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ABSTRACT Based on the simplified structure model of high porosity materials , the formulas for approxi-
mately evaluating the tensile strength of these materials have been derived from the corresponding deductions

taken by means of the relative theories about geometry and mechanics. The results show that, the tensile

strength of these materials not only associates with the material sort and production method, but do further

have a direct value relationship with the porosity, ¢. This value relationship can be specifically expressed by

the power of the item (1 - ¢) , and it makes the tensile strength variation display a complicated nonlinear law

with the porosity . In addition, the application of those formulas has been investigated with the corresponding

experiment on a nickel foam .
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1 INTRODUCTION

The tensile strength is an important proper-
ty for engineering materials,, and the same for
the porous ones, so people have been thinking
highly of the theoretical evaluation of the tensile
strength for pore-containing bodies . More than
20 corresponding calculation formulas are intro-
duced just in Ref .[1 ], some of which have simi-
lar types, others are very different, but all of
their calculations are by means of porosity which
is the specific index for porous bodies .

The high porosity metals, which have been
developed rapidly in recent years, may be re-
garded as the new porous materials, and their
production methods are generally different from
the traditional powder sintering technology , but
the electrodeposition on organic porous bod-

[2-51 the metal gas phase deposition on or-

[6.7]

ies
ganic porous bodies and the metal fibre con-

[8], three-

centration etc. They possess a
dimensional reticulated structure consisting of
continuous voids , and their porosities are ranging

from 80 s to 90 s percent. These high porosity
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materials may be applied to battery electrode ma-

trixes , filters, catalyst carriers 2 4+ %! , electro-

che mical process cathodes such as in electric

composition[3], fluid mixers[4], heat exchang-
erst®: 8] , silencer materials, electromagnetic
shielders** 8! , composite metal materials and

(58] As the functional and

constructional materials are utilized widely, the
acoustic, thermal , damping and electromagnetic
shielding properties of porous metals have been
syste matically studied by Prof. He Deping in

some other fillers

Southeast University of China and his students,
and their tensile strength is a basic mechanical
property , so its explicit value range will be de-
manded in excellent designs for high quality ma-
terials and many other situations . But the former
formulas for evaluating the tensile strength of

porous bodies! ' 9101

are mainly based on the
various powder sintered materials containing iso-
lated voids such as sintered iron and steels, they
generally suit one or several specific preparing
means and materials directively , and have the
better practical effect in the lower porosity

range . Among them , majority are the e mpirical
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and half-e mpirical ones. In contrast to them,
from the simplified treatment and approximate
deduction according to the three dimensional
reticulated structure feature of high porosity ma-
terials , the present paper has derived the simple
evaluation formulas commonly
porosity metals produced by various technologies

and made of different materials. By examina-

suiting high

tionally applying those formulas to an electrode-
position-type nickel foam , their effects have been
comparatively analyzed, and the superior has
been found.

2 APPROXIMATE DEDUCTION AND RE
SULTS ABOUT EVALUATION FORMU
LAS

2.1 Fundamental hypothesis for physical
model

Isotropic high porosity metals take the
three- di mensional reticulated structure with their
metal wires linking in the light of diagonal lines
of cubes, which consists of many octahedron
void units like body-centered cubic lattices ( see
Fig .1(a)) , and the centrosy m metrical axis of a
unit octahedron is in the tensile direction ( see
the arrow direction in Fig.1 (a)) . When the
maximum normal stress ( Jp,,) achieves the ten-
sile strength value ( ) of the corresponding
compact material at any position within the

Tensile direction

T

l

Tensile direction

{a)

/Edge

Node

metal wires and the nodes of the unit octahe-
dron, the fracture leading to the integral de-
struction of the porous body will e merge . At this
time, the external tensile stress on the integral
porous body is the tensile strength ( 0) of this
porous material .

