m Since, Ry+ Ap+ R+ Ap=0
My, = 2.67 E1x 649 104~ 6,67 x 10° £/ Ay= (R, + R+ Ry) = ~{25.75 - 39,57 - 7.416) = 21.236 kN{T)
= 493 % 107 %2 10% % 36 % 10 x 10% 2575
= ~35.49 kN-m ‘
Mo = 2.5 E1%6.49 % 10 + 1.25 £1 x (-1.099 % 10) + 4.6675 x 10~ + . — 7
= 4.98 % 109 E/ A = o
= +3549kN-m : , i 1282
Mgy = 25 E7 (-1.000 x 10°9) + 1.25 £ x 6.49 % 107" + 4.6875 x 109 Ef ; sony T
= 2,75V « 103 E1 /\ o568
= 19.8KN-m ) /*]
Mg = =198 kidbm _ / \l-/"
Mye = 125 Ef x (-1 .099 x 1077) 198
=137 =10 E )
= ~9.864 kN-m . 41,76 BMD




Example9.3

Solution:
Fixed snd momaens:

Mea =
Slope deflaction equations:
Member AB:

M,qg = mfﬁ +"——'-2E(z‘sj) [294 + 85 -%‘—J

%ﬂg "12+‘3‘§{{20,\ 4‘95) i

Mg=-12+260, + £10, o)
and My, = Bﬂm-—-——zsnﬁl)(?ﬁa*'ﬂf _3_&)

L L

My, = +12+§§—’(205+0,,)

My = +12+ 2 £, + £, i)
Member BC:

My = Mec + 2?”(2%}05 -%J = +rs+%{(2ﬂ[, -0)

Mge = 15+ 110, i) ;

My = E’CE*'E{{QOC#-OB—%) = +150 2 g0y }

L L 3
2
Moy = +15+ 3 Elg, i) ‘

Analyse the baam Joaded as shown In figure below using slope deflaction
method. Draw the 8MD and SFD,

32kN )
€0 XN-m
A

=Q 151 ,4%,. D i il ¢
b 18m—efe 1.5m—eb s Sm—efen 1.5m—]

_ Pl 32
Map = —g:——é’ﬁ—a—ptzm-m

Mg

i

+% =+12kH-m

— 4,
Mac +—f=+6—:,-=+15kN-m |

1]

+%‘l =+15kN-m

Equllibrium equations:
There are two rotalional unknaywis 6 1and 8, Hence Lo joint equilibrium conditions are required.

My=0 (Hinged)
12+ 2 618+ £10,=0 AR
Consider joint equilibnum at 8,
Moy + My = 0

4
+124+2E18,+£10, + 15+§ El8; =0

27 + 333 E16, + E10, = 0

£i0, +3.33 E10g = =27 {8
On solving equation (4) and (8), we get
' E18, = 11.823
E10, = 11,647
Final end moments
Myg=0

My, = 12 + 260, + E18,
= 12+ 2(=11.647) + 11.823 = 0.529 kivm

4

3 EfBg =15+ i;—[-1 1.647} =-0.529 kim

Ma:z 15+

2 2
Moy = 15+§Efnﬂ = 15+§{-1 1.647) = 7.235 kNm

Suppaort reaclions:

32kN 60 kN-m

A
, ! (BTN D
o May J My
Roy R Re

RA
B 15 m——fem 1 5 M ]

po=—= 15 M —— = 1.5 M ]

Span AB:
IM,=0
R,x3+ M, -32x15=0
Ry= 5118- M) = 2[48-0.529] = 15.82 ki (1)
SpanBC:
IMy =0

“Rex 3460+ Mg+ My=0

|
A= 5]604 My + Meg ]
>

= ;;—[GD ~0529 +7.235] = 22.23 kN(T)



LF,=0(For entire beamn)
R+ Ay + Ap=32
Ry=32-R,- A,
=32-1582-~2223
= -8.05 kN or 6.05 kN (1)

SFD ang BMD
32kN .
A ‘ ] “\ t .
22 15m | 15 m s Jem F
15,82/~ i ;' E
() 8FD () ; :
: )
P IRIBRN 1
: ' 2273KN 2223 kN
i : ; ;
; 23'7\3'0‘"" { 2585%m
5 5 : .
w & 7235 khm
A

Cc
{ll) BMD \ [

34,1485 kNm

E i Analyse the cormnuous beam shown in figure below by slope deflsction
malhod Draw 1he SFD and BMD. Also sketch Ihe dellectad shaps.

. BOKN S0KN
A0 KM l l
A FOOYeNy B ¢ o
Y A
pE e iy
(st 41 e 4 0] b 2 e 2 ]
E7is conslanl.
Solution:
Fixed end momenis:
_____ off A 4?
Man = = Q, -= -53.33KNm
R 12
Mos =+ i; =4+-53,33kiv-m
v 12

— Pap®  -80x4x2?

Msc = -7_5—:_-—5-2_ = -35.56 kN-m
2 2
Mca = +~—-—~Pi2b=-—~———+8°’;: 2 711K

MCD = -50 x 2 = -100 kiN-m
Slopa gellectlon equations:

Membars A8:
: 2E1 35
M—L‘? = MAS+T(2SA GH-T}
= -5333 +3§1 (0405 -0)
Myp=-5333+ 0‘5 Elgg
Mﬁi = ﬁm+g§l(28g +8A-3—6]
L L
' - +53.33+3§1(zeg+o-s)
Mg, = 5333 + E18,
Member 8C:
- 2El 34
MEC = MK,‘-P-—E-(EQ3+03—T)
oo = ~35.56 + 0.67 E18,+ 0.33 EV8,
— F
Moy = Mes+ géi {20c ~ 05 -0)
Meg = 7111 + 0.67 E/8.+ 0.32 E10,
Mamber CO; :
Mep = Moo
Mep = =100

