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ON THE GLOBAL STIFFNESS OF HEX-CAN
ASSEMBLY IN A UNIFORM FORCE FIELD

by

Frederick D. Ju and Joel Bennett

ABSTRACT

Two approximate constitutive equations are derived
that can be used to represent the global stiffness of a
hexagonal cross-section duct in a uniform force field.
The first equation uses a single coefficient that can be
determined from Poisson's ratio for the material and the
duct geometry. This equation is useful for isothermal
applications. The second equation can be used to account
for temperature-varying material properties and requires
that two coefficients be determined from Poisson's ratio
and the duct geometry. These equations are useful both
in reactor safety analysis and design.

I. INTRODUCTION
The cores of liquid metal fast breeder reactors (LMFBRs) are constituted

of hexagonal cylindrical cans. The hex-cans, supported on inlet nozzles, are
held in the vertical position in some designs by former rings at two levels of
elevation - one at the above core load plane (ACLP) and another further up at
the top load plane (TLP see Fig. 1). The rings are integral parts of the core
barrel at those two levels (see Fig. 2) At the operating temperature, the
hex-cans that are at considerably higher temperature than the ring-barrel
assembly will expand more than the design clearance. The axisymmetric design
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Fig. 1. CRBR fuel can assembly.

of the reactor thus results in a uniform planar central pressure field, which
depends wery much on both the temperature field and the global stiffness of
the core. The structural analysis may be done elaborately using some avail-
able computer codes. However, because of the number of cans involved, even a
one-twelfth segment of the core is generally impractical for such analysis.
Yet because of the large number of hex-cans, we may treat the core assembly as
a uniform and homogeneous solid. When the global stiffness of the hypotheti-
cal solid is known, the pressure may be computed with a much simplify jd mathe-
matical model.
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Fig. 2. Cross-section of fuel can assembly at ACLP and TLP.

The determination of the global stiffness of the core assembly will come
from the analysis of a single hex-can. It is stipulated that the temperature
variation is gradual with respect to the size of individual hex-cans to permit
the assumption that an individual hex-can is in a "locally uniform field."
The normal displacement and pressure relationship of the can will be expressed
by an approximate equation; whereas, such a relationship is known exactly for
a solid hexagonal cell. If the load and the displacement of both cells are
made equal, the modulus of the solid cell becomes the equivalent modulus of
the hollow hex can. This equivalent modulus is the global stiffnes" of the
core assembly.



II. NUMERICAL ANALYSIS OF A HEX CAN
We assumed that at the temperature of interest the material behaves

elastically. The input data of the modulus of elasticity and the boundary
condition then may be chosen arbitrarily based on the principle of linear
superposition. The finite element method is used for generating data toward
an approximate constitutive equation. The resulting data should provide (1)
the parameters pertinent to the deformation-load relationship, such as the
size of the hex-can, the wall thickness ratio, and the Poisson's ratio, and
(2) the distribution of load as a function of the thickness ratio and
Poisson's ratio.

From the approximate mechanical constitutive equation, we may determine
the equivalent stiffness of a corresponding solid cell. The global stiffness
of the core assembly thus results as a function of the wall thickness and the
Poisson's ratio.

The analysis is basically one of elastic equilibrium. A stability analy-
sis is necessary in the pressure field to determine the range for which the
equivalent stiffness is valid.
A. Mathematical Model

The cross section of a hex-can at the load planes is represented by a
region bounded by two concentric regular hexagons. The wall thickness of the
hex-can is the normal distance between the hexagons as in Fig. 3. The elastic
region is assumed to be in a state of plane strain.

The interior surface of the hexagonal cylinder is traction free. For the
global uniform pressure field on the outer boundary, we require only that the
total pressure per side is uniform for the single hex-can. Because the
matching sides of adjacent cells must maintain contact throughout deformation,
the sides of hex-cans will remain flat; thus, the outer boundary is subjected
to a uniform normal displacement. There is no shear on the surface. These
assumptions hold provided that the wall is not so thin as to cause stability
problems.

The exaggerated representation of Fig. 4 shows a hex-can deforming under a
uniform pressure and a uniform normal displacement.