Fig .1(a) shows the isolation analysis model
taken from mass interlinked unit octahedrons
contained in the porous body . When the material
is brittle, the node positions are stable during
tension . While the material has plasticity , the u-
nit octahedron can be lengthened by tension. But
as an approximate calculation, and for deduction
convenience, the transfer of tension from the
outside may be aimed at mainly , and the binding
force vertical to the external load might as well
not be considered te mporarily .

2.2 Simplified treatment and relevant di memr

sions about unit octahedron

For convenience , the edges of the unit octa-
hedron may be considered as cylinders, and the
internal vacancies of the edges the mselves may be
also considered as cylinder hollows. Let the
porosity of continuous voids (i.e. main voids)
outside the metal wires and constituted by linkup
of the metal wires be &, and the porosity of the
internal vacancies within the metal wires 19//, SO
the total porosity is ¢ = 0+ 0, meanwhile , 8
> #”. In addition, let the length of the edges of

(b

Fig.1 Schematic diagram for analyzing tensile strength of high porosity materials
(a) — Unit octahedron; (b) —Cross-section of edge
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the cube containing the unit octahedron be a,
and the following relations may be obtained ac-
cording to the solid geometry and relationships
bet ween volume proportions combined with Fig.
1:

the edge length of the octahedrons

L=/3/2+a (1)
the edge diameter of the octahedrons
r o= L-0 a (2)

A fem

the hollow diameter of the edges

, 9
= . 3
r Fﬁ.n a (3)

2.3 Internal fracture ways and corresponding
tensile strength appearance of porous
body

Let the external nominal tensile stress on
the porous body be 7, thus the load on the unit
octahedron is p = a%+ 0,and the action force on
each edge is

s 1 5

P = 4P= 40" g

The components of force p/in the edge axis

and vertical direction with the edge axis are p,

and p, respectively , and Fig .2 is the plane figure

consisting of four opposite edges within the unit

octahedron .

2.3.1 Node fracture

The position yielding the maximum stress in
the node should be at the joining section connect-
ing four upper edges and four lower edges of the
unit octahedron, which is the node neck, so this
position may be believed as the one where prior
destruction takes place . Considering the filling in
technology, the above- mentioned section area
can be approximately derived from the geometri-
cal relations in Fig .2 and equations (1) ~(3) :

S = K (5 (a%fﬂ]
= k[é(l - 0 at- éﬂ”uzl
= ék(l -0 0)a?
= ék(l - O)a’

So the maximum stress in the node is

Mar. 1999
O-maxzispz g- az
‘ék(l- 0) « a?
b, o
3k 1 - 60

where

When 0., = G, 0~ [3/4« k(1 - O)+ 0,
which is simply written as

o~ Ke(1- 0+ q (4)
this is the tensile strength of porous material

k means the proportional coefficient .

while the node fracture causes the integral de-
struction of the porous body, where K depends
on both the material sort and preparation tech-
nology which affect the specific structure situa-
tion of the porous body .

Fig.2 Force analytical sche matic for
unit octahedron
( where a, expresses the original included
angle between the edges and the centrosy m metrical
axis of the unit octahedron, and A and B express
the side and top nodes respectively .)