Equillbrium conditions:
Consider the equilibrium as given by
Mg, + M= 0
{53.33 + E10g) + (-35.56 + 0.67 &0, + 0.33 £/0,) =
1.67 E1dg+ 0.33 E18, = ~17.77
Now, consider joint equilibrium at joint C,
Meg+ M= 0
71.11 + 0.67 £8, + 0.33 £/0,- 100=0
0.33 £i0g + 0.67 E/0, = 2889
On solving equation (A) and (8), we get
L9, = -21.23
£if, = 83.57

iy

i

i)
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Final and momaents:

M= -53.33 + 0.5 x (-21.23)
=-63.955kN-m

My, = +53.33 4 (-21.23)
= 32.1xN-m

My = =35.56 + 0.67 E/9,+0.33 £10,,
= 3556 + 0.67 x (-21.23) + 0.33 x|53.57
= =32.10kN-n

M= 71.11 + 0.67 £+ 033 £19,
=711+ 067 %5357 -033 % 21.23
= +100kN-m

My, = =100 KN-m

Support reactions:
- B0KN
A JEUIUYIEY. .. S ) 8 4m l 2m €
4m 2m
63.95 321 32108 :
Ry Ry, R, Re
Span AB:

Byx4-8395+321-40x4x2=0

Ry= 5(6395-32.1+ 40x4x2)

R, = 87.96kN(T)
Span 8C:
fhd, =T
-3210+ 80 x4 - A, 6+ 50%8=0

Ro= 31-32.10+ 80x 4 +50x¢]

Ry = 114.641N(T)
For verlical reaction at 8,
R, + 83+ A, =40%x4 +80+50
Ry=290-R.-A;
Ry = 230-87.9G~ 114.64
Rg = B7.40kN(T)

SFD and BMD:
Maximurm simply supported momen! in AB,
2
- 40; 4 - soKim

B0x4x2
—

Maximurm simiply suppotled moment in 8C = 106 67 kN-m

BO XN 50 kN
A ﬂry‘\i%\f\ﬂ L < lo
3 4m den 4m | 2m o 2m
! : ; ;
() SFO 87.96] : ! "]
15.38 ¢ %0 () |50KN
(+} +)

(1) BMO

i
: () Elaslic curve 1

9.5 Analysis of Frames without Sway

Framas do nol undergo any sway when
() Columns are at same level and net horizonlal force is zero.

Fig.10()

(i) Stiflness of column s same and loading is symmelrical in vertical plane.

ur ift

Fig.9.10}

Fig.9.10{iii)




{ii}) Sway are prevented by unyielding support at beam

level,

[ I
f-]
T 4
P
Fig.9.70liv) Flg.2.70(v)
Example 9.5 Analyse the frame shown in 50 khim
figure by slope deflection method and draw bending
momen| diagram;
Solution:
Sinceload is symmelrical and sliffness of both column
is same. Hence there is no sway in the frams,
Fixed end moments: =
_ - A 0
Mag = May=0 b 6m i
2 : 2
- wi 0% 6
B = =1
Mac = 55 =35~ = 7150kNm
— wi?
Meg = +—i?=+150kN—m

Mep = Moc =0

Slope dellection equations:

Member AB;
Mg = Maa + 2—1_“3—,(20,,, +0
= 0+$(O+OD ~Q)
Mg =05 El0,
M
L
My, = E10,
Membaer BC
— DE(2
Moo= Moo azzfu!) (

_§é)
57T

i

3a 2E1

e, = ﬁrm»f?fi[a)aw,\——) = 0+ == (205 +0-0)

L
i)

2(35 +0(:-—3—LA-)

= 150+ "Gﬁtaa,, 8¢}
' My = =150 + 1.33 £19,, + 0.67 £,

b= T 2520, 2)

1

+fso+i§—’- (28 +85-0)
. Mg = 150+ 0.67 Eiea + 1.33 Etoc
Member CO:

2E1

Y 33
MCD = Mm+—£—(29c+ﬁg—T)

= oﬁf—’(zecw-o;

Mo = ENO,
34

- . 2Ef
Mm = Moo+ —L'[QOD+OC—T)

= c+?$(o+ 0c -0}
My = 05 E18,
Equiflbrium squelions:
Consider equilibrium of joint B,
Mgt Myz= 0
Effg+ 1.33 £18, + 0.67 E/6,- 150 =0
2.33 Fiay+ 0.67 E/0, = 150

Consider equilibrium of joint C,

Megt+ Mag = 0
150 + 0.67 E/8,+ 1.33 E/0, + 10,50
0.67 El@; + 2.33 E18; = ~150
£10, = 90.36
Er6. = -90.36
Final end moments:
Mg = 0.5 E10, = 0.5 x (30.36)
{ u’t'fw: 45318 kN-m
g, = Eflg
My, = 90.36kN-m

My = =150 + 1 33 x 90.36 + 0.67 » (90.36) = -90.36 ¥N-m

Moy = 150 + 0.67 £/0, + 1.33 El0,

= 150 + 0.67 x 90.36 + 1.33 x {~90.36) = 80.36 kN-m

My = E/0,=-90.36 kh-m
M= 0.5 ElB = 15, 1B k-

LTy

iy

L)

AT

WA

.48}



Support reaction:

Mamber A&
Hyx4+9036+45.18 = 0

1
Hy= -7(80.36 +.45.18) = -33.88 kN - 33.88 kv (=
Member 8C:
M. =0
RAx5+SOxSx3-90.3G+90.38=D
. Ry = 150kN(T)
2..F}_=0; RA+RD= 0x6

Ay=50x6-150= 150 kN (1) i)

Member CD:
IM;=0; Fyx4-90.36-45.18

1
H = 7 (90,36 + 45.18) = 33,88 kN (=)
Bending momeni diagram:

90,36 kit
n S0 36 k.

50.36 kN-m

=) 5
4518 kN-m 45,18 kN-im

Examples.6 Anelyse the frame shown In figure below by slope dellection melhod. Draw

the BMD. Tha second moment of inerlia are indicaled In the figure.

