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Stress Analysis of a Model (miniature) Truss

Kouhei Hamada and Masachika Naito-

Abstract

The measured stress of the truss structure does not always agree to the stress caulculated
by the Cremona’s method. For the purpose of researching into the relation, an experiment on
the model truss was tried by the authers. The model truss made of equal angle steel was
Warrn type, span length /=360 cm, hight 2=30cm. The axial force was measured by the axial
force load-cell. In the measuring member, the load-cell was inserted instead of the member.
The section of the load-cell was square; so axial force and bending moments were measured and
caulculated individually. In the members of the truss, the axial force of the upper chord member
was 80~85% of the caulculated value and -on the lower chord member it was 75~80%. On the
other members they were nearly equal. The reaction ratio of the main beam to the sub beam

was 4:1.
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Hydraulic Transport of Solids in Pipes

Part 4. The Experimental Formulae for the Terminal
Velocity of a Sphere decelerated by the Pipe Wall
and the Flow Velocity to maintain the
Suspension of a Sphere in a Pipe

Kyookai Okuda

Abstract

In the present paper, the following two velocities are examined in terms of dimensionless
factors:

a) The mean flow velocity in a pipe to maintain the suspension of a sphere, vy,

b) The terminal velocity of a sphere in a pipe, vy.

The experiments were performed by changing the diameter of a sphere d, the specific gravity
of a sphere 7s and the diameter of a pipe D.

The results obtained can be summarized mainly as follows:

a) v/vs=09788—1.145X In (d/D+1.0),

D) 0glve=1.0—0.908X(d/D}-52, {or the spheres falling straightly along the pipe axis,
or

vofve=0.765—0.924 X (d/D)-592, for the spheres falling swinging in the pipe,
where v is the terminal velocity of a sphere in unbounded fluid,

¢) The drag coefficient of a sphere in the pipe flow is larger than that of a sphere in
unbounded fluid flow.
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Simulation Using Computer Model on the Nucleate
Boiling Phenomenon (1)

Hideaki Yamagishi and Yutaka Hanaoka

Abstract

Many workers have offered various useful theoretical and experimental results in nucleate
boiling study. It is seemed to be expected that these are more confirmed by the fact that nucle-
ate boiling phenomenon can be simulated in arbitrary conditions. This paper is attempted to
simulate nucleate boiling by computer model based on the results. Generally, nucleate boiling
is successive of many linkage cycles, each cycle being composed of bubble generation-growth-
departure-waiting-generation. Data obtained up to the present day by investigaters have been
applied to each stage. The effect of the separation on the thermal boundary layer by agitation
of bubbles is neglected, and the modified Jacob’s relation, fdo=constant, is applied to the check
of present results, bar is meaning of ensemble mean over the boiling field.

Relatively increasing or decreasing heat flux, present value of the constant tends to deviate
from the one by other investigaters. Mainly it seemed to be questionable on the treatment of
coalescence of growing bubbles and waiting period. Therefore, present simulation model is
needed to refine.
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Relativities between Sets and Measurements

Yoshio Kinokuniya*

Abstract

This is a renovation report on relativities between sets and measurements. The usual
outer measure plays an important role in relation to the a priori measure too. Construc-
tions themselves of sets imply many specifications relative to the measurements of sets.
The continuum problem, Lebesgue non-measurable sets and the notion of Baire category
are specially discussed to gain some lights for the renovation of the foundations of analysis.

0. Introduction

Starting the study under the title of “the theory of a priori measure
in connection with the empiricist theory of sets” and afterwards supple-
menting it by the pragmatist dogma®, we have more and more been made
convinced that there should be found tightly intimate relations between the
notions of ‘a set’ and ‘its measurement’. Recently we have arrived at some
important synthetic view on the relative construction of the two notions.
So we will in this paper state it in several steps of discussion.

Through several previous papers, we have obtained a course of axio-
matization which can be sketched as follows.

A collection S of elements in a given universe U is called a descriptive
collection or an aggregate if it is admitted as decidable that

(Vpel)(peS.V.p&S).

If an aggregate A in a euclidean space is considered as determinate, it should

be decidable that
(3.v.24Bc A)(#mB>0)

7 referring to the apriori measure. If all members of a family of aggregates
are contained in a set B and #B>0, then the family is said to be uniformly
bounded. A euclidean space is thought to be epistemologically and prag-
matisly comprehensive if it is related to the a priori measure such that:

(i) it conforms to the axiom of size-conformity, i.e., if an aggregate is
regarded as a limit of summation of some uniformly bounded increasing
family of aggregates, then its remainder of summation must be measured
by # as tending to zero;

(i1) the principle of destination is applicable, i.e., for any aggregate A,
if no other value than a can be induced to be equal to @A on the assump-
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30 Yoshio Kinokuniya

tion that A is #-measurable, then A is #-measurable and #“A=a;

(iii) the a priori construction of W-measurement is applicable, i.e., for

any m-measurable aggregate A the formula
mA =v(A)-p (0. 1)
is effectible.

In (0.1) g referes to the uniform point-measure called the normal poini-
dimension, and v(A) is called the inversion number of A in respect to f.
v(A) is considered as an exactification of the notion of ‘power’ (of a set), so
that, by (0.1), it may be concluded that: for any two aggregates A, B in
a euclidean space, if v(A)<v(B), it must be that

mA<mB,
and if v(A)/v(B)=4, then
mA|mB =i .

The aggregates being considered under the above constructions are taken
to be called (determinate) sets. In this view, any euclidean space is taken
as an a priori space” reconstructed by the above constructions.

We have firstly attained the following fundamental theorem.

Theorem 0 (Theorem of Measurement). Amny set in a euclidean space
is m-measurable, if we admit its WM-measure value to be possible to be infinite.

Subsequently, an important sight of construction has been obtained by
the following theorem.

Theorem 1 (Theorem of Limit). If an indexed class of sets (A,) (tel)
in a euclidean space is given such that I is simply ordered and

Ve, k€l: <. > A CA,,
and
A=Ugd,, (0. 2)
and if A is regarded as the limit of (A), then it must be that
mA =sup mA, .

In regard to (0.2), we should thus distinguish two cases: (i) 4 is the
limit of (A,); (i) A is not the limit of (A). However, it is notable that,
in case of (ii), A can also be admitted as an aggregate (and hence as a set),
because it is demonstrated as follows: Let E be the euclidean space in
which A and A, (¢e]) are containd. Then we have

(Veel) (VpeE)(peA,.V.pEA)).

Hence
(VpeE)(3.V.4el)(peA,).
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Relativities between Sets and Measurements 31

So then, defining as
VA, = [pe E|3eel) (pe )},
we may have

(VpeE) (pe. V. & (UA)).

If (i) is the case we call A the sum of (A)) and (A,) summable, and if (i)
is the case we call A the union of (A).

By grace of Theorem 1 we have previously concluded, in the empiricist
pragmatism, that there.exists no ordinal number to correspond to the con-
tinuum®. In this paper, we refer to this subject again in Sect. 2.

Let Q be the set of all rational numbers and

Q. ={zlz=a+y, yeQ}

and V be a set of real numbers such that

Va, yeV: z#+y. > .0.NQ0, =&

and

UxEVQz = (—OO, OO> .

Then V is a Vitali set. If a Vitali set V, is contained in a set A, then
Vi is called a Vitali set in A. Tt is well-known, in the classical analysis,
that no Vitali set is Lebesgue measurable. However, in our present view,
any Vitali set is possibly thought to be a (determinate) set (, therefore -
measurable, by Theorem 0). The reasoning for this assertion is shown in
Sect. 2.

Let U(p, ) be a set (called a closed ball (set)) in a euclidean space
defined as

Ulp, py=1{q| lg—pl<0}

where |g—p| denotes the distance between the points ¢ and p, and let d,(p)
be defined by
dip)=lim PLU L) 0.3

Then d,(p) is called the lower (normal) density of a set A at the point p.
In this context, one theorem is obtained in comparison with the density
theorem™ of Lebesgue, and gives us an interesting example of a set which
may be determinate (therefore #-measurable) but not Lebesgue measurable.
The proof of the theorem is attained by making a little modification of
a proof of the theorem of Lebesgue, that shall be shown in Sect. 3. Inci-
dentally, it will be shown that the usual outer measure (of Lebesgue) plays,

*) Its content is shown in Sect. 3.
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32 Yoshio Kinokuniya

in this connection, an important role relative to the a priori measure, too.
In Sect. 5, a counter example of a set is shown to break the distinc-
tiveness of the notion of Baire category.

1. Unfinishing Indication

When a set is taken as a total aggregate of indices, it is called an
indication. For a simply ordered indication [, denoting as

[(»c) = Uzérs {[} and 12»-) = U»r<.' {{} >
if for evrey intermediate x€l* it is observed that
vl i) =0, (1. 1)

then [ is said to be of unfinishing type or unfinishing.
For an indexed disjoint class of sets (E,)(¢cel) ({: simply ordered), if
there is a set £ such that

(VpeE)(Feel)(peE) and (Veel)(peE.. > .peE),

(E) is called a partition or an [-partition of E. For an [-partition (E))
denoting as

Ey=UFE,
if the family (E,))(c€l) is summable, we call (E,) summable. -
If (E)(cel) is an [-partition of E and if it is destined that
Ve, k€l : mE =nmE,,

(E,) is said to be size-preserving. In this case, in accordance with (0.1) we
may express it as

Vel : E, =v-p (1.2)
¢ being the normal point-dimension and v(E,)=v for all (¢/. Then, if
Ew=UE, and Ej =U- E,,
we may define v(/,)) and v(I{,) by the relations
ME g = v(l) 1t and WEy, = v(l(o) 1. (1.3)

In this case, to emphasize the relation (1.2), we call it a size-preserving
1-partition of E.

If 7 is unfinishing, then about v(/,,) and v(/{,) defined by (1.3) the
relation (1.1) holds. In this case, if

O<mE< o0

we have

*) Le., c#inf, sup ¢ (c€1).
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Relativities between Sets and Measurements 33

A?%Em . v(n) ¢ _ v({ ) < v(/ ()

mE (e W) Tl
As the right-most term vanishes by (1.1), it must be that
VICE[ : 7’72E(,) =0. <1. 4)

From our standpoint, (1.4) is contradictory, because then lim ®E.,,=mE>0
by Theorem 1, whereas lim % E.,, =0 by (1.4). Thus we conclude that:

Theorem 2. If [ is a simply ordered aggregate of unfinishing type,
then for any set E such that
0<mE< oo, (1.5)

there can exist no size-preserving I-partition of E to be summable.

The contradictory relation (1.4) may, at the first glance, give us the
suggestion that there possibly is an unvanishing atmosphere® in the process
lim (E—£,)). In effect, if we take, instead of #, some other measure con-
structed on a special foundation (e.g., the probability measure of homoge-
neous occurrence of points), the assertion of Theorem 2 may possibly be
related to the atmosphere at infinity.

Incidentally, if our work is succeeded by the integral calculus, a non-
summable partition of a set may sometimes be reinstated as meaningful.
If (E£,) (A=1,2,--) is a size-preserving partition of a set £ which satisfies
{1.5) and if a function f(x) is assigned its values by

flay=(1—¢;) for z€E, (k=1,2, ---)
and
lim ¢, =0,
then, for any positive number ¢, we may have
I—e<flo)<l+e (1. 6)

almost everywhere, because there is a finite integer N such that (1.6) may
hold whenever xz€E, and %2>N, whereof, if Ey,=UY E, we may, in a
similar way to the case of (1.4), have

%E(N)/;%E = O .

In addition, it is notable that we may then have

S f(@) de=FE.

2. Vitali Set and the Continuum

Given a set A and a simply ordered indication /, assume that for each
¢l there is a mapping ¢, such that ¢,(A)=A, and that
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34 “Yoshio Kinokuniya

tc#Fe. > A NA=CT.
Then, defining
E=UA,,
if (A, is a size-preserving [-partition of E and
O<mE< o0,

according to Theorem 2, I cannot be of unfinishing type. However, if we
define as

Ez = {x:]{E]> ‘r: = 9’)[(3:)} >
we may have
E = UxeAEz

and this relation may not always be denied even when [ is unfinishing.
Now, let A=[—1,1], V, be a Vitali set in A and Q, be the set of
all rational numbers contained in A and let

Ae={yly—x€Q.}
and
E=U, A (2.1)
Then it is obvious that
O<mE< oo,

In this case, if we define as
V, = {xEEKHzE Vole=2z+ y)}

we may have
E=Uyq, V,. (2.2)

However, since Q, is an enumerable infinite set and hence, as easily seen,
is a set of unfinishing type, and since (V,)(y€Q,) is apparently sizepreserving
Q -partition of F, by Theorem 2 (2.2) must be meaningless as a summation
formula.

If we denote by Q the set of all rational numbers, by R the set of all
real numbers and define Q, by

Q.= {zlz=x+y, yeQ},
then we have
R = UxGRQm '

to be true. In this context, a Vitali set V; can be so defined that (Q,)
(zeV,) may be a minimal subclass of (Q,) to satisfy the condition
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Relativities between Sets and Measurements 35

R = UxEVAQz .

Then the conception of V, as a collection may be thought to be consistent
in the meaning that V, is an indication such that (Q,)(z€V,} may fll up
R with no overlapping. Such an operative meaning of “filling up R’ may
not be so clearly found in the collection along Q. because Q, is firstly
forced its essential property of enumerability which now turns out to be
rather independent of the naive meaning of the collection of (2.2). In effect,
since the enumerable infiniteness of O, implies the unfinishingness of Q,,
the formula (2.2) is, in our view, concluded to give no summation: formula.

In the classical analysis, the set V, has been decided to be Lebesgue
non-measurable because of the size-preserving repartition formula (2.2). In
our course, though the formula (2.2) is denied by Theorem 2, we may find
no reason to reject the set V, itself as inconsistent. Incidentally, if V4 is
admitted to be a (determinate) set, it seems no difficult to demonstrate that
if A is an interval of finite length

%VA = O .

For all above-stated, if V, is taken as a well-ordered aggregate to
correspond to some regular ordinal, (2.1) too turns to be inconsistent as
a summation, because any regular ordinal is apparently of unfinishing type.
Moreover, similar relativity is found on the continuum problem too. If the

continuum hypothesis of Cantor is true, it must be that, for any interval
set I of positive length, we may have

E=0

2 being the initial ordinal of 3rd class. Then, as £ is a regular ordinal
and hence is unfinishing, by Theorem 2 it is impossible that 0<mE< oo™,
so that it must be that

mE==0.
This apparently gives a contradiction. Thus we have the following results.

Theorem 3. If the ordinal of 3rd class is to be admitted, the con-
tinuum hypothesis of Cantor cannot hold in the empiricist pragmatism.

Theorem 4. If a regular ordinal corresponds to a bounded set A in
a euclidean space, then it must be that

mA=0.
Subsequently, by Theorem 4, it readily follows that:

Corollary 5. There can exist no ordinal to correspond to the con-
tinuum, in the empiricist pragmatism.
Corollary 6. The well-ordering theorem cannot generally be admitted

*)  Because ({z}) (r€ ) is considered as a size-preserving FE-partition of K.
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36 Yoshio Kinokuniya

in the empiricist pragmatism.

3. Density Theorems
For a linear set E (of real numbers) if x€E and

. mEN[x—h, x+h]
o, 2 =1

m, referring to the outer measure, x is called a point of density of E. In
relation to this property the following theorem is known.

Theorem. 7 (Lebesgue Density Theorem) (1st Density Theorem). Almost
every point of a Lebesgue measurable set E is a point of density of E.

It seems very natural if one intends to apply, in any way, the a priori
measure in place of the outer measure in a similar construction to that of
Lebesgue density. Fortunately we obtained the following proposition to be
true by application of the lower normal density defined by (0.3). The proof
was attained by making a little modification of the proof of the Lebesgue
density theorem cited to a book by J. C. Oxtoby®. For any set E in a
euclidean space, let the subset E, of E be defined as

E, ={peE|d:p)<r}.

Theorem 8 (2nd Density Theorem). For a bounded set E in a euclidean
space, if there is a real number 0<r<1 for which

m . >0,
then we have
mE,.<r-m.E,.

Proof. For any ¢>0, there may be found a bounded open set G such
that £,C€G and

m E,>(1—¢) mG . (38.1)
Let 8 be the class of all closed ball sets of positive radius U such that
vcG
and
mENUL(+e) r-mU. (3.2)

Now we first take an arbitrary ball from 8 as U, and choose U,.,; in
sequence, as follows. U, «--, U,€8 are disjoint and &, denotes the subclass
of all members of 8§ that are disjoint to Uy, ---, U,,. Let 8, be the supremum
value of the diameters of balls of §,. Then we choose U,,; from §, such
that, denoting by |U| the diameter of a ball U, we may have
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1
|Unir] >0, (3.3)
Next, we set the assumption that for the set
E=E—urU, (3. 4)
we have
m E.>0. (3.5)
Then, since
mU, <mG< o0

there exists an integer NN such that, denoting by m the dimension of the
space®, we may have

3

~ 1
25 yamU, < B Me E,. (3.6)

We now take a ball V., that is concentric with Uy., and is such that
1VN+Ic! :3!UN+/¢1 . (3. 7)

Then we have
;"Z Uzojl ‘/N{-/; \<\ 2 77?» VN+I; == 37“2 ﬁ? UN-%»/.' )
k=1

hence by (3.6)

*

<m, E, .

*
So then Uf.,Vy., cannot cover up the set E,, so that

Er_Uz?:l VN+/c:/: @ ©

Hence, there is a point

PEE,—UT Viis. (3. 8)
Then, in regard to (3.4), we have
pel,—ul U,.

As U, are all closed, Uy ,U, is closed. So, there must be a ball U(p)eSy
which has p as its center. Then, if

Upinui Usin =&,
by the definition of 8y we have
U(p)eSyy, for all k=12, .-,

*) L'e., all points in question are contained in the same m-dimensional euclidean space.
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38 Yoshio Kinokuniya

hence by (3.3)
U (P)| <Oyir1<2|Upyisl -
On the other hand, as % #wU, is convergent, we have

lim |Uyee| =0,
k—roa

hence
)l =0.
This is a contradiction. So, there must eventually exist £’s such that
UpNUy#t S (3.9)

Now, let £ be the smallest of such £’s. Then, as
Ulp)eSyes-i,
by (3.3) we have again
U (P <Owir-1<2Unssl - (3.10)
Besides by grace of (3.9) we have

(the distance between p and the center of Uy 4)
1 1
<71U(P)l +?IUN+kI s

then by (3.10)

1 1 1 3
9 5N+k—1+§' |UN+k}<|UN+ki +_2‘]UN+/L-! = —Z—lUN+k| ’

<

then by (3.7)
1

-9 l VN—,L/c| .

Since Vy,, and Uy,, are concentric, this means that

PEVyis.
Therefore

j4a E;-_U;cczl Vaies

which is contradictory to (3.8).

This contradiction may firstly be conjectured as caused by the assump-
tion that (U,) make up an infinite sequence. However, as far as (3.5) holds,
we have

E —uz, U/c#@ >
then, since U?U, is closed, any point of E,—U7U, and the set U7 U, are in
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Relativities between Sets and Measurements 39

a positive distance, so that there may be chosen U,,, from 8, and con-
sequently (U,) must in fact make up an infinite sequence.

Thus, as the cause of the above-mentioned contradiction is left only
the assumption (3.5). So then we have

*

m.E, =0

m(E,—UU,)=0. (3.11)
Besides, as (U,) are disjoint closed sets, we have
mENUU,)=2mnENU,,
hence by (3.2)
<(A+e)r-2nU, <1+ r-mG,
then by (3.1)

e e E,. (3.12)

<

On the other hand
#HE, =wE.N0U,)+#(E~uU,)
<mE NUU,)+m(E—uU,),

so by (3.11) and (3.12)

1
<—1~—+E rem.kE, .
&

Since ¢ is arbitrary, we ultimately have

mE.<r-m.E, Q. E. D.

4. Homogeneous Probability

When observation of points is restricted within a set £ in a euclidean
space, if the occurrence of points in a special subset A of E is everywhere
expected with the same probability z, or, in other words, there is an aleatory
variable point P such that

Vp, geL: P(P=p)=P(P=q)
and for every open set GC K
P.(PeANG)/P.(PeENG)=z(<1),

then A is said to have homogeneous probability = in E. In this case, if E
is an open set, it s easily seen that

VpeEA: di(p)==.

(39)



40 Yoshio Kinokuniya

If we use a Vitali set V; in a bounded interval I, we may really, for
any 0<rx<1, construct a subset A of I which has homogeneous probability
7 in I, as follows: Denoting by QO the set of all rational numbers, we may
readily divide Q into two sets Q, and Q, such that Q,NQ,= ¢ and Q, has

homogeneous probability z in Q. Then, if we define as
A ={zel|@yeV,) (z—yeQ)},
obviously A has homogeneous probability = in I

Theorem 9. If a set A has homogeneous probability r in a bounded
open set G in a euclidran space and if =>0, then

m, A =m,G . | (4.1)
Proof. Since
mA=n-mG=n-mG>0 (4. 2)
and, by the assumption, apparently
A=A ={peAld.(p)<s],
we have
m,A,>0.
Then, by Theorem 8 and (4.2)
0<n-m,GL<n-mA

m,G<m, A .
Besides, as ACG
m, A< m, G .
Consequently it must be that
My A =m,G Q. E. D.
If a set A is Lebesgue measurable, we have
m,A=mA,

m referring to the Lebesgue measure. So, if (4.1) holds, by Theorem 8 it
must be that z=1 (because, when A is Lebesgue measurable, mA=mA).
Thus we see that: if a set A has homogeneous probability = in a bounded
open set and 0<z<1, then A cannot be Lebesgue measurable ; particularly
A cannot be a Borel set (because, as well-known, any Borel set is Lebesgue
measurable).