2.3.2
As to a single unit octahedron within the

Edge fracture

porous body imposed a tensile force , the external
load upon it may be considered at the upper and
lower nodes , and the included angle between the
edges and the centrosymmetrical axis tends to
decrease . On the basis of the different plasticity
of materials, there are three possible situations
for the edge fracture , i.e ., the edge has no rev-
olution at all , turns some angle and turns to the
same direction as the external load. On the first
and second situations , the edge may be thought
as the cantilever whose side node ( A) is stable
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and top node ( B) suffers the external load (see
Fig .2) . The approximate calculations are taken
by means of the relative theory in elastic me-
chanics, presuming the section doesn’ t change
during the edge revolution .
(1) Brittle fracture approximation without
revolution of the edge
Referring to Fig .2, there are
p1 = p/sin ag
= p'* (2/2)a- (1/L)
= (J6/12) « 2« 0 (5)
p2 = p/cos ao
=p’ - (/2)a- (/L)
= (/1) -’ 0 (6)
As for a cantilever, the section where the
maximum bending moment is produced ought to
be at the support root theoretically. However,
the edge isn’ t even actually, and the fracture
generally takes place at a relatively weak posi-
tion, which can arise in any place from Ato Bat
the roughly equal opportunity according to actual
conditions. Hence, the prior fracture position
may be taken as the middle of the edge syntheti-
cally . For calculation convenience , the hypothe-
sis might as well be done that the fracture is
caused by the minimum load bearing area of the
edge middle leading to the partial stress concen-
tration. Assuming that the shape variation of
that section is its internal and external dia meters
all becoming 1/ ntime of the even edge , where n
is a constant number more than1 and decided by
the production conditions, from equations (1)
and (4) , the bending moment of the prior frac-
ture position can be approximately expressed as
Mo o L6 o B
Proa =2 4

2

= 167" o (7)

Connecting relations (2) and (3), the
bending sectional modulus of the prior fracture
position of the edge can be derived as

. L\4 .L/4
al @t @)

32 r
2+

1
96 n

- - ().

E .
T (8)

Thus the maximum normal stress causing by
bending moment M can be deduced from rela-
tions (7) and (8) as

g . M _ 204 J6. 3T - 0) ©)
Lz a0y 0y
Besides, referring to relations (2), (3) and
(6) , the tensile stress produced by p, can be ac-

quired as

2
p2 n

2= ‘LT 1o 0
T2 T2 -
i . T
()7 - T
From relations (9) and (10) the total maximum
normal stress of the edge middle can be got as

Omax = Oi + 0‘2

20 J6 . 3n( - §) . an . o
(- 0)-(0H? -

when 0., = ¢, Oin the above formula match-

« 0 (10)

es the integral tensile strength of the porous
body, so the apparent tensile strength of the

-1
J
1 -

porous body is

21 J6 Ama - 0)

0 =~ 0,
a0ty
_ L 0t (057 -
(1 - 0) - (0)] +
1- 0

2nd J6 AT - 0y -1 - o) K

this formula is deduced on the basis of the hypo
thetical regular structure, and other shape
variations except the above mentioned one during
the tension course of the edge aren’ t considered,
nor is the complication of the fine structure and
vacancies of the porous body under actual condi-
tion . For those factors are mainly affected by the
material sort and practical technology for prepar-
ing the porous bodies, the above formula should
be revised with a constant K’ presenting both of
the material sort and production conditions .
Through the simple mode of coefficient multipli-
cation, it changes into
Colora - . (0H -
M R T S E I
-0

- . g (11
200 J6 Am - 0y - (1 - 9)| %4

When H”equals zero or can be regarded as
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small enough , there are
O =0,0-60)=0-06,0?=0
and Ocan be derived from relation (11) :
K’ (1- 07
0

16 ~ .
n’ (1 - 0 +2n /6311 - 0)
(12)

In addition, if #is big enough, for exam-
ple , more than 70 %, then

(1- 0 _ M2ﬁﬂ(l S0\ <
o0 6 Ama - g LA
J2 3m

0.05
EINPANVREL 1/2
12T 1-0.7) <

n
thatis (1 - 6) <2n’ J6.31(1 - 0)

So Ocan also be achieved from relation (12) :

’ 2
0 =~ K(l_a) 006

27 J6 .31 - 0)

= K- (1-09'7-q (13)
where K = K'/(2n® .J6 ./3T) , is still a factor

depending on the material sort and preparing
technology . This is the formula evaluating the
tensile strength of porous materials in the above-
mentioned situation .

hOU

<1

(ii) Plastic fracture approximation with
edge taking a certain geometrical deflection

Observing the tension of the porous body
made from materials having some plasticity, it
can be found that , with the tensile force increas-
ing gradually, the internal wires of the porous
body deflect to decrease the included angle with
the tension direction, namely, the unit octahe-
dron is gradually elongated. When the tensile
force reaches some value making the maximum
stress within the edge exceed the tensile strength
of the compact body, the edge will turn to a cor
responding limit position and fracture .

