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RELATIONS OF THE NONLINEAR THEORY OF THREE-LAYERED SHELLS WITH
LAYERS OF VARTABLE THICKNESS

S. V. Andreev and V. N. Paimushin UDC 539.3

The versions of the theory of three-layered shells with layers of variable thickness
proposed thus far have been based on various physical or kinematic hypotheses, as a rule
constructed with a number of constraints on the values of the variables, the thicknesses
of the layers and their variation, etc. [1-6]. The diversity of design of such shells made
of ordinary materials and composites as well as their service conditions requires that re-
solvents of a more general form, free of the above-mentioned constraints, be constructed.

In the work reported here we constructed the necessary complex of relations of the
geometric nonlinear theory for arbitrary displacements for three-layered shells with an
arbitrary geometry of external layers and filler; this complex is based on the static-kine-
matic model of a broken line, which has been well tested in computational practice [7]. The
model used here and the corresponding equations are simplified very much to serve as a base
for constructing linearized neutral equilibrium equations and formulating the corresponding
problems on determining mixed [8] forms of destabilization of three-layer structural members
of the class under consideration with a significant subcritical time of their stress—strain
state. In particular, the general equations constructed in our work had to be applied to
problems on the analysis of the stress—strain state and on determination of the critical
values of acting loads for a number of aircraft structural members which have a considerably
varying filler thickness and are subject to transverse bending in use (flaps, ailerons, and
slats, made as three-layered plates and shells with layers of variable thickness, tail sec-
tions of the main rotor of a helicopter, etc.), as well as some problems of the engineering
mechanics of three-layered structural members.

1. Problems associated with parametrizations in the noncanonical regions occupied by
the layers are not trivial in the construction of a theory of three-layered shells with layers
of variable thickness. These matters were investigated to various extents in [2, 3, 5, 9].
Following those studies, in order to parametrize the middle surfaces o(k) (k =1, 2) of the
outer layers of a three-layered shell as the basis for parametrization we choose the middie
surface of the filler o = o(, ,* assuming that the vector equation r = r(al) is given for it,
and that the components (ajp, ain) and (bin» b?, bin) of the first and second metric tensors
and (cyp, ¢ of the discriminant tensor, the Christoffel symbols (F?n), and other quantities
determining the geometry of o are specified. Using the method of normal fictitious deformation
[9], we parametrize o(k) in two stages, making it possible to solve this problem more cor-
rectly than in [2, 3, 5]. In the first stage we map o onto the coupling (contact) surface of
the layers o(kc) by means of the vector equation (see Fig. 1)

Foo =Fthwm  (hp =0wmh, b=1gs), (1.1)

and in the second stage we map surfaces O(kxc) onto o(k), determining the radius-vector E(k)
of points M, €06 by

*The index (3), which pertains to parameters of the filler, is henceforth omitted as a rule;
indices (k) and (kc) pertain to parameters on o(k) and O(ke)> respectively.

Ioshkar-Ola. Translated from Prikladnaya Mekhanika i Tekhnicheskaya Fizika, No. 3, pp.
120-128, May-June, 1993. Original article submitted October 27, 1989; revision submitted
December 27, 1991.
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F{?c) F( 2)
Fig. 1

Fon = Faey T EmMaey Ty = St} (1.2)

where m, a(kc)’ and ;(k) are unit vectors of the normals to o, O(kc)s 0(k), respectively;
Zt(3) and Zt(k) are the thicknesses of the filler and the outer layers, measured in the
direction of the normals m and Ekk); §(1) = —8(y) = 1. The vector equations (1.1) and (1.2)
make it possible to determine on o(yc) and o(x) the basis vectors
—n - - - . -
r§ ) = ef(hc)"s +- h(ih)m, Myhey = g(kc) ( m— h(;)eg(kc)rﬂ)s
?‘9’) = Sf{h);ﬁkC} + ’{gk)};;(hc) = k?(k};‘; + ;»gh);i. ( 1. 3)
_ L —~ — _ -
may = S (Meey — LBty ) = By M + BiwTs.
Equations (1.3) and the corresponding formulas ffom)[Q} c§n be used to find)rel?tions
. ke (k {kec) (k ke)
f?i)calculatlng on o(kc) and o(x) the components (cin s Cip ) and (ain » ain’s big (ﬁ )
bin ) of the discriminant and metric tensors, respectively, the Christoffel symbols (Finc 5,
Tgi)s), as well as other quantities that appear in the relations of the theory of shells.
In particular,
) = Endmeting iy = Eaie(h)éiga
ali? = 03aonine@em + HPRP, o) = Mm@ + AR, (1.4)
bia? = Eaey (biteerah” + Vi hP), bl = g (bitnall) + ViPTP).