100 kN
a l 20 ki/m
A LYY NN C o
§ @n 0] AT

= 2.0m-+t=—3.0m —=b———3.0m ———={

Solution:
Fixed snd momants:

_Pab® __100x2x3°

Mg = 7 2 = =72 kN-m
— PP 100x2%x3
Mags = +—Lg——=—-—§2-—-—=+48kN-m
— wi? 20«3
Mse = —-1-2— = -——1—2—- = —15 kN‘rn
— wi?  20xF
= —_— - = KN-
Mea = +37 =+ g5 - HISKNM
Mep = Mpa =0
Slope dellection equations:
Mamber AB:
Mg = Eflﬂa+g@(2€ﬁ+ag-§£)
L L
= -72+i§i(o+o,, -0)
My = -T2+ 0.8EIQ,
ng\ = FA&1+M(295+9 -—3—é)
L L
= w8+ 25 20, 40-0)
o]
My, = 48 + 1.6 E10,
Member BC: .
MBS = mm+2—l_'r:-—’(295+0¢—%3—)

i)

i)




= -15+2_§i(205 +0g)
My = =15 + 1.33 £10, + 0.67 £/8,

My = ﬁw+2—f—l-(2ﬂc+85-%)

+15+3§i{2oc+oa -0)
Mgy = 15 + 0.67 E18, + 1.33 €10,
Member BD:

0

- 0+2—§i(295+0~0)

Mgy = 133818,
o 2 34A
My = MBD+§EI(2GD H}H,bT]

= 0678,

Equilibrium equations:
Since end Cis hinge. Hance M., =0
15+ 0.67 &6, + 1.33 £/8,=0
0.67 E/05 + 1.33 E18; = ~15
Also consider jGintequilibrium of joint B
My + Mpp + Mge =0
48+ 1.6 E10,+ 1.33 B - 15+ 1.33 £18,+ 0.67 E10, =0
4.26 E0, + 0.67 £16, = -33
On solving equations {A) and (8) we gel
£10g = 6487
Efo, = -8.01

Final end momenits:
Mg = -72 + 0.8 El0,
= =72 + 0.8 (+6.487) = -77 18O kN-m
gy = 48+ 1.6 £10,
= 48 + 1.6{-6.487) = 37.62 kpl-m
Men = -15+ 1.33 B0+ 0.67 E0,
= =15+ 1.33(~6.487) + 0.67 (-8 01) = -28 kN-m
Mea= 0 .
Iy = 1.33 E10, = 1.33 (-6.487) = -8.63 kN-m

Mpg = 0.67 E10, = 0.67 (-6.487) = .35 kN-m

i)

i)

(B

Bending moment dlagram:

335

A horizontal membar DBC s rigidity jeinted at B with a vertical member AB
{as shown below) having the supports A and C (ixed and 0 lres. The members ABand BCare 4 min
lenglh sach and momenits of (nertla 7 and 1.5 I respsctively, lhe over banging porllen 8D is 1.2 miong
with moment of inertla /. The member DBC carries a UDL of 48 kN/m, Draw the B.M, diagram of the
frame. Calculate the vertical delflection of the fres and Din terms of £1.

Solutlon:
Fixed end momenis:
i Mg = Mar=0
— _ vi?  agxd?
Moc = ——ié-—’ 7 = =B KN-m
— uf?
e = *T;T =+ G4 kivm

i Fisp = —38% 1% 0.5 = 24 ki




Slope deflection equations:
Member AB:

- 2
My = Mna«ri‘-?-{m,\-rﬁg—?-é)

= 0+2i’(0+99-0)

Map = 05 E/Gy
2E;

L

My, A?&%+~——(263 e’i-%) !

L
= 0+?-ji(298 +0-0)
My, = E10,
Member BC:

Moo= oo+ 25(}_.5,')(

28 +GC'3TA)

= —64+§-f—l(203+0-0)

Mac = 64 + 1.5 8,

o= Flep s 2E0150) 51}(

= +sa+ﬁ(o +05-0)
Mpg =64 +0.75 E10,
Member 80;
M&) = HE’D
Mz = -24KN-m

Equiiibrium equalions:
Consider joint equilibrium of joint B,

=2 ¢

Y,

mm
RS
1.4,» Meo

(i)

i)

PR

)

M= Mg - Mg, =0
MBA*A"{JC*MBD: 0
EiOg~64 + 1.5 E/05-24 =0
25Ei0,=83
Ef0p = 352
Final end momants:
My, = 0.5 E10,
= 0.5x352=17.6kN-m
by, = E10g
A5.2kN-m
-64+ 1.5 £,
= 64+ 1.5%x(352) .
—11.2 kMN-m
My = 64+ 0.75 E13,
= 64 + 0.75 x {35.2)

n

My

I

1]

t

= 90.4 kN-m
My, = ~24kN-m
() Bending momani diagram:
564 KN-m 90.4 kh-m
24N AS.‘.,.‘“‘ 2
~ f}"(‘r )
% ¢
35.2 kN-m
-}
{# Deflection of free end D 5{ Oufr .
B D S,
wilao AT Ty
= H0gMlgn)- & oA
Sp= +0axlgn)-— &
5 +35.2 " aBxr 4
¢t T E1 T BEI 5
29.9 ‘
8y = 5 (Upward) . 1



B

18 kN
9.6 Analysis of Frames with Sway
Consider a frame shown in ligure below,
In this case there is a unbalance horizonlal force, Therelore
sway will lake place in the direclion of applied force. A

Step-1: Draw approximate sway shape of frame as shown in ligure,
Here, 4 = posilive (rotalions are clockwise)

Slep-2: Apply slope dalleclion aquations for each member

Here,
Member AS:
A= +ve
M= Mag +~2£!-[204 +GB~—§‘-\-)
L L
_ o~ 21 aa]
= 0+T (04' BB—T
My = 0.5 £19,~0.375 Eia
My, = W&«+—2—€£(265+6A—§§)
! L L
2E1 ( 35]
= 0+ = W+ 0-=
+ ] 9‘00 3
Mg, = E10,-0.375 E/a
Mamber BC: :
Here, A =0