When the edge is pulled to deflect , the anti-
moment M, against external load, upon the edge
and produced by the side node (i.e., the fixed
end of cantilever) will raise along with increasing
edge deflection magnitude . And as to a given de-
flection magnitude , the larger the bending sec
tional modulus Z, the larger the antr moment
M, . Hence, M, at the fracture position might as
well be thought as

M, = g« Z+sin(q, - a) (14)

where  gis a proportional coefficient depending
on the material ( =0 to the soft materials) , a
is the included angle between the external tensile
force and the edge at the limit fracture position,
and 0 < a < a,. Besides, item (g, - a) is taken
sine for simplifying calculation .

Corresponding to Fig.2, the bending force
p1 and tensile force p, on the edge imposed by

the external tensile force are respectively

p1 = p/sina = a’/4+ 0-sina (15)
p2 = p/cosa = a’/4+ 0« cosa (16)
where O0is the external tensile stress on the

porous body at the fracture time .

Connecting relations (1) and (15), the
maximum bending moment arising from p, at the
fracture position ( that is also the middle of the
edge , the same reason as (i)) can be obtained as

My = p1 = L/2

= 3/16+ a*+ 0+ sina (17)

Combining relations (2), (3) and (16) ,
the tensile force produced by p, in the edge frac-
ture section can be gained as

p2
AN T2
LICRREE (G
2
ﬁ- cosa-ﬁ- 9 (18)

For 0, is distributed over the section cen-

0‘2z

trosy m metrically, it makes no contribution to
the moment of force at the fracture place .
Utilizing the moment equilibrium principle
for the fracture position, there is
M+ (% - %) Z= Mpy (19)
Introducing relations (8) , (14) , (17) and
(18) into (19), Ocan be achieved through ar-
range ment :

[ AL/2 « cosa- sina) + 3] «
0 =~ ot

6 33 (1o 0)/2.

—

_La -0y - (-
(1 - 6) «sina+
(-0

T - 0) - (Hewsa P Y

revising it like (i) , then
;| LBL2xcosa- sing + 3] -

6 331 - 0H)'/e

o~ K
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[(L- ) - (&) -
(1 - 6) «sina+
-0
- /. . * G 21
3 - 02 - () cosa ~ D 1)
where K and gare respectively the correct co-
efficient and the proportional constant both de-

—

pending on the material sort and the technologi-
cal conditions, ayand aare respectively the origi-
nal and the minimum included angle bet ween the
edge and the axis, and, ay = arcsin(ﬁ/3) ,
0< a< q.

The deflection angle (@, - @) of the edge at
the fracture time will increase along with in-
creasing limit bending moment ( M,, = % Z)
bearable to the edge, and decrease along with
enhancing bending sectional modulus ( Z) , so it
can be roughly considered for the calculation con-
venience assin(ay, - @) = Y(%Z/2Z) = VG,
where ¥ is the proportional coefficients deter
mined by the specific material , hence ais the pe-
culiar limit deflection included angle depending
on the specific material too. Let

C= K] 5(f2 * cosa- sina) + ﬁ]

6 .3 /om
C

K, = e sina
3
K, = 7C * cosa
then 0can be derived from relation (21) as
oo L - 0) - ()7 -
K- )2 - 0+
-0
y 72 % (22)
K- 09 - (0)7]
where C, K; and K, are all the coefficients

decided by the specific material, i.e., decided
by the material sort and technology for manufac-
turing the porous body .

