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A Short Biography of SUKEMORI TAIRA (1)

—Around the Time of His Confrontation with the

Regent on the Road—

Jun OBAYASHI

The author is going to discuss the life of Sukemori Taira. lover of Kenrei-monin Ukyo-dayu.
Here in this paper, half his life up to the age of nineteen is dealt, especially around the time when
Sukemori happened to confront the Regent Motofusa Fujiwara on the way.
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Mysticism in To a God Unknown

R

(7 A U 505 I I

b Noboru SHIMOMURA

(Received Sep. 1, 1673)

This novel is full of references and allusions to mysticism. They can be easily classified into
two categories : one is Christian mysticism and the other pagan mysticism. Needless to say, these
are sharply confronting with each other. And yet the hero Joseph, one of the most pagan, proves
to be the most Christian after all. Besides, Steinbeck’s vision of God is revealed by the quotation
of a hymn from Rig-Veda. All things considered, a better understanding of Steinbeck is sure to be

acquired through studying his mysticism in this novel.

1. Introduction

Simultaneously with the publication of the so-called sociological novel The Grapes of Wrath
(1939). John Steinbeck suddenly became a world-famous writer. Essentially, however, he is
not a writer who pursues the realities of the society to the very bottom, as his later activities
as a writer betray, but a romantic writer. His romanticism seems to be derived from both
his lineage and environments. Talking of the former, the parents of his mother were Irish
and he repeatedly tells us readers about the romantic temperament of the Irish people in The
East of Eden (1952).® As for the latter, he loved the rural life of the Salinas Valley where he
was born and brought up, and he was very much interested in mystic folk-tales and -lore of
Indians and Indios in California, as is quoted in America and Americans (1966).2

Moreover, his romanticism seems to be deeply rocted in his awe of both the mystery of
life—the main concern of biologv he took a great interest in—and Something that controls
the whole universe including the land whereon life is born and brought up. In almost all his
works this kind of mysticism is reflected with varying degrees respectively, and to understand
what his mysticism is, it seems to me, is to understand his romanticism and Steinbeck himself
at the same time.

Therefore, I have an intention of writing on a bird’s-eye view of mysticism in his main
works in my next thesis. In this thesis, however, I want to examine his mysticism in this
novel as a clue to his mysticism in his later works, because in no other works of his is more
mysticism reflected nor are the theme and his mysticism better interwoven.

Generally speaking, the term “mysticism” is vaguely and loosely used, and sometimes

causes confusion in our discussion. So, in order to avoid the confusion, I quote the definition

from Encyclopedia Americana.

1) chap. V, XIII: 3, XVI:1, XXIII:I.

2) 1. E Pluribus Unum
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MYSTICISM, The essence of all mystical experience is that it is the direct apprehension
of a Unity, a oneness, or a One, which is without internal divisions or distinctions,
without internal multiplicity....
Mysticism in Religion and Philosophy
Mysticism in religion and philosophy must ultimately be based upon someone’s mystical
experience. But mystical experience itself makes no statements of any kind....
- Mysticism in Literature
The mystic and the poet (whom we may take as the representative of literature par
excellence) have so much in common in their devotion to the contemplation of Reality
that it is easy to minimize their differences. The most important difference concerns
the basic matter of expression. For the mystic, expression of his experiemee is, if not
irrelevant, secondary. He who has known the fullness of union with the Maker and the
Life of the universe will surely not be content with less, even if it is the whole creation....
Literary Forms
Mystical literature has used all the instruments of literary expression : intellectual for-
mation, symbol, image, magic of rhythm and sound. The commonest literary types are,
for prose, the prayer, the sermon, and the treatise ; for verse, the lyric of praise, of
petition, of thanksgiving, and of intercession, sometimes personal, often social in purpose

like the hymn....

In this novel is pictured the hero Joseph’s process through hope, frustration, passion,
solitude, distress and agony to his arrival to the peace and salvation of soul finally through
self-sacrifice. And on each of those stages manyv references and allusions to mysticism are

given.

In order to make clear how the theme and his mysticism are interwoven, I consider it
necessary to classify these seemingly complicated references and allusions according to the
category and examine the relation among the categories.

The core of this novel consists of both the Joseph story from Genesis in the Old Testament
in the former part of this novel and the Fisher King story from the Grail legend in the latter
part. Here we should note the fact that the origin of the Fisher King story can be traced
back to the worship of the dying gods, Adonis and Attis in the ancient Near East whose
resurrection renews the land, bringing about good crops, as Jessie L. Weston points out in
From Ritual to Romance.® Even in the core of the novel we can see some relation between
Christianity and paganism. So, at first I take up the references and allusions to Christianity

that are explanatory, having no confronting arguments,

{l.  Christian Mysticism

1. His father’s eyes sharpened then. ‘Have you an anger for vour brothers, Joseph ? Is

there some quarrel I haven’t heard about ?’#

3) Jessie L. Weston, From Ritual to Romance (New York : Doubleday & Co., 1957), pp. 113—136.
4) John Steinbeck, To a God Unknown, (I.ondon : Heinemann, 1970), p. 2.
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2. ‘...You're not the oldest, Joseph, but I've always thought of you as the one to have the
blessing. Thomas and Burton are good men, good sons, but I've always intended the
blessing for you, so you can take my place. I don’t know why. There’s something

more strong in you than in vour brothers, Joseph ; more sure and inward.’ P2

In the Joseph story, Joseph, the eleventh son of the twelve brothers, incurred jealousy
frclr_n the half-brothers because of their father Jacob’s partial love and was traded away to
Egypt as a slave by the brothers without the father’s knowledge. (Jacob was later admired as
Israel, blessed by God.) After he was appointed premier of Egypt, he invited the father
and brothers, who had been distressed by the severe famine, with hearty welcome without
thinking of revenging himself on the brothers. Quotation 1 corresponds to the existence of
the strife between Joseph and the brothers. Quotation 2 corresponds to the story that Jacob
had a partial love for Joseph and that in Egypt Joseph became the actual father of the large

familv.

3. ‘Come to me, Joseph. Put your hand here—mno, here. My father did it this way. A
custom so old cannot be wrong. Now, leave your hand there I’ He bowed his white head,
‘May the blessing of God and my blessing rest on this child. May he live in the light of
the Face. Mayv he love his life.” He paused for a moment. ‘Now, Joseph, you may go

to the West. You are finished here with me.’ (p. 3

This form of ritual is one of the sublimest for giving a pledge, because to leave a hand
on the other’s thigh is to touch the male sex-organ as the symbol of giving birth to life.
Abraham is seen performing this form for the first time in Genesis 24:2. Again in Genesis
47:29 Jacob (Israel) asked Joseph to give a pledge that he would surely bury the father’s
dead body in Canaan. This sublime form is also used for blessing. Another form for blessing
is shown about the end of the novel. Joseph gives blessing to his namesake, Juanito’s son.
Perhaps this hints at the bright hope in the midst of his dark despair that his name and
spirit will be succeeded by the next generation. As for the form, he just puts his hand on
the child’s head and gives a kiss on the forehead.® Later, however, he regrets not having
performed the sublime ritual.®

Thomas, Joseph’s elder brother, with animal-like sensitivity calls any ritual "a kind of
little trap,”” but to any kind of religion faith and ritual are the two essential factors, as
James G. Frazer points out in The Golden Bough.® Even Joseph does not realize what blessing
means to him—to be blessed is to be burdened with vocation—until he himself faces a

misfortune, his younger brother Benjamin’s sudden death.®

4. As he watched the community of cabins spring up on the land, as he looked down into

5) p- 207.

6) Pp. 208.
7) p. 180.

8) James G. Frazer, The Golden Bough, abr. ed. (IL.ondon : Macmillan & Co., 1929), p. 50.
9) p. 73.
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the cradle of the first-born—Thomas’ new child—as he notched the ears of the first young
calves, he felt the joy that Abraham must have felt when the huge promise bore fruit, when his

tribesmen and his goats began to increase. (p. 27 ; italics mine)

The pious Abram set out from Ur, his paganism-filled home town in Mesopotamia, for
Canaan, faithfully following Yahweh’s direction. Later, he was blessed and named Abraham
(the father of many people) by Him for his fidelity. Since then he has been the great
forefather of Christians. It is quite natural that his name, the symbol of Christianity, is used

here to express Joseph’'s great joy at the promise of the family’s prosperity in the new world.

5. “..I'll tell you about the crosses. There was a storm.... I found three sailors washed up
on the beach. Two were dark men, and one was light. The light one wo‘r‘e a saint’s
medallion on a string around his neck. Then I carried them up here. That was work.
And I buried them on the cliff. T put the crosses there because of the medallion. You
like the crosses, don’t you ¥’ (pp. 172—173)

6. ‘Draw a cross on the ground first,” Alice explained. ‘And when the head is off, lay the

chicken gently on the cross, and it will never flop, because the sign is holy.” (p. 91)

Needless to say, the cross is the holiest symbol of Christianity. The old man on the
cliff, who calls himself “the last man in the western world to see the sun” (p. 170), already
knows Joseph likes the crosses. The three crosses seem to hint at Joseph’'s death in the near
future, because the two crosses are already alloted for his brother Benjamin and his wife
Elizabeth and there is one left ready for Joseph. Quotation 6 shows us one of the examples

of pagan use of the holiest symbol.

7. Burton was one whom nature had constituted for a religious life. He kept himself from
evil and he found evil in nearly all close human contacts.... Burton had embraced his wife
four times. He had two children. Celibacy was a natural state for him. Burton was
never well. His cheeks were drawn and lean, and his eyes hungry for a pleasure he did
not expect this side of heaven. In a way it gratified him that his health was bad, for it
proved that God thought of him enough to make him suffer. Burton had the powerful
resistance of the chronically ill. His lean arms and legs were strong as braided ropes.

(pp. 24—25)

Joseph’s elder brother Burton is portrayed as a rigid Protestant. This portrayal reminds
us of a Pharisee. Perhaps his physical and moral defects are disguising themselves in the
inhuman and relentless faith of Christianity. Nevertheless, in fact the most pious and genuine
Christians insist that the earthly happiness draws men off God while the misfortune, distress
and disease bring men back to God and that only these are fitted for Christians. This is,
they insist, because Christianity puts the greatest stress on the salvation of men’s soul and
yet this salvation does not mean the earthly happiness or well-being and because in time of

unhappiness God can be perceived best as a want by men.!® Besides, in Christianity itself,

10) Feuerbach, Das Wesen des Christentum, trans. Shinichi Funayama (Tokyo : Iwanami-shoten, 1971),
Vol. 11, chap. xx, pp. 5—6.
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especially in the Old Testament we can see the cruel and relentless attitude against paganism.
Steinbeck seems to have purposely embodied such undesirable aspects of the so-called Chris-
tians into this character Burton in contrast with the pagan Joseph. Through this portrayal
Steinbeck’s subtly critical attitude toward Christianity can be discerned.

So far, there has been some of the most important symbols of Christianity mentioned :
Abraham, Joseph in Egypt, the cross and the Christian ways of blessing. " Some Christians
are represented by Burton while the others by Father Angelo who is so sympathetic as to
sa?y ‘They wanted the rain so, poor children....” (p. 214), when he sees them the villagrs doing

bad things like animals in the mud.

1. Pagan Mysticism

Against Christianity there comes paganism, that is, all forms of religion excluding
Christianity, Judaism and Moslemism. In primitive times perhaps human beings were all
afraid of their decrepitude, disease and death as well as harms done by both nature and men.
By dint of magic they attempted to escape from them or to realize the fertility of plants and
animals. By and by they began to try to please or appease the various superhuman powers
that they thought command and control both the movement of nature and the activities
of human beings. Herein gradually formed religion. It is Christianity that considers the
superhuman power is absolutely only one, while it is paganism that considers essentially the
superhuman powers are many.!® Among those pagan forms are Druidism and Brahmanism

dominat in this novel, so I take up Druidism frst.

A. Druidism

The worship of the oak or the oak god appears to have been prevalent in all the branches
of the Aryan stock in Europe. Both Greeks and Italians associated the tree with their
highest god, Zeus or Jupiter, the divinity of the sky, the rain and the thunder. Among the
Celts of Gaul, the Druids esteemed the mistletoe and the oak tree on which it grew. Irish
Druids appear to be not so much lofty philosophers, like their Gaulish brothers, as magicians
and sorcerers. Their mysterious rites were usually performed in the depths of the oak forests.

The name of Druids is said to mean “oak men.”!?

8. His possessiveness became a passion. ‘It’s mine,” he chanted. ‘Down deep it's mine,
right to the centre of the world.’ He stamped his feet into the soft earth. Then the
exultance grew to be a sharp pain of desire that ran through his body in a hot river.
He flung himself face downward on the grass and pressed his cheek against the wet
stems. His fingers gripped the wet grass and tore it out, and gripped again. His thighs
beat heavily on the earth. The fury left him and he was cold and bewildered and
frightened at himself. He sat up and wiped the mud from his lips and beard. ‘What
was it ? he asked himself. ‘What came over me then ? Can I have a need that great
He tried to remember exactly what had happened. For a moment the land had been his wife.

