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problems are worked out to d¢  >nstrate the algorithm of the method, and the results are
verified by comparing them with those obtained from the conventional analytical and

numeric: methods.

Chapter 7 discusses the - )»posed kinematically inactive volume correction as an
additional feature of the n - tangent method in order to obtain lower bound limit load

multiplier based on a single linear elastic analysis. A number of example problems are

worked out to demonstrate the inactive volume and peak stress correction and to show the

lower bound nature of the m -multiplier. Results are verified by comparing them with

those ob! ned from the conventional analytical and numerical me »>ds.

Chapter 8 summarizes and concludes the findings of the present work. This chapter also

identifies original contributions of is thesis along with some guide lines fi  future work.
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a a

Substituting x in Eq. (2.17)  es the limit load expression as,

24M
g=— " (2.20)

2| b h*
b [ a+\/a‘+3)J

Method 2: Differentiation « moment equation

Equating e total internal moment of the plate to its total external moment,
1 SR 1 .,
—gbx” +—gb " (a—2x)+—qb"x=M b+ M ,a 2.21)
6 8 12

Differentiating the above equation with respect to x ends up with,

b
xX=— 2.22
5 (2.22)

Substituting Eq. (2.21) by Eq. (2.22) will give the limit load,
M _(a+M
q- (2.23)

S
24 8

Method 3: Graphical method
If we substitute Eq. (2.21) by x = Aa, the equation can be represented as,

2(a +b)
a _ ~L2 (2.24)

MP lgiz_i+
3

1
4

For all the above cases,
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also has some inherent draw backs. In inelastic finite element analysis, better estimates of
the limit Had are found by successive bisections of the load increment. Since this method
always operates at the convergence limit, many steps are required to obtain a good
estimate of the limit load. Numerical difficulties can also be encountered when the
calculated deformations become -ge as plastic hinges form. Shear locki j; (Borrval,
2009) is one of the difficul ; that may be encountered. Shear locking is caused by the
inability of an element to assume a curved shape under the effect of b ding. This
artificially introduces a shear stress which causes the element to generate shear
deformation instead of bending deformation and results in artificially increased stiffness
of the element. Thus, the element becomes “locked” or overly stiff in bending. Another
difficulty that may be encoun 1 is volumetric locking (Xia and Zhang, 2009). For a
metal in the plastic region, a Poisson’s ratio approaching a value of 0.5 needs to be
considered. This will result in an infinite value for the bulk modulus. A material having
an infinite bulk modulus behaves as an incompressible material. Thus, volumetric
deformations are locked. Both effects can be remedied only by a judicious choice of the

element type and the mesh s~ used for the analysis.

Apart from the above, limit load values obtained by nonlinear finite element analysis,
although accepted as the st acc ate, do incur a higher cost per run. Therefore, a
detailed nonlinear analysis may not be a viable alternative in situations where results are
needed within a short time {  1e as discussed in the first chapter. This clearly shows the

advantage of developing bust )proximate techniques, which are simple, reliable

28



methods based on linear elastic analysis and are capable of predic 1g inelastic response

with accc table accuracy.

Robust 1 :thod in the present context implies an ability to provide acc le results,
together with an economy of computational effort. Robust methods are sc etimes the
only way of verifying nonlinear analysis results of a complex problem. In a word, robust

methods are simple, inexpensive and pragmatic alternatives.

2.6 Closure

The eval tion of lower bc 1d limit load in a single linear elastic analysis and accurate
limit load based on EMAP can be considered as robust methods for performing limit load
analysis. These methods ¢ : nple, rapid, and ensure sufficiently accu1 e lower bound

results. Their applicability is not limited by the extent of the probler complexity.
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CHAPTER 3

EVOLUTION OF m,-TANGENT METHOD

3.1 Introduction

Limit load is a quantitative measure of the maximum load carrying capacity of a
structure. Limit analysis is co erned with the estimation of the load at which a structure
or component will collapse (v :ontained plastic flow occurs). Limit analysis is especially
attractive as it simplifies in~ : 11 astic analysis by assuming an elastic-perfectly-plastic
material odel. The limit load multiplier scales the applied loads rop« ionally to that
level whe : the structure reaches its limit state. The exact limit load multiplier can only be
obtained y performing an elastic-plastic limit analysis. Consider a body made of an

elastic erfectly-plastic material that is in equilibrium with the surface tra on 7, acting

30










maximum equivalent stress (o, ) of the structure has to be evaluated assuring that the

TaX

existing stress distribution in the structure is primary. The presence of peak stress may

cause the o, , value excessively h 1er which leads to a very conservative lower bound

X

multiplier.