2ET
= 0+£§—(29H +0:-0)

My = E10,+ 05 EfQ,

Mo = A_/fCB‘FéLE—i(EBC'FOg —%J

1

O+ E?i (205 +0,, -0)

M= 0.5 Ef0; + £10,

4m

Fig.9.11

bt
8

i)

L id)

- iir)

i)

Member CO:
Mep = 0.67 E10,-0.167 EiA

2E7 38

2Er

= 2E7 3A
Mcgz Ma)-i-T(ZUc-‘-ﬂp—T) = 0-)‘-—(29{:1-0-—-)

6

6

3A
[

! 2ct 34
Mg = Moc +T(20n +0, —-L—) = D+-——(0+0¢ —-—6—)

= 0.33E/8, ~ 0.167E1A
Step-4: Apply join! equilibrium equations for each joinl.
Here,
() Atjoint8:- -
MB-\ + MBC =0
E10,-0.375 £14 + El0,+ 05 E/8,= 0
2E/8;+ 05 EM,-0375E/8 =0
(i} Aljoint C:
) Mg+ My, =0
0.5 £10, + El8 + 0,67 £/8,-0.167 ElA =0
05 Er6;+ 167 E/8,-0.167 EflA =0 B
Now there are three unknown (4. B, 8,) but only two equalions
af equilibrium are available, sowe need one exira aquilibrium
equation that can be ablain by shear equalion in the direction
of unknown displacement.
Slep-5: Write shear equation
whan 4 is hodzontal, shear equation is TF, = 0 and
when A is vertical, shear equation is Iﬁ,: 1]
In this case, A is horizontal.
Therefore the shear equation is oblained by

w0 }

v}

LAY

Vi "ﬁ
My

Am

Hp— o

fig.9.13

&m

Moe

IF,=0 ‘

: Hy+ Hp+ 18 =0 PXto]
Horizontal reactions can be found by free bedy equitibrium of vertical members AB and GO
Formember A8,

IMp=0 “Hym A+ Mg+ Mg =0
Mg + Mgy
‘ Hy = A3 : 8,
. i
andt Formember CD
IM. =0 “HyxG+ Mp+ My =0
Meg + M,
Hy = _ﬁ.é....ﬁ.'c_

On putling values of H, and Hyin equation {C), we gel

+18 =0

Mg + Mps o Mep +Mpg
: 6

Hh—& }
R,

3

A u,,_k

Vmﬁ

Moo

e

Fig.9.14



Mg+ M) + AMop + Myc) + 21620
3(0.5 /8, ~ 0.375 EIA + £18, - 0.375 £18} + 2(0.67 £10, - 0.167 EIA + 0.33 £/0,-0.167 EIA) 0

4D

4.5 Eloy + 2 £18, - 2918 E1A = -216

On solving cquations A, 8, and Dwe gel
Ef0y = 186785
Et0, = 50288
£1A = 106.323

{Assumed directionis correct)

NOTE: lf £2A value is negative, the sway is occurring in me

opposile of assumed direction.

Step-6: Finalend moments and BMD
My, = ~B0.83kN-m
Mgy = ~21.19KN-m
My = 421,19kN-m
Mg = 1437 kN-m
Myp = ~14.37 KN-my
1o = ~16.04 KN-m

¢ Horizontal reactions,

-30.53 - 21. 19

30.53 kKN-m

16.04 kN-m

Fig.9.15

. - ~12.93kN{~)
H, = 12.93kN (¢}

= ﬂjﬁ%ﬂ?s_owm-’)
H, = 5.07kN ()

. wﬂ.ssm(?)

A, = -Ay=-8.88kN(T)

Example9.8

2m

B RN ——in

S

Analyse the frame shown In figura and draw bending. momant dlagram.

12 xMNm -
B mmmmmoﬁc

dm

£l is constunt.

Solution:
Fixad eng Momants:
— Bx4
g = -5 = —4 kNm s f;"“"-‘*.
E o
axd : c
A, = +—— = +4 KM H
Migs 3 ;
~ 12542
e
_ 12%4°
My = + 5 =+16 kNm ;’.
Le1 A be the sway displacement (rom left Lo right as shown ;
infigure A asmm
Slope deflection equation:
Member AB:
= 2E1 3A
My = M,‘B+——[2a,, : P --E—]
A
-+ 25‘(0 03-3—]
4
2E18y 3E/A .
= +_4 ——a (I)
— 2E4 34
AAEA = Mﬁ,\+—L—[285+BA -T)
2E7 3A
= -+4+T(20a +0—T]
4E18, 3EIA "
= - Al
= e — 5 {ii}
Mamber BC:.
Here A =0,
2E71 3a
My = Mﬁﬁ + —L—[ZG.« 0 - T)
= -16+g§i(2e,,+0 0)
= —16+i§12§- ...{iin)
4
2L} 3A
'wl]] = AJCB -+ -L"(QUC BB - T)
= 16 r%(0+0" -0)
= 16+ 260 iv)



Equllibrlum equstians
Consider joinl equilibrium of B,
Mpa+ My, = 0
(4+ 4E105 3EIA)+[_1G+ 4E18y ) )
4 8 4 2m
3E1A
2E105 et 12..(A)  8&N,
Shear equatlon: 2m
Consider horizontal equllibrium of member frame A
IF =0 ‘ rrre——H,
Hy = BKN A
Cansidar equilibrium of member AB, Ry
Iy =0:
Hyxd~-Bx2+ Mg+ My, =0 Ha ]
: M
1 .
H = z[irs-(m,u,+Mm)} 2m
BIN —»
Zm

From eq. (i}, shear equalion becomes,

MA.D
. er— Hy

Hinpa

Example9.9 Analysa the portal frame shown in figure. Also draw bending moment diagram
12 KN/m
B maammm:ifé
3m