(p. 9 ; italics mine)

11) “Magic and Religion”, The Golden Bough, pp. 48—00.
12) “The Worship of the Oak”, The Golden Bough, pp. 159—161.
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The priest who bore the title of King of Wood at Nemi near Rome had for his mate
the Goddess of the Wood, Dina herself. Their union has been yearly celebrated in divine
marriage, because the marriage symbolizes the promotion of fertility of animals and plants.
In this quotation Joseph can be compared to the King of the Wood, and on the other hand
the land to the Goddess of the Wood. Actually, a curious femaleness of the forest and green
valley is already prefigured by the phrase “as a young man is who slips out to a rendezvous
with a wise and beautiful woman” (p.3). So, Joseph’s marriage with the land might be called

“sacred marriage,”1¥

9. ...the great tree stirred to life under the wind. Joseph raised his head and looked at
its old, wrinkled limbs. His eyes lighted with recognition and welcome, for his father’s
strong and simple being, which had dwelt in his youth like a cloud of peace, had entered

the tree. (p. 20)

The soul of his dead father has come here across the country. Thus, the tall oak tree
becomes his father. In Druidism every tree has its own spirit, and sometimes the soul of a

dead man enters a tree and abides therein.

10. Thomas watched the act. ‘Joseph,’ he said suddenly, ‘why do you hang the hawks you
kill in the oak tree beside your house ?’ ‘To warn off other hawks from the chickens, of
course, Everybody does that.’ ‘But you know God-damned well it doesn’t work, Joe.

No hawk in the world will let the chance of a pullet go by just because his dead cousin
is hanging up by the foot. Why, he’ll eat his cousin if he can.’ He paused for a moment
and then continued quietly, 'You nail the ear notchings to the tree, too, Joseph.” His
brother turned angrily in his saddie. ‘I nail up the notchings so I'll know how many
calves there are.’... 'I almost know what you're doing, Joe. Sometimes it almost comes
to me what vou’re getting at. Is it about the dry years, Joseph? Are you working

already against them ?’ (p. 33)

The Druids offered sacrifices to the oak tree in supplication for good crops. When they
badly wanted rain in time of drought, they used to sacrifice a black heifer, a black he-goat
and a black rooster to the thunder god in the depths of the woods. And sometimes they
hang the skins of the sacrificed animals on the tree.!¥ Perhaps Joseph himself secretly offers
a hawk or the cut-off ears of calves to the oak tree as a counter-measure against the coming
dry years. Besides, he dabs pig's blood on the bark of the tree,’®> pours a little wine on the
bark at the fiesta!® and offers a piece of barbecued meat.!™ He loves the tree so much
as to put his new born baby in the crotch of the tree.!® DBut Burton hates Joseph’s pagan
acts so much that he girdles and kills the tree. Until that time the tree was “a kind of

ambassador”!® between the land and himself. In the dead tree the soul stays no longer. IHe

13) “The Kings of Rome and Alba”, The Golden Bough, p. 147.
14) “The Worship of the Oak”, The Golden Bough, p. 161.

15) p. 95. 17) p. 112. 19) p. 140.
16) p. 103 18) p. 136.
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misses the tie to the earth. His concern shifts to the pine-grove on the hill where cool water

is running out of the spring beside the big rock.

11. In the centre of the clearing stood a rock as big as a house, mysterious and huge. It
seemed to be shaped, cunningly and wisely, and yet there was no shape in the memory to
match it. A short, heavy green moss covered the rock with soft pile. The edifice was
something like an altar that had melted and run down over itself. In one side of the
rock there was a small black cave fringed with five-fingered ferns, and from the cave a
little stream flowed silently and crossed the glade and disappeared into the tangled brush
that edged the clearing. (pp. 35—36)

When Joseph, Thomas and Juanito ride out for calves, they happen to come to the
strange clearing in the pine-grove, led by the sound of the cowbell. Joseph watches the
mysterious and huge rock. Talking of the rock, the stone structures scattered in the Celtic
countries are still believed to have been the Druidic temples or altars. The rock as well as
the oak was the symbol of their worship, perhaps because the rock was used for the altar.
Thomas is afraid of the mysterious place, but Joseph says, “There is something strong and
sweet and good in there” (p. 37). But later on the miserable night of Benjamin’s death,
when he enters the grove for the second time because of Juanito’s request, he feels frightened
with the atmosphere. He says to himself, ‘There’s evil here tonight...I know what the horse
feared’ (p. 84). While he has gone shopping for his coming baby, his wife Elizabeth thinks
of the pine-trees in her home-town and goes up to the pine-grove, where she is very much
charmed by the rock. But as soon as she puts her hand in the cool spring water, the
atmosphere suddenly changes, and the rock itself changes like this : “its shape was as evil as
a crouched animal and as gross as a shaggy goat” (p. 119). It is so threatening as to leap

at her that she runs away and prays to God.

12. *...Do not let this thing pass through me into my child, Lord Jesus. Guard me against
the ancient things in my blood.’” She remembered how her father said his ancestors a

thousand years ago followed the Druidic way. (p. 120)

After their first son is born, she asks Joseph to go to the rock together with her that
she may get rid of her fear of the rock. There in the grove, he secretly comforts himself
to see the cool water still running out of the spring in spite of the drought outside the grove.
When she attempts to climb on the rock, she slips and falls off the rock. Maybe she has had

her neck-bone broken. Instantly she dies without saying a word.

13. *‘And I loved the rock. It’s hard to describe. I loved the rock more than you or the
baby or myself. And this is harder to say: While I sat there I went into the rock.
The little stream was flowing out of me and I was the rock, and the rock was—I don’t

know-—the rock was the strongest dearest thing in the world.’ (p. 147)

What she reported to him when she visited the rock for the first time has come true.

He says to himself, tenderly stroking the mossed rock, ‘Now you are two, and you are here.
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Now I will know where I must come.” And he adds, *...The forces gather and centre and
become one and strong. Even I will join the centre’ (p. 153).
Now, the rock is the thing his father’'s and wife’s souls abide in. He begins to realize

that even for him there are no other places to come to.

15. “...I have said to myself, “The sun is life, I gave life to life"—"1 maké a symbol of the

« sun’s death.” When I made these reasons I knew they weren’t true.”’ He looked around
for corroboration. Joseph broke in, ‘These were words to clothe a naked thing, and the
thing is ridiculous in clothes.” ‘You see it. I gave up reasons. I do this because it makes
me glad. I do it because I like to.” Joseph nodded eagerly. ‘You would be unhappy if
it were not donre. You would feel that something was left unfinished.” ‘Yes,” the old man
cried loudly. “You understand it. I tried to tell it once before. My listener couldn’t see
it. I do for myself. [ can’t tell that it does not help ihe sun. But it is for me. In the momement,
I am the sun. Do you see? I, through the bzast, am the sun. I burn in the death.

(p. 175 ; italics mine)

This time the strange old man on the cliff tells Joseph about the meaning of the sacrifice
to the sun. Talking of the sun, the Druids perceived divinity in the heavenly and natural
phenomena. Especially, they worshipped the sun as well as the oak. Tﬁey believed everything
in the universe has life. They worshipped the sun as the symbol of God and imagined the
Kingdom of Heaven is where the sun always shines.? By the way, the ancient Mexicans
regarded the sun as the source of all vital forces and called it Ipalnemohuani ‘He by whom
men live.” But if he gave life on the world, he also needed to receive life from it. And as
the heart is the symbol of life, the bleeding hearts of men and animals were presented to the
sun to maintain him in vigor and enable him to run his course across the sky. The Spartans
also performed the sacrifice on the top of Mount Taygetus, watching the red setting sun
every evening.zV

Thus, the old man experiences the union with the sun through the sacrifice in the state
of the sublimest ecstacy and is ready to do the same through self-sacrifice in the near future
when the time is full. By this old man we are reminded of some highly enlightened Buddhists
in the Eastern world.

So far there has been the symbols of Druidism mentioned : the oak tree, the rock and the
sun. As is mentioned in the Introduction, Steinbeck is conscious of his Irish bloed. The
remaining shadow of Druidism is so strong in Ireland that there are still a considerable
number of people who believe in spirits and witches. Like those Irish people Steinbeck reveals

a strong interest in Druidism by so many references and allusions.

B. Native Religion
Among pagan forms is the one that seems to be native religion. As for festivals, their
aim is originally either to supplicate or to give thanks to God or gods. In this novel there
are four references to festivals—p. 4, p. 14, pp. 100—113 and p. 214, Next one is the scene

perceived by Father Angelo.

20) Shyotaro Oshima, English Literature and Poetic Imagination (Tokyo : Hokuseido, 1953), p. 203.
21) “Magical Control of The Weather”, The Golden Bough, p. 79.
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16. The priest could see in his mind now the people were dancing, beating the soft earth to
slush with their bare feet. He knew how they would be wearing the skins of animals,
although they didn’t know why they wore them. The pounding rhythm grew louder and
more insistent, and the chanting voices shrill and hysterical. ‘They’ll be taking off their
clothes,” the priest whispered, ‘and they’ll roll in the mud. They’ll be rutting like pigs in
the mud.’ (p. 214)

-~y

After a long spell of dry days, they cannot help performing a fiesta, dancing drunk in
the rain. And sometimes they are so happy as to do bad things like animals. In this case,
wearing the skins of animals is considered to have something to do with supplication for
rain, as is mentioned in Quotation 10. Besides, three of the above-mentioned references have
something to do with rain. Rain has been apparently believed to be so vital to the existence

and fertility of animals and plants from primitive times.

17. ‘The dead are always here, sefior. They never go away.” ‘No,” Joseph said earnestly. ‘It
is more than that. My father is in that tree. My father is that tree! It is silly, but I
want to believe it. Can you talk to me a little Juanito ? You were born here. Since I
have come, since the first day, I have known that this land is full of ghosts.” He paused
uncertainly. ‘No, that isn’t right. Ghosts are weak shadows of reality. What lives here
is more real than we are. We are like ghosts of its reality. What is it, Juanito? Has
my brain gone weak from being two months alone ?” ‘The dead, they never go away,’
Juanito repeated.... ‘...My mother said how the earth is our mother, and how everything
that lives has life from the mother and goes back into the mother. When I remember,
sefior, and when I know I believe these things, because I see them and hear them, then I

know I am not Castillian nor caballero. I am Indio.” (p. 21)

What is “reality ?” Compared with the eternity of the universe, our life-time is nothing
but a pinpoint. The state of death is more natural and stable than that of life. “What lives
here” seems to mean dead people. So, dead people are more natural and stable than living
people.

According to Joseph, dead people are even more real than living people. “Its reality”
means the dead people’s reality—the world of the dead. So, we living people are merely the
ghosts or shadows of the world of the dead.

According to Juanito, people who are dead here do not go to the Kingdom, but come
back into the earth, their mother, wherefrom they have life. Those who come back into the
earth are to be born in some form or other again. Herein is Joseph’s idea of transmigration
of soul already included. So, maybe this quotation is a strange mixture of native religion

with Joseph’s own paganism.

C. Brahmanism

Brahmanism essntially has no systematic religious precept. Therein is no god to be wor-
shipped as a chief god, nor is the system to be regarded as a precept. Only there are a lot
of motley gods and hymns presented to those gods. The oldest collection of those hymns is

Rig-Veda. Brahmanism just meant the religious life under the ecclesciastical authority with
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Brahmans as the highest priest. In order to maintain their privilege the Brahmans had a
need to keep people powerless, suppressing them. For that purpose they had to force them
into resignation, leading them to yield to their realities. Therefrom spontaneously appeared
the idea of transmigration of soul and the teaching of karma. In transmigration of soul, each
one repeats life and death endlessly like a wheel and the form of rebirth is decided according
to the karma, that is, his own deeds in his life-time. Between father énd son, father is
Zeborn into son as a result of the successional transmigration of soul. The people of good
deeds, they insisted, are reborn into Brahmans, royal family members or commoners, while
on the other hand the people of bad deeds into untouchables, dogs or pigs.??> By the way,
Druidism and Brahmanism are said to share the same origin—the Aryan stock.?®” So, they

have a lot of similar ideas. One of the most essential is the idea of pantheism.

18. Late in the afternoon Joseph walked out to the barn. He barely looked at the tree as
he passed it. ‘You are the cycle,” he said to himself, ‘and the cycle is too cruel’
(p. 128)
19. ‘This is the storm,” he thought. ‘This is the beginning of the thing I knew. There is
some cycle here, steady and quick and unchangeable as a fly-wheel.” And the tired
thought came to him that if he gazed into the pool and cleaned his mind of every

cluttering picture he might come to know the cycle. (p. 157)

In Quotation 18 is seen the above-mentioned idea of transmigration of soul as well as
Joseph’s realization of his responsibility as father, a biological cycle. Cycle is cruel because
there is no choice permitted. Quotation 19 seems to show that the mounting accumulation
of misfortunes—Benjamin’ death, Burton’s departure, the death of the oak, the beginning of
dry years and now Elizabeth’s death—is drawing to the catastrophe. At first when he heard
about the dry years from Romas he sensed it and was frightened. So, he secretly tried every
step. But now he realizes the irresistible movement of destiny, like the transmigration of

soul, drawing to the catastrophe.

