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ABSTRACT

The direct flexibility method, a finite element procedure for complemen-
tary energy solutions, is formulated for the elastoplastic plane stress analy-
sis. Flexibility relationships are derived for a rectangular element, using
an Airy stress function representation which corresponds to the displacement
field representation for an inter-element-compatible rectangle in bending.
This model enables satisfaction of equilibrium canditions in both the local
and global sense, exclusive of boundary conditions. The constitutive rela-
tionships of incremental plasticity theory, with the Prandtl-Reuss flow rule,
are utilized in conjunction with an initial stress approach in application to
elastoplastic analysis. Illustrative examples are performed and the results
compared with alternative solutions.

1. INTRODUCTION

The duality of matrix formulations of the displacement (or stiffness)
and force (or flexibility) procedures for finite element structural analysis
is well known (Langefors [1]), Argyris and Kelsey [2]). Practical applications
of the displacement method, however, are rarely cast in the form dual to the
traditional force method, but are rather performed by application of the seem-
ingly more efficient "direct stiffness" concept (Martin [3]). The direct
stiffness concept enables formation of the system equations from the element
equations by simple addition of element stiffness coefficients possessing
identical subscripts.

Heretofore, a '"direct flexibility' approach to matrix force analysis has
not been available and dependence has been placed upon a format which features
redundant, self-equilibrating, force systems as basic unknowns. Redundant
force systems have represented an impediment to the computationally efficient
utilization of matrix force procedures in finite element analysis. The
emergence of procedures for the automatic selection of redundants (Denke [4],
Robinson [5]) has enhanced the appear of matrix force analysis to only a
limited extent, since a substantial computational expense is accrued in the
redundant selection process.
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A motivation for matrix force analysis is the accomplishment of a valid
minimum complementary solution, enabling the establishment of an upper bound
value for strain energy. This has been achieved (Fraeijs de Veubeke [6])
through inversion of directly-derived element flexibilities to the form of
element stiffnesses and the subsequent use of the displacement method in per-
formance of the analysis of the complete system, avoiding the difficulties
attendent upon matrix (redundant) force analysis. This approach suffers from
difficulties in the construction of a kinematically-stable system stiffness
model.

The need for and advantages of a method of "direct flexibility" analysis,
analogous (or dual) to direct stiffness analysis and capable of producing
valid minimum complementary energy solutions, is well recognized. Firstly,
the many large scale general purpose computer programs (Gallagher [7]), based
upon direct stiffness concepts, are rendered amenable to utilization for mini-
mum complementary energy analyses. Secondly, many of the already formulated
types of elements, established in direct stiffness analysis, are transferable
to the direct flexibility method. Thirdly, complementary energy formulations
incorporate the direct, as-measured format of the material constitutive law,
i.e., the expression for strain in terms of stress, which is advantageous in
elastoplastic analysis where the coefficients are explicitly functions of
stress.

Recently, considerable progress has been made in the development of the
method of direct flexibility analysis. The papers by Fraeijs de Veubeke [sl1,
Sander [9], Morley [10, 11], Elias [12], Watwood and Hartz [13], Anderheggen
(14] and Charlwood [15] are noteworthy for their development of concepts and
general procedures in linear analysis. Contributions to elastoplastic analy-
sis have been made by Schmit and Rybicki [16], Belytschko and Hodge [17] and
Belytschko [18].

The present paper differs from the aforementioned in the form of element
representation, the detailed approach to construction of boundary constraint
equations--with associated implications in the solution procedure for the
equations of the complete system--and in the elastoplastic analysis procedure.
The element representation consists of a rectangle in plane stress whose
stress field is approximated by means of a 16-term expression for the Airy
stress function. Force boundary conditions yield constraints upon the comple-
mentary energy function to be minimized and here these constraint equations
are established by integration of the applied stress field on the boundary.
Finally, elastoplastic analysis is treated via an approach which parallels
the "initial stress'" approach of Zienkiewicz, et al [19] for potential energy.