Lei 4 be the sway di‘splaceme’nt from left to right as A

4m am
A y o
= &l constant .4‘.'.,,,
Solution: .
Fixed end momenis:- . . -
Mpi < Mgn = M = Bt = 0 ,
o 12x32
B = - = -9 khNm
Mec = =733
: 12x3?
= =+3 kNm
Mg = +—5
PO foma—st
8 = I3

shown infigure )
Membar AB: j
M.&D = A?Aa'f'?—g"(zo;‘ +0g ~§-A-)
L L :
! 3[.\) ':;
Al A=d4v0
it

2Ei
= 0+T(0+86 'T

o
2[15'(Mn5 "'Mm)} =8
Mg + Mg, + 16 =0
‘44%_3_&:&.,4*.45192_@”5 =0
4 8 8 Ry
BEIO, G6EIa . 0
4 8
12 510, -6ErA +128 = 0 ..(B)
On solving equalion {A) and (B) we get 2 3
, _ = SEM0y-ZE1
EIOB =16 4 8
160 ‘ (2hNm 24 kNm —  2Fl 38 2€7 3a
and EN = —3— ) s ! MCN= h{M+—L-—{205+D,,—T)=0+—4— 205 -»0-—5-]
- . 8 c 3
Final end moments: | = Efbg—2EIA
- 8
My = 4+ 216- 23180 _ 16 wm Member BC:
q 3 Here.a =0
3 160
- M, = A+16-—x—=0 1 o 2E1 3A 2Ei
a5 + d 3 ) Mx = Mgc + T(%B +Qc --L—) =-04 -5"[200 +QC}
Mg =-16+16=0 n :
16 KHm N i 4 2
f = —9+-__;EIOB +§EIB{-
BMD ) -

2
1641‘:«: 16 = 424 kiin

Mg =



= 2E1 3A 2Ef
Mg= Mea +"L—'{:_’Sc +8z —T)= +9+ ——3—(20,: +03)

2 4
= —EN0g+—ElG
#Q#SEI 9+3 o

Member CD:
Mop=0, Mp,=0

Equilibrlum equations:
Consider equilibrium of join1 B,

Mpay+ Mg = 0

(EIB,, —-:-E!A)-i»(-Bi-iEiDB + gsmc) =0

3

2.333 £/ + 0.6666 £0o- 0.375 £1a = 9 i)

Since there is a hinge al joim C,

o

Mg =0

2 4
+9+5£195+§Ef9g =0

0.6656 E10, + 1.3333 E10, = -9 i)
Shear squation: ;
EF_ =0 {or antire frame) )
H,+ HG =0
Hy= -H, ~AA)

Cansider equilibrium of member AB,

x4+ M+ My, =0

Fromeq. (i)

On solving eq. {i}, {iiy and (iii}, we get

Final end moments:

Mg+ Mg, =0 @lﬂ
. s

2 3 3
(4 Ef8, —Esfa)+(£10,,. -Eem] -0

1

4(MAD+MRA) Ry

H, =

15E10,-075Eia=0 A am
ENg = 108 u
80, = -12.15 “
Ea=2186 N H A
A
2 R

Meg =0, Alg=0. Ape=0

3 t
My = 3(1048)--5(21.6}: ~2,7 kNm
Mgy = 108~ 5;-(21 6)= 427 kiim

Mpe = —9+:31-($0.8]+§(—12‘ i5) = —2.7 kNm :

Bending moment diagram:

27 WNm

12,15 kNm

2.7 kNm

BMD

Example5.10 N0

portal frame shown in figurs.

Also draw BM dlagram. £7 Is constant.

Solution:

Fixed and moments:
Mag = Maa =0
— w2 12x3°
Moc =~ =35 = oMM
— w?  12x 3 .
Mca = %= > =+9kiN-m
Mco = Moc =0

Lel portal sway from Ielt lo right and A be the sway

displacement in the direciion of sway.

Slope deflection equations:
Member AB;

. 2FEf
M.p= Meg+ T (ﬁ)A 4-05—T)

2Ft 3a
=0 ~-:|‘—[0+ OB—T]

£l 3E/A
‘.['m = D LIRS
’ 2 8
and My,= Mia 2

3a

3
£ (2000047

{~va becausa of

*, rtation af momber)

antdackhwrso




- 0+ 2 (500-2)

4
My, = Er0, - 3EI8
Mambar BC:
Here, Aga=0
My, = Kf&ﬁ+'2—€£[208+‘30*'3—d']
t t
= —9+23£(209 +0; -0)
My = g4 2610, 2EID
- 3 3 )
= +9+3-§1(2e¢ +8y-0)
; 4EI0. 2616,
M= 94—"C 20778
g 94 3 + 3
Member CO:
Here, a,5=-a '
Moo = Moo+ 22 (29615432
L L
_ 2E1[ 3::\]
= O+T 2ec+0+.3.
My = E10,+3E/
and M = ch+-2% {209+GC+%9)
- 2E1 © . 3A
- 0l 0roo+ )
El8; 3F14
M = =€ 250
T T3ty

Equilibrium eguations:
Consider equilibrium of joint 8,
Nfﬂd + A"H{‘ =0

: AE -
E[ge__.?i{f:\._g+ r’09+gf_‘!_‘1&_=0
8 3 3

7 2E10, 3E7A
= ET0,+ & o -9
3°7FTTg 8

i)

i)

i)

Ay

A

Consider equilibrium of joint C,

Meg+ Mep=0
g, AE18  2EIGy +ET0p+ 3Ei8_ o
3 3
"“-—F:\v Iy
84
208 T Ere+2 €8 =9 A8
3 3 a
Shear equation, £F, =0
Hy+Hy=0 (=3)
(MAD-{-MBA);(%'I‘MDS):O - Myp
4 /. 4 H, -
El8; 3E1a 3Ela 3EfA El6. 3EIA
—_—— ——— - - e e e =
2 3 +E70y E/6c 5 3 3
1.5 8- 1510~ 1.5 84 =0
EiBy~ EI8 ~ ElA =0
Solving {4}, (B) and (C), we gel
Eigg = 281
E10, = -9.81
£fA = 18.63 (Assumsd dirgclionin correct)
Final end moments:
_ EI8y 3Ei4
Mo= =575
=0.5x961-0.375x% 19.63 = -2.46 kN-m
1
3EIA