3.2.2 Classical Upper Bound

The upper bound multiplier, my , can be obtained from the upper-bound theorem of
plasticity (Mendelson, 1968). Assume an estimate of the limit load of a component or a
structure is made by equating the internal rate of dissipation of energy to the rate of
external work for any strain and displacement field which corresponds to  postulated
mechanism of deformation it is nematically admissible. The limit load estimate will

be either high or correct. The equation that determines the upper bound multi} er my is,

= (3.4)

Here ¢, is the equivalent strain.

3.2.3 Upper Bound Multiplier m°

In classical limit analysis, tt s ically admissible stress field (equilibrium set) cannot lie
outside the yield surface, a  the stress associated with a kinematically admissible strain
rate field in calculating the plastic dissipation should lie on the yield surface. Mura et al.

(1965) proposed an approach to eliminate such a requirement, and replaced them with the

33













































volume or a combination ~ th. Lack of proper kinematically inactive volume

identification may cause : m T-multiplier to be upper bounded. Therefore further

a
extension of the maT -multiplier for components possessing | iematically inactive

volume is of significant inte ;t. This extension will be discussed  chapter 4. It should
be mentioned here that, the choice of yield strength does not alter the procedure for
calculating limit loads. The effect of different yield strength is simply the introduction of

a suitable scaling factor.
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CHAPTER 4

NOTIO! OF KINEM ICALLY ACTIVE VOLUME

4.1 Introduction

When plastic flow occurs over localized region of the mechanical component or
structure, the remaining do not participate in inelastic action and may remain
elastic at the limit state a the ore only a portion of the total volume carries the
external loads at the limit state. TI volume that actively participates in plastic action is
called kinematically active volume or reference volume and the reman 1g :gions are

called kinematically inacti* volume or dead volume.
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h; = 466.5 mm
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(a) Geometry

t model segment (plane stress)

(b) Finite eler

I"" ure 5.2 Transverse ship frame
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(b) Plate thickness = 15 mm
Figure 5.3 Mesh se1  tivity test for simply supported plate (Continued)
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(b) 3D view of single frame

(¢) Finite element model segment

Figure 5.4 Sit  :stif 1ed plate of ship structure (Co inued)
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stiffeners. The distance be nt stringers is 2 m and the other dimensior are shown

in Figure 5.6(b).

12
1

325
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(a) Side view of the transverse member

. Transverse member

47
A

Longitudinal member

(b) 3D view of large grillage
Figure 5.6 :illage of ship structure (Continued)
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It is quite clear from the ¢ e ccparisons that although the inelastic finite element
analysis renders accurate results but t : method is fairly complicated and requires an
exorbitant amount of computation time. The method suggested in this work , >vides
conservative results which can be used to ensure safe design at a lower cost. The method

suggeste 1s simple, reliable and cost efficient.
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- =m® = [WOUFG) + () 1av (A4)

Vr

Leading to the set of equations

=0, =0 (AS)

For the von Mises yield cri  on, Eq. (A.2), the functional becomes

3
F= j/,to[-é-(mo)zsgsg +(@°)* 1V (A.6)
Vr
Assuming a constant flow ne 4° in Eq. (A.6) the solution of the functional
becomes (Seshadri and Mai 1anan, 1997),
o,V
m' YT 9" =0 (A7)

jv,- (0,,)*dV ’

This expression takes all the plasticity effect into consideration.
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T — oo, ! ‘ (B.10)
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1+ /72
26

R°=

(C4)

In order to obtain the slo  of the tangent line for the curve at any ¢ location,

differentiate Eq. (C.4) with  pect to ¢ . The slope of the tangent line at

RO
=)
as’ ).,

obtained as,

This is the slope of the m = ° line : shown in Figure 7.1. Therefi : m =

tangent to trajectory at limit state.