Equations (1.3) and (1.4) contain the functions

Berey = 1 — 2k K + 20T, Oy = 1 — 2t Koy + tenTaon
By = (1 + hiphi™ )™,
“ TR \—1/2 s 3 ™~
G = (1 +EwmIP)2 Blne = 8 — kbl Ol = 8 — T bier-

I . x o~ e i —r 2
WY = Ghgyoat, TP = Mtayldat, Ry = ageh?, Ty = ag i»,

(1.5)
AP = 03 + TP%me, Moy = 0%y (Bl — Rl & Eirer )
e = gy (o) — Emhi00tn ) 1y = — EmBitney (Berohchy -+ tmOmem )»
G;gg) = e?(h)efz(k)agk;)y a;gm) = ef(kc)egmc)asm

bithey = Oty (8% — 8ThT),  bithy = 0 (blieey — OF Zml iy )

where K, K(gc) and T, T(xc) are the average and Gaussian curvatures of surfaces ¢ and o(kc);

and v'(kc) and v' (k) sre the operators of covariant differentiation with respect to the met-
rics defined by ainkC) and aigk), respectively. The rest of the notation is the same-as in [5].

The relations obtained between the geometric parameters on o, O(kc), and o(x) can be
simplified to within 1 + € = 1 (g is a small quantity) for the class of three-layered shells
used most commonly in structural members, namely shells whose outer layers are thin and their
thicknesses vary little along the coordinates «l, i.e., the following estimates obtain (L is
the characteristic linear dimension of the shell):

| 2ty/L lmax ~ &, | 262/ V @i lmax ~ Ve, e 1. (1.6)

For this class of shells the surfaces o(k)s in the sensg of [9], slope mildly relative to
0(kc) and approximate relations (for £(x) = 6(x) ® 1, 83i(k) 6?) can be obtained from
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relations (1.3)-(1.5) with the assumed accuracy:

Y = 79 4 Ty — O - T,
My = Moy — b Tike) = Ere® — HiBiteyns  cin = cin, (1.7)
a® =l BB = b2 L VT (HP = nP £ ).
Equations (1.7), in turn, can be reduced to the following form [5, 6] [for BOiu. a8} Ene a1,
1¥w):’hwr+2@3] with the same degree of accuracy for thin three-layered shells (I2H /Ll ~ €),

whose surfaces are mildly sloped relative to o ({Eﬁ“lﬁ?/¥/aﬁamjmaxf~s):
- - - — — i — ..
P = L HPm, mgy=m— HYr =m — Hirs, (1.8)
{h k Ry ¢
aiytx) = Qin, b(z'n} == bin + Vzﬂgt )-

Relations (1.3)-(1.8) take into account the differences in the position of the basis
vectors on ¢ and o(x) in the components of the discriminant and metric tensors, the Christof-
fel symbols, and other quantities that determine the geometry of ¢ and O(k). Within the
framework of the static-kinematic models used for the shell layers it thus becomes possible
to include the main geometric features of structures of the given class and the attendant
distinctive features of the mechanics of their deformation.

2. When a three-layered stack is considered by using the broken-line model {7], within
which the Kirchhoff —Love hypothesis is applied to the outer layers and the hypotheses of the
Timoshenko theory in the refined formulation [10] are applied to the_filler, the displacement
vectors VES) of points in levels z(g) from o(g) are written as (8 = 1, 3)

Vi =V +zeve (— o< am <te). (2.1)
Here

B

7 B (Bt - = =
Vi =" rip - wympys Vo = Vi o F Ve, Yoy = My — My (2.2)

are the displacement vectors of points of the middle surface o(p) and the rotation vectors of

the normals E(B) to o(g) during deformation; ?ﬁ(ﬁ) and E*B are the coordinate vectors of
the main bases, constructed on the deformed surfaces O?B) %10]_

The components of the vectors y = %(3) for the filler are the desired unknowns while
the components of the vectors y(x) can be expressed in terms of the components of the dis-
placement vectors V(i) of points o(k) and their derivatives with respect to at [107.