20. High up on a tremendous peak, towering over the ranges and the valleys, the brain of
the world was set, and the eyes that looked down on the earth’s body. The brain could
not understand the life on its body. It lay inert, knowing vaguely that it could shake
off the life, the towns, the little houses of the fields with earthquake fury. But the brain
was drowsed and the mountains lay still, and the fields were peaceful on their rounded
cliff that went down to the abyss. And thus it stood a million years unchanging and
quiet, and the world-brain in its peak lay close to sleep. The world-brain sorrowed a
little, for it knew that some time it would have to move, and then the life would be
shaken and destroyed and the long work of tillage would be gone, and the houses in the

valleys would crumble. The brain was sorry, but it could change nothing. It thought,

22) Naoshiro Tsuji, ed. "Veda, Avesta”, The World Classics Collection (Tokyo : Chikuma-shobo, 1967),
pp. 408—409.

23) Hiroshi Iwamoto, “The Debut of the Arvan” in “The Ancient Times”, World History, Vol. I11
(Tokyo : Iwanami-shoten, 1969), pp. 209—216.
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1 will endure even a little discomfort to preserve this order which has come to exist by
accident. It will be a shame to destroy this order.’ But the towering earth was tired of
sitting in one position. It moved, suddenly, and the houses crumbled, the mountains

heaved horribly, and all the work of a million vears was lost. (p. 159)

In a sort of stupor coming from the accumulated misfortunes, he has a.ﬁ illusion of be-
coming the land. This quotation exactly corresponds to the third stanza of the hymn “To a

God Unknown.”

From His strength the mountains take being, and
the sea, they say,

And the distant river ;

And these are his body and his two arms.

Who is He to whom we shall offer our sacrifice ?

The land is compared to the human body to explain the pantheistic view of the world and

the “world-brain” is considered to correspond to “a God Unknown.”

21. Then his body grew huge and light. It arose into the sky, and out of it came the
streaking rain. ‘I should have known,” he whispered. ‘I am the rain.’ And yet he looked
dully down the mountains of his body where the hills fell to an abyss. He felt the
driving rain, and heard it whipping down, pattering on the ground. He saw his hills
grow dark with moisture. Then a lancing pain shot through the heart of the world.
T am the land,” he said, ‘and I am the rain. The grass will grow out of me in a little

while.’ (pp. 211--212)

As is prefigared in his illusion in Quotation 20, his body turns into the land and
mountains. Rain falls heavy on the land and refreshes the dying land. Now Joseph is the
rain. Joseph has come back into the land wherefrom water goes up to the heaven in the
form of vapor and then falls down on the land. As for the Fisher King his recovery from
illness restores life to the Waste Land, while as for Joseph his death brings life back to the
land. Finally Joseph has entered the goal of the peace and salvation of soul through self-

sacrifice.

IV.  The Confrontation between Christianity and Paganism

So far, we have examined the quoted references and allusions to both Christian and pagan
mysticism. Next, the confrontation and strife between the two is to be examined. Burton,
a Protestant, who is so rigid as to reproach even Father Angelo, a Catholic, represents the
inclement faith. And Father Angelo represents the clement faith, though fundamentally he

confronts paganism as a Christian.

22. Omne day Joseph stood by the pasture fence, watching a bull with a cow. He beat his

hands against the fence rail ; a red light burned in his eyes. As Burton approached him
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from behind, Joseph whipped off his hat and flung it down and tore opem the collar of
his shirt. He shouted, ‘Mount, you fool! She’s ready. Mount now !’ ‘Are you crazy,
Joseph ? Burton asked sternly. Joseph swung around. ‘Crazy? What do you mean ?’
‘You’re acting queerly, Joseph. Someone might see you here.’ Burton looked about to
see if it was true. I want calves,’ Joseph said sullenly. ‘What’s the harm in that, even
to you ?’... ‘Surely, Joseph, you don’t want me to say it. The Scriptilre mentions such

forbidden things. People might think your interest was—personal.’
(p. 28)

Filled with hope in the new world like Abraham, Joseph is absorbed in the fertility of

men and animals as the father of the large family. Animals with swollen bellies are holy to

him.

He does not feel ashamed to be seen watching their sexual acts wherewith they become

holy. But he is sharply criticized by Burton for his seeming lustful attitude.

. Burton sighed deeply. ‘On your head, then. Elizabeth, my brother is denying Christ.
He is worshipping as the old pagans did. He is losing his soul and letting in the evil.
‘I'm denying no Christ,” Joseph said sharply. ‘I'm doing a simple thing that pleases me.’
‘Then the hanging of sacrifices, the pouring of blood, the offering of every good thing to this tree is a
simple thing ? I've seen you sneak out of the house at night, and I've heard you talk to this
tree. Is that a simple thing ? ‘Yes, a simple thing,” Joseph said. ‘There’s no hurt in it.’
‘And the offering of your own first-born child to the tree—is that a simple thing, too ?’ ‘Yes, a
little game.’ (pp. 134—135 ; italics mine)

Burton can not bear to see Joseph worship the oak tree, because he regards it as devil-

worship. He denounces Joseph for all his acts concerning the tree without knowing his secret

intention. Here, Burton sharply confronts Joseph.

24. He thought exultantly : ‘We have found something here, all of us. In some way we've

come closer to the earth for moment.’ He was strong with a pleasure as deep as the
pounding bass strings, and he began to feel a strange faith arising in him. ‘Something
will come of this. It's a kind of powerful prayer’ When he looked at the western hills
and saw a black cloudhead, high and ominous, coming over from the sea, he knew what
was to come. ‘Of course,” he said, ‘it will bring the rain. Something must happen when
such a charge of prayer is let loose.’ ...Burton cried angrily. ‘It’s devil-worship, I tell
you! It’s horrible ! On our own place ! First the devil-worshipping priest and his wooden
idols, and then this !’ ‘What does it remind you of, Burton ?’ Thomas asked innocently.
‘Remind me of ? It reminds me of witchcraft and the Black Sabbath. It reminds me of

all the devilish heathen practices in the world.’ (p. 106)

Joseph is filled with an extreme joy to feel the closer tie with the earth and to feel the

fiesta powerful aginst the dry years. But Burton charges Father Angelo as an idolater. His

charge is also directed to the dancing-drinking fiesta itself. Meanwhile, Father Angelo warns

Joseph when he sees Joseph pour a little wine on the bark of the tree.
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25. ‘Be careful of the groves, my son. Jesus is a better saviour than a hamadryad.’

(p. 104)

Father Angelo gently warns Joseph to be careful about a hamadryad, that is, a tree-
spirit. Of course, a tree-spirit is not a saviour of men’s soul, but is associated with the
practical rain-god or sun-god that is supposed to bring good crops. Father Angelo is lenient

to Joseph and the villagers, for he knows about the long history of paganism in this valley.

26. ‘But the land is dying,’ Joseph cried suddenly. ‘Pray for rain, Father! Have you
prayed for rain ?’...'T will help you to pray for your soul, my son. The rain will come.
We have held mass. The rain will come. God brings the rain and withholds it of his
knowledge.”...*You are ill, my son,” he said. ‘Your body is ill, and your soul is ‘ill. Will
you come to the church to make your soul well ? Will you believe in Christ and pray
for your soul ? Joseph leaped up and stood furiously before him. ‘My soul ? To Hell with
my soul ! I tell you the land is dying. Pray for the land V (p. 203)

Even the lenient IFather Angelo is offended with Joseph's insistent request “pray for
rain.” The idea of “pray for rain” is quite pagan, for the origin of pagan religion generally
can be traced back to the worship of the sun-god or the rain-god that is considered to be
responsible for good crops and the fertility of men and animals. And on the other hand the
objective of Christianty is to salvate men’s soul. In this point, there is a fundamental
difference of the idea of God or gods between Christianty and paganism. This is the reason
why Father Angelo firmly turns down his request.

As above-mentioned, Christianity and paganism are sharply confronting with each other.
Especially, concerning the problem of idolatry, they have a long history of life-or-death
struggles. The first big incident that appeared in the Old Testament was the destruction of
Sodom and Gomorrah with fire by God. One of the greatest reasons for the punishment is
said to have been idolatry by the kings and their people.?¥® Next, Jacob, Joseph’s father,
ordered his family members and his men to give up their pagan gods and ear-rings, charms
(Genesis 35:2). Thereafter, there are too many cases to mention here. Anyway, it is quite
natural that later when the Israelites settled in Canaan and took up farming they were
tempted to abandon Yahweh, the shepherd god, and to turn to the god who was responsible
for the weather and the growth of crops.2® A crisis arose when Ahab, King of Israel, married
Jezebel. She brought so many prophets of Baal (the god who controls the weather) from
Phenicia that the worship of the Baalim spread as a result and it almost supplanted the
worship of Yahweh. But finally those prophets were all arrested and killed by the Hebrew
prophet Elijah (1 Kings 18:17—40). They did not hesitate to kill idolaters.

The first and most important of the Ten Commandments read as follows.

1. Thou shalt have no other gods before me.

2. Thou shalt not make unto thee any graven image, or any likeness of any thing that is

24) Shyogo Koide, Old Testament Tales, (Tokyo : Shinbi-sha, 1962), p. 47.
25) Clifford M. Jones, Old Testament Illustrations (London : Cambridge Univ. Press, 1971), pp. 155--156.
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in heaven above, or that is in the earth beneath, or that is in the water under the earth.
3. Thou shalt not bow down thyself to them, nor serve them : for I the Lord thy God am

a jealous God, visiting the iniquity of the fathers upon the chlidren unto the third and

fourth generation of them that hate me ;... (Exodus 20:3)

Here can be discerned both the inclement forcing of faith to Yahweh and the hatred
against idolatry. Even in the New Testament can be seen some cases of struggle. For
18

instance, Paul was very much offended to see Athens full of idols.

And Paul stood in the midst of the Areopagus, and said, Ye men of Athens, in all
things I perceive that ye are very religious. For as I passed along, and observed the
objects of your worship, I found also an altar with this inscription, To Ar Unknown God.
What therefore ye worship in ignorance, this I set forth unto you. The God that made
the world and all things therein, he, being Lord of heaven and earth, dwelleth not in

temples made with hands ;... (Acts 17 : 22—24 ; italics mine)

“An Unknown God” here seems to be a pagan God who corresponds to “a God Unknown”
in Rig-Veda. The two sources of the title correspond to the Christian-pagan tension in the
novel, as both Fontenrose and Peter Lisca point out.2®

Anyway, although the New Testament advocates leniency and love, it is bv no means

lenient to idolaters.

V. The Overlap of Christianity with Paganism

The above shows us the fatal confrontation between the two. In this novel, however, they
do not end in strife, but there is something overlapping with each other beyond the struggle.

Ironically enough, the image of Christ overlaps with that of Joseph, one of the most pagan.

27. *...Christ nailed up might be more than a symbol of all pain. He might in very truth
contain all pain. And a man standing on a hilltop with his arms outstretched, a symbol
of the symbol, he too might be a reservoir of all the pain that ever was.’

(p. 63)

28. She started and peered up at him in wonder, for her vision had not changed ; the
Christ’s face was still the face of Joseph. She laughed uneasily and confessed to herself,
‘I'm praying to my own husband.’ (p. 38)

29. Perhaps a godling lives on earth now and then. Joseph has strength beyond vision of
shattering, he has the calm of mountains, and his emotion is as wild and fierce and sharp

as the lightning and just as reasonless as far as I can see or know. (p- 79

30. He saw the crucified Christ hanging on His cross, dead and stained with blood. There
was no pain in His face, now He was dead, but only disappointment and perplexity, and

over these, an infinite weariness. Jesus was dead and the Life was finished. Juanito built

26) Joseph Fontenrose, John Steinbeck (New York : Holt, Rinehart & Winston, Inc., 1963), p. 17.
Peter Lisca, The Wide World of John Steinbeck. (New Brunswick : Rutgers Univ, Press, 1958), p. 43.
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a tall blaze to see Joseph’s face clearly, and the same things were there, the disappoint-
ment and the weariness. But Joseph was not dead. Even in his sleep his jaw  was
resistingly set. Juanito crossed himself and walked to the bed and pulled up the covers

around the sleeping man. (p. 199)

In Quotation 27, “a man” means Joseph himself here, but actually fneans everybody
in‘c_luding Joseph. Perhaps Joseph wants to say that pain does not rest only on Christ—all
pain can not be shifted to Him, but that everybody is burdened with pain for life, a cross.
Joseph realizes he himself is burdened with a cross. In Quotation 28, at the wedding
ceremony in the church, the face of Chsist in Elizabeth’s vision overlaps with that of Joseph.
In Quotation 29, Rama, his sister-in-law, looks up to Joseph as somebody like a superhuman
deity. In Quototion 30, Juanito already discerns the dead Christ’s disappointment and wea-
riness in the living Joseph’s face. How about Father Angelo, who is offended and rejects

Joseph’s request to pray for rain ?