123

nit state can be

(C.5)

m® line is the






/TITLE, Fixed ‘eam Elas
! Beam Dimensions (m)

*SET,H,25.4E-3
*SET,D,25.4E-3
*SET,L¢  508E-3

! Loading
*SET,Prs,1.0E6
! Material Model

*SET,YS,206.85E6
*SET, Yl 206.85E9
*SET,Pr,0.47

! Enter preprocessor

/PREP7
ET,1,PLANES2,,,3
R,THK,D
MP.EX,I.YM
MP.PRX |1,Pr

! Modeling geometry

k,1,0
k,2,0,H/2
K,3,0.H
K.,4,Len,0
K,5,Len,H/2
K,6,Len,

L,1,2
L23
L,14
L,4,5
L.,5,6
L.,6,3
L,2,5

Appendix E

Ansys Command Listing

: 4 lysis

'Height
epth
'Length

'L« 1.0 MPa

'Yield Strength
'Your s Modulus
'Poisson’s Ratio

Pl s ss with thickness
"~ »pth of the beam is assigned
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AL, 1,347
AL,7,5,6,2

! Meshing

*SET,M,30
*SET,Hdiv,(1/2)*m
*SET,Ldiv,20*m

LESIZE,1,,, Hdiv,1/1
LESIZE,2,, Hdiv,1/1
LESIZE 4,, Hdiv,1/1
LESIZE,S,, Hdiv,1/1

LESIZE,3,, Ldiv,1/1
LESIZE,7,, Ldiv,1/1
LESIZE,6,, Ldiv,1/]

AMESH,ALL
! Boundary conditions

DL,1,,Al
DL,2,,Al
DL,4,,ALL
DL,5,,Al

! Loading

LSEL,S,LINE,,6
SFL,ALL,PRES, Prs
ALLSEL
SBCTRAN

FINISH

! Solving
/SOLU
ANTYPE,0
SOLVE
SAVE
FINISH

'Enter Postprocessor
/POSTI1
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/TITLE. Single Stiffened P e of hip Structure
! Materi: model

*SET,YS,180e6 :f  Yield strength
*SET,YM,209E9 1Define Elastic Modulus
*SET,Pr,0.47 ' 11 oisson ratio

! Loading

*SET,Prs,100e3 !Applied Pressure
/prep7

ET,1,SOLID95 13D Solid Elements
MP.EX,1,YM

MP,1..XY,1,Pr

! Creating the Rectangular Plate

k,1,0,0,0
k,2,0,0.010,0
k,3,0.350,0.010,0
k,4,0.350,0.210,0
k,5,0.3165,0.210,0
k,6,0.3165,0.220,0
k,7,0.3915.0.220,0
k,8,0.391_,0.210,0
k,9,0.358,0.210,0
k,10,0.358,0.010,0
k,11,0.708,0.010,0
k,12,0.708,0,0
k,13,0,0,0
k,14,0,0,1

! Bottom portion
L,1,2

L,2,11

L,11,12

L,12,1
AL,1,2,3,4

! Middle portion
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L34
L,49
L,9,10
L,10,3
AL,5,6,7,8

!Toppo on

L,5,6
L,6,7
L,7,8
L85
ALJ9,10,11,12

! Creating pseudo line for ex

L,13,14

VDRAG,1,2,3,,,,13

! Deleting pseudo line

LDELE,13

! Dividing lines for meshing

LESIZE, 14,,.9
LESIZE.19,,9
LES...,17,,35
LESIZE 21,,35

LESL..,22,,15
LESIZE,27,,15
LESIZE,29,,3
LESIZE,25,,,3

LESIZE,30,,,3
LESIZE,35,,,3
LESIZE,33,,,20
LESIZE,37,,,20

! Along length

LESIZE,34,,,45
LESIZE,36,,,45
LESIZE, 18,,,45
L._JSIZE,20,,45
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LESIZE,26,,45

LESIZE,28,,45

LESIZE,23,,45

LESIZE,24,,45

! Gluing the volumes to make connectivity
VGLUE 23

VSWEEP,2,2,13

VSWEEP4,21,22

VSWEEP,5,25,26

FINISH

/SOLU

! Applying symmetry boun ‘y condition

DA4,SYMM
DA,6,SYMM

! Applying fixed boundary condition
DA22,ALL
DA,13,ALL
DA26,ALL
DA21,SYMM
DA2,SYMM
DA,25,SYMM

! Applying pressure load
SFA,7,1,PRES, Prs
SOLVE

FINISH

/POSTI1
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/TITLE, Small Grillage of Ship Structure

'Material model

*SET,YS,180e6
*SET,YM,209E9
*SET,Pr,0.47

! Loading
*SET,Prs,100e3
/prep7

ET,1,SOLID95
MP.EX,1,YM
MP,PRXY,1,Pr

! Creating the Rectangulai

k,1,0.380,0.010,0
k,2,0.380,0.210,0
k,3,0.3465,0.210,0
k,4,0.3465,0.220,0
k,5,0.4215,0.220,0
k,6,0.4215,0.210,0
k,7,0.388,0.210,0
k,8,0.388,0.010,0
k.9, 0.380,0,0
k,10,0.380,0,2