The representation of the displacement vectors in the layers of a shell by (2.1) and
(2.2) correspond to the components of their strain tensors, calculated at levels z(g) from
a(g) from the formulas

i) = e} + gl 261 = 2ei5 2 Viey, €50 =gy, el = el =0, 2.3
where
26 = o} — ), B = B — B0,
248 = TiVe0s + Vi3 + 2bin, 28 = Tipy, (2.4)
2e, =7 (2m +7), Vie,=piVips '
(a3 =2 OR® | pi® T ®ma® e T,

Writing the layer coupling conditions in terms of the displacements

Vin (a0 = hoo) = Viw (20 = —tw) or Vo =Viw (k=1,2)

and using Eqs. (1.3), (1.5), (2.1), and (2.2), we find the relations between the displacement
vectors in the layers of the shell

V(h) = V(ﬁh) + 2/‘.(k)"{(h) (2.5)
and their components
) k 5 (&) — s {3k 5
uf® = Aul®™ - AP wean + I ¥ Wi = Be®an -+ Bt LT v

Here we have introduced notation for the displacement vectors of points of the coupling sur-
face o(g¢) in the outer layers V(kc) and the filler V(;k), lying along basis vectors constructed
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on o(k) and o:
- — P - —
Visoy = Viry =ty = uf C)?'flk) “+ Wike) k),
V(gh) =V -+ fl(;‘) Y= lé R -+ lé(sfe)m

(2.6)

The components of the vectors in (2.6) are expressed in terms of the previocusly introduced
components (2.2) by means of

)1 iy {3k
u? = — TV, wae = wey — TV 1Y = us + Ay,

Wighy = W + hewyy.
Using Egs. (1.1)-(1.4), which parametrize the surfaces o(y.) and o(x) relative to ¢ in the
initial state, and the relations found between the displacement vectors in the layers of

the shell (2.5), we determine the radius-vectors of the points Af;w)escaq and Ala;escﬂ)
in the deformed state:

- - 54 - bt - 57 it i S et
Taey = Txey + Viney = T Hl@Pss Ty =ri+V i ="ey+ LM - b (2.7
as well as the basis vectors constructed on U?kc) and cék):

R It ~ o, o T ot
ri®=r 1007 + hyVips, Bira® =71 L EO(nGo -+ )+t Vibe) - (2.8)

Here
T =1 +V, P = My — Mgy, Osiy = 8 + bl V =Viy. (2.9)

If the thicknesses of the outer layers vary little along the coordinates ol that satisfy
conditions (1.6), then the last equations in (2.7) and (2.8) can be rewritten to within 1 +
% 1 in the approximate form
Tty = Ty — by, 710 = Blyri® —T0mf,, (2.10)
Equations (1.3) and (1.7), (2.8) and (2.10) make it possible to find the relations between
the components of the tangential strain tensors of surfaces o(yc) and o:

2607 = at — alh? = 26 + 2hwnsy) + 1P (2ens + hyVaes) + B (2eis + hwVieg) + 20PRPe; 4 1yvin,  (2.11)
as well as surfaces o(kc) and o(g)*
sfl?ﬂ‘:) == eg":&) “.\t'(h)xﬁ;) - t(h)'\’{iﬁ)/z, (2 . 12)

which admit further simplifications since the last terms containing h%k) and Ez(k) can be
ignored. Here the components of the strains in the layers of the shell are calculated from
(2.3) and (2.4), and

k) *R) 1S

~xe, —% — (k)
Vin = Vi03 Vnpy — VimVom, v = Toubns I

To determine the relations between the components of the bendlng strain tensors of the
surfaces under consideration, we construct the normal unit vectors m, to o, and mfkc) to
U(kc)’ writing them as the expansions

my =&, (3 + & *) Me) = S(hc)(Pz -+ G*‘h r*(hc)) = E(h)(m(k) 3 f*(h)) (2.13)

From the conditions m: =m{l =1 and m,ri = mieyri* =0, using (2.4) and (2.8)-(2.10) we find
the coefficients of the expansions in (2.13):