Moy = E10 -~
= 9.81-0.375 x 19.63 = 246 KN-m

4 2EIQ
-9+§E/95+T‘7

n

My

-9+ % x(3.81 - -g- (881 = 246 kN-m

]

Ho

Meg

T

{0

Meg = Q+3E10, + 2618 = 9-2x981+ 2x0.81 = 2.05 kum

3

[ Moo= Erog+ 58 < 98ts Txgosy = -246
Eib:  3E/A
M= e ?c +2 5 =05 x(9.8$)+%(19.53) = 2,46 kN-m

Support raactions:

=0

B M‘,y; + Mg,“ ) _ -2.46+2.46
Ha = ( PR

i _(Mm+ Mm) _{-246+248)
- e




Forverlical reaclions,

246

248

Mpe
111,04
@
246 248 -
- ly NCH L
EMc=0 245 Y
Rx3+MBc+Mm—12x3x15 0 )
Ryx3-246+246 = 12x3x15
R, = 1Bk )
Ry=12%3-R, :
=36-13 248
Ry = 18KN(T) aMp

9.7 Beam Sway (Joint Dlsp!acement)

Qceurswhen
{iy Properties of cross-section changed at a joint.

Fig.5.16

{ii) Wheninternal hinges are provided within the span

P
i |
i

Fig.9.17

Procedure

Consider a beam as shown in ligure below.

I ——

=

¥ -:
I e
4m ¢
Fig.9.18

Fixed end momanis:

Step-1. Draw approximate deflecled shape and apply slope delteclion equations for all members.

Here,

A= +VE

- Slope deflaction equations:

Membar AC;
Here, A = +ve
= Mac+ 2222 25(2’) {20,-‘ +,oc-§f‘i]
= 0+i€l-(0 0 -%J
P
3
My = E10c - ElA
and Ma, = o 2E(2:‘)[206 GA"3TA)
- 0+i‘-’5—’(9oc 039)
3
Mey = 25100—3 £ia
Member C8:
Here. A= -ve
2Ef 31\']
MBC-P— L [?Oc+9q+ L
- 0+3"::i(mc 0+—)
Moy = E/Og*'gfl:;\
= 2E} 3a
and Mo = Ma:-&T 205+ Uc"'T]
= 0+ ?#EL[OHI + %_’i)

I‘t'f‘,_c= EEIOC".EE/.-\

Step-2. Apply joint equilibrium conditions
Here, cansicler equilibrium of join C,
MC-\ + h"(.‘fi = 0

)

L H)

Lidt}

i)



=2E70, —%E!Ah’:’lﬂc +§Eh’: =0

= 35.'9(\—‘:‘5/!3 :O
= 8 Eff,~EfA = 0

Stap-3. Wrile shear equalion

24kN

) Mey Mea e

. | U
A c|) Q; i) (E—= i 8

Re R 5

M3 ' c] o

Mes .
Flg.9.20
Shear equation at joint Cis,
A + A, = 2akN

R, and Az, can be found by Iree bady equilibrium of member AC and 8C as shown below.

B Ay My Meq Moc
# c C
' (L dm am ’% g
; ! ~

R Fer Re; By

Fig.9.21
tember AC,
M, =0 M+ Moy =R x4 = ¢
(Mo +Men)
i - e 1)

i
Member CF,

£h, - 0: M+ Mec+ o, %4 =0

 ~{Men + M)

Fe "
Subsliluting value of Az, and A, in shear equalion, we get

ﬁ"{:{: + M(;,\) _ (Mg -+ ME‘C) _
a 4 B
Mg+ Mo = Moy =My = 96

3

EtLo. - i?;E/,.\ +2E10 - ’

24

1 3 £18, 3 .
EIa——E10s -2 E18 2228 _Zgpa =g
5 g > 8E:’\ 96

A

= --g Eo,. + %EIA =96 .48}
Solving equalions (A) and (B}, we gal
E18, = -5.818
Efs = —46.54

Step-4. Find final end moments

3 4 2 ...
M= Elgg ‘;E!ﬁ = 9-51(9.314'53(9.83 =29.09 kNm
3 3 .
M., = 2E10, -3 Els = 2x(-—5.818)—7‘-(-45.545} =23.27 kNm

M= Eiog +§EM = -5‘818+§(46.545) =23.27 kN-m

3

1 1 3
MDC = E E10s+ g £1a = EK(-5.818}+'§X{-45'545) = 20.36 kN-m

Step-5. Draw resulting BM diagram

2809 kN-m

2327 kNem

Fig.9.22

For the beam shown in figure draw BM diagram using slope dellection methed.

36kN 26N
| l B T ) |
A |

Solution:
O,=3j~r,+1,-2
Here, j=4,r =7andr,=1
De=3xd-74+1-2
) =4
Unknowns are, 8, 8, (just 1o lefl of C). 0, (ust to right of €) and A,



Fixed end moments:

Slops detlection equations:

Memboer AB:
Here_ A 25 = ]

Member 8C:
Hare, Ap.=a

Member CO:

— Pat®  36x4x3°

Mag = ~20 _ _38X4x2 _ cinim

I I
Pa’b , 36 42x 2_

Moy =+ =+ = 28w 32 uNm

[ 82
Mac = Mea =0
l'-:fca = A-*_foc =0

AEC’ +ve A

Ap=-vea

MAS+-—E—(204 Bg-%é) = ~1G+~—-—(0+83—0)

Mg = —1é+~’;-03
o P 2y 5,2

+32+5ﬂteay+o-m

2Ei0g
= +—
32 3

Thon. 2EL 3a
Mo = Moo £ (a0, - )
2Ei 3
= 0+—3—~(205 "'OC‘ --5—)
%aoyzaoa _261a

3 3
M= ﬁw+—?§-(zoa Og—%)