! Middle portion

L,1,2
L,2,7
L,7,8
L,3,1
AL,1,234

! Top portion

L,3,6
L,6,5
L,54
L.43
AL5,6,7,8

'Define Yield strength
'Define _.astic Modulus
'] 2 Poisson ratio

'Applied Pressure

ite
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! Creating pseudo line for¢  dnn
L,9,10
VDRAG,1,2,,,,.9

'Deleting pseudo line
LDELE.9

'Topof T

LESIZE,25,,,4
LESIZE,21,,.4
LESIZE,23,,,10
LESIZE,18,,,10

! Other portion of T

LESIZE,17,,,3
LES....18,.3
LESIZE,10,,,30
LESIZE,15,,,30

! Along length of T

LESIZE,22,,,50
LESIZE,20,,,50
LESIZE,16,,,50
LESIZE,24,,,50
LESIZE,19,,,50
LESIZE,11,,,50

! Array of volumes
VGEN,3,all, , ,0.358,,,.,0
! Creating the rest of the model

k,101,0,0,0
k,102,0,0.1,0
k,103,0.03.0.1,0
k,104,0.C 0,0
k,105,0,0,0
k,106,0,0,2

L,101,102
L,102,103
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L,103,104
L,104,1(
AL,73,74,75,76

! Creating pseudo line
L,105,106

VDRAG,37.,,,,,.77

! Deleting pseudo line
LDELE,77

! Division of side portion
LESIZE¢81,,,6
LESIZE,85,,,6
LESIZE,78,,,20
LESIZE,83,,,20

! Along length of side portion
LESIZE,82,,,50
LESIZE,84,,,50
LESIZE,79,,,50
LESIZE,80,,,50

! Array of rest of the volumes
VGEN,2,7,,,1.454,,, .0

! Creating the bottom block

BLC4,0.03,0,1.424,0.01,2

! Gluing the volumes to make connectivity
VGLUE,ALL

LESIZE,137,,,132
LESIZE,130,,,30
LESIZE,17,,,4
LESIZE,132,,,30
LESIZE,36,,.4
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LESIZE,134,,,30
LESIZE,60,,,4
LESIZE 36,,,30
LESIZE 16,,4
LESIZE 11,4

! Along length of side porti

LESIZE )7,,50
LESIZE,88,,,50
LESIZE,108,,,50
LESIZE,84,,,50

! Meshing

VSWEEP,1,7,1
VSWEEP,3,18,17
VSWEEP,5,30,29

VSWEEP,12,66,65
VSWEEP,13,70,69
VSWEEP, 14,74,73
VSWEEP,15,81,80
VSWEEP,10,58,57
VSWEEP,11,62,61

FINISH

/SOLU

'Applying fixed boundary ¢

DA,58,ALL
DA,57,ALL

DA,62,ALL
DA,61,ALL

DA,81,ALL
DA,80,ALL

DA,66,ALL
DA,65,ALL
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DA,7,ALL
DA,1,ALL

DA,70,4
DA,69,/

DA,18,/
DA,17,/

L
L

L
L

DA,74,ALL
DA,73,ALL

DA,30,ALL
DA,29,ALL

! Applying pressure load

SFA,46,1,PRES,Prs
SFA,41,1,PRES, Prs
SFA,79,1,PRES, Prs

SOLVE

FINISH

/POSTI
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[TITLE, Large Grillage of _.1ipS  cture
! Materi: model

*SET,YS,180e6 ' Yield strength
*SET,YM,209E9 | Elastic Modulus
*SET,Pr,0.47 1 Poisson ratio

! Loading
*SET,Prs,100e3 'Loac 100e3
/prep7

ET,1,SOLID92
MP.EX,1,YM
MP,PRXY,1,Pr

! Creating the Rectangular Plate

k,1,0.380,0.010,0
k,2,0.380,0.210,0
k,3,0.3465,0.210,0
k,4,0.3465,0.220,0
k,5,0.4215,0.220,0
k,6,0.4215,0.210,0
k,7,0.388,0.210,0
k,8,0.388,0.010,0
k,9,0.38 )0
k,10,0.380,0,3.018