* —k—% - o &
8 = —pgri = — 283, Ep=(1+2e,)7% EIP0 = —o7r1") = — 2:557,
* * —1}2 «#{k '”(iz oy (RY\—1/2
Erey = (1 + 265:) EO =TP (8 —Twbl), & = (1 + GwE™®) 7,
2 ki 3
€, =& ~%swqm_%~%w$ﬂiw~h3hpuf@+MM%

Differentiating {2.13) with respect to al, with allowance for the approximated equations
Eexil— 8*,§@q 1——8¢0, %k)ﬁ,i we determine the components of the second metric tensor of
the surfaces oy, © (k )’ and G(k)

* * R 3 k) (&
bin = (1 — &) (Bin + Viens -+ Vagis — 112), b1 =P — vi®FP,
*(k y * k (k
b = (1 — eney) (Bin — 113 4 VIVOelhd 4 g pIOY e hipyVia)

and the components of the bending strain tensors
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. * * * (& K ~(E
X‘i?z) == %?%3) + Vieng + Variy — 4bin, Y.iﬂ) = XgnC) -+ Az(r?) s( )s
k { * g a(ke h (& Be)y (R o) (ke) . o :
i = 1%+ lepbin T+ Eobin - B Vng,+ ATTORT — ViR _ e (ko)
* s(h R (h ) )3 B
(X?glg) = bin - bim A:%) = an)*s — i'n.)sy Aslgz 2 = r(inC)*s - anc)s)’
where VE, Vg(kc), and Vg(k) are the operators of covariant differentiation with respect to
the metrics determined by tensors ai,, a?(kc), and a*(k s respectively.
in in in

3. We obtain the equilibrium equations and the corresponding natural boundary condi-
tions by using the Lagrange variational equation

8T =84 — §IV =0, (3.1)

The variations of the strain energy of the outer layers SW(g) and the filler SW(3), corre-
sponding to the static-kinematic models adopted, have the form

W = | § (T, Va8V ) -+ Ml Vadiigey ) doay,
(k) (3.2)
Wi = | [ (T VadV + T V87 + Niy87) do.
a

Here we have introduced the vectors of internal forces and moments in the layers of the
shell, per units of length of the coordinate lines of the undeformed surface o(g) and given
relative to the basis vectors on the deformed surfaces OZB) (g =1, 3):
Tt = Toys™ - MipVemby, Mgy = Mg + HiVengy,
T —% = - =7 ; —% - =
Tlyy=Tloyrs + T505 + M5Vsps, Mz = My, + M5p; + HVap3,
AT It 33 % y7LY -
Ny = Tt +— Tinos -+ M) Vaps.

Their components are calculated from (v, y = 1, 3)

T =T (Ipoth), M =Te(Ipohze) HE =Te(Inofhais),
)
Ty (.- =\ (..)dz@, Ipy=Vemam gp=det{(pPp),
~e)

0P — 7P g m®),

Carrying out the summation of Egs. (3.2) and taking (2.11)-(2.13) into account, after some
transformations we arrive at the following expression for the variation of the strain energy

2
of a three-layered shell (:ﬂ:: :ﬁ):

Ramy
oW =3 § ( Trr®v,8me, dogy -+ | § (T"Va8V +31"Vab7 + Noy) do, (3.2)
“(h) a

where the vectors of the internal forces and moments for the shell as a whole, reduced to the
middle surface o of the filler, are given by

T% = T + T3 + M™Vaps, BI" = M™r] + M55 + H™V 3, (3.3)
v n3T —% -
N=T%r+ T, + iwnsvnp;a
and their components are (?Eg) = T(;fﬁs’{:i) Va(h)/a)
™ =T+ Z T, M™ =M+ Z Tk,
M™ = M3+ 2 Tihwhd?, (3.4)
s .3} Vi 2 3 7
T = T3 + DT, H™ = Hiy) + DTk, T% = T8+ TihPn,
Introducing the contour bending moments and torgques of the internal forces ﬁi$’==j235n§“n:“{

and using formulas for the transformation of surface integrals [10], we get
the final expression for &W from Eq. {(3.2)', namely,