(40)
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’

5. Indistinctiveness of the Notion of Baire Category

In analysis, a null set is severally regarded to suggest a degree of
negligibility of a property which is taken to be examined for each point of
a' set whether it is satisfied or not. Similarly, a set of 1st category in the
sense of Baire™ has been expected to give a sort of negligibility analogous
to that of a null set. But, after all such expectation, it is found notable
that the property of 1st category is not so distinctive. We demonstrate it
in the following by constructing a counter example.

Let R be the set of all points represented as p=(xy, -+, x,) (x1, ***, Zp
being real numbers) the total of which make up a euclidean space of dimen-
sion 7, and Q be a subset of R that consists of all points for which all of
Xy, +++, &, are rational numbers. Then @ is enumerable, so let it be enu-
merated as Q=(q,) (=1, 2, ---).

Now, let it be that

Up=A{peR| lp—ql<1/2"}  (yk=12 ).
Then sets R® (v=1, 2, ---}) defined as
RY = (R—uz, UY)U (U321 {gs})
are all, as readily seen, nowhere dense, so that the set
R* =uR®

is found to be a set of 1st category. However, it is not difficult to prove
that

R*=R,

whereas R has generally been thought to be of 2nd category. Thus we find
that the notion of (Baire) category is not distinctive.
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Totally Ordered Linear Space Structures and Separation

Theorem in Real Linear Topological Spaces

Kazuo Iwata

Abstract
As a sequel to 21)% this time in a real linear topological space, the author deals with
the Hahn-Banach separation theorem™ (i.e., so-called Mazur’s theorem) and the related

problems from the view-point of the totally ordered linear space structures™ of the space.

Introduction. In the preceding note 21), in a real linear space
(excluding the topological consideration) we have dealt with the geometric
form of the Hahn-Banach theorem and the Krein’s extension theorem in
some detail’. On these subjects, now let the space be equipped with a linear
topology (occasionally, locally convex), and let the closed hyperplanes and
the continuous linear forms thereof be made mention. Then, still more,
by copying 21), there are derived the corresponding versions from a general
view via our new (for the author) means. For caution’s sake, these resulting
versions seem to be somewhat mentionable.

The first part of the matter is concerned with the separation theorem
of Mazur type', and the remainder is so with the extension theorem of
Krein-Rutman type''!.

The author wishes to express his gratitude to Prof. S. Koshi (Hokkaido
Univ.) for his obliging inspection.

Preliminaries. Let E be a real linear space with some non-zero vectors.
For convenience’ sake, notations and terminology employed in 21) are avail-
able as they are, except the symbol & and the Defl. 2. 7 is merely sub-
stituted by %, namely e.g., (E, &) signifies the totally ordered linear space
structure of E with respect to #Z. For the latter, see below.

* That was written under the direction of the Editors of Hokkaido Math. Jour., and
was dedicated to Prof. Y. Katsurada (Hokkaido Univ.) on her 60th birthday.
*% By this he means [18), chap. I, §5, th. 1].
*#*k  For this thought, the author was benefited by D. M. Topping [16), p. 418].
¥ For the former subject matter, compare 21) with e. g., [9), §8], [11), p. 460 (Notes and
Remarks)] and [12), §8, Th. 3]. For the latter, compare the same with [13), Th. 3.3],
[18), chap. II, §3, prop. 1] and [19), (V, 5.4), Cor. 1].
¥t Cf. 6), 7), 8 and [9), §8]. Compare the present Theorem 2 with [18), chap. II, §5,
exerc. 3]
i+ Cf. e.g., [15), Th. 2.6.3} or [20), Th. XIIL. 2.3]. The present Theorem 3 is subse-
quently compared with [19), (V, 5.4]].
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44 K. Iwata

Separation theorems. The said definition is modified as

DeriniTION 1. A system A in E is said to lie (resp., lie semi-positively,
lie positively) on one side of a hyperplane H={zxeE": f(x)=a} (feE* being
non-zero, « fixed) if a<<f{a) (resp., a<<f(a) and not all be «, a< f(a)) for
~each member a of A.
As a topological version of [21), Th. 1], we have

THEOREM 1. Let E be a linear topological space and A a positively
independent subset of E. A necessary and sufficient condition that A lies
(resp., lies semi-positively, lies positively) on one side of a closed maximal
subspace N(f) of E is that there exists a t.o.ls. (E, .R), with AC(E, %),
such that (i) holds (resp., (i) plus (it) holds, (i) plus (iii) holds), where

(i) (E, #)* contains some non-void open subset O of E ,

(ii) some a,cA is an order unit of (E, R);

(i) each a€A is an order unit of (E, ).

Proor. We work with the semi-positive case, and the remains are
likewise obtained by [21), Lemmas 1, 2, 3 and 4]. (Necessity) Let 0 < f(a)
(a€A) and not all be zero. Take (E, &) so that AC(E, &), then (E, f(.%)))
proves to be a t.o.ls. as required in view of the “closedness” of N(f).
(Sufficiency) Hypothesis implies AVOC(E, %)*. Besides, not only a,€ A, but
also €O all are the order units of (E, @) since O is open for linear to-
pology. These lead up to the conclusion.

ExamprLes. Let the finite sequence space R™ be equipped with the
local convexity by the usual inner product. Setting as A= {(a), a5, -**) : ;=0
for almost all £ Ya,>0}, an example such that (iii) holds (i.e., the sufficient
condition (strict case) of our [21), Th. 1] is met) but (i) fails is furnished.
On the other hand, therein taking another A = {(0, &y a3 ') :a,=0 for
almost all # Ya,>0}, an example such that (i) holds (letting x,=0, the
sufficient condition of [18), chap. II, § 5, exerc. 3] is met) or (iii) holds but
(1) plus (ii) fails is furnished. These are because of the fact that given
positive reals &, ¢, there are positive integer n and real d satisfying nd<<—¢
and (nd?)"*=e.

Now Theorem 1 is, in line with [21), Th. 2], also interpreted in terms
of “absorbing (syn., radial)’ by [21), Lemma 4]. Henceforth, we shall
proceed from this point of view.

As a general form of the corresponding version of [21), Th. 3], there
holds the next theorem. In this theorem, whenever we take into account
the topological consideration for quotient space, we let it be equipped with
the quotient topology.

THEOREM 2. Let E be a linear topological space, M a linear subspace
of E, and let A be a system in E such that the image ¢o(A+ x,) is positively
independent in I.|M, where ¢ is the canonical map of E onto E[M. A ne-
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cessary and sufficient condition that A lies (resp., lies semi-positively, lies
positively) on one side of a closed hyperplane H in E with H> M — z, is
that there exists a t.o.l.s. (EJM, %), with ¢(A+x)C(EIM, %), such that
(2) holds (resp., (2) plus (i) holds, (i) plus (iii) holds), where
Q) (E/M, &) contains some non-void open subset of E|M ;
(1) (E/M, .R)" is absorbing at some point of ¢(A+x,);
(1) (E/M, %)™ is absorbing at each point of ¢o(A+x,).

Proor. We work with the case x,€E is equal to zero. The remains
are readily verified from this by translation. Now, under the postulate
floy=Flx+ M) (xeE, x+MeE|/M) the following assertions are equivalent :

1) in E, A lies (resp:, lies semi-positively, lies positively) on one side of
a closed maximal subspace H=N(f) with HDOM;

2) in linear topological quotient space E/M, ¢(A) lies (resp., lies semi-
positively, lies positively) on one side of a closed maximal subspace N(F).
Indeed, “f= Fo¢” part is clear. Besides, quotient topology for E/M is
compatible with the linear structure of E/M, and (N(f)) is open in E if
and only if (N(F)Y is open in E/M. Therefore the above fact is true and
which achieves the desired end by Theorem 1 via [21), Lemma 4].

RemMark 1. In particular, the case where ¢(A+x,) is a convex subset
of E/M not containing the origin (convex subset A of £ not meeting M—x,
is the case) satisfies the initial hypothesis of Theorem 2. Hence, therewith
letting ¢(A-+x,) be open (A is open is the case since ¢ is open), a fortiori,
the Hahn-Banach separation theorem follows.

ReMmark 2. For the separation by a (closed) maximal subspace, we are
dealing with (cf. [21), Rem. 1]) the positively independent systems in the
space instead of the convex subsets not containing the origin. But, moreover,
in doing with the convex subsets not radial at the origin for the same pur-
pose, we can proceed by use of Theorem 2 (of course, if possible, alternatively,
by taking its non-empty radial kernel).

By the way, we give here a variant of generalized Stiemke theorem.

CoroLLARY. Let E be a non-trivial locally convex space and A a non-
empty finite system in E. A necessary and sufficient condition that A does
not lie positively (resp., does not lie semi-positively, does not lie) on one side
of any closed maximal subspace of E is that o(A) is positively dependent
in EJ{0} (resp., positively dependent therein with coefficients all not zero,
positively dependent as in just before and further the linear span of ¢(A)
is EJ{0Y), where ¢ is the canonical map of E onto E[{0}.

Proor. To prove the “only if” part of the first assertion, first let E
be Hausdorff. Now, let A={ay, a5, -+, a,,} be positively independent, i.e., the
convex hull co(A) does not contain the origin. While, as it is usually
given, co(A) is compact and hence is closed. With this, take a convex
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symmetric open O-neighbourhood (U such that Upco{A)=¢. Then con-
sidering the subset B=U{U+a;:i=1, 2, -+, n}, it follows directly that
co(B)30. Hence by Theorem 1 via [21), Lemmas 1 and 4], a fortiori, 4
lies positively on one side of a closed maximal subspace of E. Now let E
be non-Hausdorff. Whereas, Hausdorff space E/{0} associated with E is at
least one dimensional and locally convex. Therefore the present assertion
is valid from the fact above and Theorem 2. The converse is clear since
{0} H for any closed maximal subspace H of E. The remains of the
proof are attained via these by reductio ad absurdum and by use of (further)

quotient topology of E/{0} (cf. every finite dimensional subspace thereof is
closed).

Extension theorem. We next deal with the extension theorem of
Krein-Rutman type. To do this, we take the following.

DeriNiTION 2. Let (E, #) be a partially ordered linear space. The
subset {x:0 < x(P?)} of E is called the positive cone of E and is simply
denoted by C. But, if necessary, some of them are given hy the form
(E, &)" as before.

DerFINITION 3. A partially ordered linear space which is simultaneously
a linear topological space is called an ordered linear topological space. By
the way, linear topology for E will be denoted by &.

As a corresponding version of [21), Th. 4 (2)]', there holds the following.
This is logically equivalent with [19), (V, 5.4), Theorem (Bauer-Namioka)]
excepting the trivial case when fe M* is identically-zero, and so too is [21),
Th. 4 (2)] with Cor. 1 ibid.

‘ TrEOREM 3. Let E be an ordered linear topological space with positive
cone C. Let M be a linear subspace of K and f a non-identically-zero linear
Jform on M. A necessary and sufficient condition that f can be extended
to a positive continuous linear form F on E is that there exists a t.o.ls.
(B, &) with the following properties :

Q) ANCC(E, R), where A; stands for {xeM : flo)>0};

(i) (K, #)" contains some Q€@ which meets M.

Proor. (Necessity) Take (E, %) so that AVCC(E, £,)" by [21), Th.
4 (1) and Lemma 1]. Then (£, F(.%,)) turns out to be a t.0.ls. as required
by [21), Lemma 2] in view of the continuity of F. (Sufficiency) By property
(ii), (E, #)" is absorbing at each point of MnO since O is @-open. Hence
by [21, Th. 4 (2)], we get a positive linear form F on K extending f. Besides,
it follows whereby that OcC{zx€E : F(x)>>0}, and F is continuous.

SurpLEMENT TO THEOREM 3. OQur condition (i) plus (i) above is, as
a matter of fact, eqivalent to that AMCYO (0@ meets M) holds positive

1 Here the author, adds the following. In the case of [21, Th. 4 (2)], on hypothesis,
“positiveness of f” was over-imposed. Henceforth, this imposition is rescinded.
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linear independence. In view of this, the logical equivalences aforesaid are
directly ascertained too. Let us work with the former case, and the latter
is similarly done from this. First, our condition is necessary. To see this,
letting U be a convex symmetric O-neighbourhood in hypothesis, take m,
in M so that f(m, —m)>0 whenever meMnU — (CU{0})). [ is positive is
immediate, and ANC is positively independent. Suppose now that AMCY
(U+m,) were no longer so, then there would exist both finite many respec-
tive vectors a,€A4;, ¢,€C, u,+meU + m,, and corresponding scalars «, =0,
8;=0, 7,.>0 with 2¥7,=1, such that p=2a,a,+2pc,+27,(u,+m})=0. But
then, by the above, this yields f(p)>0, a contradiction. For the converse,
we may assume with ease that O€& in hypothesis be convex. Moreover,
it follows thereby clearly that f(x)=0 {xe MA(O+(CY{0}))). Hence by taking
my€ MnO, (—O)+m, serves for a convex 0-neighbourhood as required since
Sflmy—m)>=0 whenever meMn((— O +m,)—{(CY{0})).

In this connection, the hypothesis in [19), (V, 5.4), Corollary 2 (Krein-
Rutman)] explicitly implies that positively independent subset AMC itself
contains an Q€@ which meets M. Hence this cited comes under a special
case of Theorem 3 except only when feM* is identically-zero.

We close this note with focusing attention on an extreme case of
Theorem 3 (one-sided specializations thereof are also easy). That is, the
following is a just consequence of [21), either Th. 2 (semi-strict case) or
Th. 4 (2)] (resp., Theorem 1 (semi-positive case) or Theorem 3).

CoroOLLARY. Let E be a totally ordered linear topological space with
positive cone C. “Then there exists a non-zero positive (resp., non-zero posi-
tive continuous) linear form on E iff C is absorbing at some point (resp.,
C contains some non-void Oe@).

In other words, on putting C=(E, #)*, above positive nature is charac-
terized as C=(E, f(R)" for some non-zero feFE* (resp., non-zero f€R')
where two non-zero linear forms are the case iff they are positive scalar
multiples each of the other.

(Received May 19, 1973)
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Porosity Effects on Young’s Modulus of Graphite

Akihiko Matsumoto

Abstract

A bending vibration technique was used to determine the Young’s modulus and Q-1 of
a series of polycrystalline graphite at room temperatures. The structure of matrix materials
and pores was examined by using X-ray diffractometry, photomicrography, and electron micro-
scopy. The porosity of graphite was measured by a pycnometer method. An apparent linear
correlation between the Young’s modulus and the porosity was recognized. Precise calculations

of modulus curves can be made for graphite with the application of the theory of composite
materials.
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The Influence of Mg addition on the Superplastic
behaviour of the Zn-Al eutectoid alloy

Yuichi Tanaka and Katsuya Ikawa

Abstract

The influence of 0.02 wt% Mg addition on the superplastic properties of the quenched and
the annealed Zn-Al eutectoid alloys was investigated at 250°C. The main results obtained were
as follows:

(1) Addition of 0.02% Mg does not significantly affect superplasticity but flow stress increases
with Mg addition. The longest annealing process after quenching does produce large a; grain
boundary. With addition of Mg, much a; grain boundary is appeared by annealing.

(2) The magnitude of the strain rate sensitivity index m identify origin of superplastic
behaviour. The finer grain size material has a lower flow stress and high m region persists to
higher strain rate than for the coarser grained materials. This tendency is enhansed with
addition of Mg.

(3) Experimental results support that grain boundary shearing has occurred as a result of
grain boundary migration during superplastic deformation.
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Fig. 2. Relation between specimen-shape and work hardening index, »n and

strain rate sensitivity index, m during tensile test.
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Photo. 1. Microstructure of the specimens
prior to deformation.

(a) Zn-Al eutectoid alloy as equenched
(X 1200)

(b) 0.02% Mg alloy as quenched. carbon
replica (X 2000)

(¢c) Zn-Al eutectoid alloy as furnace
cooled (x1500)
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Photo. 2. X-ray diffraction pattern of speci-
mens prior to deformation.
(a) Zn-Al eutectoid alloy as quenched
(b) 0.02% Mg alloy as quenched
(¢) Zn-Al eutectoid alloy as furnace
cooled
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Microstructure of various speci-
mens, quenched from 350°C, and
annealed at 250°C for: (a) and (¢)
96 hr, and (b) (d) and (e) 408 hr.

(b): Zn-Al eutectoid alloy (X400)
d): 0.02% Mg alloy (X 400)
e): 002% Mg alloy (X 1500)

2. BYESEABCELEBIVTHOR
Photo. 4 (a) (b) 12 Zn-Al £ 545 X 08 0.02% Mg 4%, OFAREE 107 min-,,
BalRE 250°C CHIBRATM S B EOBEMSBEMKTH D, WThLREROF + » 7 HIC KL
B (B R T 86%) 1k, ELUWRERMOKREAETIENHLNTHS, Tihbb,
DT R o THBRDORENEL X RS, Lo URAXE & S TH 5, &
SICHBRAARE B TW 5008885, JIULMOME? L—HLTw%, 2o &
(67)
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4

iy

L« Tt 1 deformed i

W aeformed |

S

Photo. 4. Change in microstructure during tensile testing at 250°C.
(X 1500).

(a) Zn-Al eutectoid alloy (head and deformed portions)
(b) 0.02% Mg alloy
(¢) furnace cooled Zn-Al eutectoid alloy

§=10"1 min—L
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NOEBEBRCRADOBE N ET 52 L2k
%, (€) 1k Zn-Al T &GO H M & R D
ST IRERE L 7256 O MG HAE Ly
RLIbDTH B, F+ v 7 X ERAE
FDEFHENT B2, 85% WilHNUREH 1k
Bickeinn, Tibt, BRAGORR
E2VET o, SHOFEMBREET 5 X 51
755,

OTF R L B o R, X
BIHC L » CLHER S iz, Photo.5 3,
Photo. 4 (a) 3k D 83% WEINAR L 7234 0
XEmFEch s, OFRILSOEE D CF

Photo. 5. X-ray diffraction pattern Zn-Al

BEXhAXdichb, B5ERVEL DL eutectoid alloy deformed to 83%

. N . reduction of area at 250°C. s=
Lish, COZENDRRROBRLSH D 10~ min-1. Initial grain size is
Enbh b, XBICEFRORENE 07

b, BRBOMBKRLITMEY i b b,
3. FIRBEBEROKRE

Fig. 6 (%, SIRIED—MO MBIk Jig Tk E MgimoFEB A2/ RLcbDTH S, i
VOOREE, FITE 25 mm) N3 EEELTHELR:, wihoRBlick T
L, O 10% W ET A LRI EICEL T 5, BRAKOFESHE, wThiEung]
EME A R TOMENEDE s, SRR L TEARE T, Zn-Al £ 64 % L0 0.02% Mg
Fa L b 600~T700% & DRARSMO LR, BEMIC X - TREMELHARI®IITE L
SIEETREE S I B KA MO T A M A R T, il iREsy 1.8~19 & Uiciiglpt
DHI NS, MgiMnHUOL2ZEL LA ZIEH I Enbns, ThbDHBEREDEL AR
AT AT AERERZEEZERICANTHESSET S, Fig. 6 0Bkl * 5L, &w
DF R HEENRH 5, Zhul, TTEMED Sl - THEFBIR, 200 ThHh= A -
B SOBEI N B 2 L ETREL T b,

Fig. 7 & ¢ Fig. 8 X4 h i Zn-Al 37546 & 0.02% Mg A 4120 TEEMIC X » T
TERBER I B GO T REERZE L 0T 2 EEOARLYRLI- LD TH B, 1tk
RO, TR ZhOFESHOBENL e TR, Bl eSiase & o kh, w3
NHOTHREEEZENOTARECRKFL TR D, A0 TREEH M TR EME YR
T, Mg OIFEINC L D, OFREERZEOEN L A ERTOFIEERAILES T 5 EA
NEHND, FROTREERZEOR S, TR L LEHRRROMA L & LITEO T4
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% BT ADOTHIAB L - Fig. 6 © B
MibS (EFLEIER; 0.02% Mg &4 1.8,
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FEIRSE MR A 0.2 F TIE O AEE 7o ZE
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L — o
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~Furnace

—Without Mg.
--=With Mg (002 °/)

cooled
lamellar structure)

«Annealed for 408hr
| (L=18x)
N\ _Annealed for 96hr

400

0
0 100 200 300
Elongation o
Fig. 6. Influence of the grain size and the Mg

content on the stress-strain curve of
Zn-Al eutectoid alloy. £=10-1 min.-!

fbgmdas, 02D ki L IEFICTm At 250°C.
05
05 ‘ 9 L=19x ‘
L= za,u ~3 Q L=18y
Lol
/L | /\\4 L=074 ot = 065,
— - g
c Q4 ﬂ(o/ ><4'———A o e /D\/
D\ 9, - 00 |
e \ e :
2z ‘ PR
é 03 n — = -%03 - \S ]
‘é \ As furrace \ q § ‘\.
ﬂw) s cooled ‘ < | \. As furnace
L m— " E\Q;T\T 1 29 N S\
u c \
g Without Mg \n\ T | With 002%Mg \
- [%)] Ll
D01 1 = o1 ~ AY_
A
o A
O i 0 T 0 w 0 0 0 10
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Fig. 7. The influence of grain size on Fig. 8. The influence of grain size on

the strain rate sensitivity-strain
rate behavior of Zn-Al eutectoid

alloys.
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the strain rate sensitivity-strain
rate behavior of the 0.02% Mg
alloy.
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Fig. 9. Dependence of the total elongation on

el BT R Moo L 2 5h the stratin rate sensitivity index, »z.
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V. B#ROEE

KD EBREER D, Zn-Al T4 4 0.02% O Mg ¥R L 7288 ACRBED SIS 5
RO Tk, 250°C o R EBEBESGH D L & T OBBILENChH » TBEMEY
RTZERPELMC I e, Ll Mg DIt RMABESZHEHLECIE I LEELTEH D
EAVRBE R, —, TP it i b X ERICKT 5 002% Mg 5205 EEEE 0% Mg
HHECHBEL SETHHIENMEINTE, LT, HL0TENEHAEEELT,
Mg o Zn-Al G ST RHLERE N EFEZBND,

BAF CRES AT HBAEOHERT, AEEIECE R AR X 982 Y~
S, EERRIRTAND, B X OHES TN SRR BEIS B\ IR £ S SRR EE o=
T =P EERDLNY, WELHBEINR T, ThETROBEHEREY S EE LR
EERRER L HEBRF L TA LD,

(@) MHEIVU—-THEBEOBE: Lk
7Y ~FTEWEETAD 5 LR
T, IGHEFEIh 2 oBECL LD
ThH, BRTOBENL, BILOBE LUHFH
Wi (Fig. 10) LW /ET 5, BEE
ZELT A EBE L BGRE, O A BRI
LT, Thibb,

Macroscopic
stress

Wik )~

By ;QE_.DZ Fig. 10. The self-diffusion currents model

¢ = 1.
L* kT when the grain is subjected to
a shearing stress.
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L N R

10
¢ = T Do 7
(LR, QWRTE, wixhk g 5
Vg, By, By 2R, Dy = Dpe £ 3
2R E RO g 5 //
FRENIET & RRIED 0T HRE é JP
KEOBFY, BEEEREB S R .
LTwhb, L, ZhaAboBsg0d 50.7 7
BT LS B T oc 7
DEGHE L FET D, = DICLHLD L
B 25 < I D BB X - 03 W“hM//Gﬁ;mMg ]
TRFARIC RGN FRCBES 02 7z 1_J
Ui iutinbinunay, ERERMD |
B TSR R BT B R, 01 1'

03 0507 1 23 5 7 10

o F ETHY (Photo. 4), o
Grain size, u

LidEL - L, L s T,

SO ) — 7 OB Zo-Al & Fig. 11. The grain size dependence of .the flow
stress at various constant strain rates.