When " = 0 or s mall enough , there is g =
Qor & ~ 0, ocan be got from relation (22) ap-
proximately as

2
= (-0 - 4 (23)

K- 0"+ K0- 0
Eq.(23) is the calculation for mula evaluating the

tensile strength for high porosity metals approxi-
mately. Testing the tensile strengths of the
porous bodies made from the same material
( which is the same sort of material and produced
by the same method) for several different porosi-

ties, substituting the outcomes into the above
formula and solving the binary linear equation
sets, and constants K; and K, can be acquired
for the corresponding material . Then, the ten-
sile strength of this porous material can be evalu-
ated for any given porosity by means of the for-
mula .

(iii) Pliabilitic fracture approximation with
edge deflecting completely

It is supposed that the edge won’ t fracture
till the edge turns to the same direction as the
external load thoroughly. For simplicity, the
pliability of the edge near the node is still be-
lieved to be so high that the crackles and other
defects causing the prior fracture won’ t e merge
during the tension course. At this time, the
fracture strength, J,is the pure normal stress on
the edge . No matter whether the shape and size
of the fracture section change or not during all
the course, it can be achieved by reduction pro-
portion of the area enduring the load as well as
relations (2) and (3) :
K//.4(3Tr2- JTrlzy o

0 =

a2 0
=E.(]_§).00
= K (- 0-9 (24)

where K and K, are also constants depending on
the material sort and technology .

(iv) Simplified approximation for edge frac-
ture with moderate deflection

This case is similar to (ii) , and between (i)
and (iii) , so the tensile strength can be approxi-
mately expressed as

o= Ke(1- 07 q (25)
When the material possesses the moderate plas-
ticity , there is roughly

o= K+ (-0 q (26)

3 APPLICATION AND VERIFICATION OF
FORMULAS

3.1 Experimental material as well as prepara-
tion and test of samples
The experimental materials e mployed the
nickel foams developed by metal nickel electro-
plating on the polyether sponge sheet about 2 mm
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thick , whose preparing procedures were primari-
ly soaking the sponge in the conductive colloid,
electrodepositing nickel on the soaked sponge and
reductiomr pyrolysis of the electroplated sponge .
Keeping the other technological conditions sta-
ble , just altering the electroplating time, the
porous nickel plates with different porosities and
2 ~3 mm thick were obtained. Referring to Ref.
[71, a die was used to cut samples of nickel
foams to standard dimensions for the tensile
strength test. The du mbbell
shaped having a total length of 12¢cm and a vari-
able thickness which varied with the samples.

samples were

The samples were 1 cm wide in the neck (4 .6cm
in length) and tapered at each end over a length
of 1 .6¢cm to2.0cm in width.

XLI-50 type tensile strength tester was
used to measure the tensile strength, with its
loading error less than 1 % . The original length
between clamps padding rubber mutts was 8cm,
and the samples were pulled at a constant rate of
8.2 mm/ min, which approaches 0 .13 mm/s in
Ref .[ 7]. The measuring ranges were al ways ad-
justed according to the practical tension values
during the test course , so as to make the fracture
tension not only within the measuring range but
also close to the measuring range limit as far as
possible, and do the measure errors get to the
least . Only samples fractured in the neck region
were accepted as valid, every four samples were
tested for the same porosity, and the mean value
of the tensile strength was taken. All tests were
made at about 25 T .

3.2 Results and formula applications

As for the present experimental material,
there are 0 <2 % and 0> 88 %, so the error
brought by regarding 0"~ 0and & ~ Ois less
than 2 % . Moreover, as the node strength is far
higher than that of the edge one, the fracture
will take place at the weak position just within
the edge . Besides , the metal wires of this mate-
rial take a certain deflection during the tension
course . Therefore , here only two formulas ( 23)
and (26) were used for verifying them and com-
paring their effects .