2. COMPLEMENTARY ENERGY FOR PLANE STRESS

The basic constitutive relationships for plane stress, including initial
strains {el}, are .
{o} = [D]{e) + [DI{e}) (1)
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where {¢} = loxoytnyT is the vector of stress componegts (the superscript T
designates the transpose of a matrix), {e} = lexeyYXyJ is the vector of
strain components, and [D] is the matrix of material stiffness coefficients.
The complementary energy of a structure (nc) is defined as

1 -1 i -
n= 3 ijw] {c}av + vf[a]{sl}dv ; Sle ds 2

u defines prescribed displacements, T is the surface traction in the direction
of U, Su is the surface upon which u is prescribed, and V is the volume of the
structure,

We now express the stress vector {o} in terms of the Airy stress function

¢ where, by the usual definition, Oy = ¢yy' etc., and the subscripts on ¢
denote differentiation with respect to the indicated variables. Thus
Lo = 1oy Oy = 4yl 3)

and, by substitution of (3) into (2) and with (oi) = [D]{e'} defined as the
initial stress vector

=1 _ -1 . T
LR Iv[¢yy L ¢xyj[D] [¢Yy L. oxyj dav
-1, i -
+ J L8y @xx = gyl D)7 {o7}aV - f 0T dS 4)
v S
u
or .= Uc - W (4a)
where Uc’ the complementary strain energy, is composed of the first two inte-

grals on the r.h.s. of eq. (4) and W = / U'T dS. We will exclude from this

u
paper, however, the possibility of non-zero prescribed displacements so that

W=20and n =U_. Also, with respect to force boundary conditions, we con-
sider only distributed edge loadings. These limitations are introduced
merely to permit development of the present concepts in the simplest form
within the allotted space and do not represent inherent limitations of the
approach.

3. ELEMENT EQUATIONS

The element studied in this paper is the constant-thickness rectangle of
dimension a x b (Figure 1). The necessary interelement equilibrium condi-
tions, requiring continuity of both ¢ and %% on each boundary, are met by the
bivariate Hermite polynomial interpolation of fourth orcer. We have, for the
desired 16-term function

¢ = |NJ{e%} (s)
where
IN) = LNI(X)NI(Y) P le(x)NyZ(y)Jlﬁxl (6a)
ey _ T
% = (o, . .. * 12l 16x1 (6b)

The shape functions Nl(x) . le(x), etc., are presented in Figure 1.
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N () ... Nyz(y) are similarly defined by replacing a with b and ¢ = X by
n = %. We shall refer to the stress function parameters {9} as d.o. f
(degrees of freedom) in the following.

Establishing now the stress vector by appropriate differentiation of eq.
(5), we have, symbolically

—e
L. [Nyyj {37}
o} =4 o b=l N, = [C]{F%) &)
-oxy -LnyJ

By substitution of eq. (7) into eq. (4), the element complementary strain
energy (Uz) becomes

7°
U = 1> —— [£°1{3°%} + |7° j{G } (8)
where
€ = [ (c17 (o) c1an | (9)
A
{65} = { JA [C]T[D]'l(ui)tdA} (10)

[fe] denotes the element flexibility matrix and {Gg} is the initial stress
matrix.

Because of the analogy between the homogeneous forms of the equilibrium
governing differential equation for plate flexure (in terms of transverse dis-
placement, w) and the compatibility differential equation for plate stretching
(in terms of the Airy stress function ¢) (Fraeijs de Veubeke and Zienkiewicz
[20]), an existing stiffness formulation for plate flexure (Bogner, et al
[21]) gives the flexibility coefficients defined by eq. (9). Due account
must be taken of the differences in the constants and signs between terms of
the material compliance ([D]'l) and stiffness [D] matrices.

We next examine the applied loads on the element boundary, which lead to
constraint conditions on the d.o.f. Consider an element with an edge
parallel to the x-axis and acted upon by distributed stresses 0 (x) (Figure
2). At any point along the edge:

P ALY A ' (11)

Integrating this express1on twice and evaluating the constants of integration

in terms of ¢ and X at the end points of the segment (i.e., °i' °j' oxi' oxj)
there results
a
'oxi + oxj = Io oy(x)dx (12)
and
a (x
-Oi + °j - @xia = J [ oy(x)dx (13)
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For the shearing stress, by definition, Txy(x) = 'oxy and since the twist

derivative is a d.o.f., direct evaluation at the end points of the edge gives

the two conditions -¢ =1 and -¢ =T . A third condition on the
Xy Xy; Xy . XY .

shear stress is needed to account for its quadratic variation. By integra-
tion of Txy(x) = '°xy along the edge i-j and with evaluation of Oy at i and j

a
- = d 14
@yi °yj Jo rxy(x) X (14)