M &R0 BBEEHOTEFRR L XD HTHA S,

(b) MRITNOEOE:E: Fig. 1111 Zo-Al 54 B L0 0.02% Mg 540K —E
FREE TOMBBPEERBIC D OBRE MR TR LICLDTH D, PIRLIO T REE
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ZEATLHERRE S DI, BEANERIAKRERHBORELRNEEZDRE, O
L5 IR E BT B cdic, Holt i & % & i sy, #RF0T0, RMABHLD
GBI ENTETHHE LT b, £ LT, ZTOPFTBICHBRABE N X b EE
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Carbon Reduction of Chromite in Argon Flow

Hiroshi G. Katayama and Akihiko Tanaka

Abstract

In the present work, chrome ore from the Soviet Union and pure chromite separated from
it were reduced with powdered graphite over a temperature range of 1050° to 1400°C under
a flow of argon.

The results may be summarized as follows:

1) The composition of the chromite used in the present work is non-stoichiometric (Y503/
XO=1.1), but becomes stoichiometric when it is reduced at temperatures below 1050°C. This is
achieved by the reduction of Fet*+ to Fet+. At higher temperatures, it may be considered
that the chromite is reduced by the following process with increasing temperature :

Stage 1

(Mg, Fe)O-(Cr, Al, Fe),0O3 — (Mg, Fe) O+(Cr, Al)0;

1050°~1100°C
Stage 2 Stage 3
> MgO+(Cr, A0 ———> MgO+MgO-Al,0,
1100°~1250°C 1250°C ~
2) The reduction products of the stage 1 are metallic iron and cementite, while the
chromium-bearing product, (Cr, Fe);Cs, is produced only after beginning of reaction of the
stage 2.
3) The chrome ore containing gangue minerals is reduced more easily than the purified

chromite.

I #

i |

7w AFEE XOY,0, (X Mg, Fe?t, Y: Cr3, AB*, Fedt) 75—l CcELIND
sawA L EAvIVE, Uy eviE, FeAd L EOMOIRGEMN SR EMHIETH
BY, I OPAOEMBIC kT S REETKIGIE DN TERER: L V4 DN ENTE
DO~ R X A BICERYOECELEE OB R L ORI EEE SRS LR
S ERT WS, L LB ESREAHOELE BRI TED, ézis7r~<1 D
BLEBIETACRAEKES LORAEHOEE L L LFEAERBHORETHH, oh
HREROHENRE DML WA D 2 VLo TZE R G T S en it fRE D
BREHELTHEDR, ThARNBROBNAREC LI L2 EBbhd, ZORdRIFRE
ERWTL P g i 7 v 1 PRI DG CREFELER Y1178 » TL D ETTH
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BAREL L, D0 TIRES % G UHARR 2 KRRTL, < hb ORIk
FRS ORE R L X5 LA,

IL BHBRUHE
Lo o#

HAE TIRUTHRMD v dipE 7 v s R DO IR X ) ZDOIRE S ZREL - A, B2
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B L b Si0, ORISR R, i CaO, MgO LA L, @iF7 r~4 + OEFRIEIE
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x—1 RBoESVE (%)
Cry03 FeOQ FezO; Si0, AlOs MnO CaO MgO |Ig. Loss*
A 47.40 821 3.56 7.32 7.44 0.12 1.44 18.15 3.95
B 61.91 8.64 4.47 0.10 8.81 0.13 0.43 14.26 0.26

Ny &¥ir, 900°C w 1 Refin Lic & X O E
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Outdoors Insulators Contamination Test under
Direct Voltage Application

Koji Honma, Hisashi Nozaki and Kyo Okubo

Abstract

To solve the troubles due to insulators contamination on bus design under impressed high

direct voltage, insulators contamination test was made outdoors.

The results of test is:

1) Contamination process is accelarated under impressed direct voltage, and much more
accelarated in the neibourhood of the electric field with another polarity of the
impressed voltage.

2) Contamination distribution characteristics on each insulator is various in the same

insulator string.
3) Contamination material is accumulated on disc type insulators surface with the ex-
posed hours but not on rod type insulators surface due to rain washing effect.

4) Contamination substance is mainly natrium and calcium.
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3-2. BEAEGEHEIEEESMER
RSO LA SRR, B BEEETREERELCN, Thban Lo%MiEs
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HIZEN D HEBRESH, 209 BEBREDOTNE W ERES iz d DA 25%, ABARED
Fim s EHES hic b 2 50% TH -7z,
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JORMEE L EREON O L & OFME S (AR & BB L TA 5, BETEEEED
32HEFILTH B,

BTEEST 0 WBEHMBEE) o LHECK LT, AvL ERHOoSMES FEHERER, #
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BEEED 120% BECAHN TS, 20 Enb, ERACLIEBERDRAREZVWDE, &
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BREREN L OFMES TR L BB E OBMRE D2, Tio 3B &
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F() = Ae"+C (1)
F(t) = AePt (2)
Fuo=4 (3)

T F: SiEs &R (mg)

t: FRWEIRFR] (hour)
A B C: E K

260 mm BEFEAN L, 280 mm BEEAN L X UP250 mm A E » 220 LOBEL, AvL
LEOEMBESEELY LR E L, ERAGLOBAE, S 1HMELD 2 1R LLT, &
INT IR A A,

CORNIIRUL VB RCESNER L, HHRNERC L 3EMESTERELOED
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280 B M 21w L - 10477 1056.9 1055.4
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\ + 899.5 453.2 s
250 Ax®w 71
— 1020.4 984.0 1000.9
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] - 180.6 180.7 1815

(%6)



EREEL L5580 LoEBERMEE 97

L EDHEBENFETAITTH S, Lieid-T, ERR3Rohtik (1) R Fi@)=A4e5+C
DEIENESTH B EHET S, FEEL, R-3001E, Ifh 4z oo Q) NckdR<E
BF5 e fRE B,

BN TRE X0 B GE BB 0ES FER, B LOHRNEEC X 5 MES FER
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Wiz, F7220mm Ay ZA3W LI e XRNR G R ERSEEYZT 22 B,
3-8. R[EHEOAH

AU E L e WEOERS & B #1770 5 BT, 280 mm L%
g, BRERESTY & XBEFEEL 2,

i) EFRESHICKBEESH

COHPEHEL AN LI, TE s & O R DFEREE Y 4310 FeRIEE L 7 280 mm M
WLELET, A0 LUEOEmE» L2 T3ER, SHARIUTEROMUALERL
fe@kty, Fh A bES & TEHSESTT, Fohied&shs Na, Ca, Mg L0 Kico
WTHEL 72,

BREIMD 2 LD TRACKT, REBEOLDIC, NOLAOHEWEXRET 5 &
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LRl FMROFEDREL, ¥~ ¥R EITNI2HEXWHEL (BETchs, i,
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B4 BETERAESHFC I8 LOHERYE KR VL: 280 om BES L)
(BEHEN 4310 Fe)

2o \\’?@% BR M A B (ng .
g | g e S F Na Ca Mg K f R
e B é?f% N 58894 4226 A 2832 A 7665 A (mg)
. 35 | 034 174 0.07 0.04 5.00
" 5 0.33 145 | 006 0.02 430
- 7 0.33 152 0.06 002 | 420
7o (0.33) (157) (0.06) (0.03)
* 15.18 5.74 0.21 0.25 3452
R 16.33 5.47 021 0.26 35.26
& . 7 15.67 5.96 0.21 0.26 36.03
Ea (1573) | (672) o2 | 02
3 0.32 167 0.06 005 492
a + 0.33 1.74 0.07 0.06 4.82
- 0.34 1.67 0.08 0.08 473
E 0.33) (1.69) 0.07) (0.06)
a
3 1518 465 0.22 0.22 31.98
T 18.29 6.98 0.23 0.25 47.92
# . 17.80 741 0.23 0.25 47.99
¥y (17.09) (6.63) (0.23) 0.24)
wooo— 0.075 0.15 001 0.01 0.23
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# LD E "o Lo B
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C o | MgO o o o
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CuO o olololo PbHASO, | 0 | O o o
Cu0 o S o o
CuS0y O O O O O @] 510, O O O @] @]
FeC O Zn (ool INe)
FeAl; 0 @) ZnO o 0 o|loi0] 0
FeO o o Zn(CN), o o
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6) 22 L PH® Na &% NaCl BiciftE 35 &, HRUEEC L HSEMESHEREE X
F—HT 5, COLEDERIT20%LUATHS,
7 oL FECHELR Ca, Mg IO K Bix, 23WL LHEOFh D 3~4{ERETH
B, NaBIZDOWTIHB0 G e/ Tnbd, Zhid, vl LN REEAEZT5
<, o, Na BSKicEiTBunied & Bhbi b,
if) Xﬁ@?ﬁ(:;éiﬁﬁﬁ
XBEHFC L » CTHEDBOEETT X 1T - 7cD T, TOFERYB5, BN, #HE
THlNTBNLHE D 5 b, EHEN SR T2EERICSEE @EHONL) 7 bR
L=bDCh b, X B, XGEE 15418A » Calky, AU, 1.9373A o Fe B ff
RAUdz, BBt 5 X RRHEEEFROEG L, ThEFh 0 5HTh b, BILHE
X, RRPCEETIHEXET, ToWERIORBFCEER T I HERT 2 HEY
HHAL:, REYWEEYE0E LD DN EDSTHY, ChETENCTEL LD, F-6
THDH, WEWEDO RS THER, BRLEY REJCEGH, 71 FLEHAL 7 & 1YY
BIOCHRETH -, v M RLEWEILEEOILTTH B0, S Lo R i EE
NTHACLIEHEZELLLDEELLR S, BEEEORC L D2HMHIGHOMBEE RS L, F,
Ni %X 0 Mn @ BHBEED AL 215D SEHER T 5,
FHTReTH ol & Na, Ca, Mg 53X 0V K ix, XBECL-Th, KE, HH
ThTwb,
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P UEDOFH RS AL T, —ACKRDO X5 ICEbR TV 5, LiEOHEIL, 5
AR, AL OWTRIETFEL Tv 528, BIRSRE G, —RCEEME ERfloBig
% <, NI oD, AEROWERSRE T, BERRARCOCHE RS OB EY R
bObHIE, ZRBBCMW LR eFOL0LH D, —BREGERIBEIELAR» -, ©
hm,ﬁﬁ%ﬁ%i&%ﬁbt%m?@znyﬁféﬁbhﬁ,:@:y%v#ﬂ&%&ﬁ
ENEERDDI, BRATECTEINT, KK &Imolciodic, ERBRETH DInbE
AR B RS FORELEbhiclo Bz bh b,

WCEMEFR R 1T78 - e L OIS, Wi & ol E o H&8 4 k& < 23T
%, i EDBERLEKH O TR L - CHIEh b, BREBEMFERC L - Tl LERH
CATEL, HEMEET AL, WS, BEARn 358, LW LICREL
Fe BB BT T a3 3\ U A & BT 5 BR (R AV TR DB R T 5, TR O3S
HEle DD, WL AMERRAYET B0 TES, WEE 250 mm BFEL L O I
E ORI, WE 0.5 mm/h CTRERFRIL60% BETH D, WA 0.5 mm/b M3 HICFELE
BHRIL10% FOMMT S, FLWESRD LRMEL 0% BTH DY, LichoT, HHEHD
BelslE B RE L LS &, REHACLOBED X 5ic, BEMMNRE RS L4, 15
BEYENEATLOLHFET L5 L0 b, THARMEIROE b TH201TH 5,

COMPEHREEME ST, HHOBTEECHTIHESEAFHAShDL L, NeLOFHRT
EOERIT E, MR T, B SV O REICAR - T B0 L OB O B RE T
LA H b0 L b,

Wy, ERTLERFOREMBREE, ERECGEL, T XA RKIGEIZB L T
DI, NNLOEBBWIKTHA 5 LB DR T, BICAHEERETIRd 52, JLlE
EIHAESE OMEHRE 13, ERATEREROBEEREBERER CTHD VbR TH5, LL,
HEB IR ASHORINBERR CItbh e BRAE L AFOFh QR EX Ry F'T
R EIT & A ER w17 - B LER KT 5 250 mm A€ v 7500 L DG HREE
AR S, HEL Y, EINMAENR L OENLERFOBHEWERE L, & BB E
W BT B B2 B, Lichio T, SHTEKEORERBYNL, L HHEES THIHC
LB REIERDOEEOZIT I TS S,

i, FEERRIGE L UC, BIMEE, WIRIOEARERAS S JOERBEEE RS ERT

*OREREY - LRBRRRE» 0 2km Bl Tk Y, BS10m BoREORBTIEOA TR,
MR THBCR I ERDCS 2RBERKTH 5,
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F—T FHIBEEFRLERIRON VW LOHRER
(A28 L s 250 mm A &y 728 L)

AL EED AOLTFES |
BED el fﬁ?ﬁ%fi @E%E : MO ORI
#HRR (mg/em?) (mgfem?) |
BARE TR 0.004 0.014 840
% W T K 0.004 0.021 79

Frtlb e = A BRAFEA LA, HPEREC LD 7 T vad—A0FREL, BEHELN
BHELI, vV av - av gy FRBHL CERFILICED I, SR Pichs7z, Lz
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HEBEFEC L3270 LORBERRER

Rt
PR LEORIF 5 % (L mg)
gel o sLL LE(BEE) TE (B4) 2@ (BE) RE
E omm  ¥u Wz vy \mx) Ty iz  ®mH
Al 250 + 1.39 0.20 18.84 1.48 20.23 1.37 9948.0
- 1,58 018 19.83 392 2147 400 2948.
A2 250 + 2.44 0.25 22.88 518 95.32 5.98 L2074
- 2.96 0.43 24.44 445 97.40 438 '
B S + 465 0.76 38.36 3.45 4301 3.87 20667
- 3.81 0.69 3494 1051 3805 1086 266.
C 280 4 3.21 0.79 42.91 5.36 46.12 5.49 43105
- 351 075 3275 6.21 36.26 6.43 5
D1 L+ 2795 28.39 27.82
~ 2599 45,59 35.79 2948.0
D2 L + 5583 74.63 65.23
— 6557 90.27 77.02 12074
El 280 4 168 015 31.63 457 3331 465 AT
- 214 0.26 3935 476 3449 490 :
E2 280 -+ 1.53 0.10 2753 2,96 29.07 2,29 784
- 177 0.22, 2882 3.46 30.59 341 -
E3 280 + 3.16 1.05 27.08 331 30.24 3.95 L2074
- 138 0.76 30.95 132 35.34 495 :
F 950 -+ 264 0.47 1859 3.02 21.23 331 13105
- 959 0.37 21,04 2.%6 23.63 216 :
G1 250 + 0.99 0.07 10.80 1.20 11.79 1.20 0154
- 0.81 011 10.09 0.97 10.01 0.95 :
G2 250 -+ 212 0.65 21.09 353 23.20 405 s010.L
- 290 0.53 2384 248 26.74 210 0.
H1 S + 137 0.23 26.90 1.81 28.27 175 29707
- 142 0.95 9343 273 2484 2,68 :
H2 S + 3.96 0.83 32.21 195 36.17 1.28 19055
- 3.69 0.57 2653 201 30.22 260 '
I (G HT D B ) 43105
T 250 + 2.40 0.61 23.26 412 95.66 3.93 13105
- 331 1.04 2573 301 2904 385 :
K1 L 43.68 67.36 55.52 o
— 3988 50.39 4514 22107
K2 L+ 4907 70.46 59.77
— 1661 74.95 60.78 1905.8
L 280 + 3.64 051 32.80 518 36.44 5.47 3105
— 404 0.40 36.18 112 10.22 3.5 :
M1 250 + 1.29 0.43 6.55 1.24 7.84 1.48 £99.6
- 0.87 0.08 6.01 0.70 6.88 0.69 29.
M2 250 + 2.53 0.46 22.22 432 9475 413 29667
- 2.58 0.44 1914 215 2172 2,03 266.
A0 20 0 3.43 112 32.32 3.82 35.75 472 251 days
B10 280 0 1.64 0.17 19.68 3.01 21,32 3.03 57 days
B20 280 0 3.42 0.87 25.94 3.03 20.36 2.52 176 days
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Adsorption Behaviors of Oxygen and Carbon Dioxide on Silver

Akimi Ayame, Yoshimasa Ito, Hisao Kano
and Takatsugu Kanazuka

Abstract

Adsorption behaviors of oxygen and carbon dioxide on a silver catalyst in the oxidation of
ethylene were studied by a pulse technique. k

Oxygen was adsorbed reversibly and irreversibly on the catalyst.

The irreversibly adsorbed oxygen was familiar with the formation of carbon dioxide and
water, and the existence of the reversibly adsorbed one promoted the formation of ethylene
oxide. As, beyond 220°C, the amount of adsorbed oxygens is small and the oxidation of ethylene
proceeds with higher conversions, the surface of silver catalyst during this reaction seems to
be nearly the deoxygenated one.

Carbon dioxide was adsorbed, only on the oxygenated catalyst reversibly and irreversibly.
The irreversibly adsorbed carbon dioxide seems to be remained on silver catalyst with the
forming of silver carbonate as one of the catalyst-poison. The reversibly adsorbed one is
estimated to retard the rates of the oxidation of ethylene.

