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7) Once statically indeterminate:

Fxample:

UN = 4 & FEFQ = 3
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810+ 811-7"X=0 = X)) e Jaos oleddl Jou
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25
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moment o pa Lsls LY O g9 Gk ¥ Llandl oM Rotation
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2) Twice statically indeterminate:

LITTITTITTIIIIY gy = 5 & EQ = 38

FQ < UN —-————— Indeterminate structure

Twice statically indeterminate
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00+ O711xXx, +O72xXx, =0
O20 + 82751?)(7 + 022 xXys = 0

_f M1 Mo _f M1 My _f M/ M2

_f M2 Mo M2M1 MzMz
8o0 =g AL 8y =[TEpLdl 8y, =[mrrtdl

821 = 812

Mppo = My +(X;)M; + (X5) My

Rfinar = Ro +(X;)R; + (X3) R,
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Fxample:
For the shown frame draw the B.M.D .
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El El
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—400
EI
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Fxample:

For the shown frame draw the B.M.D .
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+(2/3x12x54) (1/2x1) |= 7
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Fxample:

For the shown frame draw the B.M.D .
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Correction system(1 )
O0+ 811X =0
_f M1 Mo _f M/ My
8io=|"groat 8 =|Tgrw

O/0= };_Ij [(1/2x525)(2/3x60) + (1/2x5x5) (2/3x50+1/3255)
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Fxample:

For the shown frame draw the B.M.D .
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Fxample:

For the shown frame draw the B.M.D .
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Correction system My
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810 & 81 137X= 0 «— Change in Slope angle at point a =0
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Where:
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Fxample:

For the shown frame draw the B.M.D by increasing equations .
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— (2/3212.65236) (1/220.67+1/2x1)] = 29293
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3) Three times statically indeterminate:
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8i0=[Hppbdl 8= [Heflar gy, =[HiHlar
8y =[Tprtdl 8 =[G dl g, =[HGpta
8o = [Tprdl 8= [TRTE AL g = [T a
81g = [HErdl By = [HoTaL 8y = [HoiTa

Mpipor = My +(X;)M; + (X5) My + (X3) M3

Rfinar = Ro +(X;)R; + (X3) Rz + (X3)R3

e —
© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Consistent Deformations (Indeterminate Structures)
Downloading or printing of these notes is dllowed for personal use only.
Commercial use of these notes is not allowed. {www.yasserelleathy.com) Page NQ. 87



7) Once statically indeterminate:
O19+ 871%X=0
Mo = My +(X)M;| |Rppar = Ry +( X )Ry

2) Twice statically indeterminate:

Or0+ 811371’1 + 072 xX, =0
Oz20 + 821371’1 + 022 xXo = 0

Minor = My +(X;)M; + (X3) M

Rpngt = Ry +(X;)R; + (X3) Ry

3) Three times statically indeterminate:

810+ 81133X1 + 812 Xy T 813 xXg =0
820+ 821-'1"X1 + 822 rX, T 823 rXq = 0
830+ 8315171’1 F 532 Xy T 533 xXq = 0

Mo, = My +(X;)M; + (X3) My + (X3) M3

Reypar = Ry +(X, )R, + (X3)Rz + (X3)Rg

810::%‘”’ 820=:%0U« 830=:%(ﬂ;
b= Mk = g, =[St
T R
8i5= XM ar §,,=[HeMsq 5, = [H2Hsq
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Fxample:

For the shown frame draw the B.M.D .
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@ N Correction system(3)
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+ g 3
810+ 81137X1 * 512 rXo T 813 xXg = 0
020+ 021X, + O22 xX, + O23 xX3 = 0
830+ 83137X1 + 832 xXg *+ 833 Sli'X3 =0
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_ M/ My _ [ M2 Mq _f M3 My
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90
023 = —Fr 3.2