31. ‘Thank God this man has no message. Thank God he has no will to be remembered, to

be believed in.’ And, in sudden heresy, ‘else there might be a new Christ here in the

West.’ (pp. 203—204)

Joseph himself realizes he is burdened with a cross. His wife Elizabeth, sister-in-law
Rama and former ranch-hand Juanito, and now even Father Angelo, who has been shaken
by his strength, acknowledge him as somebody holy-—a new Christ who is to save the
distressed world through self-sacrifice. If Joseph is a Christ, the old man on the cliff is a
John the Baptist who decisively influences a Christ. The old man is also a key to the
understanding of Steinbeck’s idea of the salvation of human soul. Steinbeck no doubt tried
to find the peace and salvation of human soul in the undeveloped world of human mind as
well as in nature. He tried to find it in the uncivilized and unramified world where there is
still chaos and where there is little difference in any existence. Religion in primitive times
was by no means ramified or classified, either. The old man alone on the cliff with his back
to the civilized society finds his salvation of soul, reaffirming his own existence in perfect
union with the red setting sun through the red blood of sacrificed animals. Steinbeck’s ideal
way of living with the tie to nature seems to have been embodied into this strange old man.
No form of religion is in the old man’s mind. He only feels the fullness of his life in perfect
identity with the red sun. In this state of mind, the sharp confrontation between Christianity
and paganism seems to be nothing. He who has worked out his own salvation and helps
others do the same, Steinbeck seems to insist, is to be called a “Christ,” whatever form of

religion he may believe in.

Vi, God and his Mysticism

What is Steinbeck’s idea of Joseph and Christ has so far been examined. Then, what is
his vision of God that underlies his mysticism ? It may have been already revealed in some
places in this thesis. But here it should be mentioned concretely and clearly. For this

purpose the hymn “To a God Unknown” quoted on the flyleaf of this novel seems to be the
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key to the understanding of his vision of God. Rig-Veda is a collection of many hymns to
such motley gods as Indra (the god of war) and Soma (the god of liquor). As already
mentioned, Brahmanism is originally pantheistic. In the collection each of the gods is praised
and sung with the highest epitaph. But people could not be content with such a way, so
they finally came to think of the highest God that rules all the gods. In this hymn, exactly
called “Hymn to the Golden Seed,” the poet repeatedly used a refrain of “Who,” as he could
ngt find out of the names of those motley gods the adequate name of the highest God that
created and controls the universe as Ruler.2” Perhaps Steinbeck was fascinated not so much
by the Christian God Yahweh who is personal,2® jealous, inclement and cruel as by “a God

Unknown” who is impersonal, generous, unfinished and magnificent.

VHi. The Denomination of his Mysticism

Next, what is his mysticism to be termed ? Of course, as I have mentioned there are
some important references and allusions to Christian mysticism. But judging from the theme,
these seem to exist only as contrast to the overwhelming pagan mysticism. And this kind of
mysticism might be called “animism” as defined by the English anthropologist Edward B.
Tylor. He described animism as “the general belief in spiritual beings,” and called this a
minimum definition of religion. He insisted that animism, so defined, was the core of all
religion, and that no primitive or crude society had been found which did not exhibit such
belief in spirits. The term “spirits” applied not only to gods and divinities, but also to the
souls of the living and the dead. He said that belief in spirits arose because primitive men
wondered about the phenomena of death, dreams, trance states and other seeming mysteries.
Wherever this belief in spirits existed, there was evidence of worship and ritual.2® The tall
oak tree the father’s soul abides in, the huge rock the father’s and wife’s souls live in, the
souls of the dead full on the land in the valley and so forth : the term of “animism” might be

most fitted for this kind of mysticism.

VIll.  Conclusion

In order to examine how the theme and his mysticism full in this novel are interwoven,
we have studied the relation among the categories after classifying almost all the references
and allusions to mysticism. As for Christian mysticism, there are some of the most inportant
symbols of Christianity mentioned : Abraham, the great forefather of Christ, that is, of
Christians, Joseph, the father of a large family in Egypt, the cross, the symbol of Christ and
the Christian sublime way of blessing. The inclement faith is represented by Burton,while the
clement by Father Angelo. Against Christianity first comes Druidism as pagan religion :
the oak tree, the mysterious huge rock in the clearing of a pine-grove on the hill and the
strange old man on the cliff who enjoys the union with the red setting sun through the

red blood of sacrificed animals. As the other form of paganism, there is native religion

27) “Veda, Avesta”, The World Classics Collection, p. 5, p. 101.

28) André Siegfried, Les Voies D'Israel, trans. Ichiro Suzuki (Tokyo : Iwanami-shoten, 1969), pp. 153—
154.

29) “animism”, Encyclopedia Americana
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mentioned : Indians’ or Indios’ belief that the souls of the dead do not 80 away to the
Kingdom but come back into the earth and their dancing-drinking fiesta often in supplication
for rain with the skins of animals on. In Brahmanism they insist that in transmigration
of soul the form of rebirth is decided according to the karma, their deeds in their life-time.
The pantheistic idea of the “world-brain” seems to correspond to that of “a God Unknown”
in the hymn. Joseph himself comes back to the earth and becomes the land and the rain
through self-sacrifice.

Christianity and paganism have a long history of severe strife. Even the lenient Father
Angelo turns down Joseph’s request to pray for rain, because it is quite fatal to Christianity.
But they do not end in strife. Almost all people familiar with Joseph acknowledge him as a
new Christ. Here can be seen the overlap of Christianity with paganism. Joseph, one of the
most pagan, proves to be the most Christian after all. In the peace and salvation of human
soul the difference of forms of religion is transcended into the sublimest ecstacy. Steinbeck’s
mysticism here is based on the idea of God—not Yahweh who is personal and jealous, but
a God Unknown who is impersonal, generous and magnificent. And the term “animism” is
most fitted for it.

In almost all his works can be seen some kind of mysticism, as Fontenrose points out.3®
And some vicissitude of his mysticism also can be seen in each of his later works. Cenerally,
in each work its mysticsm serves to help the development of the theme of the work, well-
interwoven with it. Here in this novel the development of the theme-—how Joseph worked
out his own salvation—is apparently helped very much by this kind of mysticism, animistic
mysticitm. This animistic mysticism has proved to help make this novel fantasia-like, unre-
strained, powerful and magnificent.

Last, this novel helps us readers think of the relation between primitive religion and our
civilization. We might notice that at the very bottom of the mind of us civilized modern
people still lies fear or awe of natural phenomena and of Something that controls the universe,
exercising some influence upon us. From the earliest times, men have been engaged in a
search for general rules whereby to turn the order of natural phenomena to their advantage,
and in the long search they have gathered a lot of rules. Some of them are true and the
rest false. The true rules have constructed the world of science, the foundation of our
civilization. The false ones are magic, the initial form of primitive religion. So, science is
the brother of magic.3? Furthermore, we might come to think of the relation between nature
and men. Our dazzling civilization appears to have little to do with the life of animals and
plants, but in fact they are very closely connected with each other. As a species of animals,
we civilized modern people equally share life with other animals and plants. Without the tie
to nature our civilization would collapse overnight. In this novel the hero desperately clings
to the tie to the earth, only whereby he feels peaceful. This novel is the starting point of
Steinbeck’s long travel to The Winter of Our Discontent (1961) in quest for the salvation of
men’s soul in the confusing civilized world. In this sense, this novel is very important,

though not so popular as The Grapes of Wrath.

30) Joseph Fontenrose, John Steinbeck, p. 139.
31) “Magic and Religion”. The Golden Bough, p. 50.
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On Stability of Large System and it’s Statistical Treatment

Yutaka TOMITA
Isao IMAI

It is important to discuss the stability of Large system and it’s statistical treatment in order to
design the system.

However, the relation between the stability of the system and the stability in the sense of mean
square of the system subjected to random input is not almost done.

Though the system may be stable in the sense of mean square, the system become often unstability
in the sense of the method of Hurwitz-Routh.

Therefore, in this paper we discuss how condition shoud be satisfied in order to evaluate the mean

square of the response of the system with random input.
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Studies on the Specific Sliding of Elliptical Cam
with the Reciprocating Follower (Report 2)

(Circular Arc Offset Follower)

Hironori ITOSHIMA

When the knife-edge follower is chosen as the reciprocating offset follower, the profile of the cam

is the ellipse and the rotating center of the cam is the center of the ellipse.
The motion of the circular arc offset follower, the offset and the pressure angle are examined, and

then the specific slidings in the cam and the follower are discussed. The maximum specific sliding in

the cam is specified and the best cam is designed.
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Studies on the Specific Sliding of the Gonstant Second-Acceleration
Cam with the Reciprocating Follower (Report 2)

(Flat Plate Follower)

Hironori ITOSHIMA

The profile of the constant second-acceleration cam with the reciprocating flat plate follower is
expressed in xy coordinates, while the 1nclined flat plate to the stroke of the follower is used.
The minimum radius of curvature to the inclined angle of the follower, the specific sliding on this

cam and the radius of the base circle of this cam are examined.
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The Effect of Surface Friction on the
Growth of Pitting

Kure Technical College Hiromasa NADANO

Hiroshima University Yoshio TERAUCHI

In this paper we report the results using the gear testing machine and the disk machine
of the examined the endurance limit for pitting and the phenomenon of pitting failure by
means of the comparison of the experimental results of the respective machines, and study
the mechanism of pitting failure.

We found on the gear test of cast iron that in a high Hertzian stress range the growth of
pitting occurred in the tooth surface of the negative specific sliding, but in a low Hertzian
stress range it occurred in the tooth surface of the positive specific sliding. The phenomenon
of pitting failure on the disk test of cast iron, which appears to be almost identical with the
material of the gear used on the gear test, is similar to the test result on the gear; that is,
the fatigue curve of the endurance strength for pitting is divided into the positive and the
negative specific slidings, respectively, and according as the Hertzian stress increases, the
difference between the respective fatigue curves for pitting is larger and the endurance strength
for pitting of the disk roller of the negative specific sliding decreases in comparision with
that of the disk roller of the positive specific sliding.

Furthermore, the combined effects of Hertzian stress, frictional force and thermal stress

on the growth of pitting have been studied.

§ 1. Introduction

There are a number of the related reports on the efiects of the following factors on the
growth of pittin on gear teeth and rollers ; they are frictional force,’ lubricating oil, the
mechanical property of material and surface roughness.2? On the other hand, with respect to
the mechanism for pitting failure, S.Way® considered the action of the lubricating oil which
penetrates into the cracks, and Ishibashi and others® treated the fracture caused by the tear
from the adhesed surface. Nishihara and Endd® have regarded the pitting failure as the
fatigue failure due to the action of the assembled stress of Hertzian contact stress, frictional
force and the thermal stress, but the thermal stress has not been calculated strictly in their
paper. Our report® provided the calculated results for the thermal stress induced by a
parabolically distributed, a relatively fast-moving heat source at the boundary. We examined
in this report how the assembled stress of Hertzian contact stress, frictional force and above-
mentioned thermal stress affects the pitting failure on the gear test and the disk roller tests,

and explained the mechanism for the growth of pitting.
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§ 2. Nomenclature

V, : peripheral velocity of upper roller or pinion, c¢m/s
V, : peripheral velocity of lower roller or gear, cm/s
V,=V,—V, : sliding velocity, cm/s

a,=—V . /V, : specific sliding of upper roller or pinion

a,=V./V, : specific sliding of lower roller or gear

by Hertzian contact stress, Kg/mm? £ : thermal diffusitivity, ¢m?/s

o coefficient of friction e : coefficient of thermal expansion, 1/°C

E : Young’s modulus, Kg/cm? J : mechanical equivalent of heat, Kg ¢m/cal
G : shear modulus, Kg/cm? g, : amplitude of stress, Kg/mm?

v : Poisson’s ratio g, . mean stress, Kg/mm?

K : thermal conductivity, cal/em s °C 20 : width of the band of contact, ¢m

P, : normal load per unit width of contact, Kg/mm
Dimensionless parameter
L=V, 1/(2), X=V, x/(2¢) and Z=V, z/(2k)

§ 3. Experimental material and experimental method

For the purpose of the examination of the endurance limit for pitting failure on gear, we
used the gear testing machine, and used the profile shifted gear, whose the amount of
addendum modifications are+1 and —1 on pinion and gear, respectively. Since the specific
sliding on the standard gear is a positive symbol in the region of the tooth face and is a
negative symbol in the region of the tooth flank, and the amplitude of the specific sliding,
load and the symbol of the specific slidings vary respectively. Therefore, the above-mentioned
addendum modification coefficient was selected to be eliminated those influences on pitting
failure. Fig.l shows the variation of the specific sliding and the load distribution. This load
distribution is calculated from the equation of the gear tooth deflection recommended by
Weber and Banaschek.” Table 1 shows data of our testing gears. The respective symbols of
the specific sliding on the tooth surface of the pinion and the gear are positive and negative

at all points on the tooth surface.