Because of symmetry, the analysis may be carried out for a one-twelfth
segment (Fig. 5). The boundary values of this quadrilaterial region are pre-
scribed according to the boundary members shown in the circles of Fig. 5.
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(1) On Boundary 1, the mixed boundary condition is prescribed by a uni-
form normal displacement and a free tangential traction.

(2) On Boundary 2, the condition is also of the mixed types described by
the zero normal displacement and zero tangential traction.

(3) Boundary 3 is traction free.
(4) The condition on Boundary 4 is the same as that of Boundary 2.
Figure 5 also shows a typical 80 element mesh generated for the Finite

Element method. PSAAS, a plane elasticity code, was used in the Finite
Element analysis. The input data used in the parametric analysis are as
follows:

E = the Young's modulus: 6.89 x 104 MPa (10
7 psi)

v = the Poisson's ratio: 0.25, 0.3, 0.35, 0.4, 0.45

a = one half the cross flats dimension: 0.254 M (10 in.), 0.229 M (9
in.), 0.203 M (8 in.), 0.178 M (7 in.).

n = b/a = the thickness index (a-b is the hex-can thickness): 0.1, 0.2,
0.5, 0.75, 0.9, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96.

Boundary conditions

on B-l: Uv = -,254 mm (- .01 in.), R = 0x y

on B-2: Up = 0,
 Rt = °

on B-3: Rv = R = 0x y

on B-4: Rv = 0, U = 0.
A y

B. Pressure on the Hex-can
The pressure on the boundary of a homogeneous solid cell will be uniform

corresponding to a uniform normal displacement as based on the classical solu-
tion of a plane region of any shape subjected to a planar hydrostatic load-
ing. However, for a hollow hexogonal cylinder, the distribution of the pres-
sure on the outer wall is not expected to be uniform as may be qualitatively



deduced from the shape of deformation shown in Tig. 4a. The pressure on the
outer edge of the hex-can from the PSAAS solution will be given as nodal point
restraint forces, (P.J. The totality of the nodal forces thus gives the
total pressure P on the half length of the side, as shown in Fig. 6a. The
corresponding uniform pressure p for a solid cell also may be related to the
total pressure P as shown in Fig. 6b. The distributed pressure on a hex-can
may be approximated by assuming a linear distribution between node points.
The magnitude of the distributed pressures at node points <pA are solved

from the linear transform

(l)

(a)

Fig. 6. Pressure distribution for uniform normal displacement
(a) hollow hex cylinder (b) solid hex cylinder.
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Figures 7 and 8 show the boundary pressures obtained for two different wall
thicknesses and five different values of Poisson's ratio. The nodal point
restraining pressure P- are shown in solid lines. The corresponding dis-
tributed pressures are shown in dash lines. It is seen that, for a specific
wall thickness ratio, the distributed pressure is fundamentally similar. The
increasing magnitude corresponding to increasing Poisson's ratio is attributed
to the resistance of the material to the volumic compression. The distribu-
tion of pressure definitely depends on the wall thickness ratio.

In the limit when the region is a solid hexagonal cell, the pressure dis-
tribution is uniform as shown in Fig. 6b. For the hollow hexagonal cylinders,
the pressure distribution favors the region near the vertices of the hexagonal
cylinder. As the wall thickness ratio reduces, the pressure distribution
shifts toward the corner of the hex can as shown in Fig. 9. The siz« of the
hex-can is not a factor.
C. Stability

Figures 7 through 9 show that the nodal pressure rapidly attenuates to
zero toward the center section of a side of a hex-can. The stress state is
that of a pure compression. For thin-walled hex-cans, the problem of stabil-
ity soon arises, reducing further the effective stiffness of the core assembly.

The buckling configuration definitely affects the critical load for indi-
vidual hex-cans. Figure 10 illustrates two types of buckling configurations.
In Fig. 10a, the buckling configuration is localized. To maintain the corner
angle, the two adjacent sides.of neighboring cans separate in the middle.
Figure 10b shows that a group of cans may undergo congruent deformation while
maintaining the rigidity of the vertex angles.