As to every four single samples for the same
porosity , the scatters of all the test values of the

tensile strength are not big , and their mean val-
ues are listed in Table 1 . Utilizing the ¢ =490
MPa provided by Ref.[ 11 ] as the tensile
strength of metal nickel, and introducing the
mean test values of the tensile strength corre-
sponding to the samples with different porosities
into the above two formulas successively, the
corresponding coefficient values can be derived
from solving the ten unary linear equations re-
spectively for formula (26) . While for formula
(23) , ten binary linear equations are got. Com-
bining every porosity equation with the next
one , and the last one with the first one, ten e-
quation sets of binary linear equations are com-
posed, and ten sets of coefficient values corre-
sponding to the samples with different porosities
are solved out. The relative deviations of coeffi-
cient values of 67 sample vs the mean one are
found exceeding that of all the other samples
greatly for both formulas (23) and (26) during
computing the mean values. By means of the re-
lated theories in error analysis and datum treat-
ment, according to Glabs statistics rule, taking
confidence degree a=1 .0 %, the corresponding
data of this sample are judged to be doubtable
and abandoned, and all the mean values are cal-
culated again with the other nine samples for
these two formulas . Substituting the mean coef-
ficient values back into the original formulas,
they can be approximately obtained correspond-

ingly :

(1- 07
g = 1/2 . 00
1.797(1 - &' +2.536(1 - 0)
(23%)
o=0.213( - ' g (26")

The tensile strengths of those samples are e-
valuated with the above two formulas , the relat-
ed calculation results are given in Table 1 togeth-
er. And the direct visual coincidences between
the specific theoretical curves and the practical
test dada are presented in Fig .3 together.

4 ANALYSIS AND DISCUSSION

Table 1 and Fig .3 show that the calculation
values coincide with the test results well for for-
mulas (23) and (26) , but deviate obviously for
(13) and (24) . This fact is due to a certain de-
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flection of the metal wires of the experimental
mate rial the course, and
identified by the actual observation. It’ s also il-
lustrated that metal nickel is a material with the
moderate plasticity at the same time .

It" s presented in Table 1 that the coeffi-
cient in formula (26) is so steady that its relative
fluctuation ranges within several percent , which

during tension

makes the formula utilized very conveniently .
That is to say, if the preparation and measure-
ment of samples for getting the specific coeffi-
cients are relatively accurate , the calculation er
rors caused by the coefficient uncertainty are also
within several percent when the tensile strengths
of the same sort of porous material are computed
by the formula whose coefficient is substituted
back with any one available . The relative devia-
tions of evaluation values of formula (26/) , the
multiplied one of formula (26) , vs the test ones
are within several percent too, this evaluation
result may be regarded to be good. Besides, this
formula has only one unknown coefficient,
which can be solved out easily, and displays an

excellent overall application effect for the present
experimental material. Nevertheless, the value
1 .25 taken as the index representing the materi-
al plasticity isn’ t strict, and there is randomness
to some extent in that this value has achieved a

(O Test data
1—Formula(13)
2—Formula (23)
3—Formula (24)
4—Formula (26)

Tensile strength/MPa

94 96 98 100

Porosity/ %

Fig.3 Relationship between tensile
strength and porosity for porous nickel
produced by electrodeposition