! Middle portion

L,1,2
L,2,7
L,7,8
L,8,1
AL,1,2,3,4

'Toppor n
L,3,6
L,6,5

L54
L.4,3

135



AL,5,6,7,8
! Creating pseudo line for ext ling

L,9,10
VDRAG,1,2,,,,.9

! Deleting pseudo line
LDELE,9

! Array of volumes

VGEN,3,all, , ,0.358,,,,0

! Creating the rest of the m¢« ":1

k,101,0,0,0
k,102,0,0.1,0
k,103,0.03,0.1,0
k,104,0.03,0,0
k,105,0,0,0
k,106,0,0,3.018

L,101,102
L,102,1(
L,103,1C
L,104,101
AL,73,74,75,76

! Creating pseudo line
L,105,106

VDRAG,37,,,,,,77
! Deleting pseudo line

LDELE,77

! Array of rest of the volumes

VGEN,2,7,,,1.454,,, .0
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! Creating the bottom block
BLC4,0.03,0,1.424,0.01,3.018

! Gluing the volumes torr € nnectivity
VGLUE,ALL

! Creating transverse memt

! Top portion
BLOCK,-0.468,1.952,0.335,0  3,1.949,2.069

! Bottom portion (part 1)
BLOCK,-0.468,-0.175,0.01,0.3: 018

! Copying Bottom portion (g 1)
VGEN,24,,,2.127,,,,0

! Bottom portion (part 2)
BLOCK,-0.175,0.205,0.01, 2,2.018
VSBV,7,10,,DELE ,KEEP

! Copying Bottom portion (part 2)
VGEN,2,8,,,1.454,,,,0

! Bottom portion (part 3)

BLOCK.0.205,0.563,0.01,C =~ ~ 2.018
VSBV,9 ,DELE,KEEP

BLOCK,0.205,0.563,0.21,0.335,2,2.018
VSBV,9 2, DELE,KEEP

! Copying Bottom portion (] t3)
VGEN,3,16, , ,0.358,,,.,0
VGEN,3,17,, ,0.358,,, .0
VGEN,3,18,, ,0.358,,, .0
VGLUE,16,17,18

VGLUE)9,22,20
VGLUE,19,23,21
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VGLUE,ALL

'Meshing

ESIZEC 3

MSHKEY,0

VMESH,ALL

FINISH

/SOLU

! Applying fixed boundary cc ition

DA,7,SYMM
DA,1,ALL

DA,18,SYMM
DA,17,ALL

DA,30,SYMM
DA,29,ALL

DA,66,SYMM
DA,65,ALL

DA,70,SYMM
DA,69,ALL

DA;74,SYN 1
DA,73,ALL

DA,S8,SYNM 1
DA,57,ALL

DA,62,SYMM
DA,61,ALL

DA,81,SYMM
DA,80,ALL

DA,40,ALL
DA,51,ALL

DA,231,ALL
DA,230,ALL
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! Applying pressure load
SFA,46,1,PRES,Prs
SFA,41,1,PRES,Prs
SFA,79,1,PRES,Prs
SOLVE

FINISH

/POSTI1
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! Post-Processing Macro for EMAP and Limit Load Multipliers

*ask,NI, :quired Number Of Iterations,1

*ask,q,E erthe’'q'val 1 for lane strain and 2 for plane stress,1
NI _ number of iterations to be run

'Input the number of iterations to be run

*dim,em ,array,nd2,ndl 'Defining an array for writing the eleme
*get,ecou,elem,0,count

*dim,eval,array,ecou,NI+1 'Def Eval array
*vfill,eval(l,1),ramp,YM,0

*dim,ests,array,ecou,5 'Defining array for element stress.
*dim,ests2,array,ecou,5

*dim,vol,array,ecou,1

!getting the centroidal local n of the elements

*dim,loe,array,ecou,3
*do,lo,l,ecou,l
*get,loe(lo,1),elem,lo,cent,x
*get,loe(lo,2),elem,lo,cent,y
*get,loe(lo,3),elem,lo,cent,z
*enddo

tvol=0

numbers.