Pinion

e m— VPR |

Fig. 1 Variation of specific sliding and load distribution
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Tablel. Data of testing gears

o Pinion Gear
Number of teeth - 18777” 40 o

_ Module (mm) - 4 T
PreQS:rc angle 7 ‘ S 20° |

- Addendum modification coefficient a - 1.0 | - 1.0

nlgi;rr;e"nter of pitch circle (mm) 37”77 72 160
Diameter of root circle (mm) o - o 88 7 . 160 o
Center distance (mm)*m"” - { 116

| Face width (mm) I 0 -
Operating pressure z;nrgl;,r - - 26° -
Diameter of operating pitch circle (mm) 72 | 160
Length of actiou (mm) ‘ o 15;22_7____ -
Contact ratio T N 1.340

Table2. Chemical composition analyses and mechanical properties
of the material used for gears and disk rollers

Chemical com}gosjtioh; 7 (%) B ;7 Mechani(;ai properties (Ké/;mz)
rc1o : 7 C - VSi : Mn s Ultimate ten;ﬂ: éfress : Compressive stress w
CGer 20 150 | 040 | 00M 120 469
 Disk roller| 3.50  2.51 L0.41 oo | ns 20

The material used for the gear test is cast iron (FC 10) and the Micro-Vickers hardness
(weight 200 gr) is about 250. The chemical compositions analyses and the mechanical
properties of the material for the gear test and the roller test are given in Table 2. The oil
bath lubrication is used for the lubrication of the gear and the lubricating oil is 140
Turbin (viscoity ; 25°C : 90 ¢st, 60°C : 18 ¢st). The volume of the lubricating oil was selected
to be immersed at the depth of about 2 times of the whole depth of the gear and the oil
temperature was controled at 204+2°C.

In order to eliminate the effect of the dynamic load and to operate under the condition of
a severe boundary lubrication, the operating condition of the gear was selected to be a low
speed. Therefore, the revolution of the pinion is kept at 260 rpm and the normal load per
unit face width of the gear was 9.07 and 5.10 Kg/mm. At the load of P,=9.07 Kg/mm,
the minimum oil film thickness calculated from D.Dowsons’ film thickness equation® lay
between 0.095 and 0.10 microns in the region of the double tooth loading. Therefore, since the
maximum surface roughness of the gear is 8 microns in the direction of the involute of tooth,
the tooth surface is deduced to be partially exposed under the condition of a severe boundary

lubrication. The critical load of the endurance limit for pitting failure is determined with the
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observation of the tooth surface by the naked eye and with the measurement of the wear
weight of the gear. Furthermore, the ratio of the pit area to the tooth surface is calculated
at the stage where the pitting failure occurred.

Next, for the purpose of the comparison between the respective results on the gear test
and the roller test, the rollers worked from the tested gear are used. .

The operating conditions on the roller test were equivalent to the conditions of g, ¥, and
specific specific sliding on the tooth flank when the growth of the pitting was remarkable.
Therefore, the operating condition is ;= —2.067, @,=0.674, V;=15.0 ¢m/s and V,=46.0 cm/s at
the load stages of p,=40 Kg/mm? and p,=30 Kg/mm2. The lubricating oil is 1404 Turbin.
Oil was supplied at a rate of about 2 [/min and the temperature of the oil was always 20+ 2°C.
The contact width of the upper and the lower roller, which are combined together, are 6mm
and 10mm respectively, and they have the same diameter of 40mm. These rollers are ground.
The maximum surface roughness is 1.2 microns aroung the circumference and 3.0 microns in the

axial direction.

§ 4. Testing results and considerations

4.1 On the result on the gear test and the rolle test

The relation between the weight of wear and the amount of the revolution of gear and
pinion at the load of P,=9.07 and 5.10 Kg/mm is shown in Figs.2 and 3. Fig.2 shows the
behaviour of wear at the load of P,=9.07 Kg/mm. It is obviously from this figure that when
the respective operating time of the gear and the pinion pass over 30 /rs, the respective teeth
surface cause a pitting at the same time. But since the amount of the revolution of gear and
pinion is 2.5x 105 and 4.6 x 105 respectively, the endurance strength for the pitting failure of
the gear decreases in comparison with that of the pinion. However, in the case of P,=5.10
Kg/mm as shown in Fig. 3, the pinion causes a pitting after 160 Ars, but the gear does not

cause a pitting after 320 Ars. If the operating time is expressed with the respective amounts

®  (Gear

O  Pinion ® Gear
T o Pinisn
206 T
I ’ FTHm :
06 ; T '
L ud ] £ 150
i L i ?
i i ;
H N ———4‘— ‘ T
H i i z :
3 [ . 3 i )
z i Pitiing failare = 3 ? _4 : i l '
; { ! 1L e fiil
N 196 i A?A‘I : i i |
= Lo T ot L1 2
% ! L aandi} o I o ool $58 Pisting |
P : e H : 18 P P ! | A9
= | ! i i x| ! ] o
i ® i . : | ; , bl b ¢l bmo P Bl
i) ;. Pitiirg ft!.‘!ure' 3 : T e ; 5000 o0 i
H Y i i i
nu m:)o n 1E L 749 ! ; i
BB i i il
ol o®P° P Hby
ED - R 11 o
| i
- ]
> t

R uf Fig. 3 Relation between weight of wear and
Number of recolution number of revolution at the load of
of gear and pinion P, =5.10Kg/mm

Relation between weight of wear and
number of revolutionTat_the load of
P, =9.07Kg/mm

[I¥}

Fig.
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of the revolution of gear and pinion, the pinion causes a pitting after the amount of the
revolution of 4x 105. On the other hand, though that of gear is not 4x 105, it is deduced from
the behaviour of the gear and the observation of the tooth surface that gear will not cause a
pitting failure.

Therefore, in the case of the gear test of cast iron, it is found that in a high Hertzian
stress range, the growth of pitting occurs in the tooth surface of the negativ;: specific sliding,
bllt in a low Hertzian stress range, it occurs in the tooth surface of the positive specific
sliding,

The distribution of the pits on the tooth surface is summarized in Table 3. At the load of
P,=9.07 Kg/mm, the distribution of the pits concentrates in the tooth surface of single tooth
loading on gear and the rate of the pit area on the tooth surface is 17%. In the case of the
Graubitz’s gear tests,® the distribution of the pits concentrates in the tooth surface of the
specific sliding from —0.2 to —0.9 and this fact agrees with our experimental results. But at
the load of P,=5.10 Kg/mm, the distribution of the pits concentrates in the tooth surface of
double tooth loading on the tooth crest of pinion and the rate of the pit area on the tooth

surface is 4.36%.

Table3. Distribution of pits on the tooth surface of gear and pinion

A : B C
(Tooth root) = | (Tooth edge) |
: Mating region expressed by diameter 7975 16 | 75.1~83 1%  83.1~88%
i o (mm)
Specific sliding 0~0.357 | 0.357~0.709 | 0.709~0.815
Sliding velocity (em/s) 0~14.2 | 14.2~47.3 | 47.3~65.6
i Number of mating teeth 3 2 1 2
Finion ' Load per unit = Hertzian stress | 25.6~23.0 | 33.0~34.0 & 23.5~26.4
! face width : (Kg/mm?) ' (Mean 24.3) | (Mean 33.5) | (Mean 25.0)
1 9.07 , V g ,
: (Kg/mm) | Ratio of pit area (%) | 2.18 3.43 3.67
— : . e ‘
. Load per unit , Hertzian stress ©19.2~17.3 24.9~25.1 17.6~19.8 .
! face width (Kg/mm?) ‘ (Mean 18.3) | (Mean 25.0) | (Mean 18.7)
- 5.10 : - ! i
(Kg/mm) ’ Ratio of pit area (%) | 1.24 4.0 4.36
_— . . C 3 1;,, D S
i (Tooth edge) (Tooth root)
Mati i d by diameter | ! N
Mating region expressed by O Cmmy | 1B0~157.4% 157.4~153.5¢ 163.5~152.1¢
C - G i -
oci slidi : _n ==4—0.554~ —2.441~
Specific sliding - 771 0~ 0.5341 —2.441 | —4.11
c B | sliding velocity (cm/s) 0~14.2 | 14.2~47.3 | 47.3~65.6
ear - SO . e
4 Number of mating teeth ‘ 2 1 2
Load per unit = Hertzian stress 25.6~23.0 . 33.0~34.0 | 23.5~26.4 .
face width : (Kg/mm?) | (Mean 24.3) | (Mean 33.5) | (bMean 25.0)
1 9.07 i - -
(Kg/mm) ' Ratio of pit area (%) 3.56 16.79 7.65
Load per unit | Hertzian stress 19.2~17.3  24.9~25.1 | 17.6~19.8
i face width ; (Kg/mm?) | (Mean 18.3) . (Mean 25.0) | (Mean 18.7)
15.10 : R
| (Kg/mm) | Ratio of pit area (%) 0.67 | 2.88 1.06
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Fig. 4 shows the tooth surface which caused the pitting failure. At the load of P,=9.07

Kg/mm, the relatively large pits are found on the tooth surface of gear and the depth of the
pits is generally shallow. k

Pinion
{Number of revolution: 0.502X107)
Pitting failure

Gear

(Number of revolution: 2.26X 10°)
No pitting failure

Gear!Number of: 2.26X 10°)
At the load of Pn=>5.10 kg/nn

Pinion Gear

Number of revolution: 1.45X10°) (Number of revolution: 0.65X 10°)

No pitting failure Pitting failure

At the load of Pn=9.07g /mm

Fig. 4 Tooth surface which arised pitting failure
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Next, Figs. 5 and 6 show the experimental results of the rollers which were worked from
the tested gear in itself. The behaviour of the growth of pitting well agrees with the
experimental results on the gear test. At the load of p,=40 Kg/mm? as shown in Fig. 5, when
the respective operating time of the upper and the lower roller pass over 40 frs, both the

upper and the lower roller cause the pitting failure at the same time. When the operating

® Specific sliding of upper roller a,=—%.071

o~ pe ™ _ .
®  Specific sliding of upper roller =2 071 o Specific sliding of lower roller =074
. © Specific sliding of lower roller a,=0.674 32
32 Piiting failure
E K
E =
E Pitting failure N o,
R § u 3
H 9 3 ;
T S T
3 15 [] - i +
- S 16 L : b
:.‘E : H i H ; ; *
- TrHt T
o T ™ T
3 o i ! | e; tl
» 8 : ) +
3 R i
> i I l A 2
! 0 T . S e lmile
X 10 10 10 LR BN

[
Respeetive numbers of :
repeated cycles of upper

and lower roller Respective numbercs of
:

repeated eyeles wf upper
aned Lo raller

Fig. 5 Wear of disk rollers which were
worked from tested gear in itself
(Vy=31. Ocm/s, po=40 Kg/mm?)

Fig. 6 Wear of disk rollers which were
worked from tested gear in itself
(Vs=31.0 ecm/s, po=30 Kg/mm?)

time is expressed with the respective number of the repeated cycle of load of the upper and the
lower roller, the upper roller (the symbol of the specific sliding is negative) causes a pitting
after the number of the repeated cycle of 3x 105. On the other hand, the lower roller (the
symbol of the specific sliding is positive) causes a pitting after the number of the repeated
cycle of 5x 105. Therefore, the number of the repeated cycle of the lower roller well agrees
with the number of cycle when the gear causes a pitting failure at the load of P,=9.07
Kg/mm. But at the load of p,=30 Kg/mm? as shown in Fig. 6, the lower roller causes a
pitting when the operating time passes over 120 Ars, but the upper roller does not cause a
pitting. Next, the upper roller does not exchange, the lower roller which cused a pitting is
replaced with the new roller, and then the roller test is continued. In this case, the upper
roller arises a pitting after 1380 hrs (the black circle of + mark expresses the upper roller
which caused a pitting failure). Therefore, both the upper and the lower roller cause a pitting

when the number of the repeated cycle is 1.9 x 108,

4.2 On the roller test of cast iron which appears to be almost identical with the material of

the gear

We found on the gear test of cast iron that in a high Hertzian stress range the growth of
pitting occured in the region of the negative specific sliding, but in a low Hertzian stress
range it occured in the region of the positive specific sliding. In this section, we examined
the results on the roller test of cast iron which appears to be almost identical with the
material of the gear as shown in Table 2. Since the graphite structure of the material of the
roller and the gear differs somewhat, the endurance strength for pitting failure of the rollers

decreases more than that of the gears. The operating conditions on the roller test are de-

termined as follows :
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V=223 em/s, V,=46.0 em/s, «,=—1.063, «,=0.515 and V,=15.0 ¢m/s, V,=46.0 cm/s,
a,=—2.067, «,=0.674.

4.2.1 Endurance strength for pitting failure

When the operating conditions are V,=22.3 cm/s (V;=23.7 ¢m/s) and a,=—1.063, the
relation between the endurance strength for pitting failure and the Hertzian stress is shown in
Fig. 7. The black and the white circle indicates the upper and the lower roller which caused
f)-itting failure respectively. Furthermore, the black and the white circle of the arrow mark

indicates the upper and the lower roller, which does not cause the pitting failure, respectively.
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Fig. 7 Relation between the endurance strength for
pitting fajlure and Hertzian stress
(Vs=23.7 cm/s, a;=—1.063)

Next the roller which caused a pitting failure is replaced with the mnew roller, and the roller
test is continued. In this case, the original roller which caused the pitting is here expressed
by the circle of + mark. Therefore, the fatigue curve of the endurance strength for pitting of
cast iron is divided into the upper roller (the symbol of the specific sliding is negative)— (solid
line) and the lower roller (the symbol of the specific sliding is positive)— (dotted line), and
the respective fatigue curves meet at p,=23 Kg/mm?, and according as the Hertzian stress

increases, the difference between the respective fatigue curves for pitting is gradually large.