The first configuration in Fig. 10a can be represented by a plate with
opposite clamped edges, while the other two edges are free. In-plane forces
are applied to the clamped edges. The corresponding critical membrane force is
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Fig. 7. Pressure distribution on hex cans Or) = 0.9.
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Fig. 10. Hex can buckling configuration (a) wall separation
and (b) congruent buckling.
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(1+nr

and the critical compressive stress is

'cr " ¥ "* (K*) 2 "^ • (3)

where n = b/a is the wall-thickness index, such that (1 - n) is the wall
thickness ratio.

In Fig. 10b, the buckling mode may be extended from a regular hexagonal
2

frame for which the critical load is

Ncr = 3

The corresponding compressive stress is

(5)

The critical compressive stresses in Eqs.(3) and (5) represent the high and
the low limits of the stress level in the side of a hex-can for which stabil-
ity becomes the significant concern. As a conservative estimate, we shall use
the lower limit for the admissible compressive stress.

Figure 11 gives the critical stress, Eq. (5), as a function of the wall
thickness ratio for five values of Poisson's ratio. Figure 12 shows that the
stability criterion may be expressed for the global pressure, which is readily
related to design problems.

12
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Fig. 11. Critical compressive stress.
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Fig. 12. Critical nominal pressure.

14



III. THE GLOBAL STIFFNESS
In Article 2.0, a numerical analysis model was set up to compute the pres-

sure on the sides of a hexagonal container that will cause a given uniform
normal displacement. The set of data from the numerical solution in (n, v, P)
will be used in developing an approximate equation relating those parameters
for a given material stiffness. The form of the approximate equation, but
with unknown coefficients will be assumed the same as a combination of the
known exact solution of a solid hexagonal region and of a hollow circular
cylinder under similar loads.

The approximate equation then is compared to the mechanical constitutive
equation of an equivalent homogeneous solid hexagonal cell. The stiffness of
this equivalent solid cell results in corresponding normal displacement and
total pressure P and is the equivalent stiffness of the hexagonal containers.
Thus the global stiffness of the core assembly is

A. Pressure Displacement Equation for Hex-Cans

The analytical equation for a hexagonal cylinder cannot be obtained in the
general form. Hence, an approximate form will be proposed as guided by the
following considerations.

(1) The equation should reduce to the exact form when the interior cavity
approaches zero.

(2) The general form might be similar to that of a hollow circular cyl-
inders, for which the exact equation is known.

The exact equations for a solid hexagonal cell and a hollow cylinder are
respectively

2yu = -(1 - 2v) pa , (6)

and

2yu = ̂ p 1(1 - 2v) + n 2 I , (7)
1-n l

15



where u is the modulus of r ig id i ty, v is the Poisson's ratio, a is one half
the across-flats dimension, p is the uniform pressure, r\ is the thickness in-
dex, and u is the normal displacement.

The proposed equation for pa = SW then becomes,

2uu = - - ^ [ ( 1 - 2v) (1 + An+ Bn
2) + Cn + Dn2 ] . (8)

1-n

Equation (8) reduces to (6) when ir*0. The coefficients are determined by the
least square method, using data obtained for a set of specific values of the
wall-thickness index (n) and the Poisson's ratio (v). Altogether five sets of
values for the coefficients are obtained corresponding to the thickness ranges
of the cylinder.

[0.9, 0.95]
[0.75, 0.95]
[0.5, 0.95]
[0.2, 0.95]
[ 0 . 1 , 0.95]

Equation (8) is written as

F = ±-^-[(l-2v) + (l-2v)nA + (l-2v)n2B +nC +n2B] - ^ = 0 (8a)
1-rf /3P

where E is the Young's modulus and 2P is the total pressure per side. The
values of E and u are input as invarient. P is obtained as the total pressure
corresponding to different values of v and n, as shown in Figs. 7 and 8. The
coefficients (A, B, C, D) then are determined through minimization of
(I = S F ) where the summation, E, is over the entire set of (v, n, P) for
each of the five cases considered. The results are given in Table I. The
different sets of values of (A, B, C, D) are substituted into Eq. {8} to
compute the total pressure P so that the accuracy can be measured in
comparison to the computer solution by PSAAS. From 8a, we obtain