*do,v,l,ecou, 1 'Reading volumes of each element and summing

them up.
*get,vol(v,1),elem,v,volu
tvol=tvol+vol(v,l)

*enddo

*do,gp,1,NL1

sp=gp+1

etable,sigc,s,eqv 'Reading stress into element table.
etable,sot,s,eqv !Sorting of element stresses.

esort,etab,sot,0,0
*get,meqs,sort,0,max

etable,eq epto,eqv 'Reading strain values into ele :nt table.

trn=0 !Calculation of reference stress.
*do,k,1,ecou,l
*get,els,etab, 1 ,elem,k
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m=els*els*vol(k,1)
trn=trn+

*enddo
srv=(trn/tvol)
sr=sqrt(srv)

! finding out the multiplyer "

ML=ys/meqs

MUN2=0
MUD2=0

MO1D2=0
MO01D=0
MOIN2=0
MOIN=0

MO2N2=0
MO2N=0
M02D2=0
M02D=0

*do,z,1,ecou,l
*get,elsa,etab,1,elem,z
*get,elst,etab,3,elem,z

MUN I =elst*vol(z,1)
MUN2=MUN2+MUNI1
MUDIl=elsa*elst*vol(z,1)
MUD. JUD2+MUDI

MOI1NI1=vol(z,1)

MOIN2=MOIN2+MOIN1
MOI1DI1=vol(z,]1)*elsa**2
MO1D2=M01D2+M0O1D1

MO2N1=vol(z,1)/eval(z,gp)
MO2N2=MO02N2+MO2N1
MO2DIl=elsa*elsa*vol(z,1)
M02D2=M02D2+M02D1

*enddo

1€S

ral(z

! Calculation of lower bound multiplier

'Calculation of upper bound n ltiplier

!Calculation of MOl multiplier

!Calculation of M02 multiplier
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Ml _s*MUN2/MUD2

MO1N=sqrt(MOI1N2)
MO01D=sqrt(M01D2)
MO1=ys*MOIN/MO1D

MO2N=sqrt 102N2)
MO2D=sqrt 102D2)
M02=YS*MO02N/M02D

*SET,JETA,(M02/ML)

*SET,Tan_theta,0.2929 !Slope of tangent
*iIf JETA,LE,(1+sqrt(2)),tl

m_tangent = m02/(1+(Jeta n_theta)

*endif

*iIf JETA,GT,(1+sqrt(2)),then
cee=0.2929*(JETA-1)

JETAF=(1+cee)+s t(((1+ +cee))-1)

m_tangent = M02/(1+(Jeta n_theta)

*endif

P*cfopen, MULT %gp% 'Writing out the multipliers
*cfopen,lter,,,append

*vwrite,gp

(f9.4)

'(1x,' ITTERATION NO : ',fS
*cfopen, MULT_ML,,,append
*vwrite, ML

(f9.4)

1(1x,"Multiplier ML : ',{9.4)
*cfopen, MULT_MAT,,,ap; d
*vwrite,m_tangent

(f9.4)

'(1x,'Multiplier MAT : ',f9.4)
*cfopen, MULT_MOI,,,append
*vwrite,) )1

(f9.4)

!(1x, Multiplier MO1 : ',f9.4)
*cfopen, MULT_MO2,,,append
*vwrite,} )2

(f9.4)
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'(Ix,'Mu plier M02 : ',{9.4)
1*cfclos

*cfopen, MULT_MU,,,app¢
*ywrite, MU

(f9.4)

(1x,'Multiplier MU : ',f9.4)
*cfclos

*do,k,1,ecou,1
*get,ests ,1),etab,l,elem,k
*enddo

*cfopen,ESTS %gp% 'Opening a file to write element stress.
*do,k,1,ecou,1

*get,elsts,etab, 1,elem,k

*set,ymv,eval(k,gp)

*set,volu,vol(k,1)

*set,Ix,loe(k,1)

*set,ly,loe(k,2)

*set,lz,loe(k,3)

*vwrite k,elsts,volu,ymv,Ix,ly,lz 'Writing element stresses to ~ STS| file.
(1x,'Element No : 'f6.0,3x, re Value :'f9.4,3x,'Volume : 'f11.3,3x,"YModule Value :
'e21.10,2x,'LOE : 'f11.4,2x 14,2x,f11.4)
*enddo

*cfclos

*do,c,1,ecou,l1 ' nig the values of eval.
*set,eval(c,gp+1),eval(c,gp)
*enddo

kK EMAP PART* ¥4+

*do,m,1,ecou,l

ests(m,3)=sr/ests(m, 1) IDividing limit stress v h individual
ests(m,4)=(ests(m,3)**q) 'Elastic Adjustment parameter
eval(m,gp+1)=eval(m,gp)*ests(m,4) 'Multiplying above ob' ned frac >n with
*enddo

/quit
/prep7
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*do,x,1,ecou,l
mp,ex,x.eval(x,gp+1)
*if,gp,eq,1,then
mp,prxy,x,0.47
*endif

emodif,x, mat,x
*enddo

/quit
/solu
solve
/quit
/postl

*enddo

! Creating material property
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