4.2.2 Shape of pits

Figs. 8 (a) and (b) show the shape of pits and the profile of the track on the roller.
Fig. 8 (a) shows shape of pits on the upper roller which caused the pitting failure at the load
of p,=54 Kg/mm?. It is found from this figure that the bowed crack developes along the

direction of the sliding and the frictional force affects the contact surface remarkably.

Total initial surface roughness of the two mating rollers
Oil film thichness

D=
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Fig. 8 (a) Shape of pits on the upper roller which caused the
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which P.H. Dawson!® has recommended as a measure of the degree of the metallic contact,
was here calculated the following condition ; in the case of the condition of p,=54 Kg/mms,
a;=—2.068, V,=15.0 cm/s and V,=46.0 ¢m/s, the minimum oil film thichness is 0.098 microns
and the value of D is 32. Therefore, since a large value of D expresses the condition of a
severe boundary lubrication, it is deduced that the any surface asperities of the mating rollers
may be a nearly metallic contact and the surface friction affects the shape of. pits. Figs. 8 (b)
shews the surface damage of the lower roller at the load of p,=27.0 Kg/mm2. A groove of 70
microns in depth is observed and those pits are irregularly dispersed on the track. The shape
of pits on the upper roller at the load of p,=54 Kg/mm? is remarkably different from that of

pits on the lower roller.

§ 5. On the growth of pitting

It is found from the gear test and the roller test of cast iron that in a high Hertzian
stress range the growth of pitting occurs in the region of the negative specific sliding, but in a
low Hertzian stress range it occurs in the region of the positive specific sliding. Furthermore,
the shape of pits in a high Hertzian stress range is considerably different from that of pits in
a low Hertzians stress range. Therefore, it is deduced from the above facts that the combined
stresses of Hertzian stress, frictional force and the thermal stress affect the growth of pitting.
The stress distribution, across the contact area and in the contact body, due to the action of
the combined stresses of Hertzian stress, frictional force and thermal stress on its boundary, is
clear in this section. These combined stresses were calculated under the following conditions ;
E=7.0x105 Kg/cm?, G=2.8x 105 Kg/cm?, v=0.25, K=0.15 cal/cm s°C, £=0.165 cm/s, ¢=8.4x 10-6

1/°C, #=0.15 (the experimental value on our roller test).

5.1 Combined stresses of Hertzian stress and frictional force

When the two rollers of the same material, whose longitudial axes are parallel, are pressed
against each other while one or both rollers are rotated about a longitudinal axis causing a
sliding motion, the magnitude of the frictional force ¢ is assumed to be linearly proportional
to that of Hertzian stress. Furthermore, we consider the rectangular co-ordinate axis (x, y,
z), x, extending tangentially to the circle of the roller, and y in parallel with the longitudinal
axis, and z, extending perpendicularly to the contact area. The stresses g, o,, and g, or
the shearing stress r,, are derived from
J.0. Smith’s equations!®. We examine
in this section the distribution of the

stress ¢,, having the largest magnitude.

Fig.9 shows the calculated value in the
contact body, when the position of the
centre of the elliptically distributed
load comes just to the origin of the
co-ordinate system from the negative

position of the x-axis. Since the positive

and negative maximum stresses of g,

are 0.30 p, at X/L=—1.0 on the boun- Fig. 9 Distribution of ¢, in contact solid
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dary and —1.043 p, at X/L=0.25 on the boundary respectively, the amplitude of stress o, is
maximum at the boundary.

It is usually assumed that the inelastic deformation type of failure is associated with
the maximum shearing stress. Therefore, when we calculated the principal stresses at the
boundary, the direction of the principal stress at X/L=—1.0 on the boundary coincided with
the x-axis, and the magnitude and symbol of this stress are 0.30 p, and posi‘;ive respectively.
The x component of the maximum principal stress at X/L=0.25 on the boundary is —0.933
p,. Therefore, we manifest in this section the behaviour of the stress ¢,, having the largest

amplitude.

5.2 Thermal stress

The thermal stress due to the action of a moving heat source generated by the frictional
heat, such as a parabolically distributed heat source®, was calculated under the operating con-
ditions of our roller test. The thermal stresses are calculated by assuming that the boundary

outside the contact zone is thermally insulated and the heat flux is a one-dimensional flow.

5.3 Calculated results

The thermal stress on and below the surface is calculated under the condition of p,=50
Kg/mm?, L=35, a;=—2.067 and x=0.15.

Figs.10 (a) through (c¢) show the stresses on and below the surface in the direction of the
x-axis due to the action of the combined stresses of Hertzian stress and frictional force, and
of the assembled stresses of Hertzian stress, frictional force and the thermal stress respectively.
The abscissa of these figures expresses the calculating position of the stress, using the dime-
nsionless parameter X/L. Fig. 10 (a) shows the stress range of ¢,,, when the centre of the
above-mentioned load comes just to the origin of the co-ordinate system from the negative
positionalong the x-axis. Similarly, Fig. 10 (b) shows the distribution of the thermal stress,
when the centre of the heat source comes just to the origin from the negative position along
the x-axis.

On our roller test, V, is larger than V,. Therefore, Fig. 10 (a) expresses the behaviour

of ¢,, on the lower roller due to the action of the combined stress of Hertzian stress and

. -
CoZ Upper roller

T / Lo ——  Lower reller
—40 / 055 \ """" e

/ 0.50 \
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0 !
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- i
10 !
N 1 I i B
—2.0 ~1.0 0 1.0 £, 2o : 1. - o v
(a) Hertzian stress+ Frictional force (b) Thermal stress

Fig. 10 Relation between ¢,, and X/L
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Contacting position on upper roller

—40

Contacting position on lower roller
() Hertzian stress + Frictional force 4 Thermal stress

Fig. 10 Relation between ¢,, and X/L

frictional force. It is obvious from this figure that the compressive stress is maximum nearly
at the front of the centre in the contacting zone and the tensile stress is 15 Kg/mm? at one
edge of the contacting zone. On the contrary, the behaviour of ¢,, on the upper roller is
reverse to that on the lower roller. Next, as is evident from the rate of the frictional heat
which flows into the respective mating rollers, the magnitude of the thermal stress created on
the lower roller is large compared to that created on the upper roller as shown in Fig. 10 (b).
The thermal stress on the respective rollers is maximum at the boundary and the smaller
tensile stress arises at one edge of the heat source. However, in the cace of the lower roller,
the maximum compressive stress, which arises at the back of the centre of the heat source, is
equal to 0.10 p,. Furthermore, Fig. 10 (c¢) shows the behaviour of ¢,, when the above-
mentioned thermal stress is superimposed upon the combined stress of Hertzian stress and
frictional force. The thermal stress remarkably affects the tensile stress created on the lower
roller due to the action of the combined stress of Hertian stress and frictional force.
Therefore, the maximum tensile stress on the lower roller decreases down to 10.5 Kg/mm?,
but that on the upper roller is retained. Howerver, at the load of p,=25 Kg/mm? which is
almost equal to the endurance limit for the pitting failure, the magnitude of the thermal
stress is not very much and therefore it has no influence on the component of the tensile
stress created on the lower and upper roller.

Next, Fig. 11 shows the endurance strength for pitting failure. The magnitude of ¢, and
o, of o,, at the boundary when the thermal stress is superimposed upon the combined stress
of Hertzian stress and frictional force, are here calculated and the respective calculated values
of ¢, and ¢, at the load of p,=50 and 25 Kg/mm? are expressed with the white and black
circle having a subscript 3 and 4 as shown in Fig. 11. In a high load range, the magnitude
of ¢, on the upper roller is large compared to that on the lower roller, but in a low load
range, there are not so much difference between the respective magnitudes of ¢, on the upper
and lower rollers. Therefore, according as the load increases, the effect of the thermal stress
increases and the magnitude of ¢, is large. Therefore, it is considered that according as

Hertzian stress increases, the endurance strength for the pitting failure on upper roller
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decreases more than that on the lower roller.
Furthermore, Figs. 12 (a) and (b) show the relation between ¢,, and X/L.

magnitude of ¢,, is very small compared with that of Hertzian stress, the effect of the therm-

al stress of g,, on pitting failure can not be considered in this case.

stress

Since the

Figs. 13 (a) and (b)

show the relation between z., and X/L. Similarly, the effect of the thermal stress on pitting

failure may be neglected.
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§ 6. Conclusion

The magnitude of the stresses on and below the surface due to the action of the stress,
when the thermal stress was superimposed upon the combined stress of Hertzian stress and
frictional force, were calculated under the testing condition of p,=350 Kg/mm?, u=0.15, L=35,
and @;=—2.067 on the roller test. Consequently, the stress of ¢,, has the -largest amplitude
at the boundary. The thermal stress has a remarkable influence on the tensile stress created
on the lower roller (the symbol of the specific sliding is positive) due to the action of the
combined stress of Hertzian stress and frictional force. Therefore, the maximum tensile stress
on the lower roller at X/L=—1.0 on the boundary decreases down to 10.5 Kg/mm? due to the
action of the thermal compression, but that on the ‘upper roller is about 13 Kg/mm?. On the
other hand, at the load of p,=25 Kg/mm? which appears to be the endurance limit for the
pitting failure in our test, the magnitude of the thermal stress is not so large and therefore it
has no influence upon the tensile stress created on the lower and upper rollers. Therefore, it
is obvious from the above facts that the thermal stress caused by the frictional heat is one of
the serious factors affecting growth of pitting. According as the load and the sliding velocity
increase, the effect of the thermal stress on pitting failure is large. Comnsequently, it is
considered that endurance strength for the pitting on the upper roller having a negative
specific sliding is small compared with that on the lower roller having a positive specific
sliding, and the difference between the respective fatigue curves for the pitting on the upper

and the lower rollers is gradually large.
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Studies on the Plastic Working (Report 1)
—Investigation of the Drawing Stress and the
Minimum Thickness of Plate in Rolling—
Toshiyuki SATONOBU
Synopsis :

We made investigation on drawing stress and minimum thickness of plate in rolling in plastic
working, and have obtained the following results.
1) Drawing stress increases as percentage reduction in diameter and coefficient of friction become
greater.
2) The equation for best die angle is approximately a,=Cp¢n, a,=Cpp".
3) Best die angle is approximately 3 to 13 degree and C,, n are (,=1.3~4.0, n=0.40~0.50
(ay=Cpr¢m) and C,=18~30, n=0.46~0.49 (a,=Cnu™).

4) 3.09 is the coefficient of the equation for minimum thickness of plate in rolling.
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ri=FMERE
T =GIHRMEE
Y=V EE TR :
ZOREENT, ¥FTRREHCERTIRTOREY L b5 BB, BEERIRL <5 »
— R LTT RIS I 2R EDEDL SIS,

START

READ
| B,RI, A0, AM, DA

(7r=F+%—1)

I

WRITE
ALPHA, “SIGM/YM” & ERJR

!
A.R.D.E,COFE |
[
WRITE
AO,C O ER R

A0=A0+DA

(FuZF7uHY)AR)

I E AN A T
PR B RSN

nin ORI  EERRSE

pin A0 A A REEUIME
Amaz AM LA AEAEKE

DA L E A ARG

(Fer7I4n)
READ(1,100) B, RI, AO, AM, DA
100 ; FORMAT(5F)
WRITE(1,200)
200 ; FORMAT(/,/,7X ,5HALPHA,11X,”SIGM/YM")
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10 ; A =3.141592>< A0/180.0
R=1.0—RI/100.0
D =2.0%B*xCOS(A)/SIN(A)
E =D % ALOG(R)
C=(1.0+2.0/D)>*k(1.0—EXP(E))+4.0/3.0/SQRT(3.0) <A
WRITE(1,300)A0, C
300 ; FORMAT(/,F11.3,5X,F17.9)
1F(AM—A0)30,30,20
20 ; AO=AO+DA
GO TO 10
30 : STOP
END
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(3) &Y 41 RAOHEH

BHEIGIIC 3 LT 2RF O ZREOBA D BB 51 A BOFEN W B2 D T
LHEEDaBRRDDHLEOXEDI 5D, (DRID

f 2."001}(1 ~
vl (1 b Ja- () 525

33
Gna/Ym=0, 12/7:=d
- <1+L€2‘i)(1 Joreote) 4 3]4/{37
,g%:fezzwr_rsi;igb 24c0ta 4 Oy 2400 ta ] L COSEC o+ Ftanagy X Ot I nghy e COSEC o+ - 31;1?
EVas 9’902‘”00011(—?;—“ 2u1ng, « cosecla— 2tanaind, Cosec2a> _ﬁe;z{x
¢02#co:a{ SiZnIn;bo (¢t+tana) + ezza }_ ( se;za N 31;13) R

DOXREWMRET 2« DEIRBE XA A ey LTed, PECEBLAA AHXHET 5,
(7o~ %~1)

(sTART )
|
7 READ

B.RILAODA “

R, EF Duti

nitn

[ WRITE

— e

[10=10+ DA
|

(Fer75uY)AN)
AO PN & A AREFIET, X IHRENFTEOSH&IZ#ET 5.