Mg =

£ 3a
= 0«1-3——(2053 +UB——3—J

A0, | 26105 _2E1a

@3 73 3

Mep = Mm+$(20(‘ +0p c.if-)

i)

(i)

. i)

i)

2Et 3a
= O+T(2OC O'f‘-j-]

AEr6, s

M= *ESE

an MCC: A_ffmi-gzq(a’ﬂg +0‘c’ 43_5.]
C o= 0+?-3-E—{(0+ Og, 1 %i\]

2El8g, 2F1a

A’[X.‘ 3 + '—-5"“

Equifibrium equations:
Consider equilibrium of joint 8,
Mas+ Mge =0

2F10g AE10; 2Ei0s 2E1a

- =0
32-»‘3 + 3 + 3 5
2EIOC\ 2E1A ‘
2E10g+ 7~ 55 =~
Also at joint C,
Mg =0
AEI0c 2Fieg 2E1a
+ ——— =]
3 3 3
2E16g AENG 2£1a
= — = =
. 3 3 3.
Also at joint C,
MCD =0
4E10;,  2E1a
3— +T =0

Shear equalion:
Shear equation at joinl Cis gwen by

If,=0
RC1 1 HG; =20
26 kN
M, A,
a C - L J’ ¢ _t.u____,.__:B
am Meq C‘I am Mac

R;, R, R, Re,
My = 0, lor 8C member
= Ay »3+Mp+Mp- =0

()

Y

(A)

{8}

Q)



- R %340+ My =0
- o -
and  XMy=0, for member CO
~Fg, X3+ Mep+Mpe =0
R x3+0+My =0
Mpe
o = 3
Hence, shear equalion is .
MBC MDC
3ty 7%
= ~Mgo+ Mg, = 78
2E19 2E/8
_4E1ep 2EIeg 2€1a 3 o 2B
3 3 3 3 3
4Ereg 2EI%g 2E18; 4E1a
= 3 T3 *T3 g =0
On solving {A), {B), (C) and (D) wa gel
Er0, = 1669
EIBQ = 1460
Eifg, = -25.04
A = 1252
Final end momenis:
Ejo,
My = -16 +—3—5—

= -16+%x(—16.69) = -21,56 kN-m

Mpy = 32+ %x(-m,sgi

My = 20.57 kN-m

4 2 2 ’ 2686
= Sx(—16.69)+§xM.SO—Exﬁ?.SZ 5
= 20.B7 kN-m 21.86
My =0
My =0

2

"

7125084 12.52]

= ~8.34 kN-m

Anelyze the plane box frame

shown [n figure using the slope delleciion method and

S0kN

g

making use of symmetry. Also, draw bending moment
dlagram.

Sofution: i {25m

Slope deflsction equations:
Due 16 symmerry,

2’ i
= -0, 13 o

eC
and : 6 = 8 10 XNIm
Member AC: ‘ p—25m—f—— 25 m—u]
- 2e(er
! M,"c = M.{c"‘ ( )(29“-&05—%-2)
4E] 4 _
= *31.25+T(29A'8A-0) = -31.25'5'—5-:!3,‘
' My = !ﬁu.»zsg_ﬁ)(zecw,,—%ﬁ}
= +31.25+£?(-23A+0A-0} = +31.25—§Em,,
Member AE:
My = Ky +%£(29A+96 'S—LAJ
2E! B 4
' = OJ'-:Z?(QO"*OE) = EE!BA+EE195
M., = g, +?—f—1[zos+oA -%"‘-]
2E 4 8
= 0+E(zaf+0,\) = 3519A+g&'la,,
Member ED:
Mg = Mep + 25(2”)[235 +8p %)
. L L
i
= +zo.az+5§5(2of -0 = 20.53:,%13105
My = flpe + ZE"L(ZJ)(QOD +0p -%é}

-20.83 - gfsmg




Equilibrium equations:
Consider equilibrium of joint 4,

MAC'*’MAE =0
4 8 4.~
(‘31.25+-5E10,-‘]+(§E‘19,3 *!'-S-EI'BE) =0
12

2 4
—5—618;\ +gEl8e = 3125

Consider aquiibrium of joint £,
Mey+ M, =0 !
4 8 4
—~Eil ~Et0; + 2083+ =E10; =
gEf0a s ;EI0p #2083+ 260 = 0
4 12_°
—E19  +—E0; = -20,
5o 0t g bl =208
On sclving eq. (1} and (i), we gol
£, = 17.90
EN. = -14.646
Final and moments:

M, = —3‘1.25+%x(17.903)= ~18.827 kNm
M, = +31.25-%x(17.903)=+16,927 kNm
8 4
= gx{17.903)+ Ex(—144646)= 16.927 kNm
4 . 8
M, = =x(17.903)+ Zx(-14,646)= ~9.112 kNm
S 5
M = 2083+ 7(-14646)=49.112 KNm
= <

My = -2083- -g—x(—M,GdE) = -8.112 kNm

Bending momen! diagram
45573 XN-m
16.927 kN-m <l zin  16.927 kN-m
e A N, 8
: 8
z A c ~
§ -} 2
@ 3} 2

9.112aN-m

22133 kN-m
BMO

i)

Summary s Siopa dellectionmethod is a displacement
jolnt displacamenis,
@ = Slope delteclion method is used when D,

method. In this method unknowns are taken as

< Dg.

« The slopa dellection equation lor a member A8is given by

Ar'f’.e: MAB + —Z-E—I

3a
L [2“"*05_?)

where, Map and Mp, are lixing memenis at end A and 8 respectively.

= Inslope deflection msthed all jnints are considered rigid i.e. angles between member at
the joints do not changes wilh the appficalion of load.

« In slope deflection mathod, o find unknown displacement (¢ and A) joint equilibrium

equations and shear equations are wiritlen.