P = -Eu(l-n, ) 2 2

Case
Case
Case
Case
Case

1: n
2: n
3: n
4: n
5: n

16



TABLE I
COEFFICIENTS FOR EQ. (8) FOR VARIOUS THICKNESS RANGES OF A HEXAGONAL CYLINDER

Cases 1 2 3 4 5

A
B
C
D

0.170564
-0.168732
0.242867
0.753850

-0.072849
0.090048
0.320882
0.671002

-0.421802
0.466526
0.433272
0.549882

-0.577368
C.635616
0.4828430
0.496424

-0.619726
0.681800
0.495012
0.482682

In case 1, when only data from n=[0.9, 0.95] are used, the values of P
for any v within the thickness range are accurate at the order of one ten-
thousandth, which is well below the error by the finite element method. For
thickness outside the range, the error is less than one per cent at n = 0.75,
4.3% at n = 0.5, 7.3% at n = 0.2, and 5% at n = 0.1.

In case 2, when a single set of data in (n, v, P) is added for n = 0.75,
the accuracy at n = 0.75 is improved to 0.1% while the errors at other lower
value of r) are dropped by a full percent without significant reduction of
accuracy in the range n = [0.9, 0.95],

When the data at the low end of n are included, the accuracy of P im-
proves steadily there with only a slight rise in error forn =[0.9, 0.95].
In Case 5, the error at n = 0.1 and 0.2 is only around 3% while the accuracy
at n = [0.9, 0.95] is still about one-thousandth.
B. Equivalent Stiffness - Unicoefficient Model

With the determination of Eq. (8), we may begin to consider an equival-
ent solid-cell model for which the constitutive equation is known as

2peu = -(1 - 2v)pa . (9)

Thus, Eq. (9), using the equivalent modulus of rigidity, must result in the
same displacement (u) under the same load (p) as Eq. (8) using the true
modulus of rigidity. A direct ratio yields the stiffness ratio

-^ = (1 - 2v)(l - n2)/[(l - 2v)(l + An + Bn2) + C n + D n
2] . (10)

17



The equivalent stiffness vQ is a function of the Poisson's ratio and the
wall thickness. This stiffness ratio is alternately expressed as

Ee = we , (11)r T

where Efi is the equivalent Young's Modulus. Figures 13 and 14 show the
stiffness ratio for cases 1 and 5. Those two sets of curves differ somewhat
for low values of n, but that forn= [0.9, 0.95] there is little difference.
Thus, only one set of curves for the range n =[0.9, 0.95] is therefore shown
in Fig. 15.

Figure 15 may be used for a quick design aid. For instance, an applica-
tion in the liquid metal fast breeder reactor design for a thickness ratio of
^ = 0.086 (or n = 0.914)and v = 0.321, the corresponding equivalent stif-
a

fness is vQ = 0.0482P as demonstrated in Fig. 15.
Equation (10) or its graphic representation in Figs. 13 through 15, is

essentially the only equivalent stiffness that can be developed from a uniform
field model. The model is simple to use, as the designer may always use the
original values of the Poisson's ratio. Yet, the simplicity may wery well be
its shortcoming when dealing with a thermal stress problem in which the
Poisson's ratio varies because of the temperature variation. F that reason,
an artificial dual-coefficient model is proposed.
C. Equivalent Stiffness - Dual-Coefficient Model

The duel-coefficient model introduces an equivalent Poisson's ratio so
that an equivalent modulus of rigidity may be determined as a function of
thickness only. For the dual-coefficient model, we shall express the consti-
tutive equation for the uniform field as

2Ueu = - (1 - 2ye)pa . (12)

Equation (8) may be rearranged to the form

2MU '-**—* 11 + (A + C ) n + (B + D)n 2 ] f l - 2 2 + A n + B n 5-l
1 - rf [ 1 + (A + C)n + (B + D)if J

18
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Fig. 13. Equivalent stiffness for
case 1.

Fig. 14. Equivalent stiffness for
case 5.