(7m27FAn)

READ(1.100)B,RI,AO,DA

R onZ/Ym ﬁ;@ﬂﬁ%{



BEFEEmNLT oM R GE1rid 79

100 ; FORMAT(4F)
R=1.0—RI/100.0
E =ALOG(R)
F=1.0
105 A =3.141592x A0/18.0
S =SIN(A)
~ C=C0sA)
Y =2.0%B*%C/S
V=1.0/C/C/B
W=2.0=<E~<(B+S/C)/S/S
Z =EXP(E*Y)

X=Z:+#(V-W)—V—4.0/3.0/SQRT(3.0)

D=ABS(X)—1.0E—8
IF(D)50,50,20

20 5 IF(F:<X)30,50,40

30, F=—F
DA=-DA/4.0

40 ; AO=AO0+DA
GO TO 10

50 ; WRITE(1,200)A0

200 ; FORMAT{(/,7HALPHA=, F15.10)

STOP
END

HEMREY T LD L, M3~N5 D,
R3Xb, m@E&EAAEL, BRoLky
HERVZOMWINT & 37> THWAL, O
BHEL 3~1BETH D, Tuds, HDH
R 4R TIE L, M7 7 7 ECH
MTHUINBERK (@y=Cr¢") XOED X

5 s o

@y =1.784%3% (#=0.05)
ay=3.02¢"* (£=0.03)

@y =1.39¢"" (£=0.02)
@y =3.96¢°% (£=0. 15);

ZIT, €,=1.3~4.0, n=0.40~0.50 TH %,

13
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12 //
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18 0,08 e

BEEGAR L 5ol XA A BOBFR L AROBEAZRL, ARKE2ED L6) THD.

@y =251 (¢=107)
@y =28.31"4 (¢p=157)

@, =18.5¢% ()= 5%)
@y =30.3p"4° (¢=20//)}

C,=18~30, n=0.46~0.49 TH 5. 7k, N5 bOZ Lt pBENE & <, ks A
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~ On the Design and Construction of the 0.1mx0.1m
Supersonic Blow Bown Wind Tunnel (Report 1)

Nobushi NIINAI

This Report describes the development of design and construction of the supersonic blow down
wind tunnel at Kure Techmcal College.

The tunnel is of intermittent blow down type, and a supersonic flow is obtained by blowing high
pressure air down into the atmosphere. Tunnel supply air of 20kg/cm? is obtained by the air supply
system consisting of a compressor, drier and air storage tank which has the volume of 8m3. The
pressure regulator is used to provide a constant wind tunnel stagnation pressure, while the available
pressure in the storage tank is decreasing. To obtain uniform air flow, the air flows through the
settling chamber, and then exhausts into the nozzle. The Mach number range covered by the tunnel

is between 1.5 and 3.3.
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~ The Visibility of the Pilot Lamps in the Smoke

Kazuhiko HARADA

Recentiy, as all sorts of buildings tend to be large structures, the residents in a buiiding have
incresed in number. Therefore, fire prevention and earthquake prevention are quite necessary, and
the mo=t important thing is how to evacuate residents in the building.

In this papar, we studied the change of visibility of the pilot lamps lighted by several lamps
within in the white smoke and in the black one.

The following results have been obtained :

(1) The pilot lamp lighted by the xenon electronic-flash lamps is the most visble. The visivility
is two or three times better.

(2) The pilot lamp lighted by an incandescent lamp is a little more visible than the one lighted
by fluorescent lamp.

(3) In the dark room, the visibility of the pilot lamp in the black smoke is a little better than
that in the white smoke.

(1) The visibility of the red pilot lamp is a little better than the grcen one in the smoke.
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~ A.C. Linear Network Analysis Programs (Report 1)

Shigeki MURAKAMI

The outline of analysis methods and the programs of ACAP and ACAP-II which enabie us to
analyze A.C. linear network, are described in this paper. The development of ACAP is based on
DRAP that is D.C. resistive network analysis program.

On the otherhand, ACAP-II is a program using the state-variable approach and it is powerfull

for a frequency response calculation.

1 &

XX CHVEGEREIBEBEN 7 7 77 4 DRAPY oW T#g Ly, 4N 32 # P E i iR
77 = 275 s ACAP (A.C. Circuit Analysis Program) & ACAP-1 (Part-2) 2ER LoD CHisgk
T2,

ACAP (2 DRAP #XMERACELIRRELCLD T, ¥RL, CEEURBRYBINITE 5, HED
LA T K3 2 v Al S OFHERRBIC sparse {TH| UEEEY L ) AR T AEREOEH, € ) 8K
- T 5,

ACAP-T (TIREEB R L A2 BHTHER & 0 A Lo T, BYoREERZ BT 5HEEROER
FEI{ LI, ZITIHEY (part-2) Z oW T 7 e 75 2% R0, IR T AT Y XADRIT & LD,

2 ACAP
BEMBEE Y A REAREENT 7 r 7 7 Ao T MmN S
2.1 HREfZE
M1oksaEHBEHE0 i BEEOBYE L, ThThORRPEDLIIZED I LIZT L.

Z: ZHEFAVE—F VA
V. SBHETEE

! o !
Ji: ZEERTER ] , i 1
E.: BRER I e I
I BB %P‘—“’ e )
e, RRBE ) K @Ii !
v AR i > £
IHADOEORICIIRD L5 eBRNH L. = =
J =T 4 0 e (1) 1 l@]ﬁﬁfﬁ@i%ﬁ@ﬁ



100 BTESFGMIEEHRRE F9o%
., — ]f If ...................................................... (23)
Zhbih
T—YE+i=Ye i (4)
EFAAX R, Frehy 7OBRA LD
G () eeemme e e (5)
ThHIEEERETLE
- 11( 1'__ I’lgj)::lllfe ....................................... (6)
Tz
@ = AL D e )
Zhb Ly, REEvIZ
UV=(AYA) VAT =Y E) oeeeremeeemrrnns 8

L7 DT RTEMOMETERRIND, v BRFNE(D XD
BEEeNkEh, D0 TUWIVEBIRI»KES,
22 AEBECEBI7TOYTL

ACAP THO &S ZFTFLEH, B8, 1vx74v A, &
EERCERFBRBECERE L, AN 27T,
ANEERHIAIL > TV DT AN F— 2IEANF ~
sXEROCTER TS, WHT R 277 ALT51T4% Iree
format BRI THRLERH D, ANF— 2 & LTIL, K,
Hiss, KFD, e, BToEE, BE
ETHB,

BEHTAREDEEA LT THLEEALODOTY A PRRFBRE L TBY,

$15 (1974)

£1 ACAP I¥H—EX

Construct matrix y

4

AGDLY
{Construact matrices
INO_and YES)

| SOLVYN

T

N

| Write F,vo and ©

Ny
- _F 7

(Solie

;o
L
o
e
A Ny
End J

B2 ACADWRMN

P VY AXIRTL F - &, BEEEEEROHT AR

EX N B ] % B A B
A | EFEOEY TR R AR NTIC BRI
ANG A £ NIL 1 v &7 2w 2 EHFT ALY
BETA FEHEEER | N, NBR | &
CHR RAFET RIS NND et
CHC  HERTHRIT NODA AFIEREIAER
CH E il | NOPRB R i
E EHER AR . NIN HERES
FLOW  {EBAHHTR NTO BB RES
FLOD | (RERFEERRE NDOUT | HAha%s
FMIDL PR TR NODEY SRR+ 71— 5 v
FMIDD PR A BRI OMEGA | mmEmH
FHIL R TR | SOLVYN | Il HRARMA 71— F v
FHID PR R R VX0 | W SEEEEERT
FHIH B4 bie i VYO W) S R
FREQ = FIWX VAMP H 1SR (E
i IBRT bT YO AR e A= ARES AT XcC L BBV T s s v A
IBR &S P XL BEERY T VA
ITR FS v AHE i YNO j H7F IR VA
ICBR bIvo Az e a2 s EEE CYES | SRR
BRI~ + 7 BEZY bz I I I

LIST :

M7 FIZ2UAD



ATEX

LR i

sparse fTFIJAIEHEIERY

FTAHFNEKBEOESEITEFEFEL B,

BEHGEE T BT FR,
wFE1IZ

—>

nAen

c

NODEY, NODA ®#f<{ 7=

N AC NETRURK ANALYSIS PROGRAM e ACAP
DESIGNED bY 5.MURARAMI (KURE TECHNICAL COLLEGE) AuG
USING SUSROLTINES NODEYCOMSWP AND FUNCTICN NODA.

T2,

7 A®K

DIMENSION 2¢aC) .nao) .ulc(xc) AKILC10) s IBRT(10) < THE (10} ¢ 1AK(40)

DOUBLE PRECISION Ate
COMPLEX ’Y(z-nl‘).vuo(zo-zohvts(zﬁ).\.a

COMPLEX S

COMMOR JBN/NBRONND/DL /L 1ST(2.80) /BY/YNO . VES/BYE /Y E
COMMQr JRLAZA

REAL NODA

0ATA CHR +CHC/2NR 4 IMC/

DATA 28RO/0.0/

£D (54 95) NOFRB
FORMAT(15)
1F (NOPKE .£§.,0) STCA

°
Ge

-

Tl

1TEC64100)

MAT (1HI 10N 22HANALYSTS BY #e ACAP »4)

ShiA INFUT

RRANCH NC. AND NOGE
(54310) NEFARND

WhITECbe12v) NBR 0

h&ﬂ'E(b~]3«)

FORMAT (215,

120 rcsmnuuc.sx.uuno. OF RKANCH=(13¢15Hs NO. OF NODE=:13)

130 FORMAT(14095X+6HAR NO. s IX+ ¢HRIND ¢ 44+ SHVALUE)

140 FORMAT(3150A342X E10434F6.2)

BRANCH [NFCRMATION

READ (5.14C) [BRJNINWNTO(CHZB. (B

1F(IBR.EG.999) 6O TO 18

LIST (1 IRH) =NIN

L1ST(2+1BR)=NTO

1F(CH.E£6+CHR) GO TO 15

JF (CHAE@-CHO) GO TO 14

M|\.“L)=|d(

KO«

110

o

15 201BR)= 11\

ECIBRI=FR

WRITEC64156) 1BKaChaZB
FORMAT(1H +5X.J435X0A30IPEL33)
G0 10 10

18 CONTINUE

NCDE=BRANCI1 CUNNECTION
WRITE(64163)

FORMAT (1K01 102 12HCOUNECTIVITY)

oC 22 p=deinD

D0 20 J=1shAR
£ PAKCII=RCIALT N D)
WRITE(E (17O (LANGD v u=
FURMAT (14 <5X44C13)
CONTINUE

178
w2

IFCGECES oE6s
®RITE 281 150)
CONT ThE
FORMAT{EIMC SX+ 10HERANCH N0+ 12X+15HYOLTAGE SOURCES)
CRMAT(34 «TXs13:3X¢1PE13.6)

PaEC

CURRENT CCNTROLLED CURKENT SOURCES
WEITEC84200)
Z5 READ (5.210% nn.mn-mm BETA
{FCSTRAEG+999) GO T
16RTC1TR) = 1BR
TRB(1TR) =BETA
WHITE€6122C) TR+ IBRYICARIBETA
60 TO 24
200 FORMAT(1HG+25HDEPENDENT CURRENT SOURCES:/+
1 SX3EHTH MO, 42Xs6HRR NO.+2X+ THDEPENDS + 2X +4HBETA)
21C FORMAT(3154F5.0)

220 SCAMAT(IH +110:718.F8.0)

25 CONTINUE

FREQUENCY RANGES AND OUTPYUT=HGDE NO«

READ (5.250) FLOW.FLCDVFMIDLsFHIDDeFHILAFHID Frls

READ (51260 NDOUT

FORMAT(TF10.1)

FORMAT (15)

FORMAT(1H1+5X 11HOUTPUT NODE+16/+5Xs

i 33HFREGUENCY AMPLITUOE PHASE=ANGLE)

WRITE(6,270)HDOUT

FREQ=FLON

WRITE{61510) C1s2(1) sRICCIY sNILEI)1122+10)

510 FORMATCXHO:5X41HT10Xs14Z+SXIHNICASX IHNILL /s

1 10¢1611PEIL-31218+/3)
CALCULATION

28 OMEGA=6.2832+FREQ
DO 30 I=1+h&R
YES(132¢0.0,0.0)
50 30 Jal:Z
YC(J31)=(0:5.0.0)

30 CONTINVE
DO 31 l=1.MBR
Ri=1.9/7¢i)
YL 1)=R]

32 CONTINUE
20 33 I=1:10
TEANICCT) ERLC)
[(;.Nl D

S

SeChoLX (2ERDLAC)

250
260
278

6o To 25

513

ACAP

A an oe

on

FOg RN 7 e 75 & GE1HD

PHACTHBRBEY CHELAE L TS5,

ol

45
500

w
S
o

-
»

=
>

-
S

S

10
12

101

T VI & v AREEEE

Bl SSL, CSWEPS” #IEL T L7c. ACAP OZEHE
3T,

¥{1el0=5

CONT INVE

CONTINGE -
00 36 w1ilC
IFOLCD E.
ILeNILCD
XLI=CMEGA®Z (1LY
XLi=~1,C/R0!
SECMELXCZERG L)
YLy =s

CONTINUE

CONTINUE

00 40 lel420
{F(HR’(\)\-:.‘. \a) 50 T 4%

T

o &G TO 39

L

BETA=TRE (1)

