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Linear Prograrmming 1n Lirmnit Analysis Using Kinermatic Approach :

Reference External Force: f

— Kinematic Equation : é=Bd

— Kinematically Admissible Condition: fd>0

— Power Equality: uf d=slg
—Upper Bound Theorm: Minimize u, = s_gT|e|

Suppose: fld=1



Linear Programming in Limit Analysis Using Kinematic Approach :
Linear Programming in Limit Analysis Using Kinermatic Approach




Linear Procrarmrmine in Limit Analysis Using Kinernatic Aooroach :




Linear Programming in Limit Analysis Using Kinematic Approach :
Linear Programming in Limit Analysis Using Kinermatic Approach
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1 In Limit Analysis Using Kinernatic 2
ernatic Approach :

le=Bd = 108, =By dyin=m—s




near Programming in Limit Analysis Using Kinematic Approach :

- e T -+ T —
Minimize p, =S,e" +5,€

e" -6 -Bd=0 PTe — g

fld=1

é+ 20 STe:O

e >0

Minimize g, =s & +s;é"

STe"—STé" =0 Equationof Compatibility

f pTet—f PTe =1
&t >0

e >0
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Linear Programming in Lirmit Analysis Using Kinermatic Approach
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— Equilibrium Equation:

— Plastically Admissible Condition:

— Lower Bound Theorm:

S, =5,—520
S S S
Sr =Sg

S, =S,+520
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— Equilibrium Equation: uf=B"s
— Plastically Admissible Condition: —S, <S<S,
— Lower Bound Theorm: Maximize : u,
R o
S T=—"——2>0 S=S =3
2

S"+S +AS=S,

A\
o

s‘:|S|T_S s|=s"+s" <5,

As=5s,—|s| >0
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Ol 1.8L 3.2L
- 0

A, =0.90A [

4 A2 — O.96A i3 24L‘ 1 2
\AB =A 0 Perfectly Plastic Behavior € ov— F
rO'yl 20.800 [ 0.72 N (Sl+ -I-Sl_ -I-ASl\
19y2 =0.060, S, =40.0576 (S, =< S; +S, +AS, ¢
(Fy3 = %0 oA =3, L S; +S; +AS; |

F.=F 0.6S,-0.8S, = 1. S
EquilibriumEquations;{z X { 1 3 = Hs9p

%
Y F,=0 ~|08S,+8S,+0.6S,=0
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(072 ) [S;/+S]+AS,]
S, =40.0576 S, =<S, +S, +AS,
1 | Sy +5; +AS;

'
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06 0 08 * S,
—_— >_
08 1 06 [1727 20

S5 =5;

_ O - O O
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(@))

OO b O O
o
(@)
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S; AS, AS, AS,
S0 SO SO SO
0 1 0 0
0 0 1 0
1 0 0 1

0.8 0 0 0

-0.6 0 0 0
0 0 0 0
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24 L‘ 0‘58; 0 /pr%s 2] 4L‘ o éo O/ng,%s
0% F, =5, o> F. =1.25,
S/ =0.6S, - | (S =0.728,
S: =0 -Number of Constraints: 5 S: =0
S; =0 -Number of Basic Variables: 3 Sy =0
5 =0 e 5y =0
s; =0 -Nurnber of Variables: 10 S; =0
S; =0.8S, S; =0.96S,
AS, =0.12S, AS, =0
AS, =0.0576S, AS, =0.0576S,
AS, =0.2S, AS, =0.045,
1, =1.0 u,=1.2




S;
AS,
AS,

Hs
Sy

S/
AS,
S;
He
S3

o O O O

Hs

o O O O

o O O o o

+ +
S; S
S, S,
0 0
1 0
1.667 2
1333 0
1667 -1
1333 0
+ +
SZ S3
SO SO
0 0
0 -1.2
1 12
0 16
0 1
0 16

S S
S, S,
1 0
0 1

-2.667 -1.667

3.333 1.333

2.667 1.667

3.333  1.333
S5 5
S0 S0
1 0
1.6 2

16 -1
1.2 0
0 0
1.2 0

S; AS, AS, AS,
S, S, S, S,
0 1 0 0
0 0 1 0
0 -1.333 0 1
0 1.667 0 0
1 1.333 0 0
0 1.667 0 0
S; AS, AS, AS,
S, S, S, S,
0 1 0 0
0 0.8 1 -0.6
0 -0.8 0 0.6
0 0.6 0 0.8
1 0 0 1
0 0.6 0 0.8

RHS

0.72

0.0576

0.04
1.2
0.96
1.2

RHS

0.72

0.0336

0.024
1.232

1.232
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-Optirnurm Solution:
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Linear Programming in Shaxedown Analysis Using Static Approach :
S . T
— Equilibrium Equation: B's, =0

Sr + :ussemin S SO
— Shakedown Condition:

Sr + :ussemax 2 _SO

— Lower Bound Theorm: Maximize : u,
S+ — |Sr|_Sr > O
+ —
2 o _ Sy =S¢t HsSemin +Asmin =3
IO Ve s As =—s
|S |—S r r /us emax max 0
s, =———2>0

2
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Limit Analysis in Frares, Considering the Effect of Normal Forces:

-Simple Estimate of Collapse Load, example: -
Elastic Lirnit : -

(=r
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Example, continue...:

-T'ne ‘ollapse r\/lscnam_,m WJmJJ unting




Example, continue...:

-The Collapse Mechanism Considering
The Effect of Normal Forces:




Exarnple, continue. ..:

Plastic Limit in Joint 8




Example, continue...:

Plastic Limit in Joints C, D, E :
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plg,

Plastic Lirnit in Joint B :

Plastic Lirnit in Joints C, D, E : -

In the Rectangular Section:

C/ 2
UJ

o _



Linearized Plastically
Admissible Condition :




Limit Analysis in Frares, Considering the Effect of Normal Forces:

-Actual Solution, continue...:

Suppose the Active Segrment of the Plastic Limit Polygon [s k




. Considering the Effect of Norrmal Forces:

astic Limit Polygon [s k:

. _ ‘Karush — Kuhn — Tucker Condition
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Simple Estimate:
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Limit Analysis in Frarmes, Considerin

1™
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Limit Analysis in Frames, Considering the Effect of Norrmal Forces:

example, continue. ..:
plc,
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Limit Analysis in rrames, Considering the £ife

7

110 <, cortinue
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0.9975M,,

M

—0.9994—0
L

—1.995—0
L
—0.9975M |

| -1.90570
L

N

D =AM, +A M, + A M,

£ 0.9994L°
A1 800 ¢
\1 J
[ 1.995L)
Aoy 800 ¢
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Aes 800 ¢
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-
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0.5/L —
- +
A N
&K<
E 05/L

Virtual Work -

16, —0.56, —O—I'_5e'C +O—L5eD +0—|'_5e'E =0

i —054. —E/ic —0.9994L N 0.5 i —-1.995L N 0.5 i —1.995L _
L 800 L 800 L 800

0

3196.011. —1598.00124. —3.994, =0



Example, continue...:  Cormpatibility Equations :

Virtual Work :
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Cornpatibility Equations :
3196.014, —1598.00124. —3.991, =0
3198.00124. —32004, =0

Ae =0.5012,
Ap =0.9994 1,

Dissipation Power :

D, =AM, + A, M, + M,

D. . =2.50064.M,



Example, continue...:  Displacerments Definition:

Virtual Work :




Example, continue...:  Displacerments Definition:

Virtual Work :



cxample, continue. ..

W = Fug + 2Fv,
W = 2.0075FL A,

Cower squality :

D =W

In

2.50064.M, = 2.0075FL A,

= :1.2456%



Lirmit Analysis in rrames, Considering the £ffect of Norrmal Forces:

-Actual Solution of Collapse Load:

Linearized Plastically Admissible Condition

ror All of The Critical Cross Section:
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Lirmit Analysis in rrames, Considering the £ffect of Norrmal Forces:
-Actual Solution of Collapse Load:

r)

Plastic Deforrnatior

ror All of The Critical Cross Section: e=Y"a
(ahy); () 0 0 0 0 T [ Ay
- 6 3 (az ho )ij (bz )ij 0 0 0 0 /i.Zij
(9U (as ho )i j (b3 )i j 0 0 0 0 /?3ij
e:l 0 0 (alhO )kl (bl )kl 0 0 /?'1kl
< 9k| ;= 0 0 (az ho )kl (bz )kl 0 0 4 ﬂ_“ZKI
é 0 0 (as ho )kl (bs )kl 0 0 /.13kl
S0 000 (ah), (), |4,
0 00 00 00 @hy)y (0 | | Ay
I 0 0 0 0 (as h, )mn (b3 )mn | \i3mn )




| al‘ysis in Frares, Considering the £ of Normal Forces:

ad:

Dissipation Power -
r | al Cro tion:

ror All of The Critic: $s Sectiorn:




Lirmit Analysis in rrames, Considering The ffect of Normal Forces:
-Actual Solution of Collapse Load:

’ ’ - 1 . . T .
Karush — Kuhn — Tucker Conditior (Y‘s‘ _ |\/|0) 2=0
ror All of The Critical Cross Sectiori:

N\ T ( . 3

_(aihO)ij (bl)ij 0 0 0 0 | rMou ﬂlij
(aZhO)ij (bZ)ij 0 0 0 0| N ) MOij ZZij
(asho )ij <b3 )ij 0 0 0 0 Mij MOij 23ij

o 0 (an), bl 0 o M ||

0 0 (aZhO)kI (bz)m 0 0 & |Nkl| o= My, & <ﬂ.‘2kl =0

o0 (@) b), o o | Ml w4,
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Linear Programrning in Lirmit Analysis

@

Considering The Effect of Normal Forces Using Static Aporoach :
— Equilibrium Equation: ﬂs‘? —B's
— Plastically Admissible Condition: Yls| < M,

— Lower Bound Theorm: Maximize .



Linear Programrning in Lirmit Analysis
Considering The Effect of Normal Forces Using Static Aporoach :

— Equilibrium Equation: uf=B"s
— Plastically Admissible Condition: Yls| < M,
— Lower Bound Theorm: Maximize .

+ |S| —° t g
s =—-—-2>0 S=S =S

2

~_B=s .

S =2 0 s|=s"+s

AM =M, -Y|g>0



Linear Prograrmrming i
Considering The Effect

Minimize : — u,

B's*—B's —uf=0
Ys'+Ys +AM =M,
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Linear Programming in Lirmit Analysis
r*
9

Considering The Effect of Normal Forces Using Kinernatic Approach:

— Kinematic Equation : é =Bd
— Normalization: fld=1
— Krush KuhnTucker Condition: (Y|s| ~M,) i=0

—Upper Bound Theorm: Minimize g, = D,, = M



Linear Procrarmrmine in Limit Analysis Using Kinernatic Aooroach :
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Ple=d
sTe=0
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