= -pa(l - 2yv), (13)

where

a =
1 + (A + C)n + (B + D ) n

2 1 + (A + C ) n + (B + D ) n

(14)

19
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0.07
•q* 0.914
v* 0.321

0.91 0.92 0.93 0.94 0.95

Fig. 15. Equivalent stiffness for thin wall hex can.

In comparing Eqs. (12) and (13), we may write

e J e YTT = a and -^ = (15)

Both coefficients are then functions of the thickness index n. Figure 16
through 20 express the Eqs. (14) and (15) for the five cases of coefficients
(A,B,C,D). The single case for the range n = [0.9, 0.95] is shown is Fig. 21.

IV. APPLICATION

As an illustration, we shall apply the method to determine the core pres-
sure required to expell the upper subassembly region (upper axial blanket plus
fission gas plenum) from its original position during a core disruptive acci-
dent. The data for this application is based on the Clinch River Breeder

3
Reactor.

20



A. Given Data

The geometry may be related to Figs. 1 and 2 with numerical dimensions as

follows:

(a) Hex-can (referred to the reinforced section, load pad, at ACLP and

TLP:
across f la ts (2a)

thickness (h)

length of load pad (d)

clearance between cans (G)

0.12052 m (4.745 in . )

0.00521 m (0'.205 in . )

0.1016 m (4 in . )

0.00038 m (0.015 in . )

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

V . i ' i i

\

-

i | • | . | i | • | i | i

CASE 1

\

\ :

Y
0.0 0.2 0.4 0.6 0.8 10

Fig. 16. Equivalent dual coefficient case 1.
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I t l i l i l i l i l i l . l i l
0.5

Fig. 17. Equivalent dual coefficient case 2.
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CASE 3

0.5
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0.5

Fig. 18. Equivalent dual coefficient case 3.

23



0.5

I ' I ' I ' I ' I ' I ' I ' i

CASE 4
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0.5

Fig. 19. Equivalent dual coefficient case 4.
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Fig. 20. Equivalent dual coefficient case 5.
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•q «b/o

Fig. 21. Equivalent dual coefficient for thin-wall hex can.

(b) Core barrel and core former assembly:

outside radius (C)
affective inside radius (B)

(c) Core assembly
effective radius of shield-
barrel interface (B)
effective radius of shield-
core interface (A)

1.91 m (75.25 in.)
1.81 m (71.25 in.)

1.81 m {71.25 in.)

1.216 m (47.88 in.)

Let the hex cans and the ring-barrel assembly be made of 316 ss with the
following material properties:4

26



(a) Thermal strain (eT)

@ 1173 K 17.2 x 10"3 mm/mm

9 873 K 10.74 x 10"3

(3 573 K 4.78 x 10"3

(b) Yield strength at 0.2% (c )

@ 1173 K 77 MPa (11.17 x 103 psi)

(a 873 K 114.4 MPa (16.6 x 103 psi)

(3 723 K 119.7 MPa (17.36 x 103 psi)

5MPa (17 x 106

(c) Young's modulus (E)
@ 1173 K 1.17 x 105cMPa (17 x 10 f
(a 1023 K 1.332 x 10D MPa (19.3 x 10° psi)
(3 723 K 1.637 x 105 MPa (23.7 x 106 psi)

(d) Poisson's Ratio (v)
(3 1173 K 0.342
(? 1023 K 0.321
(3 723 K 0.298

(e) Coefficient of friction
Breakaway 0.68-1.74
Moving (kinematic) 0.28-0.62

B. Analysis
We assumed that during the core disruptive accident the above-core sub-

assembly region is heated to the sodium boiling temperature. The boundary and
interface temperatures (in parentheses) and the mean temperatures of a region
(in brackets) are shown in Fig. 22. In that figure, the reactor core and the
core assembly are simplified and modeled by a solid cylinder interior to two
concentric hollow cylinders as distinguished by the geometry and the temper-
ature differences.

1. Compatibility Equation. The displacement field is described com-
pletely by its radial component, which may be delineated into a part as a
result of free thermal expansion and another pressure. Thus,
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Fig. 22. Simplified model of hex-can assembly at ACLP and TLP.

u(r) = uT(r) + up(r) .