SW = — (MniV + Ged7) o + [ [(dPnesdS + Tri) 67 +

&
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(B + M) 87+ X MPsmby dS + | [ [VTOV 4 (Vild' — N) 3] do. (3.5)

a

Here

ﬂfzfm = 27@%@; Erzr = Efﬁ'@m; Mﬁf? = MEO P mi: Miy=ME, + Tyl
MP = ny (3P + B f(i«)"n(r{))d%v)/d" Gue = ShnddT R/
0 = 1+ T T =T SRy = T + P
M =TT DN ohgy = M5 4 H N=F+3 N(lt)hgk)zﬁi;i"i“ﬁaa*:
N = ViOME05 V amiamiy; 0 = 8 —lwbin;

(;&h ;&» 52@),(ﬁw“ T8y, M) are right-hand trihedrals of orthogonal unit vectors, constructed
on the conour lines C&)esq&> and (4, €04, , respectively. For them we have the representa-
tions

)i i - — *(Byi i) Byoi
n*ﬁ) = ni® Ta@) = ni(ﬁ)f?(m» Tp = T P Tu@) = Toi g » Mgy = RET(R),

- (B
Tgy = T T (py

KO . p®

where dS(g) is an element of arc (y &gy, Anm)==-b(mnﬂmTﬂBb Top)Ta()-

To find the elementary work of external forces on possible displacements of the shell
we assume that the load acting on_it is_reduced to the vectors of the surface and contour
forces X(B) and @(B) and moments L(B)’ H(B) per unit deformed area o(g) and length C(g):

- P - T T (I —
X = Xprt® + Xigme, D = Onigy + P2l + 0Py,
YT

_ (3.6)
_ i ) ©
Ly = Ligyt® + Ligmiy, Hp = HPnly + HP G, -+~ AP mg,.

For the elementary work of external loads given by vectors (3.6) we write the expres-
sions

3
84 =3 [f j' (X@dVp + L) do) C.Y (Op)dV g - H <s>5§<ﬁ))d5<m]
9y (B) '

and by analogy with (3.2)' and (3.5) recast them in the form
8A = — (HuadV -+ Hocb¥) o + | (BOV + Hoy + X HPomy) dS + | | XV +Ly) do. (3.7)
. c o
Here we introduce the following notation for the contour and surface external forces and mo-
ments, reduced to o:
j?'n‘c = 2 }:’7??; ’Hnt == Zﬁtnkt)h(k); ggl}? = (HS:}{) ‘\L (D‘(Ek)’z(k)) ef?);i:h);
HP =nly [HP 4+ 0P + Tk (HP + 0P, )] dSp0/dS:
® =Dy - 2[(Dpsy — HE VS 3/dS + dHnydS|; He = 8100 L mn;
B =Hp + Dho Doy — B ) dS/dS + dHw/dS ) Higy = 050 Linyminy;
X; = Y{S) -—;— Z(:Y(k) -!— V:(h)f_f—?;,))]/a(k),'a = X‘;:‘ -—[- Xf’m*;
L=Ty+ Zhoy(Xp + VIV Vag/a = L'ri + Lim,.

Substituting (3.5) and (3.7) into (3.1), we arrive at the Lagrange variational equation
811 = (HS7 + Goby) o + X(RW + M by + DGR 6m,)dS + H(Fav +Z8y)do = 0, (3.8)

from which, by virtue of the arbitrary nature of the variable vector functions, we can obtain
equilibrium equations in vectorial form

FeFr 4 Fm, =0, Z=2r1 +Zm, =0 (3.9)
and scalar form
Fi=0, F3=0, Z'=0, Z3=0, (3.10)
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and the natural boundary conditions on the contour of the shell C

R = Rany + Rty + Rpymy =0 for §V=£0, My = Min, + M7 +
4+ MEm, =0 for 6y40, SGW =0 £or nlsmi==0 (3.11)
and its sharp corners

H.=0 for 8V+#0, G, =0 for. §y=+0. (3.12)
The following notation has been introduced into Egs. (3.8)-(3.12):
FP=ViT* 9% 4 X% P8 =V, T 1 T}, + X%
Z'=ViM" — % - N+ L
29 =V 1 T — N3 4 1% R = ® — T°n, — dM/dS;

—T:ﬁnr—‘ﬁnt; HHzﬁ"énr'_:Wini; érzénr_ﬁn‘r;

el e B 10 K
G = G¥niy = HY — M.