&

il

WY e kT, =5 v VEMLSIEIS 317 % S AR O JUGHE R 2 B b e LT E
Fo. FREELER, RSEHEOEFEC LR, =F v vBRIERIEOEFREBAEIT HHE
IR L, - OEEIRELIBET AETE, Sintering, HEH{E M LD 5 HoBLIREO L
B, BIOREPCHERS W ARMBEYOEBR CH D LHFIEL TELDDY, S HILC
DEFRBBICE 2 B=Fr v sy ¥, K, ZBLRER JOBRBREORE IR) & K0
12l &, FOF — 2 BH G, ZEBLREDOWIES Zeldovich-Roginsky T o> isotherm HE
52k, MEWEHELLE U THERE, KIMERETH S EEO/ELYH TV, R
BT L T, FOMLHETE (A AKOGH) L X ERMCEEYE Y WEL,
B & B EICHBEEO B 5 290, IO ORMBTAW, “BLKE (R
i) L ABERIERFELEY B—r 0 atFy PR S F0BAWTH S L ERHL,
BO B FE L E AL MR 0 SR EIEL TE YD, TR, =5 v v
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(EE G BT AMOERERIL =5 v v+ v FOREBCENT 5 IEEET BEFEH LK,
THRIERE, BREBFCI b r v ARy FORENEERLC L o THEZh, =51 v
B IE O EHRBERTERO BRIk 52 PEREBICHYL T LR ELYY, X
5T, TORIBREETHIGEERNT AL 0ERY &% 2 o ETEBfial by,

AT SO RIC W CEEABE 2T U CE i~ olE, —BIEREOR
BT HEREROEBTH D,

MR BBICHEBMB L% =5 v vBERIIC DWW TOEIRE S L Flbh T
W, BREORBFCONT Twigg™ EEE LCE R @R REBEOZATFET S L
LU, Smeltzer™ 3T, 7 TIRO 2EORFWMHEIELET S L FEL TE 7, F 7 Sandler
B ERBEOTAAELIERL o, EFEEES™ BERE LR Xy, EESW 1T
ZEMEALDOWE L B R MR EFBITE TR, THRERIFL D FRVEBETH 5 L BE
LTwb, LL, WTERLEFETOBMEMETH D, EFORIEEE T COBIRRE &3
Ub—3T % LRSI,

TERLIRE O W DT, Allen B XL — TEMERERO IR OPIERR L0
CO™ " DEEXIERBL, KD ORIEEE Y1 7 i X BUHE TN, s bR E
DHFEXRCEL TS, I BEBELREOBBRIEOWCTIHHE TR, SRE (=
5 vy LRG0 BRERE) 07— 2102w,

AREBIIH R L V1L ER o Working State 1T EEZORAF A/ v~ 75 7
Xy, RIGHoEREIAEORELWE LR TABEOEBRER L L Tt bDTH B,

2. % BX
2.1 % E @ E
S T AORBICHERFIE L ATV LA AT A (BR 4mmeé X600 cm) #EHL,
IhEFAZe< ST 7NHOBREFENCEy P L, T4 ¥~ (He) L 104 mé/
min, H¥HEHEE 100.0205°C CTHoto, BEFEALCL 00T ml OF T A IS5 —ay »
HEHHL
2.2 RicERME
BE DA AR X e, RISEXARRLE, ¥R EBFLEOL 41X 4mm,
EX 20em OATF v v AR UFEE BEE 0452) AV, TP REBEOLAOBGILNEE
12mm, EIb5cm OHF T THUFEYE (MIEE 220g) B, AFVYIVABLIITAET
RIS, BIRBIEENIeh o Tz, D 5 A, BEEHEEIX 100005°C, *+ Vv —§
it 30 mé/min TH - Tz,
23 & o
He ¥ Canadian Helium Co. Ltd. 85, (99.998%) #yE#:{L$R (180°C), ~ v # » L ¢
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FERL TRV, B, 5% GH99.98%) 5 L OWKE, “BIEREGHEOLOETOF %
Bz, =5 v kS THEFE KK 085 (99.99%) 4 M7z,
2.4 M i
FEER2 o FETFE L 72 Ag,0100g 2 30~60 2 v v o D 7 A0 250 g 1o (B IR 8
PEt%, 60°C, 30 MSHIKERITL 7o, 7 AFEE, 300°C THEAZET (i) Lic, BET
KEREL 003 mYg LN TH o7, WEMROKIEMEDHE 1L AgO % 60°C, 30 kefKFE
BICL 1Bl R A By ic, 300°C ok FEITLE D BET EEER 062 m¥/g Th 7z,

3. EBRmEREER
31 BE®RBE
BT A 5 A RERIERTC/EE 300°C T 3BMAERLY T~ 72, ZOBRLEBCER
BAAARFEALLED 7 v <+ 79 AR LR LI, €~ 72 a & Ny OFFF Kz 0.998
~1.003 C—#KL, ©— 7 a, b 23 ETH 5 T &It Molecular Sieve 5A » 7 A THEZEL
7oo THODEERND a (XEWAEMFE, b XTHMRERE, WHL o WERABE Y A RE

73C 140 242¢

a: JEEm R
b A HIRERE R
n"/d a

K
510 20 6 20 %0

H1 #WHse<t 750k (B
(Bl H B — 1 AR AR OB (min))

&) Bt T

280

Y- 7adE & {em)
™ hn 2 <
\}d
2 ég‘
\\1§
N
: ;
% S
g

TR U YN TN TN T N0 ST SO YOV SN S ST S P S W S T M S (8 S M S M W

o 10 20 30 40 46 4 80
SOV AT B
Bl2 v—7aoD@mxexm@iL (0.077 mé/E)
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ML Ui, BEALAEBE a0~ 7 HIOBRER 2R, 212°C DUT Ty o
AAACKIET B 7 m < b 27 ARHBIET, ShapBibh D ¥ TOEBIRE B &SR
MUie, M2 X RALERERRELHELL, —~Ha0SHSOEHERO s v~ 77 AEK
& a OEBROENDIHREMRBEL b Lore, LOMREM IR e, NulHRAERKE
1 212°C ek &7 D, SR D BE TSR Ui, — RSB R 200°C HiT
M HIEIMLIL T, 280°C TR 1-v AD 95% L L3 & DREEF %L fe, Benton 51
L 3UE 100~180°C 1235\ T AgO DAEBEEIRZE DL <MY 2, FRB/o™ ORII%E
BRI Y AUTEBR LY OS5I EE L 180~190°C P L T b, REHRERERN S
RERMML, BRREY 25 L AMCRITHFREADOBREC L 2L EL DR D,
F LA HBERFEEOBARE & wHREBEEO LD ERAVREAEHEL TWAH I &
BEOCEBILDOSHRELUETH D &b, BEERE (NTHRERE) O—HE ik
SWHAERECTHHEEI NPT ot edR 3D L 5 ERIB ORI DEEL D,

251 ) %e
A RIS R

B Wk R

20
= ]
= =
4 =
g5 %
gl b
g 21
= 10k =
K_

051

00 —1000

20 @0 100 180 180 220 260 . 300
woE ()
R3 WHRES L ORTHERARREORE KRR
DEEE —7 b OTF~ Vv IR RECDOTIEMHEERERL elusion curves OITIZ X b
RS B, FEANC AT ORE B REFH LEEOMBRALAAD L -
TRDTHARI,

e ¢
%T=CQ%JWﬁﬂ=Uﬁf (C: EH) (1)

LI p=(r—tRith, h: BEBCKHUBRNOROCKAEOREFRERM (2R), tr: RF
Befdl, T REE CK), R: KEER, ve: 77 2thOBEOER (md), np: BEBERECH
WREGTREMRT 2 CET % T8 (mol/g), Q: WA (cal/mol), C': RTL - TEES
TEH,
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%1 RESBHOATEEE (BH) K2 REREOWERSRE (CHBILRR)
Temp. % tr ~ Temp. t% tp
9] (mm) {mm) ‘ G (mm) (mm)
182 93.3 123.3 39 1165 2179
202 88.5 1129 74 118.0 174.8
223 93.6 113.6 101 1124 152.0
240 90.8 110.9 142 110.0 143.4
260 92.7 111.2 183 108.8 139.7
280 95.0 115.0 224 110.0 134.4
_25
.

e (F/T>

O IR
© AR ARILAE

5 1 i 1

24 26 28 20 32
(Y1) x10®
K4 logw(w/T)vs 1T

AEPAERR L BRORERHONERR E 1) 2HCT, loguwW/T)vs YT 7 ry
b 4) AT, AT OWER 3.5 keal/mol 2AMEH Tz, I AU ENE I
ELDTHCVEREBTHD LEEIRD,
3.2 —HBbRFEORE

AiED COME R BRI LR C OB WET B LR BE L, CoBRECESE]
TOERBRIFTEDPERE CRIMHELY BE IS Bl Lok, Bbhsrn~<t s
5 ADTERIEK S R L Tz, 32°C TIREIO ELRE AL AT D7 v~ b 25 2132
oDE—=7 (@ L b)) kdh, EDECALATARRTIDEE— 27 VIXHERL, -V v s
KEWE—27 2’ Dhdbie- THIREREL 7z, 130°C TR —E L7 Th VI3,
230°C LA ECRPEL AL ATHNENTF ~ Vv 7 & LD ~72 2/ DADO—FEHBREY R L 72, —
F, WAL ACTHIE LI 7 v b 7T AREES, MRO—E & oo RO mEE (AT
BRLIRFEICE L) 1L BN, HOHINE N BRI HEE IR EZEOFEEN D
nic, —He—2va, ©—7 VX ThZThIFBEZBLKE, THRE_BRIERETH D (&
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EDRER, TEREO=F L vBEEGC T 5BENC 255 2 ENEEIR, &
NECOERBERTY LG5 &, PUHERE BRI RBHELVEL, ffiszsl
TIEML, TMBE BLRFIETFRBERE v (Fserr) LEELTCO; &
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3.3 AAHBERRLAHARERRORILHE

R EBFEORIGHE, BMECHEI T NRERELREIEOD, =L v
05mé A ALAL, 220HETCHEL R, LaL, ARLCITEERED IR0
BT 5 I IR CTHENEAE G, SORDFREDEREED B2 U RAHEE R
{ERFELEBERE I TR -, 2R T TORFR T, R SEREBRIERFZDFET
WMEBREFHHRTH b0 7T, HTERED FANESD, Ll ZoBRikrhie
ERE T\ D TEREDNF HERILL 12,

HERERELR TR LI, =F vy A £ FADERR T 160°C i T, ZJERERE~O
AR 210°C fiRE Tk & e - fe, BRBILEHEERD L 72,

— MR EBR RO SGHEBER TR RE T E v, Lkt TRANY, Lk X 0%
MEOHRF PTHEL, 7 LoRBIZL DV HFREL L, ARt =5 1 v 758% ¥ &2 Kik
HGH ARG, TO50ml B AEALL, ZOWEBREMSIRL, =F v vt F
¥ RAOEEHE Y 240°C IR TRK &7 D, TRILKFESOERRILSGREREAT50AT
B o to, EIREK T 180~240°C TIRIZ—ET, IHLEHERTEREIL, 7 6_ERPIC
o,
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Twb, ThHOMBERNG, BRERE (R ERERR) X TMERFBERC I IR E L HF
HL, FIBREBRRI=Fv v v FERKI D RELEFHFL WD EEL RS, BETH
i, FEELOBIEEEOS B L vd sy FIIARLP T B EELLRD, LA
BOGHEC L 5NV LR L =7 L v OSELOBEFR WEHE b oBRIRRIN
Tk D7, MERICEHERCR T ABOEB LIRS T 52,

BHC, FMREBZEEO NS GWBREHEB C=7 v vBLRIGHA B HEITT 5 2 &)
B, 220°C DL R BT HBAEMRE (MBEEE L) OFGIEGLHEIND, Tihbb=Fv
VL RUGE TR O SR ETE I £ bh b, K3 DRAEREEY - O K
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003 Liz b EoBEXTHELLLD T3,

(A48 4E 5 )] 21 H2H)

51 B X @

1) BHUVS-FREN - @RER-IMAALE: SRR, 7, 767 (1972).

2) EWHYIT - ImMARE: Bk, 1819 (1972).

3 EHUE SRR INMAK: B, 1792 (1973).

1) EBEHVNC-ERAEW-EFH R-MMAHE:  Hik, 2063 (1973).

5) MMAKE-SORFEE-EWHD . =SBLKPE, 7, 713 (1972).

6) BWICHE BoMAME: BRI 14, 1P (1972)

7) BIEVHO B F RS F AN AR AN e - R, 14, 201 P (1972).

8) EWMWC FUNE- M= RARE: B4k, 2071 (1973); AL 27 EAKRAEMA TR, 377
(1972).

9) A. Ayame, A. Numabe, T. Kanazuka, H. Kano: Bull. Japan. Petrol. Inst., 15, 142 (1973); H
188 26 & TR 1, 1 (1972).

10) G. H. Twigg: Trans. Faraday. Soc., 42, 284 (1946).

11) W. W. Smeltzer: Can. J. Chem., 34, 1046 (1956).

12) Y. L. Sandler, D. D. Durigon: J. Phys.- Chem., 69, 4201 (1965).

13) RREME ERERE AR R M, 10, 174 P (1968).

14) EHS - BREE: EKLH, 38, 649 (1970).

15) K. Tamaru: Bull. Chem. Soc. Japan, 31, 666 (1958); Trans. Faraday Soc., 55, 824 (1959).

16) J. A. Allen, P. H. Scaife: Aust. J. Chem., 19, 715 (1966).

17) #k ¥ BT-FEERS: H{LH# 2244 (1969), 06315.

18) i AK: - EWHID : EW I AWK 4, 871 (1964).

19) A.F. Benton, L. C. Drake: J. Amer. Chem. Soc., 56, 255 (1934).

20) BNE—-fEXRSEz-FWER: T4k, T1, 775 (1968).

21) “ERbERE 597 A3 (1965), p. 520.

22) BW-fh: REXR

(114)



MABREMABO 7w — 2
TEAT - HFRW - I

Flow Patterns of Liquid in the Horizontal Stirred Vessel

Koji Ando, Toshiaki Muramori and Ikuro Oikawa

Abstract

The flow patterns of agitated liquid in the horizontal stirred vessel without baffles were
measured by the photographic method.

It is found that the discharged-low from the impeller circulates in the each vessel devided
by the impeller and then returns to the impeller.

I #
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B PR O BRI B T 2 P50, Ganz H O X ARIVERE L U ToO—BHOWFELE
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EEREBOMEY -1 1R, BEEL, E£E550REBICET 5 EoHF0~
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b U BT O B 0 B BB, #EREEMEIC O THT e o 7o Sachs 519, Sk B
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FLEANT, RETCRBETETH -1,
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FE—-1 W (a) N=80r.pm. =075

FE—2 Wm (b)) N=80rpm. =075

BEE—3 WHE (¢) N=80r.p.m. ¢=075
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FE—4 FE5
Wi (a) N=100r.p.m. ¢=0.25 W (b) N=100r.p.m. ¢=0.25
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Studies on the Method of Continuous Operation
in a Horizontal Stirred Vessel

Takashi Fukuda®, Kiyoshi Idogawa*, Koji Satoh*
and¥Koji Ando

Abstract

Experiments were conducted on the pressure drop of the gas flowing through the vessel,
which was related to the stability of continuous flow of gas and liquid, and to the amount of
entrainment in the exit gas, over wide range of the volumetric ratio of liquid in the vessel.

Results obtained were as follows :

By setting baffles in the vessel, the pressure drop was lowered markedly and it is proved
that this equipment can be operated continuously in practical use. Also, some information on
the improvement of the equipment design was obtained.

L #

it

BB AL, Ko WEMRENERIIRE L, I, EAOBR K AENBERIVNE
Wk, i, RMBEBIOCWRED K- K7 v TOERNHEHABR TSR EY
BHELTRY, BHFEOR - WEMEBEECRXZOBEHCHIBROS 72 & 5 s e L FIHL 5 2%
BLLT, AEIAMIFIATCH S,

ABEBOFERMCERCEL T, Br—2F7 v 7, TibbERKRERD/DNIWHERC
ST, 3,000rpm. KR SEHEEEEYH S Ganz HV2, kI UEESY 0K - WEREREC
L H—#HOPRNTTIHRE ST D, —J, EZHORIGEBIC X % ERBEROL, B
BAHEOR - REMAE N2, WEROBINE L QIR THZEERL TN, Lizais T,
EWEERT, LA - WIS OV THlERORE L RFILOREL Y, AEE L EAL
THLTELDTEETH S, ‘

RBEgeiE, HEBERERE O B SRR Y, EMAKREROECEBICOWT, B

* dedgE TE AR

* Government Industrial Development Laboratory, Hokkaido, Sapporo, Japan.
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Studies on the volatiles of holohyaline rocks
from the Hokkaido

1. Weight loss on heating

Hiroshi Shirahata

Abstract

Volcanic glasses, consisting of obsidian, perlite and pitchstone, from Hokkaido, Japan have
begn researched with thermogravimetric analyses and techniques of heating at constant tem-
perature.

The volatiles of perlite and pitchstone have rapidly been driven off by heating at tempera-
tures below 500° or 600°C., but even if above the figure the volatile remains only a few tenths of
a per cent, but is held with much greater tenacity. The volatile of obsidian has gradually been
lost by heating until high temperature, except that it breaks into expulsion by heating at about
400°C. and 700°~800°C. The volatiles in. perlite and pitchstone from Hokkaido are in a different
state of combination. One is easily released on heating at low temperature, and the other is
barely released on heating at high temperature.

It is inferred that major portion of the low-temperature volatiles are H,O content which
exists as free water and hydrogen-bonded water; that on the other hand, the high-temperature
volatiles of perlitic glasses and the volatiles of obsidian are largely pristine water, which exists
as hydroxyl, and halogens.
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JeHE AT E T % K UBEE A —E O FIREE TN =B O HFs RS OB O T
ERKBE A TIEL 7o, MBGEE X 4°C/min & L2255 ABRKHP CHIEL 72 ("-1, 2),

BIEE . REEIRTERIFNEAROR, BEERERL, U BN O B EREF
BEWOREDC ABMCHEER -1 TREh5,
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———————>  Temp. (°C)
M—1 ZEEEo T.GA ##

Ob 1: WEMEFIHEMOR  Ob 3: HEEBEU

Ob 2: &HWHIFNLARDR  Ob 4: WHEERH

RERBIZEMORERCLE OB E 1% UTTehs, BRAEERRBEDHEMEG
w1 400°C, 700°C M Th T 2Tk d 2 2 SIS BE T 5 MO0 H v, BEERRBETH 600°C
MhEiz TP 5 hicEmT 5, 800°CHEIEL VEL HMELMLI80CTRTTH, NEF
W] BE B S 1T 3\ > TIE 800°~ 400°C, 550°~600°C = BBl /e Al S 2siRd S b, & ek Uik
HINEDO S OIEIRE L 0 FEZE#YE T2 24P 2T 600°~700°C, 900°~1,000°C ¢ %
RHTIRD H N ERERT ORBCE(DOH D ERROLN, FABEORENEEEEDORESR
BECOWTLRDB R,

PSS VLIRS, TREPERREENC 600°C & 850°C TR O EERE A LB D HEA R
W, HARY BIINE, EBROBEEC IV T 400°C g, 800°~900°C T Al R H 4 0
BET S EL Tw%, dbilE o RS IHRANERBASC RO R A BCRE O BRI
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LT 523, 400°C [, 700°~800°C B\ ik 800°C LA b CHEF&IE B4 D Y ot 22 2
CATIg b % b O DR TRE-CHRORERICHEUT 5,

HEBRER OIS . ABREIEIIEEEE OR, SOES 2 8, BUE -y, &
REFFEAT,  eififare, LRERS ERERTAEAEE O TR OWCHIE L oy, N2 X A i bk
SRERICEL TOF R oERO L O 1 40°~50°C DEIRIE X 0 MELAE b, 600°~700°C
BRI TR E A ETETL, T00°C L L COMBILHT 2 Th b b TR TH S, KU IRE M
LR AL = AL O TR, 2 EBRI O L O Tl 600°C, 780°C M1z, IR
880°C Hffaic, fBRREIT 680°C KUY 880°C HFEIC ok 4 o3 s fe 48 > WANE I HB58 itk B 43 0D B I
ZEEnROOND, COBEMM ED 2 Y =y 7 ZRAGBEOE § 2 bh b, 4kl
EL600°CLLETIRCL FEDm v il BT X Chs5,
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HEE APr 4: RIS LRI, £
Pr5: HEEE
Pr6: ARG / 55 IULCH T
Pr7: SAEEHEEOR
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—F, BIREEBIENEAER ORI RIS BED 2O K TH 4%, EFHENH
500°C, 680°C Ti> 3 A ICIREIFRIC ZHEE 235 % 2% 150°C Xk b ABUCEE L 700°C TR 5
TH5, IBERELE 50°C I 0 MBI T 7obh 600°C SEIIE & A 55T L HERE O
fHIR & RER L,

AER IR E O BEREL O RIEE ORI ICRRE X viREO RS- L D2
V= 7I3HBITL ThdbhcBEdrFl) 600°~700°C Tiz L AL TTHLOT, BE
WD B A 7o BRI 150°~300°C BE X » B8 il EL /AL, BEE B OKE i —
BREE & D EBLWEEX TRbh b, SHIEERD &7 3B 40 H X o Bsic o TR B
Ui CchHnbilE O HEE L RBEE OMTRLT L S HEERCEZEL R DB

AP 7.‘:0

3. TEMBEE

KL TE AR O RV RS D INBVCAR 2 BB DR T OBGHC T B R B 3 C AR BIE T
5 T.GA DAZTEINTS T, —ERECRFMBEM 2 REREL BEOWBER L M5H SN
THbH, < OMRELE LY ILERERES 28 @R EEAE ORROKHRAIFIIERD
REE), BERA 2 (REARKROEGIERE » £8) WO R iga 1 88 (RUIERE AIRERTE H)
DT 200°C X b 100°C [HiRRC 1,000°C 32 &R E I E & ECET e mBIEEL 7= (B-1),
M-3~513 8RS, ERERORBREEOBE—RHEBHRL LA 1HAF KR L LD TH D,

BREEOBREERAX 2ELLERERERCET ARMIEEREEZEL, FKAIETT
300°C € 125 B[, 200°C -Cix 150 Fpflla B & U7z, THICHL 700°C € 5%, 800°C L
FOBRE T 3EMTER & ) PREORER IR HR A BEL e i RIEA T L

Fz—1 JLEEEXUBHE O ERMMARE

MBGREE | BEF ) WARRE | EER |MARE EER (AN B NARE BER IHARH
4 (%) (hr) (%) (hr) (%) (hr) (%) (hr) (%) (hr)
200 ' 0.28 294 | 331 340 | 317 318 | 253 340
300 0.30 3545 | 047 194 | 424 250 | 368 174 | 311 290
400 0.34 3035 | 0356 152 | 459 130 | 410 124 | 314 130
500 0.40 190 0.64 124 | 451 9 | 439 116 | 317 95
600 0.54 184 0.78 102 | 469 7 | 445 69 | 330 65
700 0.85 70 | 472 56 | 452 48 | 338 56
800 0.62 90 0.88 54 | 475 50 | 454 42 | 3.38 56
900 0.70 113 0.90 48 | 477 38 | 455 42 | 338 56
1,000 0.92 48 | 479 38 | 456 42 | 338 56

E B & B R ow | E K & | BH K & | £ B o=
HEREOR | RFMLEAROR | & B ® <, B 2
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TV U C iR B a4 % R O BB I T B S 0 B e ey TR B W e
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Foss of \Weight
(%3
1.04
e 3000%
[ 900°C
f—m——— 800°C.
b 700
081 600°C
500°C
0.6
H00°¢
500°C
0.4
200°C
o.z-/
. — . . .
50 100 150 200 230 300

e3>  Heating times (hr)
B—3 InERE— R CREBERFI, 2ROR)

s of Wight

900°C 5 1000°C_
BWC_ e
S0 ¢

A

4—//

200

50 100 150 200 250 300
Heating times {hr)

Bl—4 IR E—RRIER TR, %)

(135)



136 BB OB

loss of Weight
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600°C 500°C 400°C

300°C
3"/—’// 300

.