The compatibility equation at each interface must take into consideration the
cummulative clearance (Ct) in each region. Hence,

u|{A) - C* = uJ' (16)

, and (17)

Ct = c\ + = 3.15 x 10 "3B , (18)

where the superscripts of Roman numerals indicate the corresponding regions,
and the clearance per unit radial length is
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0.00038 _ o ic v m ' 3 m/m
0.12090 " 3 ' 1 5 x 1 0 m/m '

2. Thermal Expansion. The equation of axisymmetric thermal expansion is
5

readily available in any e last ic i ty text . For the boundary and the

interface temperatures given in Fig. 22 and the corresponding thermal strain

in 4 . 1 , we can derive that

uj(A) = £yA = 17.2 x 10"3A , (19)

B2 B .2 A £A _ £B
TT " T ~ " T T T "i

u; (A) = J 5-1- + — -o- A = 13.546 x 10"4A , (20)
* B2 - A2 2 log ( f )

R2_B .2 A EA _ £B
TT B £ T " " E T T T "Z

ul (B) = j o - 1 * - 1 -a~ B = 13.546 x lO'^B , and (21)
1 B2 - A2 2 log (J)

r2 C R2 B B C

uiH(B) = 1 5-5- + - t U - B = 7.705 x 10'^B . (22)
t C2 - B2 2 log (J)

3. Radial Displacement from Pressure. The packed hex-can assembly is

simplif ied and modeled by an elastic continuum in a uniform pressure f i e l d .

Hence,

P1 = P]1 = P(A) =P ; P " = PJ 1 1 = P(B) = P; Pl
Q

n = P(C) = 0 ,

where the subscripts ' i ' and 'o ' designate the internal and the external pres-

sures of the annular region.

In computing the global stiffness of each region, we shall refer to the

individual hex-can of the region. There, we have
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n - (a - h) - (0.06026 - 0.00521) _
n " a " 0.06026 "

The values of Poisson's ratio corresponding to the mean temperatures of the
regions are

v1 = 0.342, v11 = 0.321, v 1 1 1 = 0.298 .

The global stiffness of the core regions I and II then may be obtained by
using Eq. (10) or Fig. 15 for

j = 1.935 x 103MPa ,

" = 0.0485 y423 = 2.445 x 103 MPa , and

u111 = y ? 2 3 = 6.306 x 104 MPa .

The elastic equations of axisymmetricaily pressurized solid and hollow

cylinders are used, resulting in

Up(A) = -7.966 x 10'5pA , (23)

uj1(A) = -7.366 x 10"5 pA , (24)

u"(B) = -7.366 x 10"5 pB , and (25)

uJI!(B) = 10.45 x 10'5 pB . (26)
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4. Global Pressure and Frict ion Force. The expressions of radial d is-

placements from thermal expansion and pressure, Eqs. (19) through (26), are

substituted into the compatibil ity Eqs. (16) - (18), to result in

p = 28.25 MPa (4.1 x 103 psi) .

We observe in Fig. 12 that for = 0.914, the value of the global pressure is
much below the critical pressure.

In computing the maximum friction force per unit area we take into con-
sideration the surface condition, the environment, the temperature, and use
the lower values for the breakaway and the kinematic coefficients of friction,
0.70 and 0.30 respectively. The maximum friction force per unit area are then

Breakaway 19.85 MPa (2880 psi)
Kinematic 9.45 MPa (1225 psi)

where breakaway denotes the initiation of, and kinematic the presence of, the
motion.

5. Threshold Core Pressures for Upper Subassembly Expulson. Three con-
figurations of above-core subassembly expulsion to be considered include the
entire core assembly (Regions I and II together), the inner core (Region I),
and an individual hex can. The total friction surface in each case is meas-
ured by the actual contact peripheral length and the depth of the load pad at

both load planes; ACLP and TLP. The respective areas for the three configura-
2 2 2

tions are 264 m , 1.957 m , and 0.0851 m . The expulsion force for each
of the three cases is the maximum friction force of the respective configura-
tion. Hence

52.5 MN (11.7 x 106 lb)
22.4 MN (4.92 x 106 lb)
38.8 MN (8.7 x 106 1b)
16.35 MN (3.67 x 106 lb)
1.7 MN (0.38 x 106 lb)
0.72 MN (0.16 x 106 1b).

