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Linear Programming in Limit Analysis Using Kinematic Approach :

Reference External Force:

— Kinematic Equation :

Reference External Force:

— Kinematically Admissible Condition:

— Power Equality:
o So|é
—Upper Bound Theorm: Minimize u, = —
f d

Suppose : fd=1
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Linear Programming in Limit Analysis Using Kinematic Approach :

Minimize 1, =s,|é| = M Objective Function
—>

| W ¢
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e >0

3
2/11/2013



Linear Programming in Limit Analysis Using Kinematic Approach :

. - . T+ T o—
Minimize u, =S,e" +5,€
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Linear Programming in Limit Analysis Using Kinematic Approach :

. - . T+ T o—
Minimize u, =S,e" +5,€

et —¢ —Bd"+Bd =0




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

. e T -+ T —
Minimize u, =S,e" +5S,€
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0.6uU + 0.8v

=—-0.8u+0.6v .
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Example, continue...:
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Example, continue...:

Minimize u, = S,[0.72 0.0576 1} ¢




Example, continue...:

e
Minimize u, =S,[0.72 0.0576 1}|e,|

e

0.72 0.0576
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Example, continue...:

-1.6667 O - 1.6667 1.3333 HKsls)

-1.3333 -1 0 1.3333 1.6667 Kl
2.0560 144 0.1152 -0.056 -1.2/68

11, =1.2768S,
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Example, continue...:

0.0336 2 1.44 0.0816

(0=0.72S,-S, — S, =0.725,
0.0336S, = 0.0576S,—S, — S, = 0.024S,
25, =5,-S, = S, =S,

1.44S,=0.72S,+S, — S, = 0.72S,
0.0816S, =0.0576S, +S, —> S, = 0.024S,
0=5,+S, > S, =S,
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Linear Programming in Limit Analysis Using Kinematic Approach
Application in Frames:

(

5,0

| STe, =0
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Definition of Frames Plastic Deformations:

-Plastic Extension:

-Plastic Rotations:
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Example, continue...:
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Example, continue...:

0 0 -1
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Example, continue...:
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Linear Programming in Limit Analysis Using Static Approach :

— Equilibrium Equation:
_SO

f=B's
— Plastically Admissible Condition:

— Lower Bound Theorm: Maximize : u,
_Si—Sp
2
_SatS,
2
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Linear Programming in Limit Analysis Using Static Approach :

Minimize : — y,

-B's, +B's, -2 f=0




Linear Programming in Limit Analysis Using Static Approach :

— Equilibrium Equation:;
— Plastically Admissible Condition:

Maximize : u,

— Lower Bound Theorm:

s +s +As=s,
\ As =5, —[s|>0
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Linear Programming in Limit Analysis Using Static Approach :

Minimize : — y,




0.72 Sy oy Ay
S, =40.0576 S, =4S, +S, +AS,
1 S +S; +AS,

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

0.85;+S,+0.65,=0 g
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Example, continue...:

0.6S, —0.8S, = 1.S,
%
0.8S,+S, +0.65, =0
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Example, continue...:

(S7+S7+AS,
S, +S, +AS,
Sy +5; +AS;

rS1+ B Sl_\
S, -S,
1Sy =5




Example, continue...:
1.8L

S; =0.8S,

AS, =0.125,
AS, =0.0576S,
AS, =0.25,

u, =10

3.2L

-Feasible Solution:

-Number of Constraints: 5

-Number of Basic Variables: 5

-Number of Variables: 10

S; =0.72,
S/ =0
S; =0
S, =0
S, =0

S; =0.96S,
AS, =0

AS, =0.05768,
AS, =0.04S,




S;
AS,
AS,

Hs
Sy

S/
AS,
S;
He
S3

o O O O

Hs

oo O O O

o O O o o

+ +

S; S
0 0

1 0
1.667 2
-1.333 0
-1.667 -1
-1333 0
+ +
SZ S3
SO SO
0 0
0 -1.2

1 1.2

0 1.6

0 1

0 1.6

S S
S, S,
1 0
0 1

-2.667 -1.667

3.333  1.333

2.667 1.667

3.333  1.333
S S
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,
SO SO SO S0
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



Example, continue...:

-Optimum Solution:

S/ =0.72,
S} =0.024S,
S =0
S, =0
S, =0

S; =35,

AS, =0

AS, =0.0336S,
AS, =0

U, =1.232
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Linear Programming in Shakedown Analysis Using Static Approach :

— Equilibrium Equation :

Sr + :ussemin < SO

— Shakedown Condition: S+ 1S, >—S,

— Lower Bound Theorm:

+
Sr —S +:ussemin +Asmin :SO

r
r

+
Sr —3S +/ussemax _Asmax — _SO
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Linear Programming in Shakedown Analysis Using Static Approach :

Minimize : — y,

31
2/11/2013



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

-Simple Estimate of Collapse Load, example:

astic Limit : Me| No

M| (NY
MES M- - — | =1
M, N

0

sto — Plastic
Region
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Example, continue...:

Plastic Limit ;

Suppose :

Plastic Limit :
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Example, continue...:
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Example, continue...:

-The Collapse Mechanism Considering
The Effect of Normal Forces:
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Example, continue...:

#OSM /L C  p2M,/L D
UM L

2ut+ R u—22<0
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Example, continue...:

#OSM /L C  p2M,/L D
UM L
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Example, continue...:

Plastic Limit in Joint B ;

M, o,bh’/4 h

o,bh 4

Lzlo_>h0:4_LO%10:4o—>y=o.9975

SUppose:
h
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

-Actual Solution:

FESTARIGISE (N, M )=0

Linearized Plastically
Admissible Condition :




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

-Actual Solution, continue...:

Suppose the Active Segment of the Plastic Limit Polygon Is k:

a h,N+bM =M,

o)

 ahN+bM=M,

D,,=Né+MO@D, . =4 (ah,N+bM)
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

-Actual Solution, continue...:

Suppose the Active Segment of the Plastic Limit Polygon Is k:

a N +b M =M,

| =K

ah,N+bM =M,
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

-Actual Solution, example:

Simple Estimate:

1= 0.9975 1.2469M, __ _1.2500M,

Plastic Limit : = Plastic Limit

Plastic
Deformation:
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

Example, continue...:

Plastic
Deformation;
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Limit Analysis in Frames, Considering the Effect of Normal Forces:
Example, continue...:

0.4988M, 0.9975M,
‘k 0.9975M,, 0.4988M, /L C  1.9950M,/L

2F =1.9950M, /L

F =0.9975M,/L |
—
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Example, continue...:

#OSM /L C  p2M,/L D
UM L

A, =40 — 1 =0.9994 N
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

Example, continue...:

{NC } —0.9994%

McJ |0.9994M,

{ND _1.995%

Mo) | _0.9975M,

Ne | —1.995%
M|

0.9975M,

D =AM, +A M, + A M,
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Example, continue...: Compatibility Equations :

Virtual Work :

16, —0.56, —O—l'_5e'C +O—L5e'D +0—|'_5e'E =0

i _0s5j, 05, ~0.9994L 05, —1995L 05 ; -1.995L _
L 800 L ° 800 L ° 800

0

3196.011. —1598.00124. —3.994, =0
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Example, continue...: Compatibility Equations :

05, 0.9994L
800

0

3198.00124. —32004, =0
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Example, continue...:

Compatibility Equations :
{3196.012E ~1598.00124. —3.994, =0

3198.00124. —32004, =0

Ae =0.50124,
Ap =0.9994 ]

Dissipation Power :
D, =AM, + A, M, + A M,

D, . =2.50064.M,
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Example, continue...: Displacements Definition:

Virtual Work :
U, = Lo, —16, —1¢,

-1.995L . -1.995L
e Ry

Uy = LA —Ag

U, =1.00374.L
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Example, continue...: Displacements Definition:

Virtual Work :
V. =0.5L6, —0.5¢, —0.5¢,

i —05Lj 05/, ~L9%L _(5; ~L995L
800 800

V. =0.5019.L
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Example, continue...:

W = Fug + 2Fv,

W = 2.0075FL A,

Power Equality :

2.50064.M, = 2.0075FL A,

F :1.2456%




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

-Actual Solution of Collapse Load:

Linearized Plastically Admissible Condition
For All of The Critical Cross Section:

(ahy);  (by);
(a,hy);  (by),
(ashy);  (by);
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

-Actual Solution of Collapse Load:

Plastic Deformation
For All of The Critical Cross Section:

(ahy);  (by);
(az hy )ij (bz )ij

(8shy ), (bs);
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Limit Analysis in Frames, Considering the Effect of Normal Forces:

-Actual Solution of Collapse Load:

Dissipation Power =T
For All of The Critical Cross Section:

Int

D- Z[M 0ij MOij Moij |\/Iokl |\/IOkI |\/IOkI |lemn |lemn |\/IOmn]< .
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Limit Analysis in Frames, Considering The Effect of Normal Forces:

-Actual Solution of Collapse Load:

Karush — Kuhn — Tucker Condition
For All of The Critical Cross Section:

(an), )
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Linear Programming in Limit Analysis
Considering The Effect of Normal Forces Using Static Approach :

— Plastically Admissible Condition:

— Lower Bound Theorm:




Linear Programming in Limit Analysis
Considering The Effect of Normal Forces Using Static Approach :

— Equilibrium Equation : uf=B"s

Yls| <M,

Maximize .

— Plastically Admissible Condition:

— Lower Bound Theorm:

s|=s"+s

AM =M, -Y|s| >0 58
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Linear Programming in Limit Analysis
Considering The Effect of Normal Forces Using Static Approach :

Minimize : — y,

Ys'+Ys +AM =M,

+

w
vV
o

ml
%
)




Linear Programming in Limit Analysis
Considering The Effect of Normal Forces Using Kinematic Approach:

— Kinematic Equation :

— Normalization:

— Krush KuhnTucker Condition:

—Upper Bound Theorm: Minimize g1, = D, = M]&
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Linear Programming in Limit Analysis Using Kinematic Approach :

( Minimize z,
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