4266.67 202‘67xx,+ﬂxxg+ —56 x X3 = 0=>Eq.1

EI T T EI ET £l
—13000 —280 783.33 90 _

T T Er YXit—pr ¥Xet—pr —%X3=0=Fq.2
1466.67 —56 90 18 B

7 -+ ¥4 xX1+—EI xXg +—EI xXg— 0=[>Eq.3

Solving the equations @

X;=10.42t Xo = 20t X3 = 13.89m.1

Mf'i,na,l - Mo +(1042)M1 ¥ (20)”2 + (7389)”3

Rpipar = Rg +(10.42)R, + (20)R, + (13.89 )Ry

27.79mt\ / 27 %9m. t
n W "

R2R.21Tm.t

i A

13.89m.¢t 13.89m.1
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Closed Frame

ar 5 Jaalow ¥ b of aos 4l f wie Closed Framed! Lol 13)

¢ Normal&Shear and moment
e
P
{ | -r
(X,Y,M
& L . \
=y = <X X —
\x,v,M | "/
W s#f M M
Y

go Y XY, M Ul e Julowd! 565 5 ai f wic ackais alsd

. Reactionsll

s ) Boundary Conditionsd ;¢S5 bawe Lelad @) i)l #
JWiJl e Slope angled) (ol uadl o Slope anglell of
Vertical disp.Jl s Horizontal displacementd) cUiS g

Change in Slope angle = 0 Jl CJT olicee 1dn 4
Change in Horizontal displacement = 0J| S,
Change in Vertical displacement = 0 JI elas

we Frame J| ¢Lis Determinate gl Closed Framell 3 #
Jgdl Correction Systerm J| 3 &_.,2:3 r__,“ X, Y, M JlI Ly ¢ dafy ‘51
LM S Y ) sl W X )
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Indeterminate Structure

Main system

Determinate& Stable

@
v

4

Correction ysmzz
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Change i horizontal dislacerment

10+ 07/xx, + 872 2X, + 073 2xX3 =0

Chaoange in wvertical dislacerment

820+ 82150X1 £ 822 x Xy * 823 xXqg =0
Cham,ge mn Slogoe angle

O30 + 83137X1 + 032 x Xy t 033 xXg = 0
&:}a. X1 &Xz&‘X3 J.a.ml.s..oJl d.].r. LJ.aa:u Y uleld! LJ.:».; 9
X, =X X,=Y Xo= M

Meipo, = My +(X;)M; + (Xp) My + (X3) M3

Rfinar = Ry +(X;)R; + (X3)Ry + (X3)R3
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Fxample:

For the shown frame draw the B.M.D .

30KN 30KN
¢ 20KN\m ¢
. .
41
I I Q%
21
—2m B 27
30KN 30KN
¢ 20KN\m ¢
A
S Main system
®  Determinate&Stable
110KN 110KN
60KN.m 60KN.m
\ —_//
160KN.m
Mo _
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@ Q% Correction systemy( 1)

1KN
-~—29% A 8m ‘—Zm—-—'
0 0
6KN.m —_ 6KN.m

— e

@ q&; Correction gystem(é.‘)

TEN.m 1KN.m

-k 8 ‘—Bm—-—'
0 0
1EN.m — 1KEN.m

1KN.m¢v - — ,@,,ﬂfN.m
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@ § Correction gystem(3)

ii KN
—— m%m—rz Yi—
0 0

= \\
T |4&kN.m

S
_ Ms
/4 4KN.m
4KN.m'V
810+ 511371’1 T 812 rXo T 513 xXg =0
820+ 82137)(7 + 822 rXo T 823 xXg = 0
O30 * 83137X1 + O3z rXo * 033 xXg = 0
M Mo
870: EI oL
560
O/p= 4EI [(60x8) (6) — (2/3x160x8) (6)]= ——
M> Mo
820=) "5
-93.33

Osp = #[{6‘0.@8} (1) - (2/3x16028) (1)]= —F%7

M M
8”_—_ #d[‘

El
O/1 = %[{1/2:!:6‘;!:6‘) (2/326) x2] +4EI [(628)(6) ] = _ZE";"
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M: M2 dL