L . ) ) )
50 100 150 200 250 300

T
B—5 mBMEE—MR (AR, w )

REC 3\ TR BRI CIER & 725 DITH L 500°C Tk 70 BFfli A 48 & L, 200°C Ti% 293 B

MuET 5, b/ SEEKETL 500°C C 5K, 800°C L) LiX 3RFRITH 523, 400°C ©

V%47 B, 200°C 13\ Tk 280 BERIABE X U 7o, fRBEAS b ELBREE & RGO A &5 L 400°C

Ll ECik 6 BRI CIERICET % 23, 300°C Tk 120 B¥Rdl, 200°C i de\ > Tk 310 M fu) 4 B

L, BEOHEKREL ChLOWEERUER TH S,

—HIERICEL F B O & BRI T 5 HEME A RECHL 7 e v b K-6~7 1
Fbo S B HICRIRERRE R LB BE LT, AL 500°~600°C, 800~900°C iz 5%
AMARWEN DD TG MROEN & 3Za%T 5. RHCHEE, RIFSTERE L v 2%
CIREL, 500°Ci8iciz & A & DBEN s I D, Ross BU¥ Smith® 13 EEkEF 0 HERMERK S
23 600°C LT CHBINA BRI T 2 EDOH b O L, X ) ERE TR E it
EEOBMALORB D & HIBRLATZE R KAEACL S HO, #BHn~7 <L hE#EL D
SRR ITE RS T % o M L 7o, JLUEE O BB S B IS A 351 C b B R 2t e
BT B OB BRI E L 2008 5 B« obHC X 0 BT 08B 228,
500°C M 3 & L CBERch o M M B O WL IR I A2 5 B R AR T L DT, 500°
~600°C LA EOREEE CoOMENFHEE DHE Ross!® @ high-temperature volatileé, =Ny
BT OB 5 10 B B2 M L 3 BB RS D55\ low-temperature volatiles i
HUTLEELDRS,
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FTHHHEEREL TR, JhEECERT L KUBES s HO TH s &
Fz T I, Rz 400°~500°C it it 2 % low-temperature volatiles {1150 A, N,,
RHEFO CO, HBRIFE H0 TH A 519,

KB O K O AR BB HE Sl T H,0 F & L TOREY ©, Si0, KEME
L7c HoO 3 F AT 8GR bR, RFY REBRECRIFEDO KGO %  AMFE KO
TEERTNBL L, — 7 B #E ORI HO (+) 047 830Kk OH %2 L T Si0,
(GH) % AlO;(OH) & L THAY, #u ik free OH & L THERENCAHEANIC AT % L4
ZbR T2, Z o3 o OH Ik B SIERE Tl i S /s Wi Toi, X6
CHEETLRIRER T OH OB ED DR T LY HELE 2 5 L IL B E OB B 5T
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BIZKE &L OREE low-temperature volatiles 1378 E% TR B A AR i 2ac X
O RABICIRE & 800 2 2N IBIREE & L1 SR 2Va U7l < S QB AT B o A VP
fHEEL T Bo SHRARE TRET 27 ACLBE g =34 £~ B0 Ri s Licks &
bhada, BICHEEEPRIFSEOSHE I\ Tk O o@EFoiERR, Hb HO0 4F,
RFREE L 7o HpO LACRIEIIC & 5 OH O™ 7 KO Rkp b 4nnisy, RL S EO—/E

=

DEFHZE fehld e b7y, —F high-temperature volatiles ik H,O Llispizd ~m v 7
A, HRIC CL F M ERD BT B, KU OFE L WD — 2T 5 5 gz i
600°C Ll EORRER COMBEES ORLHEENRE S BELLEL TN D LEX LR,
CL FEFICOonTOMRELEETHDL LELDRD,

5 E #

Je¥EE O PN RE N T 5 KILBL B O Jn B E OB A T.GA ROERIMBAERC L VE
L R ORRICERHRS,

1. BVKRC X % die SR B B B E & EERE R OWAIE S & VB & O 5 5B
Bc B Y, BB RERBARE R T, 400°C JE, 700°~800°C, B\ k7R bl - CHER
PR DB R AT D EARD bhie, BEERE L 0 2BICRL £ o ik
BAREL TAL—RCIHEL TE00°~T00°C TI2 L A FSETL, EEMES DL GEERE
LOWETAEAID D ETY OBRE L, RUBMEBHECEREK L AMERZ L
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Studies on the volatiles of holohyaline rocks
from the Hokkaido

2. Evoluation of chlorine on heating

Hiroshi Shirahata

Abstract

Foregoing experiments of the escape of volatiles from glassy rocks have been presented
some interesting relationships. The present paper continues these studies, and presents the
results of the examinations concerning total chlorine in the glassy rocks and the chlorine
escaped on heating.

The chlorine held in the glassy rocks from the Hokkaido has been expelled by heating
above 600°C. Not only obsidian, perlite and pitchstone contain in general higher total chlorine
content than rhyolitic rocks, but also fairly large amounts of chlorine are rapidly evolved at
temperature above 700° or 800°C. Especially, the obsidian has showed high chlorine content and
high Cli00c. evolved/total Cl value.  On the contrary, the rhyolite is low in total chlorine
content and in Cli,0000c. evoived/total Cl value.

It may be considered that the difference of thermal expansion between volcanic glasses,
especially obsidian, and rhyolitic rocks is affected by the total chlorine content, the ratio of
chlorine content evolved at high temperature to total chlorine content and the trend of evolution
on heating.

. & 0 & (C

B CILHBE W E T 5 KB O hnBdlE O F A il -~ 7o 23, 500°~600°C LAk Clk
I B 78 high-temperature volatiles (X< 2~ X 0 L e b IR IcHEEBER S TH B &
£ 2 DAVKIUBEEOMBWIECHE B RE 2T Bbh 52, & OEREERS KO
swry, BICHEERCIC T » S < BLEAMBR T 5, HIHEE % 600°C LU Lic
IBL oy, B KUBEEEE (R FAREIRTO o v ORB R T 5 $E B
Dl (&) W25 ECEECH D LE L DN D, KIUBEE OB R LFAE % 579
T552Th =7 ~OBEREBS VBN L CHEEIN TS EHF 2 bR ST QBRI
TS A REERARSEDN 2L O LS h D, RRIUTERER S FERT O
THT o T RRAER OGRS
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2. R BRAGE

PHEEhomMBW L VS h A EFORERC M1 R U el BERTHL 2,
REBITEZE N, BRPROCESH L 07 0 BEF X ON-OFF 2R % CHrE O
BRI ns, COBRPCEHAEY 7 A G ML BB G L ERH L vilifsT o, B
B~ b3 AEY T AFERTERIFOBEPRCALESL D, A~ MOGEEEXLDCRES
(Pt-Pt/13% Rh) i & H iR T %, %5 %1% 0.05 NKOH %% 50 m4 & A oS e v 2 %
HEUHH SR AR B2 HET S, S5 OBBIKTEA v 7 & il U SRER O
B 18 4/hr LI ZEEREIT 5,

electric furnace

—> Suction
Fhow meler

sitica  NaDH Silica

thermocouple
qed gef  M3{CR04): Pt~ Pe/iazaRh 005N 005N
or kpH Kort
P05 somd  Somf
thermocontrofler
pyromeTer

H—1  ERomBEKHNEREER

WE FERT AR S OMBGBH UEY WL 7228, R EEMI 0VH O o B
—250 mesh) L, F& 1,000°~1,100°C, 2 FEMmEL THZEEAEGHL, 7o — 2 C5R1F
U 7oA — 1 in 05~2 g RIEMECFRL, TEDOREICHERES Y 7 ABRCHAL T2
HRmE3 %, ZOBKRR Y 7 CHEORE & s 2K LE#EY 0.05 NKOH B %
T4, BWHEA RN L KOH @ d &4 > 7 vERKRED 1w X b Fgta S B cm
EBU o, BB R 2 BERIINEWR I L o 5 R 36 £ DS M AT B RE AR lg o a — b
IEAL, FRFEINEAE (1,000°C0) OBa Kk« 2 ReER O hoa mBRI 222l Bx 7o
RO TFROBETLERBREIL LY e Tho o, LAKBETEC B2 FFhTELET
DEBRHD, b1 KOH Bz OMEDOERORBAOBREXEEL, WEDOHE KOH
IR D72 BRE % R DHIEL 72,

B L 7o ST PSR TR L 7ot C7 #ERE WY 99.99% NaCl X b 0.100 mg/
ml BEREW A AF O L FIR L CHREBM A ER L 7o, MK EEERZRIEML b D&M
MU A D, EEL TEKLCBA v KL feEd b eilREiciz s A EEN e
T D CTHRECII A v KB EAL 72,

EOTOEEFEOE L HbITo B D OEREEY LV T4 v 7 VBRI TR
2L, e REamd UKo el BREc X v iEL 1o,
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BORHE - BB IR SN A 0 ALE SIS EE I A TR 4 F, ERE 24E, REE 2
TGO B LS B AR O ESRE AR OWMBUE H S, ARG URIEESROmBET 5k o
W EESEEELOWRMED 1L o\ T high-temperature volatiles 23fHI I HIZ U
% 600°C & v 1,000°C i2% 100°C HlR THIE L 7o, REEEL H— 2 B iz,

FEEAGE Y F-1 AL, WTh Y 2~3EOTFEETH D,

F1 GEERBEELSONARHERRCLSER (%)

Temp. obsidian - perlite pitchstone rhyolitic rock
eC) 1 2 3 4 5 6 7 8 9 10 11
600 0.0039 0.0050 0.0006 0.0018 | 0.0022 0.0006 | 0.0003 0.0008 | 0.0021 0.0010 0.00012
700 0.010 0.0l65 0.0046 0.0045 | 0.0020 0.0015 ! 0.0047 0.0009 | 0.0026 0.0017 0.00014
800 0.024 0.036 0013 0.019 0.0023 0.010 0.019 0.0008 | 0.0048 0.0050 0.00017
900 0.042 0.056 0.033 0.038 0.0098 0.021 0.047 0.0013 | 0.0018 0.022 0.00045
1,000 0.052 0.089 0.043 0.075 0.022 0.025 0.078 0.0013 | 0.0027 0.042 0.0029

total Cl 0.100 0.090% 0.058 0.124 0.065 0.074 0122 0.0060 | 0.013 0.078 0.0104

1,000°C Cl

052 099 074 061 {040 034 064 022 021 054 0.28

total Cl

Lo SBWEIABOR 5. SUNES 2 SIS O AR R R AL
20 AMERINEAON 6 IEEEARESTkm 105 BEEBHEL

3. WEBEFMEMOR  7: HUHIEE E Ve SRS S SEEILESE
4: B BB 81 HCHISIE AN A

3. EBRFERACCKRET

B AP RRBEMOORMES T L THL CTnBBHES L <, BcRFINELED
BB L 1,000°C T 0.089% 1% T %, BERAXURESECRARRBEREORE SR
e d BIES X D EEER R, —HREEEERRAREELINIEDS THRE BN
B EIRNTH 5, BREOMMEHETABSIE, HBREHHERAEY R T 0
TOWEE & 1R D, K2-1 X v b SRk LB O MEGEE T h R o K6
FEVF R BB 700° J5E 800°C X b Gt i 5, WEROKRBE DS\ BHE L
—BERE I VEFYHEE L DTS, R HEEERIESE D ZIRD Tl B D It
800°C & h BT BOMIMMNED DI D, Ziiext U E DD o Wik S cr B =
R BERS DI, 800° T3 900°C X b B OB MARD bR BT &,
(¥ 2-2)

Brun® XEA L ERBRE D B L BRI SR AR MEL, WBRD L
rEOEAD 80°C OB X h FEENEL HHT2FXRD TS, HIFLY &R
KR OEKE 500°C iZikiE & A B S a2y, 800°C TR Sh b %
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- %
o Ry 10
010r il
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002 001~
I + Ry ¢
g ZA - N +74_,————"/"+
L : . — e + Ry i
800 700 800 900 1000 °C 5 + + = —
— Temp 600 700 800 900 1000 °C
Bl 21 ALypmme By e o i o hk it Temp
— LB T — R 22 Je¥gEmE B o H O A
Obl: MM# w1 Pr5: Mz /% —UREUE R
Ob2: #  FH Pré: # bl Ry 9: %y SmEEER
Ob3: »  EFEE Pt7: IS AEEE Ry10: BOSEWEE SR BRI
Ob4: »  BEBBEL Pt8: »  HAK Ry1l: Wi caimim / #

FHREL T 5, HRKUEER800°C U L m#ETh EREI B I 3ERMbR T3
DACHRE DB EAE L & O A & AEL 700°~800°C ML TEEEC M T 5 b o THEIC K LB
BB CHECREDS bR D, ZOKIUBEITMESLEC K D EL <BEE Bl 52, #
W ALESE DB D 4 < 1k 700°~800°C LA TR (38¥) T 5919, FiHkEERBEECL 850°C
P ETHET A ERBEIRTE DY, Kozu® OEBRTHEHLO K LI 2 700°~
800°C LL ETE L BET 5 F4WorCLTW%, TEZORER THEZEOREENEL <
BINT 5 HEIWHEHOMIR RBE) PR TFHFELTWBL0EELLR D, MBI
HROBBIERPCAEINRAEEFRYETHRIET S b 0TIt/ — 23 % o—E 238 B
IhAY, ARUE UK TSR E BB E ORI 1,000°C TEEREDIE &L A E 100%
S BEEN DL 04 HIE, HEAEERKEORC 22% Ll shinbodbd o —#
TR, KD RESRE AT L O H 2, B RBEN SR ERCST D AR
BV ECEARRZ D, MERE < OB FARINBHEGE 2 1,000°C LIXELTY KX b b
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Fundamental Studies on the Most Profitable Distribution Ratio
of Chord Members on the Reversed Lohse Bridge of
Three-Span Continuous Girder Type (Part 2)

— An Experimental Study on the Photoelastic Models —

Sakutaro Nakamura and Masao Shimura

Abstract

The present writers made three epoxy resin models of the reversed Lohse bridge of three-
span continuous girder type by the different distribution ratios of upper and lower chord
members, and performed the photoelastic experiments by means of Photo-Elasticity Apparatus
and Reading Microscope in order to find their stress phenomena.

On the loading support of Photo-Elasticity Apparatus they laid one by one three models,
and then they put a concentrated line load on the span centre of the upper chord member of
each model, and took the photoelastic photographs of stripepatterns by using a source of
mercurial light.

They decreased suitably a concentrated line load, and plotted the inclined lines at intervals
of 10 degrees on a tracing paper stretched upon a screen by using a source of white light.

Next, by using Reading Microscope they measured the vertical displacement on the centre
axis of the lower chord member at the centre of span.

Then, they analyzed experimentally the stress distribution of members zyz, 0w, 0y on the
base of the above-mentioned isoclinics and stress patterns by using the stress analytical formulae
of the shear difference method.

They carefully compared these experimental results with the theoretical values calculated by
applying a digital computer (FOCOM-231), and clarified the tendency of stress distribution and
maximum deflection of models.

Lastly, they pursued closely the most profitable distribution ratio of these chord members
under the above-mentioned many calculated and experimental results of models.
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On a Three Dimensional Stress Analysis of an
Annular Cylindrical Body Subjected by
Non-axisymmetrical Loading

Sumio G. Nomachi and Kenichi G. Matsuoka

Abstract
The three dimensional stress problem written in the cylindrical co-ordinate system is
solved using the finite Fourier-Hanke! transform method. The boundary conditions are so
given as to produce anti-symmetrical stress distribution with respect to a diameter. The
detail discussion is focused on the case when a thick hollow cylinder is subjected by a
partially distributed load acting in the radial direction with the numerical results.

1. Introduction

Though the recent progress of the electric digital computer makes it
possible for us to handle the three dimensional stress problems by means
of “Finite Element Method” or “Finite Difference Method”, etc., many prob-
lems still remain untouched in the field of the three dimensional elasticity.

It is because that the convergency of F. E. M. seems to be uncertain,
and the capacity of the computer still is not large enough for the thorough
treatment of the three dimensional stress state. The analytical solutions so
far presented, seems to be confined to the case of infinite, semi-infinite
elastic body and the thick plate.

In this paper, the nonaxial stress problem of a hollow cylinder is dealt
with, by means of the Finite Fourier-Hankel transform. Specifically, the

paper considers the case when the thich hollow cylinder is subjected by
bending.

2. The Fundamental Differential Eguation

Let o, 6, and o, be the normal stresses in the 7, @ and 2 directions,

and 7,4 7, and 7, be the corresponding shearing stresses respectivery, the
equilibrium of forces are expressed by

! 1 N r 9 a
FER e 0 e
3 o 6 2 9 i
0 730 0 gy | + E_}—? P 0 70, | =0 (1)
0 I o 9 1}t
L 0 0z | L 0 9 or rJ

(161)



162 Sumio G. Nomachi and Kenichi G. Matsuoka

Denoting the components of displacement in the 7, § and z directions
by u, v and w, the Hook’s law is written as {ollows

[ du ]
‘5,1 [22+2 2 2 ara
U v
oy | = A 20+ 2 A 74—*@ (2)
g, A A 2n+2 S
L oz
o 2 1 )
o0 or r
Tra Py P
o |=p| O 5 Tl Y (3)
T : w
zr a a
2% 0 o

where p, 1 are the Lamé’s elastic constants.

3. Finite Fourier-Hankel Transformation
and Their Inversion Formulas

a) Fourier Transforms

If f(x) satisfies Dirichlet’s conditions in the interval (0, @) and if its
finite Fourier transforms in that range are defined to be

8] 1) =\ s sin 25 ade,

af @)= | fla) cos 25 ade,

where n=1,2, -,
then at any point of (0, a) at which the function f{x) is continuous

fla) =2 5 5] r@]sin 25 <,
fla)=2{ 5 ] ) cos 2 ar| o]

b) Hankel Transforms

If f(x) satisfies Dirichlet’s conditions in the interval (a, &) and i its
finite Hankel transforms in that range are defined to be

| fw)| = | A et e de,

1] @) = | ) at ) e,
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then at any point of (a, b) at which the function f(x) is continuous

PP ETS A
flay = 5 | |
Slx) = bzuz_vaz,, x”_IS:f(x)x dx_‘_%g:l ]I)—l[f< )] H,,_éngzl‘) ,

where
Hy(g;x) = J;(&2) Y. (&a)—J,(&a) Y,(E: ),
j:V_]-a Y, v+1 ’

2 2 2
@%z' = {H»+1($¢b)} — <‘Z}"> {Hu+1($z' a)}
and &; is a root of transcendental equation

H,(&6)=0.