?‘ Objective Brain Teasers

Q.1 The moment required to 1otale the near end of a
prismatic beam through unit angle without
transtation, when the {ar end is ixed, 1s

£t 2E1 )

S ) =~ Qa
ar7 L4 E]

(c) L (c} -

Q.2 The slape-dellection equation at the end 8 of
member 8CHor the Irame shown in the given figuie

will be
: 004N B ¢
1 261 ]
E Ef
b A o &
D J;

= sm—-i

AEf

(a) Mge = N (205 - 0z)

(L) Mgc = ATH(.?O,-: -0}

{dy flay=-

4E1
{©) ’MBC = T (205 + BC)
(d) Myg = % (20¢ +0y)
The slope dellection equation at end 2 ¢l the

member 1-2 for the frame shown in the figure is
given by

Ef = Conslant

i
@ Aoy = -2-? (20, +20,) - WL

b) M, = Z—Lfi[em - %]

) 2L 38

(©) M_,]=‘L [zu_._f-T}

2E4
L

L

(u‘ +20, —'Elf]J, e



Q.4 The rigid portal frame shown in the givan ligure
vAill nol have any side sway il

1, =the moment of inertia of the column cross-

seclion

1, = the momenl of ineftia of the beam cross-

section

{a) il is subjected 10 vertical loading only

(o) 7= 24,

{c) ihe foading is symmelrical about ils cenlre
ine

(d} loaded in any manner

Q.5 For Ihe portal frame shown in the given figure,
tho shear equation is

i>__

(ay Mo ZWMCE +P=0

(b) Mgy :M,,n iP=0

My, + Mg Mep
S =24 P=0
© 4 4

(& M;é’iu?:o

0.6 The givenfigure shows a portal rame with loads.

201 Ef = Conilanl
4 A

P

Q.7

The bending moment diagram for this [ramae wil|
be
"’ X

PN

(c) T '

N
v
o
!

'

(b)

(@

The shear equation for the cortal [rame shownin
the ligure below will be

ITTB |1
]

M,,B+fv7\a,1}+[Mm+Mm]+P:0
Ly

L
M +Mes), pog
L

=
]
M
5
R
+
— TN
=
=
&l
T
5
R
+
Bl
i
o

- Answers S T
2. {c) 3.{c) 4 (¢} 5.(c)
7. (a)

el
S e

1. ()
6. (d)

Hints and Explanations:

2. (o)
2(2Er .
Moo= 220 (255 ) = 421 205 1)
3, (c) ‘

0,=0.S0M,, = %1{232 —%ﬁ)

4, {c)
The rame is symmeirical in shape and size about
a cenleal vertical line. Therefore symmetrical
Ioading about the cenlre line will not cause any
side sway.

5. {c)
N’As +"‘B—l

Shear incolurnn AB= 3

Shearincolumn CO= Mqﬁ?.

Shear eguationvill be

Mg tMps Moo o _g
4 2

a.

P

By using slope defleclion method analyse the
beam showm in figure and draw the BM. diagram,

i
A B 1tm c ‘ Di'
AN A oY !
- 6m :I &m : 6m : Em i

ANS. I, = 0. My, = 4,830 khm
Mg = ~5.8 KN-m, My, = <6.1 kim

6. {d)
Due lo unsymmelrical nature of frame, the lateral
transiation will accur towards left. Therelore
horizonial lorce of equal and opposite nature vill
develep on the supports. So coreect bending
moment diagram will be (d),

7. (a)

Let horizontal reactions al Aand Dbe H, {—)and
Hp (-]} respaclively.
Taking mament abiout 8 for colurrn AB.

\‘Z‘_S“'c Mcn?

4

w | |
EX
—>§H -
Hyx by = My + Mg,
- H = Myg + 8y
L

Simitarly, Hy= ——=
For horizontal equilibrium of the siructure,

Hi+Hp+ P=0

:(MCD;MLU)+(M£B+MM]+? =0
1

Conventional Practice Questions

Q.2 Analyse the portal frame shown in figure.

] c
4am
é 2m
4m
g 2]
™~
Elis constant
WAl

Ans. Ay = 0, My, = ~20 BKN-m, Mg, = +20.8 kNm
top = ~69.6 kKN-m, Mo = 0, H, = ~A5.2 kN,
H, = -318KN, R, = -226 kM, Ry, = 226 kN



Q.3 Using slope dellection method analyse the Iramie
shovm in figure. Also draw the BM diagram.

20 Nfm
g @5 tm ¢
4 j{f) {4m
A o

Ans. Mug= 1B KN-m, My, = 3G KN-n
Pac =36 kN-m, Mg = 36 kN-m
Mpp = -38 kNem, My, = 18 kN-m,

Q.4 Determine the movement of the saller C of the
frame shawn infigure by slope deflection method.

Q& Caleulale the joint movement (ar tha frame shown
infigura, Also find end moments for all membeys,

Ans. M, =-16.829, M, = -13.1707

Myc = 13,1708, My = 13,1706

Moo = -13.1706, M, = ~16.829

Q.7 Analyse the frame shown in figure by slope
dellection method and draw BM diagram,

20 kN

fe—— 3m ~—|
20N 28/ ,_é}f
S5m &7
A
26225
Ans. A-‘ i

Q5 Forthe given frame as shown in figure, calculat
the siepe and deflection at point. Skelch dellected
shape indicating the points of contraflexure il any

SUKN
. s}
iw i ¢

F GAm E 2.0m—~}

4.2m

1
1L
o

Ans. ,=002129radian,
deficction al € = 34 258 mm (1)

0N
| 1 8 ABKN/m c 1 .
b am e am o - 2m—
Imis
" @)
4m
£
E

Ans. M, = 4.02kN-m, My, = 25.82kN-m

Mye = -12.77 ki, Agg = -68.35 kn-m,

Mge = 18.93 kN-m, M, = B.46 ki¥-m

My = -8.35 kN-m, Myp = ~4.176 kN-m

Q.8 Analyse (he ponial frame shown in figure by slope
deflection mothod.

GO WN

Ans. Ay = -14.286 kN-m, My, = 14,286 kN-m
M= =14.286 KDl-m. Ay, =65.715 kN-m

My = -B5.175 kiv-m, Ad;,. = ~54,28 kN-m
anny