Oz2 = TE
O22 = EI [(126)(1)w2 ]+ 5 [ (12821)(6) ]
4EI [(1378)(6)] = 12
5,0 = _”’Eflz dL
82 = [(1/22626)(1)22 ] + o= [(628) (1) ] = i— 21
8gs = —M*}f“? dL
833 = %[(1/2:345.94)(2/3:.:4) x2 | +2%[(1/2x4x4)(2/3x4) x2 |
213.38

I [(4x6)(4) 2]'_ ~El

823=832:813=831=830= 0

—660 + 216 xx, + 48 xX, + 0 xX3 =0
-93.33 + 48 xx, + 12 xX, + 0 xXq =0

0 + 0 xx,+ 0 xXx, +213.33xX3 = 0

Solving the equations :

X; = 8.5t Xo=-425t X3=0

Mppo, = My +(3.5)M; + (—4.25)M, + (0)M;

Rf'éna,l = RO +(35)R1 + (—425)R2 g (0)R3
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76.75 KN.m 76.75 KN.m
60KN. 60KN.m

] \_/ _[16.75KN.m

4.25KN.m
4.25KN.m |\ o [l 4.25KN.m
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Symmetry

Jod®s o LaSay Sl Indeterminate Structuredssy Ul 43

. Correctionn Systemsll oac
Fxample:

HEEERrF YN NN
¥

UN = 6 & FEFQ = 4 FQQ < UN ————— Indet. structure
UN — FQ = 6 — 4 = 2 Twice statically indetermiante

B JUWWS Main system ) S o endad) JoJl o
IIIIII¢IIIIII

A Main system aé;r

Determainate& Stable

»Bl 5 Js3) Correction system J) CJJS3 r._,“

5\ F ™
b4 b4

@ X

Im.t Im.t
A o~ K&
Correction system(1 ) Correction s_ystem(.?)
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0555 I gw Twice statically indetermiante e §,Le FrameJl 4¥

HJUE o) S doles

Twice statically indeterminate:

S0+ O11xx, + 872 xx, =0
020+ Oz27xx, + 022 xX, =0

Mipo = My +(X;)M; + (X5) My

Reinat = Ry +(X;)R, + (X3) R,

O271= 072 Ofisldio Hfiesd a3 ¥ 5O U ad L oluwsd pliss Ll ]

. Sl FrameJl 33 X; = Xo #
Lo AxJ)
O W p8 Hased Gl 3 BMDEBYS ooy o glins Ulsell odn Jo

SymmetryJ| ;o soldind) Ul o8

Correction system Jee Swddl 5o two Correction systems Joo o Joo
Xy = X o9 X ) 50 5 anly Jsars 408 i 5 2ol

L1111 i A1 T 1T e
U \

@ XD

Im.t Im.t
Av Main system »4;, :Az :A:
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once indet. paas laadl oF (f X 1 g0 0 )l Jsaaal 55 JBIL 4
AU SYosleall paas
Once statically indeterminate:
S0+ 8;,/%X=0
Mo = My +(X)M;| |Rpipar = Ry +( X )Ry

O U hais e ol @l Zliss Saw JWL

Lo Al
L0 L GiteS Glus 3 BMD 8] aus)y I glios ULt 0dn Jod
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Fxample:

For the shown frame draw the B.M.D .

4t\m
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810 = ET oL O,/ = TOUJ

810 = %[{7/2x32x4)(1/3x1)x2]___ 4%167

811 = %[(f/zmm) (2/3x1)x2 | = 23;)}7

42.67 2.67 _
G A exe o = Q@ oD

Mfina,l = Mo +(—76)M1

Rjing = Ro +(~16)R,

32m.t [\~ o

32m.t

Linal B.M.D

LS 16m.t 16m.t é,,,,
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