Thus, five constraint equations (12, 13, 14 and the conditions on Txy
i
and Ty ) emerge from conditions along a single edge. At exterior corners,
of course, conditions on the shear stress are common to the adjacent edges so
that in a representation of a rectangular plate with a single element there
will be the necessary total of sixteen constraint conditions (four per edge).
These constraint equations are sufficient to describe the force boundary con-
ditions exactly when the edge direct stresses vary linearly and the shear
stress varies quadratically. More complicated boundary conditions are approx-
imated in an integral sense,

It is useful to distinguish between the constraints which assign a value

to a single d.o.f. (Txy and Txy ) and those which are of a form of an equa-
i s
tion connecting various d.o.f. (eqs. 12-14). The former type of constraint

is imposed directly on Ug and requires no further representation. The equa-
tions of the latter type of constraint cannot be imposed directly on the
element complementary energy but must be treated specially in the system
analysis. They are written, collectively for a single element, in the form

(ré1(s%) - (8%} = o (15)

where [Fe] and {B®)} consist of the coefficients resulting from integration of
eqs. 12-14.

4. SYSTEM EQUATIONS

The operations to be performed in establishment of equations describing
the behavior of the complete system are: (a) the synthesis of the system
equations from the element equations, including constraint equations, and
(b) the formation of a solvable final representation which accounts for con-
straints.

The synthesis of the system equations begins with the determination of
the complementary strain energy (Uc), using as a basis the component element
complementary energies (Uz). The requirements to be met in interconnection
of elements to retain a valid minimum complementary energy formulation are
those of continuity of the normal and shear stresses across the element boun-
daries. As noted above, use of the present bivariate Hermitian polynomial
interpolation function for ¢ meets such requirements. It is possible to
satisfy a condition of continuity of direct stress parallel to the element
edges by use of a sixth-order function (Rybicki and Schmit [16]) but this
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goes beyond the requirements for a valid minimum complementary energy solu-
tion. Thus, the required continuity is achieved when, at each joint in the
system, the d.o.f. {¥°} of the elements meeting at each joint are equated to
each other.

It follows, from the well-known concepts of direct stiffness analysis
(Martin [3]), that the system flexibility matrix is formed by simple addition
of all element flexibility coefficients with like subscripts. Thus

U, = Efl [£]1{%} (16)
“c 2

where |¢] = Lo 0, @ ] lists all joint d.o.f. in the system and [f]

]
Y. XY,
is the system flexibility matrix, established as
e=q
o= £2,
ij ezl 1j 17

for the q elements at the joint i.

From eq. (8), the contribution of the initial strains to the element
complementary strain energy is described by the product of the row and column
vectors, [3ej and (Gg}, respectively., Combination of these for all elements
of the system, in the same manner as for initial force terms in minimum poten-
tial energy analysis yields the system product [3]{Gi}. The system comple-
mentary energy is therefore

K
L Uc = — [£]{?} + [QJ{Gi} (18)
For a system with n d.o.f. the matrix [f] is nxn and |¥] and {Gi) are lxn and
nxl, respectively.

Similarly, the element boundary conditions (eq. 15) assemble to form the
m system constraint equations

[r]{%} - {B} =0 (19)

Before the condition of stationary complementary energy can be invoked
account must be taken of the constraint equations. Alternative procedures
include: (a) use of the constraint equations to solve for certain d.o.f. in
terms of others, removing the former from the functional (Greene [22}), spe-
cial operations devised by Morley [10] in which the size of the original
system is preserved, and (c) the classical method of Lagrange multipliers,
which expands the size of the system of equations to be solved.

For conciseness, we discuss here the method of Lagrange multipliers. We
define one such multiplier, xi, for each of the m constraint equations (eq.
19), form the product of the vector of Lagrange multipliers, |A] =
A oo Ay onn Ap) and the constraint equations, and add the result to the
original functional, i.e., (with [A[[T]{%} = [$j[F]T{A})

?
T = in [£1{3} + (3MG;) + |FJ{H} - [AJ{B} + m[r]T{x} *Cy (20)

where now EE is termed the augmented functional.
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The function Fc is subject to the stationary condition so that by varia-
tion of all parameters in {¥} and {A} we have

+ | T
n [T J - (H)}- (G, }
e ot Tl et @y
m |
12 |

(n+m)
|« n +j+«m +|

Eq. (21) can now be solved for all {¢} and fA}. The stress function
parameters, upon substitution into eq. (3), yield the element stresses.