4. Solution by Means of Finite
Fourier-Hankel Transform

A method of solution was presented before, wew ill
focus the discussion on the case when the hollow cylinder
is of antiaxial stresss tate. The hollow cylinder of which
inner radius, outer radius and depth are denoted by
b(=a)), a{=a,) and ¢, respectively. Multiplying Eq. (1) by

I— {cos v X(r, 2) sinvf-X(r, 2) cos 8- X(r, z)}
where
ve=———= (v @=21) m=24, -,

and integrating by parts, with the aid of Egs. (2) and (3), we have the
Fourier transformations with respect to ¢ as follows;

S Ko,u,dA, = § [Ku 4 X ﬂh]bdz
AB 0 @

n Sb K, O [w]+ X- sz]c dr (4)
al 0
where
C,lu] [ C.,[0,] C,lz..]
uv == ’S’» ['U] s 61» = ‘gv [Trﬂ] 3 621; = Sv [sz] H
O, [w] | C.[z..] C.lo.]
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K, =

Ks»:

and
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[ o/ 0oX X 90X 0 0X X
(2p+ 2)7‘*5;(‘;;;)—#()12 7‘2“-1—--6—2— "é-g> (p+2) wm-i—Zu‘u?i

0X X 0 (90X X 0 X
(e 2y =22+ D #%57Q%?>“5;52}‘@ﬂ+@“7f
w2 ) 2 ()2 (XWX 2
far roz )Mo\ ) oz A N I
X 7
(4 2) 75 -
702
v+ s ,
d Jd /X X *X
#z;{“@iifﬂ—ﬂ“;f+@#+”"@?J
. X X X
—2ut )G 2p vt L
X 0 X X
VAT P A, 0 ’
5.4 0 (X
_—xa—z 0 mr o <7>J
r .oX
A
X
— |
-
e+ 5]

[ o] [

Introducing A,,., B,,. as

rm1ﬁr 1'Hawq
B..]7l1 1]l s

and substituting then into Eq. (4), we find that

b o
S K{,u;dAazg [Kz’uuﬁ-%X-G{v] dz+S [Kg,)ou[w]ﬂtx.o;p] dr (5)
Ag @ 0

b
@

e
0

The 1st and 2nd rows of K, ¢, and ¢, are replaced by the addition and
subtraction with the 1st and 2nd rows of K,, #, and o, respectively.

Then substituting sin Nz-H,,,(§#) for X in the 1st row of Eq. (5),
sin Nz-H,_,{&;7) for X in the 2nd row, and cos Nz-H,(&7) for X in the
3rd row, we finally have the equations for the Fourier-Hankel transforms
of A,.. B,. and w, as follows;
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{Bu+ 1 &+2pN?) —(p+ )& —(e+NEN | H118,1A,.]
—(p+0g  {Bp+dE+2eNY} (p+DEN || H,8,[B,.]
—(p+2) &N (p+DaN  {pE+p+ )N | HO.Cw]
[ SaIAL] |17

Ap{v+1) 0 —uNr 71| S.1B..]
=\ H,.,(&7)- 0 —4pv—1) —uNr —r ri| C,C,lw]
0 0 s 0 01] C8,l0.]
- 8.8, [Trﬂ] r=a
I —2uN 0 O] H..[A.]11]°
+ {cos Nz- 0 —2uN 01| H,_.[B,.] (6)
l 23 —p&; 1| HCle] |].-
where

nx
N=—, n=12,--
c

Solving Eq. (6) simultaneously, the inversion formulas lead to the com-
pornents of displacement in the following forms:

i 4 - l_ ] D _2_ - ,Tz I) 17
T k; §0 c efu0° y0k+ c ngl Sy Al ynr " Ay
2
-+ —b— Z {- iy J¢ %" Tn ?]z?;z'Ez'zulc' »Tz-z}] ( 7 )
where
cos v sin Nz &) —H, (&7
170 = Sin ”0 3 172 == Sin Nz 5 1’?1 == @12 * uJ.-l(Ei ) u-l(E’Z r) >
cos v cos Nz . H,(&,7)
a.mlc
L H,H (57, 7") Eff()/c Aeun/c
T, = N H»_l(& 7”) , D= |Eyn|, D,=| A
“ L H &) D,y B,.
Dunk
2va® b” ) 2v
Ee, e A A © B < mik A €
e e i;flbbjﬁ e f9(2) ——V&J m T Pz 0
[P —a
0 0 29 (r)
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7}— {chm (NP)— g5y PRI (Nr)} v MG (Ne)
. +2 1
o= | {MG"‘ (Nt MF,"‘)(Nr)} R PG
_ooera 1
" Spprn NN 0
+1, +2 —1 S
N {2x< Y(N7)— 2‘; - PFW(Nr)} Y N—{——Zxﬁf)(Nr) 2’“‘# - PF >(Nr)}
”X,l {2X<">(N) 2’“‘#” MF”)Nr)} ”; {2X§§)(Nr)+ 2”‘“ MF‘“(Nr)}
v+1 42 v—1 p+1
TN e BT TN e OO
r + 1 B
—{PGg (Nr)— ot PR (Nr)}
1 1
MGy~ L MEO WA}, =001 -1
0 0
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r pt+Aa p+a
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) aaye (%) ® BEA }
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7

"] o Du=|cc, [w]lf ,

E»‘:/]‘ - »+1[A z)z 04 A‘J?Z>2 c] > Tvz% = H» O» I:O.z)zzojzo-z)z:c] > etc,

and
ST S |
GO =3 5 it T (1), Hon(eia) = A ey
KO(NT) = ,,2_“ (~1p (2]
b2 Z szisz ng(& 7 (“1)’“*1%Hy+1(§¢ak>=%,
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20 »—1
xif><Nr>—-2~”;‘f%<~1>k~l ()

b Na,
N H, &) R, (Nr)

bg Z N & 2 (=1 'a,H, . (&ar) = R(’“)(mk) s

PG (Nr)= 7{x,p+ Let, MG (Nr)= —{x Lis) s

N*g, H, (&, ,C
F®(Nr)= ?;2“ Z (Nz_fg)z @<§u . (_—1) a,H,.,(&ay)

N
— R N | R (Na {8, (N e RS, (N0
— RONA a0 R, (Nag)—ay 1 R (N
N’g v4+1\%Z E—1
DN = T gy AT (e H e

RN | R Na R (N~ REL (N7

~ R, (N a, Rﬁ’za,u,l<Nak>—ak,1Rs{ﬂ3ﬂ<Nak>}] ,

Ngt  H,_ &7 P
Z—EEZ)Z @Z(»S 7) <_1>La/ch+1($¢a/c)

{R(/c)]y\] }2[ ,(;{cu)(Na/c){TRx(f»)(Nr)"a/c-—lR,(;/—c—)l,uA(Nr)}

WP (NF) = 5 2

— R, (N, R, (N 1R (V)

PEO(NA) = o (o + 0,0, MEP(NA =5 {0,—0.),
RE(Nr) = I(Nr) K;(Na,_)—(—1Y" I,(Na,_,) K,(Nr), a,=a.

)
2 A\ N . cosh &(c—=)~cosh &2
—c—}:_j{lJr(—l)’c(—l) }T\ﬁ—l—fz- sin Nz = cosh &;c+1 ’

P®(g,2)= % Zﬂ: {1+(_1>k( 1>n} (NJZ\EEZ)Z sin Nz

_ &z sinh &;(¢c—z2)+&(c—=2) sinh &2
cosh &c+1 ’

Q(k)(& Z>:

¢(k)(§¢2)=%‘ %}{l%—(—«l?’“( 1y }NZS—I—SZ cos Nz
{1+( 1Y} _ sinh &(c—=2)Fsinh &=

&c cosh &;¢+-1 ’
4 N?
PF (g, 2)= = % {1 +(—=1)(— 1)“} 0 +§§2)2 cos Hz

. gz cosh &,(c—2)T&,(c—=2)cosh &2
= ¢V (6uz)— cosh §,¢F1
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D,.., E;. in Eq. (7) can be determined so as to satisfy .the boundary
conditions. The stresses will be found by substituting Eq. (7) into Egs. (2)
and (3).

5. Numerical Example

When the thick hollow cylinder, with the supports at the points z=0
and z=c, is subjected by the load with the variation of cosf, which locally
distributes over the central part of the span. The boundary conditions are
expressed by

(1)
which yields

(ii)

from which a,,;=08..=0.

0,=0, u=v=0, for 2=0, 2=,
Tm-:Ef@ZEfi:O.

G,=Tp=1,=0, for r=a,

(1) tp=r..=0, for r=0,
and
_ {qucost cf2—cy<z>cl2—c
o o )2—c>z, c2+a<z,

from which

(Y[ nr o .
A =0, (pFl); a,u= “Nsin 5 sin NC,, {v=1); B,.=0.
c.,«j’ [ Gocos. Qucose
. Trﬁ qocoss . “.‘
[ T
2 P22 " ',
: i S 5%
Fig. 2.
Up; elementary beam theory
1.5
zZ, <
10 20 30 4072 SEER
T : T :
— three dimensional analysis /
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2 \ Ur=t/yy,
~ c
\ /2p=1.0
e, ¢
0.5k \ Ur-ay ey =32.0
4 Us
v =0.25
+2¢’i I 1 i L
\ 0 o102 0.4 0.8
—_—
Fig. 4.
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| U, ; elementary beam theory
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Fig. 5. Fig. 6.
|
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Fig. 3 shows how the radial dis-

0’. Ty ; elementary beam theory

2,
placement at the middle plane of the  #Z | by =1.25
. Ll‘ﬁ I
cylinder varys, and the figure also has cu/y =0.078125
the variation of deflection calculated by ‘

157 v =0.25
the elementary beam theory. The var- ;
iations of the ratio between the outside
and inside displacements w, for z=c¢/2 1.0
and =0, and the deflection of beam, {
are shown in Figs. 4 and 5. 5L

The distributions of ¢, and ¢,, for 0.51.02.0 4.0 8.0
z=c/2 and §=0, are shown in Fig. 6.
Figs. 7 and 8 show the variation of the
ratio betweed the outside ¢,, for 2=¢/2 and §=0, and the maximum fiber
stress due to the beam theory.

The distributions of the shearing stress for »=0 are shown in Fig. 9.
The value of 7,, for =0, 8=r/2 and r=a, is shown in Figs. 10 and 11,
as the multiple with the maximum shearing stress due to elementary theory.

We find that the result, for ¢/2b=1, quite differ {from that of the ele-
mentary theory. And in the particular case when b/a =1.25, the results
also fairy differs from that obtained by the beam theory, except for the
deflection. It shoud be noted that the shearing stress always takes larger
values than that of the elementary theory, because of the stres concentration
around the inside hole.

Fig. 11,

6. Final Remark

By making use of thé finite Fourier-Hankel transform, the antiaxial
symmetrical stress state concerning the thick hollow cylinder of finite length
is expressed by the function involving the boundary values in it, so that we
can easily handle the boundary conditions. The series of the function has
good convergency. Hence, we may say that the method quite fit solving
such the problem as this; we need not use the similtaneous equations by
large array and not to take a long run of digital computer. The solution
can widels apply to the other boundary conditions.

(Received May 21, 1973).
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On the stress analysis of the plates with

multi-crosswise ribs (Part 1)

Sumio G. Nomachi*, Kenichi G. Matsuoka™*
and Toshiyuki Ohshima™**

Abstract

Bending and horizontal deformation of a ribbed plate which is built up with many
thin rectangular plates as shown in Fig. 1, is considered here.

Making use of Displacement-Shear-Equations concerning folded plate theory, we can
express the equilibrium of shearing forces at the joint line where three or {four component
strips meet with one another, by simultaneous finite difference equations with respect to
five components of displacement, and an analytical method for solving those finite difference
equations by means of finite fourier transforms based on finite integration, is discussed.

As numerical examples, the presenting paper deals with the simply supported ribbed
plates subjected to lateral and horizontal loads.

1. Introduction

The structure on which we are going to study, is a plate stiffened in
two mutually perpendicular directions by a system of longitudinal and trans-
verse ribs connected with it.

x,4: Continuous numben

X,Y : discrete numben
FIQURVLD YIS

x (U,

Rlwd
Fig. 1. Two-way ribbed Plate

* Department of Civil Engineering, Hokkaido University.
** Department of Civil Engineering, Muroran Institute of Technology.
**k  Pepartment of Development Engineerings, Kitami Institute of Technology.
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Let us call it the “Two-way ribbed plate.” The structure of this kind
has a good design efficiency, and is used for the steel plate deck construc-
tion of the bridge structure and a partial reinforcement of main girder, at
which the stiffening cable is anchored™*.

Besides then, it can be seen in composite construction bridges, well
suited for short and medium range spans, the concrete deck participates in
the stresses of the main girder to which it is bonded. .

Since the two-way ribbed plate is widely used, its stress behaviour has
been extensively investigated by many engineers and reseachers.

The reseaches so far made, can roughly be grouped in three categories.
The first one stands on the base emphasizing the nature of the grid work,
and the plate is replaced by the grid of perpendicularly intersecting T-beams,
which are composed by ribs and platets.

In such modelling, the shearing resistance of the plane stress in the
plate, which is supposed to have fairly effect for some cases, is neglected.
H. Homberg® and F. Leonhart” did much in this area.

The second one is the bending theory of the orthotropic plate. It is
natural that the two-way ribbed plate should be modeled by an orthogonal
anisotropic plate, which is defined as a plate which has different elastic
properties in two mutually perpendicular directions, in the plane of plate.
In this case, the characteristics of the ribs which have discrete properties,
may be averaged and the ribbed plate is replaced by a model of continuocus
media. M. T. Huber, S. P. Timoshenko and W. Cornelius are known as
outstanding reseachers in this field.

The third theory is something like the theory of “Schubfeld Theorie”
by H. Ebner® who established it on the assumption that the plate might
bear only the plane shear, and it is widely used for the design of the thin
walled frame work structure. Our discussion will stand from the idea of
the third category.

In the bridge structure, the two-way ribbed plate is often adapted as
the web plate or the flange plate, and the thickness of the plate is not so
thin that we can not neglect the normal stress in the plate any more.

Taking the effect of normal stress and of shearing stress in the plate
into account, we use “Displacement and Shear Equation” of the folded plate
theory. Considering this three plates of strip meet at a nodal line with
one another, around its nodal line we have an equation of equilibrium of
shear in which the displacements and their derivertives are included.

Integrating the equation successively, we can get the relations between
nodal displacements and nodal forces. Thus the fundemental finite difference
equations for the stress problem of the two-way ribbed plate is established,

and for solving the finite difference equations, “Finite Integration Transform”
is used.
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2. Basic formulas and symbolic notations

1) Displacement-Shear-Equations
The shearing forces are expressed with the displacements and the normal

stresses at the lower and upper sides of a folded plates element, by the

displacement-shear-equations”.

OAB
e x ﬂt ’W
A cud
COI lc?\ @
B
Tea A
Fu Sea
Fig. 2. Folded plate element
r N 1
T iplx) = 6 (204 MB) +”g (SAB_“SB/O ' (1 >
. N o1
T palx) = 3 (26g+ i) + Z (Szi—Suz) (2)
Where
= % R N=FEta
1 L. Gt 1 . —
’5 Gt('UA +'UB>: 7(”A_ulg)+z(sﬂ43”‘sl;/l) (3)

2) Finite Fourier Integration Transforms and their inverse formulars®

a) Let us introduce the symbolic notation
e . im
Si[f(x)] = g}lf(x)-sm P
7ol i
£ = & fla-cos o

which are coupled with

Jla)y= % :Z;:ll S; [ ¥a (x):’ sin f;f, z
2 » - (5)
Fl@) = & R £@)]-cos 7 2

where
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B[ (@)= [ @]+ 5 (— 1oy A0

r[ 1) = Fler@]+ 5 —ar s o)

i=0,1,n, =01, 2.
b) Related formulas

For convenience sake, let us difine the second difference and the modithfied
difference as follows,

£f(x)=fla+1)=2f(z)+flz—1)
4 f(x) = flz+1)—flz—1)

Applying the above formulas to the sine and cosine transforms, we have
S| #f@)] = —sin 7 (=17 fm—rO)—Desi[ 7] (6)

- )
$i[4 (@) = = 2-si0 R ()] (7)

ol ££@)| = (- 10 4f =)= 2£O-D, R{F@|  (8)

laf@| == (=11 a£0-1-4£0)

in

+<1 + cos 7){(—1)¢f(n)—f(0)}+2.sin %-Sz-[f(x)] (9)

where

D, = 2(1—cos —Z£>
n

3. Analysis of two-way ribbed plate

The four sides of the ribbed plate are parallel to the coordinate axis
x and y, whose positive directions are given by the arrowhead, as shown
in Fig. 1.

And the three components of displacements in x, ¥ and z directions
are denoted by #, v and w.

And also let the letter 7" be the shear flow and the letter .S, the normal
forces per unit length.

1) Equilibrium of shearing forces at the nodal line in the x direction

The three shearing forces and the outside surface traction along the
nodal line parallel to the x axis on which the deck plate is intersected by
the rib plate, is expressed by
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Ty yal@)+ Tyylx)+ T¥(z) =P<x)

(10)
which together with Egs. (1), (2) and (3) yields
N, Ny N, N, No .
3 I3 2- uy+ 5 uy+1+ 6 uY - 6 Uy
Gt Gtz Gt Gy,
—<2 7o hoz ) uy+72— (uY+1 + uY—l) -+ # uy
Gt . . .
57 (Oy11—0r-1) + Gty = p() (11)
where
M)z Et()z hox > Nm':EtlzZ -
2) Equilibrium of shearing forces in the y-direction
Similarly in the y direction,
L NG, N, N, .
[Zg/ -+ 60J] 2Vt Z(\; U1+ 6 Dy 1+-6‘OL%‘ZX
5 Gt | Gy, Gt Gt Gt,
—(2 W +-7-lo° >vX+ 7 Vrnt Ut h°‘” U5
Y
Gt . . .
5 (uX+1—uX—l> =+ Gtoy Wx :P<?/> (12)
where
ov . .
'é:?yg, M)y:-EtOyhOy) Ny:_Etﬁl.
3) Boundary conditions of the rib plate in the x and y directions
Ne ..  Noo . o G
Ty, = *3-0" uif—i——g—uY—Gt%wy—i- A 2 (14— 1) (13)
0z
Ny, .. Ny, . Gt,
Tz, z_?)(’*—"v}—k 6°" Dy— Gty W+ hoz,y (vx—v%) (14)

4) Equilibrium of shearing forces at the node x, y in the z direction

Look at the rib element, from Eq. (3) we have at once

Gto:c hOzwm.Y = GtOm(um.Y— u;Y) + (SIY_ S:Y)

GtOyhwaXy = Gt0y<va~v}y>+(§XJ_§§Zy> (16>

in which S(x)zSS(:c)-dx, and it is supposed to be a shearing force inside
of the rib, so we can write it as

'§(x> = CX.X+1_(PX.X+1_pr.X+1> (17)
where
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&V‘)
LWEZ\Z“LL“) I Tey o0y
L G
R O :

Fig. 3. Geometry of two-way ribbed System

Cx x.1=resultant shearing force acting on the boundary

p o8]
Pyyn= SX P(x) dx

Integrating Egs. (15) and (16) by x and %, on the assumption that «
and v respectively may be linear with respect to x and y, we find that

A
Gty ho dxwyy = Gty, {uxy togy— Uy + u§z+.1y)} ‘2L

+vCx xi1° 21“(YPX.X+1\3‘ _ij}xﬂ\é‘)

(18)
Gloohoe dsxWs1.y = Gtm{uxy ey — (i + ufm.y>} %
+Crx1t A —(Prxalb =Py 2 ) (19)
Gay hoy dyw sy = Gty {vxy + Vx i — (VT 0k, >}12-
+xCy.yi1 o~ (Lr.rally — Ly ralf) (20)

4

Gty hoy dywgy = Gtoy{vXY+ Vry 1—(O%r 1+ ‘UfY.Y)} D)
+XCY.Y—1‘22*(XPY.Y~1133_‘XF?.Y—ﬂéz) (21)
The equilibrium of shearing forces around the cylindrical section cen-
tering the node x, y, yields the equation oncerning € as follows :

yCx 51— YCOx x1F xCr.y-1—xCr.y 1= PXY (22>
in which all of ¢ can be eliminated by Egs. (18), (19), (20) and (21), and
we come to the expression
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Gty h Gty h
0/21 0z 2 XY+ 07/ M0y M40y AY Wey
Gt, Gt,
- 2% (ﬁ'xux.y_ﬁxu§zy)—' 209 (AY“(JXY—AY‘UfW>
1 P
= xr+ 5 P (YPXXJIO IPXYLI +YPXA 110“‘ YXA\ )
1 D 2 D 2 3] 2 Pe 2 ‘
+ ”22- (X-EY.Y—H]OZ _XEY.Y+1102 =+ XEYAquoz'“XEY.YﬁlloZ) (Z3>
By applying the procedures described in Appendix to Egs. (11), (12), (13)
and (14), we can transform them into the equations as follows
(An+240) Buxy+ A Lodytiyy + A bttty
- (Bn + 2312) Uxyy -+ Bl2 A%{ Uxy “+ Blg ufyy
=+ ClZAXA'Y Uy + Crpdxwyy = P, (24)
Apdotizy+ Ap Lytigy+ Buuiy + Bptigy — Cpdrwey = P, (25)
- (Asl A%way -+ Asz A%’wxﬁ + C31 <AXUXY”“5XU,ZYY)
-+ Csz (AY‘UXY‘“AYU?Y) = P (26)
ASI Agf'vfi'y + Asz A%;‘UXY + B51 Vsy+ Bsz Vxy— C51 Aywzy = £ (27)
<A21 + 2A22> By vy + As A?X"%/"”XY + Ay b5 vy
+ (le + 2322) Uy -+ B L Vxy + By Vv
+ sz dydytzy+ Czs Ay Wy = P (28)
Table 1. Coefficient of Eq. (24), (25), (26), (27) and (28)
Ay
' J
¢ 1 2 3
2 [N:r Now
L W3 e i(N Gt/h) i(_z\@,_, Gzozzl_>
-;_L (2 ,gt, Gtos > 6 A1 A2 6 3 o
6 ]'LOx
_Z_{_IYL Noy.
) 213 6 L(Me, Gl L (R Giple)
“ __]_2( g_ Gto,y) 6\ Ag AL 6\ 22 Yoy
6 1 hoy
3 Glowhos Gloy hoy
}q Z‘Z -
4 Noz Gty Noz | Gtoe 2y .
34 6h0x 641 6h0x
5 Noy  Gtoy 2 Noy | Gloy A -
32 670y 622 6hoy
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Table 1. Continue
Bij
3
i 1 2 ' 3
Gt . G Gty | Gtow la
! a2 GG 7 T
Gt | Gty > Gty Gtoy 22
2 22 (2 21 + }L()g/ 21 h()f(/
5 — — | —
4 . Gt()x Zf} Gt()ac A o
Aoz how
5 Gtoy A2 Grox 44 | L
‘: - hOy }10_7/ !
Cij
( J
‘ ' 1 2 [ 3
1 Gt Gton
- 4 2
{
Gt Gtox
2 - 1 2
3 Groz Gioy
2 2 -
GtOx
4 =k _ _
! Gtoy
5| g — -
which are the fundermental difference equations for this case. Using for-

mulas (6), (7), (8) and (9), we can perform finite fourier integration transform
to these equations.