(a)

(b)

(c)

PB
PK
PB
PK
PB
PK

(Breakaway)
(Kinematic)
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The core pressure is assumed to be generated totally in the fuel region of the
core (Region I). The pressurized areas of Region I and an individual hex-can

2 2
are respectively 4.646 m and 0.0127 m (assuming effectively blocked flow
channels). The threshold core pressures for expulsion of the three configura-
tions are then

(a) pB 11.3 MPa (1530 psi)
PK 4.82 MPa (680 psi)

(b) pB 8.3 MPa (1210 psi)
PK 3.5 MPa (510 psi)

(c) pB 133.5 MPa (19300 psi)
PK 57 MPa (8130 psi).

Thus, we can conclude that the critical core pressure is 8.3 MPa when the
upper core subassembly structure is expelled. Thereafter, it takes only a
core pressure of 3.5 MPa to sustain the lifting motion. However, only some
extremely high localized pressure could expel! an individual hex-can.

The containment failure was analyzed with a very simple mathematical
model. Consideration may be given to the core weight, omitted here, as
secondary effect.

6. Discussion. In this analysis, we developed an approximate constitu-
tive equation for the hex-can subjected to a central pressure field, which
corresponds to a uniform normal displacement on sides. The least-square
method is the most convenient one to use for determining the coefficients in
the constitutive equation. The result reduces to the exact form when the in-
side wall dimension, the half cross-flat b, approaches zero. Because of
relatively more data in the range of n:[0.9, 0.95], the accuracy is very high
there. Also, the thickness range includes those used in the LMFBR. However,
even with the small amount of data for thicker walls, the accuracy is admis-
sible in comparison to the numerical method used in obtaining the data. Better
accuracy at lower values of n may be accomplished by incorporating more data
fromn=0.1 and 0.2. For the present application, the values of the coef-
ficients in the approximate constitutive equation are considered adequate.

As a design aid and also for simplification of computations for problems
involving an assembly of a large number of hex cans in a central pressure
field, the hollow can may be replaced by an equivalent solid hexagonal cell.
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The equivalent stiffness of the solid cell was obtained for two models. One
is a uni-coefficient model, which yields a single equivalent stiffness (either
the modulus of rigidity y or the Young's modulus E ). The stiffness is a
function of the wall thickness and the Poisson's ratio. In the dual coeffi-
cient model, an equivalent moduli of rigidity H and an equivalent v are
obtained. These are artificially created to delineate the effect of Poisson's
ratio, such that both are functions of thickness only but are independent of
each other.

However, where Poisson's ratio is a constant, the uni-coefficient model
should be used for conceptual simplicity. However, when Poisson's ratio
varies, as in a varying temperature field, the dual coefficient model is pre-
ferred.

We shall now analyze the structural strength of the hex-can in resisting a
28.25 MPa global pressure. On the surface the pressure is less than a third
of the yield strength in bearing. However, consider the fact that at the wall
thickness prescribed the pressure is concentrated near the vertex over a re-
gion less than a third of the half wall length in a near triangular distribu-
tion. Even though a conservative one third of the half wall length is used,
the maximum pressure would be approximately six times the global pressure.
The corner would yield under such concentrated pressure.

Then the compressive force (N in Figs. 7 and 8) is by equilibrium equal
to /3P (= pa). The corresponding compressive stress therefore

oc = p/(l-n) = 328 MPa (47.6 x 103 psi).

The value is much too high above the yield strength.

Furthermore, in the inner core region the Young's Modulus at the high tem-

perature is only 1.17 x 105 MPa. Correspondingly

| = 0.24 x 10"3 .

We observe in Fig. 12, the value is just above the stability curve for v =
0.342. While the confinement from lifting may be achieved, the hex-can will
fail structurally.
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