S. ELASTOPLASTIC ANALYSIS PROCEDURE

Elastoplastic analysis consists of two major facets: (a) the definition
of the necessary material constitutive relationships and (b) a procedure for
tracing the behavior of the system through the nonlinear regime. Detailed
developments of the material constitutive relationships in the plastic range
have been published elsewhere [19, 23, 24), and are merely outlined here.

The procedure for tracing the behavior of the system through the nonlinear
regions is patterned after the "initial stress" approach of Zienkiewicz, et
al [19].

With respect to the material constitutive relationships, the present
development assumes an isotropic material, the von Mises yield criterion, and
the Prandtl-Reuss flow rule with isotropic hardening. For a biaxial plane
stress situation, the Prandtl-Reuss incremental stress-strain relationship in
the plastic range is

(aePy = [0 17" (do) (22)
where
2
Yy (sym.)
-1 _ 1 2 )
(D] i | T2 Y2 (23)
31 3ty 372
nyl xy'2 Xy
with Yy = (Zcx-oy), Y, = (ch-ox)
in which H' is the ratio of the incremental effective stress (dg) to the
incremental effective plastic strain (dEb), i.e., H' = do_ . For biaxial
de
P

plane stress @, do and dEb is computed from the stress components as

(ox-o )2 0.2 2 1/2

ag
- X 2
g = "‘I_X_‘ + _%_ A 3Txy (24)
a5 = L [(o.- Yo )do, *+ (0. - Lo )do, + 31__d1_.) (25)
- [loxm 7 9y)doy y ~Z 9% xyTxy
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and 2 2 ) 2 1 ) 1/2
T = | P P P P
dep [ T (dcx dey) + (dey) + (dey] tz (dyxy) ] (26)

Having obtained the incremental stress-strain relationship in the plastic
range, the total strain components are now written as the sum of elastic and
plastic strains

{de} = {[p]"} {do} + [nprl {do}} 27)
or, inversely
-1
{do} = [[n1'1 . [np]‘ll {de} (28)

The procedure for tracing the.behavior of the system through the non-
linear regime is the "initial stress" approach wherein the flow rule (eq. 28)
and the system compatibility equation (eq. 21) are satisfied in an iterative
manner in a given load increment. The procedure is as follows (see Figure 3):

(1) An elastic analysis for an arbitrary load level is performed and, by
scaling, the load level at which yield first occurs in an element is
established. Designating the onset of first yielding by the subscript
"o", we have the corresponding load {Po} and stresses {o }.

(2) The load level is incremented by an amount {AP} and the associated stress
{Ac'}1 and strain changes {Ae'}1 are computed via elastic analysis. The
subscript "1" outside the bracket denotes the first iterative step.

(3) Calculate the change in stress {Ac}l due to the change in strain ({Ae'}l)
in accordance with the flow rule (eq. 28). It is important here to employ
in the computation a value of H' which corresponds to the slope of the
effective stress-effective strain diagram between the interval end points.

An estimate based upon the approximate stress change in the load increment
is generally satisfactory.

(4) Since the increase in plastic strain produced the stress change {Ao}1
(Step 3) rather than {Ao'}1 (Step 2), a corrective analysis for the dis-
crepancy must be performed. Compute {Ac"}, = {a0'}, - {Ac}; and employ
this in the formation of the system initial stress vector {Gi} (eq. 10).

(5) Compute and store the current stress and strain from

{0} = {co} + {Ao}l (29)
{e} = {e )} + {ae'}; (30)
Eq. (29) also defines a new yield surface for a strain hardening material

and the corresponding effective stress is the new yield stress for the
next iteration.

(6) Using the {Gi} calculated in Step 4, perform a system analysis which
results in new stresses {Ao'}z. Employ these in an elastic determination
of {Ae‘}z.
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(7) Repeat Steps 3-6 until the stresses {Ac"}n in the nth cycle are negli-
gible.

Once convergence is reached for a given load increment a new increment
is defined and Steps (2)-(7) are repeated. The process of load incrementation
is continued until either the total desired load level is reached or the
strains are excessive for small increases in load, i.e., "collapse."