When we take the condition that the deflections and the stress com-
ponents are zero along the four edges, the boundary values in the equations
vanish, and they become

“(Au + 2A12> D, R.,8S; [uXY] + Alz D, D, RS, [uXY]
— Ay D, R, 8;{uxy] +(Bu+2By) B, S;[uxy]
—B D¢ R, S,, [uXY] +B; R, S, [uer]

—4Cy;-sin —%— sin _7%11'_ S, B [vzv] +2C; sin —ﬂ% 8,8 [wxy] = P, (29)
—AuD, R, 8;|5r)—ApD,, R, S;[uxy] + By R, 8;[uiy]
+ B42 Rm Sz [uxy] - 2C41 Sin Ln} Sm Sz [wa] = ﬁz (30)
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(Am D, + Ay Dz) S, 8 [wxy]—2C;, - sin 77:1‘ <Rm Silwxy] — R, 8; [%@Y])

—9C,sin S Blo] 8, Ruloin] ) = Py (31)
— A Dy 8, R[] — A D 8, By [vxy] + B 8, B, [Vir]
+ B 8, By [v1] —2C5; - sin "Z]Zi 8, Ss[wyy] = 134 (32)

— (A21 + 2A22> DS, R, [vXY] +AuD; D, S, 8, [vxr]
— A23 Dz‘ S, R, [‘Ufw] + (Bm + 2322) S, B, ['UYY]
—B,D,. S, I, ["UXY] + B8, R, [7);1/]

—4C-sin 7 sin T Ry S [tee] + 2C5 sin - 8, Si[wal = Py (33)

which can be written in

K U=pP (34)
where
K=[a; a, ag ay  ag | U=( R, 8 [uw] P = Fl
Ay Ay Ay Ay Ay E,S, [ufYY] P 2
s Az Az Az Axp |- 8., 8 {wxy] P 3
An Ay Quz Ay Qg 8, R, [‘UXY] . 13 4
L1 sz sz A5 Qss | S B3 [Vsr) J P 5
Eti, | Etphy Gluk
a = — 2 T TS ) (1—cos TF

_El_tlg Gt/?l i Gtogc/h Gt21 ( EZ'“
-+ 3< 7 + 7 )( —cos )( —COos \) T —2 % 1—cos k>

_ GtOxjiL__};( Etﬂmh% GtOzzl 1 o
=7 " 3 2 cos 2.
. mx mr ir
s = Gly,- sin T, = 0, az=— Gt sin T sin —— 7

Gtox/zl _2< Eh»()z t()m _ Gtole ><1 mm >

A =g, An =" "p - 34 6he J\" 0

Ay = — Gy, 8in 7_/71277: y Au=ax=0, ay=a;, ap=ax

e —Z[Gt;h“ <1_ coe T>+ Gt(z,zhoj (1_ o8 1}:)]

gy = — Glg,sin Z—Z— ,  as = Gty,sin %r » aw=ap=0, as=ay
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Gty 2y (Eto_,,hoz, Gty ke > ( 1 — cos i7r>

Gu =" 3% 650y %
_ Gty 2, Ety, hyy | Gloyds ir
Qs = . — 3 % + Foy 1—cos 7

sy = s,  Qsp = g5, g = A3z, Asu = Ay

_ Eth | Ety,hy, Gtoy,b)( i >
a55——2( 7 + 34 6hoy | 1—cos 7

3 Z.
—1—‘2“( Et21_+ Gedy <1—cos ﬁz—)(1——003 E)— Gloy 2o —2 Gt (1— cos X
3 n k 11

")

A2 A oy
And stresses are obtained as follows,

N O’C ]\me

Ny,
S [thy] = S [AXqu]’\" 6/2 S [Axux{y]

Gy h
6/010,51 (2 8 lex vl + 8 [t vl —2- 83 [ir] — Sil e, y]>

Gty [ . i . .
- 20 <Sz [t es 1v]— 8 [wxy]> - %" S (e ] (35)

(123 2ot

—+

:{( 2)_21\1 M@}sugu”n@tm( -si[uayhsi[ufﬂ.w])
— G o D) (2 St S )
S sin T Bl s~ Bl |+ 25 (81w~ Silawr] ) (36)
N‘”’ 8, [0%] = N‘”J 8 [Arvi] + N‘”’ L S [4y 0]
G (2 S o S i) =2 Sulwin] — Sulvir]
e (NN Pl PR S OV (37)
(ECSNIS AP
:{( ~—D6—> IZ + Z } m[AYva]+%ﬁ<2-sm[v;y]+Sm[v§z.y+1]>
G 4t;;;y D) (2 Sulo) + ol

Gt .
——5 -sin— = (_Rm[ux ra1)— L [%tY])

3Gty { ..
4 : (Sm [wX. Y+1] - Sm [wXY]>

(38)
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4. Numerical examples

In order to illustrate the numerical results obtained by the method
presented in this paper, some simple cases are taken.

(XIG®E K¥/en?> 0% p=1%3 oX (x10%E K8 /o )
6.0— e - 6.9
\ /

1.0 ~
2.0 <

-~ t.0
3.0+
4.0
$.0 — 20
6.0—

TN

~

]

{ X10°E ¥a/em )

~—_

ay

s\‘
Fig. 4.

p=1%

¢ and ¢2 Diagraw

4

0.0—-—r

1.0 =
2.0 -
3.0 -
4 -
5.0
6.0 ~

7.0 -

8.0—

\

\

/

>

N

/

r/‘

]

Fig. 5.

[/

-\‘r—-""‘

//

g3 (XIG°E KT /epp )

—0.0

~ 2.0

¢y and ¢f Diagraw (E=34800kg/cm?, v=0)
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(x16% em) p=tka
0.0

1.0

\\ -

/4

—
Fig. 6. o Diagraw
The computation was carried on by FACOM 230-60 in HOKKAIDO
university which is an electric digital computor with 80 K core memories.

CPU time occupied in a cycle of stress calculation and its output was only
20 seconds for each cases.

a) Simply supported two-way ribbed plate subjected to a lateral
concentrated load at the center of plate
E=34800 kg/cm®, v=0.0, £=0.3 cm, &,=£,=0.5cm, 4=24=10cm, A,
=hy,=6cm, n=8, k=6, P=1kg.
b) Simply supported two-way ribbed plate subjected to surface
tractions parallel to xy plane
E=34800 kg/cm? v=0.0, t=0.3cm, %,=%,=05cm, 4=21=10cm, hy,
=hy,=6cm, n=8, k=6, P,=1kg/cm.

(X 10FE K¥/en

4.0

a0 (% 1T5E “Y/ent >
—}.0

2.0 ox I

o.x x

1.0 , b

0.0 —0.0
—~1.0

\
T
%

[

/w"‘"

Fig. 7. o3 and ¢} Diagraw
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3 p=tKfem OF
&
6k
(1078 Freni) / (XIYE %8/en? >
0.0— —0.0
/ Lo
10— - 2.0
- 3.0
-4.0
20— s - 5.0
L¢.0
4
N
Fig. 8. 0% and ¢} Diagraw
(xlog%em
-2.0
p=!K3/cm
0.0 o
+2.0

Fig. 9. o Diagraw

5. Remarks

The solutions of the ribbed plate we have discussed here is analytical
method of solving the finite difference equations. The actual system can be
reduced to the discrete model starting with the Displacement-shear equation
of a folded plate element. Thus obtained equation is easily solved by means
of “Finite Integration Transform”.
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The numerical results will be checked by the experimental one. And
the method used in this discussion will be extended to analysis of sandwitch
ribbed plate, trussed plate and as such.

The stiffness matrix for the prescribed numerical computation may be
said up to bxnxk one when we follow the way of usual folded plated
theory, whereas the method mentioned above needs only 5 x5 matrix.

References

1) Aschenberg, H. u. Freudenberg, G.: “Die Briicke iiber die Norderelbe im Zuge der
Bundesautobahn Sudliche Umgehung Hamcurg” Teil 1II: Statische Berechnung
des Briickeniiberbaus Der Stahlbau 1963-9.

2) Daniel, H. u. Schumann, H.: “Die Bundesautobahnbriicke iiber den Rein bei Leverkusen”
Stahlerner Uberbau der Strombriicke Der Stahlbau 1967-8.

3) Homberg, H. u. Trenks, K.: Drehsteife Kreuzwerke, Berlin/Gottingen/Heiderberg :
Spridger 1962.

4) Leonhardt, F. u. Andrd, W.: Die vereinfachte Triagerrostberechnung, Stuttgart: Julius
Hoffmann 1950.

5) Timoschenko, S., Krieger, W.: Theory of plates and schells.

6) Ebner. H.: Die Beanspruchungdiinnwandiger kastentriager auf Drillung bei behinderter
Quershhnittswslbung Z. F. M. 24, 1933.

Ebner, H., Koller, H.: Uber den kraftverlauf inlangs-und querversteifen Scheiben.

Luftf-Forsch 15, 1938.

7) Nomachi, S. G.: On torsion bending of thin walled rectangular beams with equi-
distant rigid diaghrams. Trans. JSCE, 146, 1967.

8) Nomachi, S. G.: A Note on Finite Fourier Transforms concerning Finite Integration.
The Memories of the Muroran Institute of Technology. Vol. 5, No. 2, August, 1966.

Appendix

To find the discrete relation of the differential equation, a method of
the successive integration by S. G. Nomachi will be introduced.

Suppose the interval of two adjacent point be small enough to assume
that a part of linear variation takes a most important one in that reign
and the higher order term is neglected in comparison with it.

To make further discussion simple, let us begin with the equation ;

Kuy+ G1 Uy + Gz wy == P(x) (39)

We take as approximate values of external surface tractions distribute along
the line of intersection in the x direction as
=z

Pla)= P15 o P () (0)

The Eq. (39) is rewritten in

(184)
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Kiiy+ G, uXY(l "‘£> +G, Uxy 1Y<”£>
11 /Zl

+G2wY—PXY<1—%>—Px+,1y<%> =0 (41)

Integrating it with respect to x, and regulating the integral constant as
to satisfy the condition for =0, and taking that the value on the left side
of a certain point should be equal to the one on the right side of it, into
account, we have

2

. y x x
Kay+ Gy 1—2_21 +Grux oy 2—21 +Gywy

e x?
_RYY<$*§Z‘>_PX+.1Y<_ZZ> = Kityy + Gywixy (42)
And substituting
wylx)= wX,Y<1_%>+wX+1,Y<Tx1> (43)

into Eq. (42), and integrating again from =0 to x=2, we find that

A2 A2 . A
Kotz v—tizy)+ G1?1uxy + G1fl Uxi1yT (72_21‘ (way+ Wri1.y)

: Z i ,
—<ny'§1"+Px+].y‘6L>:<Kuxy+G2wxy) 21 (44)

Putting 4 for x in (42), and multiplying it by 4, we have

22 12
(Kttgir.v+Gowxzir y) A+ Gzé (txy+2xs v) “—21“ (Pry+ Priivy)

= (Ktxy+ Gowxy) & (45)

And substitution of the left side of Eq. (45) into the right side of Eq. (44)
becomes

2 e A
K<ux+1.y’“ux.Y)_“gl“Glux.Y“?lG1ux+1.Y+ sz(wx.Y“"wxﬂ.Y)
e P .
+"6'1‘PX.Y"‘—31“PX+1.Y == (K”X+1.Y+ GZwX—H.Y) A (46)

Vo rH 2
K(”X.Y—uxle>_v61—Gl uxgl.y__gl‘(iux.y‘*“ G, 71 (Wx-1.y+Wxy)

A 2 .
+h6LPX_1.y+?1PXy=(KuX.y+G2wx.y) 21 (47)

Then subtracting Eq. (47) from Eq. (44), the pequired difference equation is

obtained as follows./
2 2% 2 2 21 % 2 2
K&z v+ G @A.xuxy + G ey + ”Z_Gzﬁxwxy = _6"'AXPXY+ EPgy (48)

(Received May 21, 1973)
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On a Method of Solving the Deflection Theory for Suspension
Bridges by Means of Finite Integration Transforms

Sumio G. Nomachi, Kenichi G. Matsuoka
and Kenji Kohari

Abstract

In this paper, the difference equations are derived from the equilibrium of vertical forces
about each tie disregarding its elongation, and the suspension bridges with stiffenning truss is
analitically solved by means of “Finite Integration Transforms”.

A numerical results, which shows that the method can handle the bridge of a great number

of ties with a-digital computer of smaller size, lastly given.

L @BUL &

RGBT 5 BB oW T, B2 BETME T3 BERGNE NN kL E5%
52 Co%n, Hllr 7 2% BT 5BBCowTE, BEFEEAMC T TiEc@
BEBTHE LN, BRMERITAVE G, J0ACOWTELESIARMNSERERY A
T, AL 7 ARG EEEGRYIVEL TBITT 5 R4 b0 TH S,

2. % A R

a) 77— T#ERAN
Symbolic Notation

Cilf(2)] = >: ) cos 2

Sl fla+1/21 =5 fle+1/2)sin - (z+1/2)

_ n—1

Cilfle+1/2] = % fla+1/2) cos i;f— (z+1/2)

=1

* T KP4
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BHATH L

flx) = %jf 8;[ ()] sin —%— x
Ha) = %iiZ:Ri[f(l')] Cos — x

REL Rlf@)] = 5 |GlARIH 5 o+ 5 f0)
R[f(@)] = G2+ (~1F fln)+ —+ fO)

R.If) =+ e )+ (—
2 2

Aot ) - SRS A >Jsin-’;’%<x+%*> o 15“
ord

17 fln - £0)

L, x=0,1,2 -, n;
b) HEEHOT7—-UIENS

Az+1D)+ flx) = T flx), Slz+1)=flz) = 4f(z)
fla+l)—flz—1) = 4flz),  flz+)—2f(x)+ fle—1) = £flz—1) .

EFBE, sin ZHE,
SL4fla =] = ~sin - {(=1) fu— £O) = DS Az,

Sil# fl)) = —2sin “E R /()
sasfa=3)] = -2 5 @l sle+ 3]
S|rslecg)] 2o g sltery )]
Si4f(@)] = —sin —2% R.If(),
P A = sin -G { A0 (=1 flo|+2 cos - Sel Al

cos ZEHALL,
G4 fla—1)] = (=17 4 fin—1)— 4 f(0)— D B; [ f()],

Cilf(z)] = —(—1)F 4 fin—1)— 4 FO)+ (1+cos —~){< 1 f(n) f(O)}
+2 sin —Zg— S, [flx)],
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olife- H]- s 3o sl
cfste- ] --fe- H s reloe )
Gl f()]) = —cos o | FOI—(— 1 Fm] +2 sin - Sel flal,

Cull f(@)] = 2 cos - Ryl fla],

TeEL Dw=%b%%%%>

?

3. PIREFAMETEZRBEOMEK
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1) FEOKACR ST, BMOMOROEITEA NS 2 RET S,

2) m—~ZREBARECENT, BERET D,

3) MEZATHEEE L, KiEEECE S B OBMERTRKES )R B 5, KPR
BT S EET B, BHMOKGNEEET D LR,

b) =& =)
s S WTIE, F-1E2BBL, AL Ak A, Ag AR <8R, LM, T,

R, HEREOWNERE A, 4, 4, b b, hFBIRAKORTWL M ORE ST, B iXEE
AL

b

lﬁﬁy\ NFAC " /Au B /‘/‘E r——‘—‘"j

— W - i) .

; 10 :
4 1 1, 1 L 5 n—1; r' ) ' iﬁ! 75 i3
0,5, L1532 oty AL ' l l
n@i=L - ™7 et P v HREKH
2?& i B—2 R
AL B
f
K1

) BMAIREDDHOR
B~ REHAEBLCEHR N ACEAT AEEIRIRRNTRENS, 4B EAEHE

o', WETE ¢, FERMEATED H, BWEACPEN B, 7=H/H, L35,
r M BEEL
g = gna—(1+47) Hy(vy 4320, 0,-4)
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1 ( 1 >’ . w,’
(7‘——2—> Au P 73 (r+1Y T '

. —
> d’)b A‘(x\/'v Tr'
g 1
% < (+3)

XSS e\ wr
8 T e
1 Sr —> "

G‘E) SE « i) (r+1) Tr (4675 E)
7+ 5
, ’ |

-3 E#%mEemEK
(r+4) sicBaL
4q = gnA—(1+79) Hy(vy11—20,13+7,)
Y 5 A BREEIOD Y Bk E b L,
K, =2EA./Y, K,=2EA,  K;=2EAJ,  K,= EAJW,
Ks = EAb", 3%k

o Rl DT DWT, 7y 7 DFEANC X D ZER LM ORI K OBIENS B,

o = K {8 cos frbliots— o) sin )
Srrp = K, {(uﬁ%—uﬁ) cos f+(wl—w,.4) sin ﬁ}
SP= K, {(ug—ub cos f+(w;—wp) sin ﬁ}

§8 = Ky {0 cos -+t~ in )

7o RIEIDWCBIL C wh 51 (BREATTE), w JiA #5E) 020 bk sy, o), wd il
LT, #d Shieown Ty,

$=:Kﬂ{wﬂé—uﬁamﬁ+md%—uwsmﬂ}

Lleh, T OWT L ABOBIRIEIIL, » SE D O u FFo b Bk
Sp— S+ (82 —S2 ) eos f= —T, ITfRALT
Kz(ur+%+ur—~§:>+K1/2'(u;+%—+u;4%> cos? f—2(K,+ K,/2-cos® B) u,

+vI§1—-cos Besin flwrip—w]_3) = — T, (1)

BD2H HWBRICOWTE (1) R& RO HERHTERIER, 4o —~TEHREELT
REBETLLLUTOLSTHB,
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wHE GITFesuT w=w, w/ =w" £3T5,) 20 H &K
Ki/2+cos Brsin Blupry—u'—3)— K sin® §+w,+ Ki/2+sin® B, 3+ wi_y)
+Ksecos7 {4(‘w£"—wr) cos ¥+ (v} — v sin 7’} =0 (2)
7w DD B
Ky(upistu -2+ Kif2(xrs 3+ 8,-3) cos? /9~2<K2 + _1_51_ cos? ,@> 7
1

—%—-cos Bsin flwpy—wp_g) = =T, (3)

-7 I AR ARV
2 2 Kl 2 1t Kl 2 2,17
—4 1K K; cos? 8+ K, cos® a K3+TCOS Bl w! + Ks——2~cos B Kydu,y
+ K cos? BK(L w1+ 4w, )+ K3 Ky cos B sin B(w)—wily)
+2 <K3 -+ % cos? B) K, cos® a(t,r3+u,-3)
K, . .
+2 K3+T cos? B} K, cos & sin a¢(— V4 3+0r-yg)
=2 (K + Kb cost ) 12 (4)
w HE DD B
—I—<2—1~ K, sin? (L2 w1+ 42w}l — K K sin S cos B(uii— w1 —wia+ully)
Kl 2 2 - "
+2 K3+—’2_‘COS B K; cos? T 4{w,—w,)
1 K1 9 . " 0w o__ ‘
+—2- K;+—-cos Bl Kscos7-sin7-4(v;/—v,”) =0 (5)

v RO D) B
K, sin a-cos a (13—t 3)+ 2K, sin? a v}’ — Ky sin? a (vpr 2+ v,-3)
+ K sin 7 cos T {w,—w,’) + % K sin? 7 (v, —v,)

— D o, = 20] o y) = —gn P | (6)

7w FED D By
—4 {Ks K, cos? f+ (Ks + 524— cos? ﬁ) K, cos? a} w4+ <K3 — %L cos? ,8> K, Lu
+ K, Ky cos? B(A2uly+4u) )+ K3 K, sin 8 cos fw)1—w!1)
+2 <K3 + % cos? ,8) K, cos® aluyratul_y)
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K 2 : / ro
+2| K; + 5 cos B) Kycos asin a(—vpp3+vr-z)
=—2<K3+£21— cos? ﬁ) T (7)
v HRDD D B
K, sin « cos a(thyr3toe-1)+ 2K sin® a v, — K, sin® a(vyeg+vp-3)

4K sin 7 cos 7{(w;’ —w,)+ 'zlf K, sin? 7 (v} —v;)

~ D o 20 o) = — gt P (8)

(r=3%) Hu FREDOD Y H 3

Ky, +u, )+ Ky /2 cos? Blur+up-1)—2(K,+ K /2-cos? B) -3

-+ %1— cos Bsin B(w)—wi 1)+ Ky cos? alu) +u)-))—2K, cos® au,_;

+K,cosassina(v) —v)l )= —T, 3 (9)
w FAOD Y HA
Kyf2+ (=t 2ty +2tl— 1) sin B cos f+K/2-sin? B(w) 4] 1 +w,+w, 1)
— K, sin® f(w,—3tw,_3) = 0 (10)
v HE DD D B

K, sin a cos a(u) —_1)-+ K, sin® a(v) + v/ )— 2K, sin* a v, 3

-+ jb;—w'Hg-(v;’—Z‘vW%—l—v’/_l) =gn— Pz (11)
(r—3) RuJiED2 0 H K

Kylu)+u 1)+ —%—(uﬁ—urq) cos? f—2(K,+K,/2+cos? B) uj.-

o

—Ki/2:cos B sin B{w,—w,_1)+ K, cos? a(u) +ull1)—~2K, cos* auj._3

+Kycos arsina)yo)’ —vily = —T) 3 (12)
v HEDDH HK

K, sin a cos alw)’ —uw)l)+ K, sin? a (v} +vjl)— 2K, sin av)_3

d+7)

T

H, (v —2v] 3+ v)l1) = gn—P_3 (13)

d 7-UIEMSERHEIEREY,
IAEET AR AKEANRZIELEL, 4 T TRRTHE

4R=Kﬁ{%ewnmﬁﬂw%m@mﬁ%mﬂHQ%—w
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Ty = Kl/Z-{(un—-u;A%_) cos B+{wh-1—w,) sin ,8} cos B+ Kyt —1tp-3)
—2(K34-K;f2:cos® B) T = K /2-cos? 8 {Ks( ”’-I—u”’)—l—% K, cos? Bluy’ +ul)

— 521— cos Bsin ﬁ(wi’—w[’)’)} — % cos? B-2(K3+ K, /2 cos? B) uy

B cos (Kot B costB) flut —ad) cos ot~y sin )

Ki(u)' +uy) + 7 K cos? B K (e +ul’) + £ cos f sin B K {wi” —wi'’)

—K32<K3 + % cos? ,3) u6’+2<K3 + %1— cos? ﬁ) K, cos? a

17 ’t : Kl 77 Kl
X {(us—w') cos a+(vy —vy)sin a} 2| K; —I—‘Q— cos’ B Ty = — 5 cos®

X{K (2]’ +uf) )+% K, cos? fluy +ull_1) — igl— cos fsin ﬁ(wé{—w;’”l}

)

-

+% cos? ,8-2<K3 + é cos? ,6’> uy — —éz— cos ﬁ(Ks

X {(u;’— wy/—1) cos B4 (wy, —wi/ 1) sin !3} — K (uy, +ui_1)

— B cost B Ryt + il — K1 cos B sin BKy (awlt' —zeti)

+K3-2<K3+ .