Table 1 Experimental results and application of formulas

Sample number 1 2 3 4 5 6 7 8 9 10 Mean
a % 88 .60 89 .66 90.19 92.55 93 .52 95.79 95 .83 97 .15 98 .38 98 .84
F test
6.75 6 .45 5.40 4.16 3.23 2 .48 2.00 1.28 0.63 0.38
value/ MPa
GF(23)/ MPa 7.11 6 .24 5.81 4.00 3.31 1.83 1.80 1.06 0 .48 0.30
GF(26 )/ MPa 7 .08 6 .26 5.86 4.16 3.49 2.04 2.01 1.25 0.62 0 .41
abs( A 0/ 0)-
, 5.3 3.3 7.6 3.4 2.5 (26.3) 9.9 17 .2 24.1 22.2 10.6
F(23)/ %
abs( A 0/ 0)-
, 4.8 2.9 8.6 0.0 8.1 (17.9) 0.6 2.3 1.7 7.0 4.0
F(26 )/ %
K- F(23") -2.822 12.623 -0.268 3.987 -1.600 (80.829) 0.676 0.895 1.623 1.057 1.797
K,- F(23") 16 .631 - 31 .400 9.758 -5.832 16.116 ( -385.61) 6.907 5.610 -0.114 5.145 2.536
K-F(26) 0.208 0.225 0.201 0.218 0.202 (0.265) 0.217 0.223 0.222 0.204 0.213
abs( A K,/ k)-
, 257.0 602 .4 114.9 121 .9 189 .0 (4398 .0) 62 .4 50 .2 9.7 41 .1 161 .0
F(23)/ %
abs( A Ky/ ky)-
, 555.8 1338.2 248 .8 323.0 535.5 (15305 .5) 172 .4 121 .2 104.5 102.9 393 .1
F(23)/ %
abs( A K/ k)-
4.6 3.2 7.8 0.0 7.3 (21 .6) 0.5 2.3 1.8 6.4 4.0

F(26')/ %

® F(23) represents formula (23) , and the others are similar;

@ A9/ 0= {[(evaluation value of the tensile strength by formulas)-( test value of the tensile strength) ]/ ( test value of the tensile

strength)} x 100 % ;

® kis the mean value of K, A K= K- k, and the mean values were calculated without the data of 6* sample for both formulas (23/)

and (26') .
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good effect for metal nickel , but this taking-val- ty materials approximately :
ue way is still acceptable for an approximate e- o= K( - 0 "qg (01)
valuation. As to the taking-value of the index, and
documents about the metal properties can be re- a - g)2
ferred 7= 1/2 * % (02)
: ) ) ) K- 0"+ K- 0
Formula (23) is also pratical, moveover, it whe re oand ¢ are the tensile strengths of

has a low sensitivity to the coefficients, but its
violently fluctuated constants bring a greater in-
convenience to the pre-solution before the formu-
la application , so its overall use effect isn’ t very
good yet .

Beside the porosity which is a important
factor, the void shape, void size distribution,
defect feature within the material , specific struc-
ture fashion of porous bodies, and so on, which
are the factors depending on the preparation
technology , may all affect the tensile strength of
materials to some extent or even greatly . How-
ever, all the above factor effects (except the
porosity) are just accumulated into the constants
presenting the material sort and preparation
technology in the present theoretical formulas,
and they are quite difficultly expressed by the
simple mode of constant multiplication very apt-
ly . Besides, in the present theory, the distance
between two node centers is taken as the edge
length of the unit octahedron, and the compli-
cated ways of the node transition are not consid-
ered. All of these are the important reasons lead-
ing to the formula calculation deviation. Of
course, the formulas are based on the high
porosity , and will cause serious deviation as eval-
uating for the low porosity. This is the limita-
tion of this evaluation method .

Finally , it’s worthy to be pointed out that,
the above formulas are all derived on the basis of
the isotropic porous materials with high porosi
ty , so their constants should be associated with
the tension direction respectively when the mate-
rials are anisotropic .

5 CONCLUSIONS

The following simple relations may be used
for evaluating the tensile strength of high porosi-

porous and corresponding compact materials re-
spectively, and @is the total porosity of porous
bodies; K, K; and K, are all the constants de-
cided by the material sort and preparation tech-
nological conditions, and will connect with the
direction when materials are anisotropic . In for
mula (01) , mis the plasticity brittleness index
of materials and the firmness index of the nodes,
varies from 1 to1 .5, tends to be 1 for materials
of high plasticity or porous bodies with the nodes
fracturing prior, 1 .5 for brittle materials, and
1.25 roughly when materials are the general
metals or alloys with moderate plasticity , for ex-
ample, metal nickel. While formula (02) is
available only for the porous bodies with the
edges fracturing prior. These two formulas are
based on the feature of high porosities , so they
can be used only in the high porosity scope , such
as the one with the porosity higher than 80 % .
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