If an element which is elastic at the start of a load increment becomes
plastic during the application of the fictitious initial stress, its contribu-
tion to the inelastic terms should be taken into account in the succeeding
jterative steps. If unloading takes place in any part of the structure during
the incrementation of load, the subsequent action is elastic and requires no
special treatment. Also, if the material is elastic-perfectly plastic, then
the stress does not increase beyond {o} . Thus, {ag} in the above discussion
is zero for all values of the plastic strain and the initial stress is imme-
diately determined as {Ac'}n.

6. ILLUSTRATIVE EXAMPLES

Two numerical examples, one elastic and one elastoplastic, are presented.
An elastic analysis evaluation is desirable since the element presented in
this paper has not previously been employed in elastic complementary energy
analysis.

For the elastic analysis consider a rectangular plate (Fig. 4) subjected
to parabolically distributed stresses o along two opposite faces., Symmetry
about two axes permits study of a quadrant of the plate. Idealizations based
upon 1, 4, and 16 elements are employed in 3 separate analyses; Table 1
summarizes the numbers of constraint equations and solution parameters for
each analysis.

Results, in the form of plots of the stress distributions on various
sections are shown in Figs, S and 6. Comparisons are given in Table 1 with a
“eclassical"” solution (Timoshenko and Goodier [25] which uses a 3-term series
representation) for the stress at the center of the plate. From the above-
mentioned figures and Table 1 it can be observed that the stresses approach
the Ref. [25] solution as the grid is consistently refined.

In order to check the feasibility of the present method in the plastic
range the problem of a uniformly loaded, simply supported beam was analyzed.
The problem data and element idealization are shown in Figure 7. The material
is elastic-perfectly plastic. This same problem was solved by Anand, et al
[26], who employed the displacement approach, 272 constant strain triangular
elements, and the Tresca yield condition.

The solution in the elastic range is summarized in Table 2. The 16-
element stress function solution is of superior accuracy to the 272-element
displacement-based solution in the prediction of stresses, as might be ex-
pected of an equilibrium model. In the plastic range the chosen load incre-
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ment was 0.1 P.» where Pe = 23.8 kips is the total load on the half span to
cause initial yielding. The fictitious "initial stresses" were evaluated at
each corner of the rectangular plastified element and the average value was
then redistributed. The o, and ¢ stresses in the plastic range at a distance
L/8 from the midspan of the beam are reproduced from Ref. [26], together with
the complementary energy results at two loads P = 1.4 P,and P = 1.6 P, are
shown in Figure 8. The stress distributions give good correlation. The
elastic plastic boundary at a given load increment is also given in Ref. [26];
these results could not be duplicated here due to the coarse gridwork. To
obtain meaningful results at higher load levels by the present method it would
be necessary to employ a finer gridwork.

7. CONCLUDING REMARKS

A finite element method of elastoplastic plane stress analysis, founded
in complementary energy procedures and based upon the use of stress function
fields, has been presented. The limited results obtained thus far, which are
not described here in entirety, indicate that the many necessary extensions
in the direction of element representation and inclusion of alternative
inelastic constitutive relationships would be profitable. Especially attrac-
tive is the possibility of employing existing, displacement-based, finite
element computer programs for the present approach; only limited modifications
to such programs should be required.
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Table 1
Square Plate Subjected to Parabolic Loading Along Two Opposite Faces
Boundary
Degrees of . g, at Center g, at Center
g?o' °£ Freedom Congtra1nt yof plate of ;1. ("Exact",
ements n as- (F.E. analysis) Ref. 25)
16 12 0.912 %50 0.862 %0
36 24 0.887 g, 0.862 o,,
16 100 48 0.867 90 0.862 950
Table 2
Elastic Stresses at Quarter Span at Load Pe = 23.811 kips
o. (ksi.) o (ksi.) T (ksi.)
Dist. X Y Xy
from Finite Exact Finite Exact Finite Exact
top of Elements E Elements Eq. (d) Elements Eq. (d)
q. (33)
beam ———a———F PRef. 25 S . a ~ o b i 4l —F——% P 41
P.E. C.E. * P.E. C.E. Ref. 25 P.E. C.E. Ref. 25
0 -24,76 -27.23 -27.40 -2.61 -2.98 -2.98 0.93 0.00 0.00
d/4 -12,81 -13.08 -13.15 -2.52 -2,51 -2.52  3.21 3.35 3.34
d/2 0.03 -0.04 0.00 -1,53 -1.49 -1.49 4,32 4,46 4.46
3d/4 12.81 13.00 13.15 -0.50 -0.47 -0.46 3.26 3.35 3,34
d 24.70 27.23 -27.40 -0.21 0,00 0.00 0.95 0.00 0.00