? > w0, +2 (Kg -+ £y cos? ﬁ> K, cos a
X{ —Uy—3)cos a+{v, —v,_yg)sin (1}

O, o, 07, 2" W OWTHLAHEORARI O EE2EEBL, Zo0HhoRic > T7 -0 =
HA L VRS 5,

MO T
P i 3 = 1 ! ; 1 7 ’
Uy = 7 ( 1) "|‘7u0+0 [u,] Uy = 7un(—l)®+7uo-l~Cz[u,],
By = Caltasl,  Thoy = Clutal, W =l (— 1k uf/ +Colul],
B = el (Vs G, B = Sl w = Silol],
Divy = Sz‘ [vrr2], Dirz = gi [visa], @, = 8;[w,], Wips = S'v: [t 4],
@i = Sylwl,  Te=GCIT,), Ti=0ClT/], Ty =ClTrsl,

Tier = CilThisl, TV =CITH, Ty =CITY,  Hilgy) = Silgyl,
Py =8P/, By =8P, Py =8Py, Phy =8Pyl
Wi =8W,), Wi =8 Woal, W¢=8[WV, H.algy) = Silgyl,

L LR (18) HoRrkK & 7e 5,
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ar 0 ay,z 1,4 0 0 0 0 0 0 0 1,12 0 ﬁz C1
0 2,2 Az3,3 A4 0 O 0 0 0 0 0 asz, 12 0 ﬁé CZ
asy asp ass 0 ass 0 asy 0 0 0 asu O O Tgyg G
as1 a2 0 ag,a 0 ase 0 4,8 0 0 asn 0 0 ’ZZ,/H__;_ C4
0 0 as,3 0 as,s 5,6 0 0 as,9 O 0 0 as,13 77:2/ C5
0 0 O asa ass asg 0 0 0 a0 0 O amps s’ Cs
0 0 an,s 0 0 0 az,7 1,5 Ar,9 0 ag,11 0 ar i3 %7’,, = C7
0 0 0 ase O O as7 ass 0 aswasu 0 asus o5 Cs
0 0 0 0 ag,s 0 a9,7 0 dy,9 0 0 0 0 "i‘/,;-y% Cg
0 0 0 0 0 a10,6 0 a10,8 0 10,10 0 0 0 ‘Z’%{.% Cw
0 0 ait,3 A1, 0 0 a7 ail,s 0 0 a1, A2 a3 Wi Cu
aziap: 0 0 0 0 0 0O 0 O agnaszi 0 Wity Ci
0 0 0 0 assausanrass 0 0 asn O awas/\ @ Cys

ezl

K, in
ai,1 = dz,2 = —2<K2 + Tl cos? ,8 dl,3 = d2,4 = d3,1 =~ dg,2 = 2K2'COS —-22*
> »

. in in

a1,1= a4 = az3= as,s = Ky cos? f+cos 5—  ass= as6 =2 K, cos® a cos ——
2n 2n
. . T
ay,12 = —dz,12 = A3,11 = —a4,11 = A11,3 = — a4 = diz,1 = —di1g,2 = K1 sin ﬁ Ccos ,3 sSin W
s
. . irm
A3r = 4,3 = —A7,3= —dAg,4 — —aAy,5 = — 10,6 — 2K4 S1N & COS o*s1n ‘—Zn
2
’a Kl 2 2
ass;=as =—2| K, + 5 €08 B+ K, cos® o
>
K in
as,3 = ds,g = 4<K3 -+ 21 cos? B} K, cos? a cos e
b

ass = Qg5 = —4{K3K1 cos? B+ K, cos? a(K;+ K, /2 cos? ,8)} — <K3 — %L cos? ,8> K, Dy

K . . 1w
ds,9 == dg,10 = —~4<K3 - —ZL cos? ) K, cos a sin «+sin o
2

. . . axm
a5,6=a6,5=K1K3- COSZ [8(4—1)@), as,13= — dg,13= A13,5 = —a13,6=2K3K1 cOS ‘B sin ﬁ'SlD"én—,

ar, = asg = 2K, sin? a + _Ii_s sin? 7 +4(1+7) Hyf2, ars=as;=— % sin?7,

. in
asy =ai,0=—2K,sin? a—4(1-+n) Hy/2, aze= asie= —ass = —ai,s== dg,9* COS T
2

a7,11 = —d7,13 7 —dg, 1l = Q8,13 = —dad11,7 = A11,8 = K5 sin7 cos 7, 11,13 = 4K5 COS2 7‘,

. . in ..
ai,n= —*2K1 sin? p—4K; cos??, duiz= az,1n = 2K1 sin? ,8' cos o a1 = —2K1 sin? ﬁ’

.

Ay =—dy3 = 2<K3 + 1;1 cos? [J’> Kssin7+cos7, aiu= 8<K3 + % cos? ,3) K;cos?7,

a1 = — K; K; sin? ,B-DZ-—8<K3 -+ 521— cos? ,3> K cos?7

Cr= —Tim To— (= 1F Tt S5t cos fsin ﬁ{wo*(—l)iwn}

>

(194)
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Cy=—Ti—Tt—(—1¥ T}~ % cos B+sin B {wo—(—l)“'wn}

>

-

_ 1\1“ : ﬂ 1Y
C3~———2— cos Bsin SB+cos 5 {ws (—1) wn}

. i . =
+ K, sin a+cos a-cos o {‘v{)' —(— 1)”7);{} —Tirz,

Cy=— %L cos S3+sin B-cos ;Ln{wo—(—l)iwn}

. in
+ Ky sin a+cos acos %—{ 3 —{—1) v”'} Thes,

C;=—K;K, cos §sin ,3<l+cos %—) {w;{(—l)ﬁ—wé’}

—2(K3+Ky/2+cos? §) {TZ-%— T +H(—17T7 + K, sin a-cos a(v) —(— Yol }

Cy= K, K; cos f-sin /3(1 + cos i;}) {wﬁ,’(—l)i-—w({}
—2(K;+ K /2 cos ,3){ i T A (=1 -+ Ky sin s cos a(vy’ —(— 1) v;”}

Cr=—Hig+Py,  Co=—Hilgn)+BY,

C, = —K, sin® a-sin 12—7;—{726'—<—1>7;'U;ZI} —2(1+7%) Hy+sin %{‘Uﬁ'—(—l)% v;{}/Z

+Hiralgn)—

: : in 177 v ’ ¢ . : in 1244 v 44
Cp=—K, sin a-sin W{‘UQ —(—1) YJn//} —2(1+7%) H,sin “Z‘n—{'vo —(—1) vn/}/)‘
+ Hivylgn)—Pioy
Cy=0, Cyy=—K; sin? +sin %{wo_ (—1r wn}

>

Clg — KlKg S.ll’l2

z {( 1w —wo/}

1B o#Ey FBRAEY nflRDC, ZOR o> TEERYKEL BRI S,
Aﬁﬁﬁ:ﬁﬁifﬁ?é& L, WML vy=vi=vl =v =v,=v,=v) =0 & LT X%
BT L ROM TS 0BT HENTF LT 5,

(411 a1z 0 0.0 Nﬁi 0 T ai = —2<K2 + £ cos? [3>
az1 Qg2 dz3 A2,4 0 Uzry 0 ' 2 3
O asz,z ds33 0 asz,s ﬁél = 0 iTE
0 ai2 0 ass ass ¢ Cy 1,2 =5 dp,) = 1,17 CO8 on ,
0 0 ass asa ass5/\Tirs Cy

dzz = d1,1—2K4 COS2 a,

az3 = asz = 2K, cos® a+cos % as;s = —K3/2+(D;+4K, cos? a/Ky),

(195)



196 RENT B - AR B — - /DSTRET

. . im
2,4 = —aap=—as5= —ass = 2K, cos a+sin a-sin 4 -
>
— — K 2 H . i
asa=—as;s = 2Ky sin? a+4(1+9) Hy/2,  as,a=—ass= as,4"cos 5 —

2n ,
Co=—Hilgn+F;,  Cs=Hislgn)—Piss,
e) BULEHFET
ERCoWCETFIHEEEACTER S THY FENZHEL, Kbz L HED,
FHEYBRHCT D0, RO LTERABERD 5,

LG ERLD
- {i «£,-C,-sin % +&,Cs-(A— Dy)/4-sin —;’;7} /{Di(DiMl—{—MZ)};
gy = { +C,-sin 1212 {-‘2 Cs+sin 7}/{D (D; M, +M2)}

~ 1 .1 .1
i _{—8— , -C4-sm—Z:;——{—§3-C5-Sln %}/{Di(Dz-Ml—I—MZ)};
% ~{(~ &5+ 8D Cyrcos - <—55+58-Di>c4}/{Di<D@M1+MZ>};

Buas = | (&8 D) Corcos - +H—&&:D0 G [ DatDeM 4 01)
fefi L M, = a12°as,1*a3,3* as,5* a5,4/16.0 ;

Mz =dai {44,4'615,5(_4613,3dz,s‘l‘Cls,z(.lz,s_ds,zﬂ1,1)+d4,za2,4(2a3,2 a55+a5,3 Cls,s)
—agas;s(4assass—ain éla.s)}/16-0 ;

51 = 611,1(612,4lls,sd:5,3+612,3lls,443,5—4612,403,3615,5)/40 >
Er=a1az4a33a45; §1= @1,101,175,4a3,5;
&3 = a1,1(A2,0 03,5 Qs 2t A2,403,2 Qg5 1,1 04,4A3,5)/4.0 5
§s = a1,1(az,3a4,2a35— 4as,3 d3,3d5,5*(lz,zaz,zds,s)/‘l-o >
So=—ai1a1,1a33a55/40; &= a1 as3(a1,1a4,4—A3,4a4,2)/4.0 ;
&y = a1,101,1(Q2,505,3/4.0—as,345,5)/4.0 ;
LREOEIC OV THABRLEERIC I > ThRobh 20, SHEEARCT LD Dico
WTHIG BT EBIL, PAUBIRTRRHIED,
B

we ==t Pt [{-—G1 (r—0.5, c+0.5)+G, (r+0.5, c+0.5)} /M2~(0.25/M1+ 1/M;)
% {—Gz(r——O.S, c+05)+Gy(r 105, c+0.5)}] +4 P, SI/MZ{—Gl(r-1, 0
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G+, A+ Gylr—1, 0= Galr 1, O = - gnlMy-(i=8) ()
+5 01 {51/]\/[2-(5/4-1— 1)—£(0.25/M, +1 /MZ>} F); r=0,1,2 -, n—1,n;

Uiy == PH%SZ/M2{—G1 (r—1.5, c4+0.5)+ Gy (05, c+0.5)+ Gylr— 1.5, ¢4+-0.5)
Gy (05, c—l—O.S)} - Pcsl/Mz{—— Grlr—1, )+ Grlr, +Golr—1, )= Gyl c)}
—gm/Mz-[Sl/Z.O {~F3(r—— 1)—|—F3‘,(r)+2.0/s-F4(7')}
~§2/4.0-{F1(7‘—1)+F1 (r)~—F2(rﬂ1)+Fz(r)}] L r=0,1,2, 2, L

uy! = — é i3 Saf M+ {—Gl (r—0.5, c+0.5)+G,(r+0.5, c+0.5)+ G, (r—0.5, c+0.5)

—G,(r+0.5, c—{—0.5)} " —%-1@@/»@-{4;1(7--—1, A+ Gilr+1, +Gylr—1, ¢)

~Gulr+1, o) = oMy [(e8— 2 B+ - e e a) B

r=0,1,2, -, n—1,n;

o = Poos |5 8dM {Golr, 04 G, e 1)) = - GIMA &M Galr, O+ G b, e+ 1)
+ Pu[lMy Gutr, =l My &51My)-Gulr, )] —on | 220 Futr) = 6+2010,
+2$5/M2}/5'{1.0 ~—F5(7‘)}] ;o r=1,2,3, -, n—2,n—1;

g = C+%[55/Z\/[,,-Gl(r—0.5, C+0.5)— (&1 My + £ M) Gy (r— 0.5, c+o.5>]

5 P& {Grlr—1, 046l o) — UM+ 8/M{Galr =1, 0+ Gt o) |
— gl My&5{ Ftr =1+ By x3.0=Fy(0)) - o 6ot {Lo— Pyt

@M+ MY L0/ (L0~ B = ()]s 7=0,1,2, -, =2, n=1;

fetil e=M,/M,; 2coshf=2+¢,

B 17‘("-*6‘)/71 r<c

Gl o= letn—r)n r=c
{sinh #(n—c)-sinh 0-r/sinh nf rsc
Galry )= 1sinh-0-c-sinh 0(n—r)/sinh nd r=c

Fi(r)= ——[an—nz +(—1)’{1—(—~1)”}/2]/2n :

Fy(r) = —2 sinh(n0/2)- sinh 6 (—0.5n) / (sinh 6+sinh 70)—(— 1>r{1 —(— 1)n} / {n (5—1—4)};

i
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Fr)=rn—r)2; F,(r)=2sinh (6/2) sinh (#/2)-sinh 6 (r—0.52—0.5)/sinh (n0);
Fis(r) = 2 sinh (n0/2)- cosh 6 (r—0.5n)/sinh (nf) ;
Fy(#) = 2 cosh (8/2)+sinh (n#/2)-cosh 0 (r—0.5—0.5n)/sinh nf ;

EWEE L, WHEEMOMPC LD 5E2bh b,
H-LiEA~L 502205 =8/ fi 97
0

Ls :SLSec350dx¢L(1+8fz/U); Aor w — 7ITHRT
V)

=
ah\‘\~ T— § . 4
’\!\ 06530 1
(\ — A=Y m{ e N 45(‘)“\2 //,/w
'\r(/ Eﬂ;‘z X Auj 3 /‘/
™ _,4—1/
T A, =0.0456m2 21“ =0.0201 m?
565 @ 20 000 = 1100000
A1=0.0143m?

— W R q=16641/m
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33000

0240
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@
140t §
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M4 TR HEMMEEC X o FFRERE T (K-5~R-7) &7n w1z,
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Memoirs of the Muroran Ins. Tech., Vol. 5, No. 2, pp. 205-212, Augnst, 1966.
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Deactivation Effects on the Silver Catalyst by Products of Oxidation of Ethylene

Akimi Ayame and Hisao Kano
Nippon Kagaku Kaishi, 1972, p.1819-1823

The effects of C,H O, HyO and COj; on the catalytic activity of silver
promoted by potassium sulfate for the oxidation of ethylene were studied in the
flow system at 250°C.

CoH,O deactivated the catalyst from its original active states to lower active
state. HyO and CO, retarded the deactivation by C,HsO. The retardation effect
of H;O was larger than that of CO,.

From these results and the effects of high temperature taeatments of the
catalyst, it was suggested that the stationary catalytic activity of silver under the
reaction conditions might be given by the competition between the promotion
of deactivation by C;H4O and the retardation of deactivation by H;O and CO,
where C;H40, H,O and CO, were the reaction products.
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Molecular Orbital Study on the Polarographic Reduction of
Substituted Fulvenes
Noboru Takeno, Nobuhiro Takano and Mutsuo Morita
Nippon Kagaku Kaishi (1978) 983
The halfwave potentials of 6-phenylfulvene, 6-methyl-6-phenylfulvene, 1-benzy-
lideneindene, 9-benzylidenefluorene, and their derivatives with p-methyl, p-methoxy,
and p-N, N-dimethylamino substituents on the phenyl group were studied in
relation to the lowest vacant molecular orbital energies which were calculated
on the basis of the LCAO-MO methods. The parameters of coulomb and
resonance integrals for hetero atoms which were proposed by Streitwieser and
Zweig were adopted.
The linear relationship between the halfwave potentials and the lowest vacant
molecular orbital energies by HMO method gave the correlation coefficient of
0.959. Furthermore, the results using 095 and 1.1 as resonance integrals for
essential single bonds and essential bouble bonds, respectively, in HMO calcul-
ations gave better linear relationship with correlation coefficient of 0.992
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Abstract

The general features of the Quaternary sediments and the post-Tertiary vall-
eys buried in the Alluvial plain of Muroran based upon the data from the 94
bore holes, standard sounding tests and geoelectrical observations are summarize
below.

1. The Quaternary sediments in the present area can be classified into six
units : a-I, a-II, b, ¢, d-I and d-II, from the younger to the older.

2. a-I unit (Alluvium) consists of soil, clay, silt, ine and medium grained
sand and peat which comprises the major part of this unit. The unit is 2-4
meters in thickness. The peat bed is 0.5-4 meters thick and occupies the larger
part of the area.

3. a-II unit is the Alluvial river deposits and consists mainly of round or
subround boulders and pebbles of andesite, 2-4 meters in thickness, and is
distributed along the Washibetsu and Chiribetsu-rivers.

4. b unit, the major part of the Quaternary sediments in this area (Dilluvium ?)
consists mainly of pumiceous, fine and medium grained sand intercalated with
silt layers containing semicarbonaceous matters and indeterminable shell fragme-
nts. The age of this unit may be Dilluvium judged from the subsurface stra-
tigraphical features and the N value of the standard sounding test which exceeds
15. The maximum thickness exceeds 24.5 meters in the southern part of the
present area, where, the lower limit was not confirmed at the depth of 30 meters
from the ground surface.

5. ¢ unit (Dilluvium ?) consists mainly of clay and silt. It overlies the
basement Tertiary formations with unconformity, and is conformable with b
unit. The average thickness is 3-8 meters but attains 10.3 meters in maximum.

6. d-I and d-II units are the weathered part of the Dilluvial Washibetsu-
dake agglomerate. The former unit consists mainly of pumiceous silt and the
latter mainly of voleanic breccia. In the present area, these units, totaling 4-8
meters in average thickness are distributed in the northern hilly area.
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7. One of the notable features of the subsurface relief of the upper bedding
plane of the basement Tertiary in the present area is the Y shaped buried valley,
the main branch of which extends in NE-SW direction along the Itanki-hama
coastal line and opens to the Pacific Ocean. The height of the valley bottom
is 20 meters below sea-level, and its depth from the ground surface exceeds
25 meters. Another feature is the subsurface flat plain situated between the two
branches of Y shaped buried valley, here, the base of the valley is 0-10 meters
in height, and its depth from the ground surface is 3-10 meters.

The pre-peat bed subsurface relief is much different from that of the base-
ment Tertiary. The outstanding feature of this subsurface relief is the buried
narrow ridge in the eastern part of this area extending in nearly N-S direction
and the soft sediments (a-I unit) are less than one meter in thickness and
distributed without the development of the peat-bed. Another feature is the
broad subsurface flat plain in the northern part of this area, its average height
is about one meter above sea-level, and its average depth is 1-2 meters from
the ground surface.
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