The variational equation (3.8) and the resulting equilibrium equations (3.9), (3.10) and
boundary conditions (3.11), (3.12) of the theory of three-layered shells with layers of
variable thickness are, within the framework of the static-kinematic model, the most gen-
eral and valid for arbitrary displacements. The introduction of some limitations )
on the magnitude of the displacements, the layer thickness, and their wvariation along al
makes it possible to simplify the main relations of the proposed version of the theory of
three-layered shells and reduce them to the well-known version of the theory. In particular, Egs.
(1.8) are valid for parametrization of the outer layers in a study of the average bend [5, 10] of
thin shells, the components of_ the displacement vector V(i) of surface o(k) can be expressed
in terms of the components of V and y of surface ¢ by means of the given formulas [6]

K ~ is 7y(k). (K
u® = ws + Mgy — HPw —bpywi, We =W + hgyy — a*HPu®,

by virtue of which mg)xsun(m?)::;imVHV}m). For the given class of three-layered shells the
equilibrium equations (3.10) and the boundary conditions (3.11), (3.12), adjusted to the

coordinate vectors of the undeformed basis on o, related to the basis (fg, E*) by

TP=r 0, My = — @i = M — 07T — Onll, T = 1+ O,

;* =1 —+ wrﬁ, WOy = (oini, O = ooi'ti,

can be simplified considerably to a form that agrees with [6] if the moments MS3 and Hin jip
(3.3) and (3.4) are ignored. The sixth moment equilibrium equation Z® = 0 is algebraic in
this case.

For thin three-layered shells with very thin outer layers (2h/L ~ e, t(x)/h(x) ~ €) the
system of equilibrium equations is simplified even more and can be reduced to a form [5]
which agrees as to structure of differential operators with the equilibrium equations of the
Timoshenko type of theory of single-layer shells [10]. With the specified degree of accu-
racy the outer layers can be assumed to have no moments the components of the shear strains
in them are calculated from approximate formulas that follow from (2.11):

k R
e = eis + Hoyyis + H Py -+ HPeiy + HRHPS,

(Hay = hoy -+ Ty & by, HP = 0H /00 ).

Further simplifications of the main relations of the theory of three-layered shells with
layers of variable thickness involve, in particular, the introduction of conditions for the
slope of the shell [1], limitations on the variability of the thickness of the outer layers
or filler [4], etc.
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APPLICATION OF THE METHOD OF INFLUENCE FUNCTIONS IN PROBLEMS OF THE
THEORY OF CRACKS FOR ANISOTROPIC PLATES

V. N. Maksimenko UDC 539.3:629.7.015.4:624.07

Application of analytical methods to estimate the strength of composite materials with
cracks and fine inclusions is difficult due to the lack of information concerning the dis-
tribution of stresses in a neighborhood of cracktips and inclusions of complex configuration
in anisotropic materials. A discussion of this problem and a survey of papers in this di-
rection (mainly for rectilinear cracks and inclusions) can be found, for example, in {1-5].

In what follows, based on the method of influence functions, we present a solution of
fundamental problems of planar elasticity theory for anisotropic bodies weakened by curvi-
linear cuts. Integral representations are constructed, which make it possible to formulate
uniformly a solving system of singular integral equations (SIE) for the first, second, and
mixed problems of elasticity theory. The effectiveness of the integral representations con-
structed and of the algorithms presented for numerically solving the resulting SIE is demon-
strated by solving a number of problems of crack theory for anisotropic plates.

1. We consider an infinite rectilinear-anisotropic plate weakened by a system of smooth
curvilinear nonintersecting cuts Lj = (aj, bj), i =1, n (Fig. 1). We denote the angle be-

n
tween Ox and the normal n to the left edge of the cut of point t=L = {J L; by ¢(t). We deter-
i=t

mine the stress-deformation state (SDS) of such a plate caused by the action of an exterior
load Xj(t) + i¥Yn(t) (t € L) along the edges of the cuts and by specified stresses at in-
finity.

Let us assume that the edges of the cuts are not in contact® and the principal vector
of the external stresses acting on an edge of the cuts is known. We shall also assume we
are given the complex potentials &,,(z,), giving a solution of the problem, for a continuous
plate, of external stresses applied at infinity.

*In some problems it is necessary to impose a physical condition, excluding the possibility
of an overlapping of the edges of a cut. Such problems are nonlinear and must be solved
in an incremental setting, i.e., by stepwise changes of the loading on edges of the cuts.
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128-137, May-June, 1993. Original article submitted June 16, 1992.
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