%potential Energy solution [26] with 272
b(Present) Complementary Energy solution

constant strain triangles.
with 16 rectangle elements.
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a N, ) =1 -362+2€°
NX) =a(€-2€2-€°)
b Nx ) = a(€3-€2)
i 2i
X
1. RECTANGULAR ELEMENT
Y

/— Complete Structure

oyix)

2. DISTRIBUTED EDGE STRESSES
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3. INCREMENTAL-ITERATIVE (INITIAL STRESS) PROCEDURE
FOR ELASTOPLASTIC ANALYSIS
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Solutions Atong X-Axls, (Y=0)
o——=a Exact Sotution

Stress ©0=-=0 Finite Eltement Solution (I Element)
20 &~—0 Finite Elsme~t Solution (4 Elements)
Sotutions Along Y= §
e b+ ®——8 Exact Solution
‘\\ e——-o Finite Element Sotution: (I Element)
'S \\ &———4 Flnlte Element Solution (4 Etements)

0 1 1 1 1
(] O.a 0.2a 0.3a O4a 08¢

5. RECTANGULAR PLATE - ELASTIC SOLUTION - 1 & 4 ELEMENTS

Solutions Along X-Axis, (Y=0).
Exact Solution

Stross
0-—=-40 Finite Element Solution (16 Etements )

Solutions Along Y =%
Exact Sotution

#———8 Finite E t S ion (i6 Ei te)

1 1 1 1
Ola 0.20 03a 04a 080

0.0

) 6. RECTANGULAR PLATE - ELASTIC SOLUTION - 16 ELEMENTS
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7. SIMPLY-SUPPORTED BEAM. ANALYSIS DATA

-4030-20-10 O ksi

o- ﬁ= 140
-£- 160
A DA

«S—: 154
§e= 144
Ees 127

0-f =140
A- &: 160

8. SIMPLY-SUPPORTED BEAM. ELASTOPLASTIC ANALYSIS RESULTS
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DISCUSSION

D. HARTIG, Germany

Q

in two points of this example the solution is singular and in my experience these singularities

Your first example showed a plate with two edges free and two edges clamped,
are indicated by discontinuous solutions for the stresses. You showed smooth stress curves.

R.H. GALLAGHER, U.S. A,

The figure intended to represent the conditions along an axis of symmetry, not
a fixed edge (this is described in the text). The point raised is an interesting observation,

however, of the character of this approach for the situation you describe.

C Y.R. RASHID, U.S. A,

With reference to the creep formulation, the problem of inverting the creep
compliance to obtain the relaxation modulus is quite a significant part of the solution process
and can amount to several hours of computed time for a practical problem. 1 will be quite

interested to learn of future success in this area and I believe it will be a definite contribution.

K. WILLAM, Germany

Q

for the direct equilibrium approach using Lagrangian constraint equations. This procedure

Prof. Gallagher, you indicated the implementation of force boundary conditions

destroys the positive definiteness of the resulting set of equations and complicates very
much the usage of standard finite element software packages such as ASKA, NASTRAND,

STRUDEL... Do you think this procedure will prove useful in large scale programs ?

R.H. GALLAGHER, U.S. A,

A

Journal of Numerical Methods in Engineering, Jan. 1970, for equation-solving. This program,

We employed the frontal solution of B. Irons, published in the International

which has gained wide utilization, because of the publication of the detailed listing, incorpo-
rates the treatment of constraints by use of Lagrange multipliers. If this provision is not

in the equation-solver used, and if the presence of zeros on the main-diagonal presents no
difficulty, then one may employ the concept of "constraint elements' described by the author
in the Proceedings of the ONR Symposium on Numerical Methods in Structural Engineering,
University of Illinois, Sept. 1971. We did not encounter difficulties in the conditioning of the

equations due to this source.
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A, JEZERNIK, U. K

Q

and central memory required when solving different classes of problems and 2) investigate

1 would like to ask you two questions: Did you 1)} compare the computing time
the suitability of different finite element approaches when solving different problems.

R.H. GALLAGHER, U.S. A,

A

proaches in finite element plasticity analysis were attempted.

1) a- 1 2) No comparison studies of computer time or of a wider range of ap-