\KZ‘ISK)HS"TA'YH‘ISR)

CONTINUE

CONT INUE

WRITECE150C) C(Y (K1) 1K=gr2) vI=1aNER)
FORMAT (1HU 05X+ 2 (1P2ELL43:3X))
CONSTRUCTION GF NODAL EGUATIONS

CALL NODEY
SOLVING NODEL EQUATIONS

CALL SOLVYNINND «NCOUT VXD VYD)
CUTPUT VOLTAGE

VAMPESURT (VXCHYXC+VYORVYC)
ANGEATAN2 (VXOWVYO) #180+0/301436
IFRE=FRER

WHITE (64300) JFREVAMP L3NG
FORMAT (LH -HJ«FIJ 2+F30.2)
CRANGE OF FREGUE
1F(FREQ.GT+FHIDL) GO 10 72
FREQR=FREQ+FL.OD

GO TO 28
1F(FREQ.GTAFHILY 6O
FREQ=FREQYFMIDD

60 10 28

IF (FREGGT4FHIN) GO TO €0
FREQ=FREDFHIC

G0 T0 28

GC TO 1

END

T0 T4

SUBRALTINE 10 SOLVE COMPLEN SIMULTANEQUS £QUATION
SWEEP OUT METHOD

SUBROUTINE  SOLVYN(M(NDOUT X4 Y)

DOUBLE PRECISION AC40441) EPS

COMPLEX  YNO(20120) e YES(20) o YEL (Y IY

COMMON  /BY/YNOAYES

COMMON  7BLAZA

MlaMel

00 & (21440
AU +J)=C.0
D0 12 iali#
L

=YES(1)
ACLiM1) =REALCYED)
ACIMML) =AIMAGCYED)
50 16 JeiM
vig =YNOC] 0>
AC 1o JI=REAL(YISY
ACIMy DI =AIMAGKYT Y
CONTINUE
CONTINGE
£PS=1.00D-15
Thi=¢
CALL CSWEPM(A140181+MiTsEPS TEL)
X=A(NDOUT 1M21)
YEACNDOUT+MM21)

RETURN
END



102 BIT¥ESEHMLEMIERE H9%E H15 (1970

3 ACAP-II
REZFEZC L HIRABITEY AU IcimBHEEsT 7 = 777 2220 THUTiRlB~%,
3.1 REEEE
311 REFEXOEK .
B, BEZEUCHEH LS v A 20KEBERNTT 25820 TEELTAD, &1ty MTFl%
By ey MIFIECLLTEEZRDISITET D5,
ir: AR
i FAKEWR
er ¢t *ﬁ%}f
er : HAKENR
XL, WECREE, RIEH, GREREE, DIKEFEEREYRHLTLOET S,
Frehy 7OBMABERTFIATBV2 L RO LOICEDLI NS,

CAZALY (BB L] Emm0 cveee s oo (9)
ir o DOWTIRL &
iT=AT—1'AL°iL=_CLiL ....................................................................................... (10)
IMIFNC A E L TRET D &
cire~ Crrc Crpry -ire~
%ll'R[=“E D0 Lre | | PP D
Nire “Crrr Cipe~ “iip”
RiZFveky 7OBRBERIBITFZY AV ERBRC L TRD L5 B8R B nd.
[BrBLY[7@L) o) «+vtovereeee ettt (12)
€L =—B; 1Brer=—B@; - (13
~€LE~ Bror Brrr Brep~ €rc-
‘ | == D@ g i v (14)
“erp” “Brep Brzp Bren erg
WHOBE L BHOBRIIEKD L 51 b,
e R e R b e L 1
¥to, A—sDFEAIY
[‘ZZW ié)z I(C)L) E‘:Zz} ................................................................................. (16)
KEBRBIC 20 TRROBEFRLED 5
Gin =G Bpp - eeseemeroemeer e et e e an
(16), ADHEASHICRAL TEHT S &
1 .
A D as
-1
[g;RR CLRR+CI;E,LDC’GDJ =[M:1 %:ﬂ ..................................................................... (19
ERERTLCDOKREIXEETS L
i1n= =My (Bror€ro+ Brgrlpe) - wr rrerm e (20
BEBEEXREZF <L 220DEAD XD
iro=—(Crrcirp+Crncirn)=—(Crre+CrpeGp)ing s (21)
(2O CDICRAT S &
T1r¢=(CrLrc+CrpcGp)Myy(Bre€ro+ Brorlrg) oot (22)

ipei=d(Cierci) /At (Jo1,2, ") orrerome e (23)



L R EBERT T e 77 o E1ED 103

Lo TREFBRO—BHBIIKD L >CREINS,

Px+Qx=f(t) ...................................................................................................... (24)
312 EEXHRANOBEICETBIREAEXOEY
COXERT DL
x=Ax+g(t) ......................................................................................................... (25)

T g=P'f, A=—P'Q THhH, A\x Bashkow D AT HIET 5,
POESEDIERD L 5CELIND,

B Gy 7%h e (26)

EHITE L

X = X (@) e D
ZZT X(o) 3EFERE~7 r 1 TH D,
Ihbib

(GOU = A)X(@YS g woovveeeeemmm e et e (28)
INnERNT

X (@)= (WU — A) MGy - vvversrmmssms s (29)

IhEIDOEEMETHE, FRABERC OV TEEHTAIOHEE LABMECHE L AROHE
W& T D D THFIOR A X 0 FHEEEERL T HENER I R,

FSADEE 7 WA EFIETHTFIP LEAEEYNAERETHTFA4%RDD, A, P, AIXE
BITHTH 50 b EARFEHC L THE—REFFET T L. P, AXAV2E

(J'wU_A)—l:P[ij_A}——IP-lgo ........................................................................ (30)
i) X(@BERDIIWCIinD.

X(Q))Zp(ij_A)_IP_lgo ....................... (31)
®WETTF) (JoU —A4) DOFTFIOFEL nxn fTFlOL Z
I nEIOWETIL, n¥/3kbF-&7d,

D-——P—lgo:[d] ’dz, ..’ ] ........................... 5(3‘))
fl’ j’\’ < & k %E D'Ht Eﬁ@ﬁﬁﬁfﬂ i&‘/) cl: 5 V\—tﬁ (V) Calculate c¢igenvalues
A and
pk] dJ .......................................... cigenvestors P
xﬂw)]gjm_lj (32)

10 BEFEU o> CGGHET 2846, BAEENEY M
(aAMITHBIERSI Z LTl s,

3.2 ACAP-11 (Part-2) 7m¥/ 54

Caleutate D=P"'g,
Select frequency Fy

ﬁﬁ?ﬁﬁﬁﬁ‘; %E‘Zghfﬁ‘gufﬁ@ﬂﬂi%ﬁ 5 7" S 75 A Calculate
BACoOWTHRNS . FRARBS =2 TR0 5 B
HwET S

Write Fj,] xkl JArgX

R4ZinX, RoET e /T AT TV~
MINV, R2ERA—EBERYRT. HEMHE BE~7 rr
ERDDY TN — 5 v EERBUTHDOHE Y TV~ 5 Vi
FFENFNETE SSL © DANEWS KUY CSWEPS % &1E
LicbD&EMEH LI iy - d; OfEXHME—RIFTE L TR
PDJIZA 7 LT, DEOFELXOEXFED L >EE L.

Have all
gpecified frequencies
been used

4 ACAP-I[(Part-2)
i
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RITESEEMIER S

& B9%k HFi1y (1974

4
4 ess ACAT=1i ¥es (BY S<HURARAMI) 52 CONTINUE
< AC NETWORX ANALYSIS PROGRAM (STATE VARIABLE METHCD) C ®ee CALCULATION OF FREGUENCY RESPONSE
< PART=Z WRITEC6126G) (NOXCI)s]o)aNOUTY
< 61 FREG=FRL
oi SICN AACLG10) «ER(1I0) +F1C1C) 1 VRC10+10) V1105103 OMG=6.28322FREY
1 (104103 4AP(20:30) «GO(10) sNOK{5) + XKAMP {5) s XKANG(5) € @ XK=(SUM OF (PDJI(JV LAMDA)))
COMOLEX ¥ (104103 +P1(10¢10)«DC16) 1PD (5 +1C) + XK+ XKD 00 63 1wl(NOl
C *xs DATA IROUT XK=(0+G40.0
RIAD(Sv1CO) NNOUT SSRBZE::§;K|
REAC(54110) CCARCLLU) vJ=14N) 4 1=10N) o
o Tt XRoCHELR kR xw D>
3 (hTE 2 1ELWNOUT XKD=! € N
;R:é.{.i:n: roum XK=XK*+PDJC] ¢ J3/XKD
62 CONTINUE
XEREAL (XK)
Y=ATMAG (XK} N

3]

Al

EF5=1.GE=g>

CALL DANEWS(AA+104KEPS1QeERCETWRAVILILL)
10 25

fULATIct OF ElGENAVALUES AND EIGEN-VECTORS

YaviCiag
PLiv D) =CMPLX (XYY
32 CONTINGE

¥RITE(64230) CVREIVID WICHe) s J=1 N I1 0N
230 FORMAT(IHOVSX15(1PE11.43¢1H1+1PEL143))
-

CALL CMINVCPPIAPIN)

< .
WRITE(61250) (CPICIvd)ytalenysiet N)
C ees D=P1x060
DO 43 I=1N
¥=(0.0.0.0)
0O 42 Jsl N

wWEWSP 1 (143D %60 ()
42 CONTINGE
DCI)aw
43 CONTINUE
C #4» POJ=PD
00 52 I=14OUT

PDJ(I‘J)'P(K( TA=DCS

XKAMPCFyaguRT(XRXoYRY)
XKANGCI)sATANZ (Y4 X)#57.29583
CONTINUE

WRITE(61265) FREG«(XKAMP (1) +XKANGCI) s =1 NOUTY
FORMAT (1H1 15X+ BHFREQUENCY 43¢ 7X s SHNODE (¢ 441H) 4 7X))
FORMAT (1HD*F10+045C¢2%+1P2E11.3))

o
e

260
263

FREQeFREQ+FRD
1F(FREQ.LE+FRH) GO TO 61
sT0P

END

CUSTNG SSLECSWEPM))

Pl
OIMENSION Pnc.io)-m(m-m)‘AP(N.JD)
£P CLEAR
00 2 J=1.30
00 2 l=1.2%
APC14Jy=0,0
2 CONTINUE
SUBSTITUTE AP FOR P
0 5 lelyN
1B=l+N
1C=1B4N
APCTAIC) w20
00 & J=luN
weP (i)
AP (1 e J)mREAL (W)
AP(létJ) ATMAG(W)

o
.
s
H

e
A
)
z2
1
z
&
a
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END
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Technique on Formulation of State Equation

Shigeki MURAKAMI

The fundamental procedure on the formulation of state equation based on SCEPTRE and the
details of its program coded by HITAC 10 8K FORTRAN are described in this paper.
Specially, the technique on the generation of cutes matrix elements is widely applicable to

network analysis.

1 &
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REEH BT S D M D CUEE O Y 12 LB Th B DT 2 2 Tlal~ieh - e

FAFlaF 3 5 1B B0 REZBIRL, KiZHy by MIFIREHRT L8 D H L DL
HERIMEROFEY ¥FHI e Tib o7,

1 =
2-1 % £
(1) ADEH: BEBEGCAEER, C.R.LL/2) EXTOBRERYESR, £ TOERERER7ZAK
ERELTRES &7 %,
(2) FEEFD2r7 A
D LSIZEDD.

£

735 A 1 C—FIARR 77 % 6 L—A%

735 A9 R—mARK 77 A 7 BEER—AR
77 A 3 L AR 75 A 8 BRI —FART
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€ i LINEAR TRANSIENT CIRCUIT ANALYSIS PROJRAM
¢ i LTcAP-xTC-a. 1
¢ ieLsck Ke. ~—-DIMENS
Start DIVENS 3N xELE%JO) (Em(so "420(2,39) R(6) o (6) ,ALLE)
DIVERS isn NORV(3),vr(3) ,AQ1, ) neRA( 33 ,AK(3)
pimens ton E(1,3), [ELT(30), (EN1{30), lsr(z su) IDLII(!O) c11(3,3)
DIUENSION C44{3,3) ,R22 5.3 5 5.3 33(3 3 LAL6E(3,3)
Read ical DIMENS 16N AK1(3,3) ,AK2(3,3 3,3, .AKA(
cad topologica D!MENS 16N F17{3.3) JF1¥{3.3, 3.3,
DINENS I8N F27(3,3) F2Y(3, 3,3),F25(3,3
data and ‘aN F37(3,3) ,F3v(3.3 3,3) ,F35(3,3) ,F36(3,3
D! ey F87(3,3) Fav(3.3, 3,3) ,F85(03.3) Fee(3.3
element values dinExs 19N FX7(3,3) ,Fxv (3,3 3,3) .Fx5(3,3),FX8(3, 3!
- woo IRITE(1 1903}
Classify elements 1003; Fewn(s/)
e
by class order 1320
- 7 ] 14=0
is=0
160
Tree selection 1=
i . C PBLECK we. 2 —eoIN PUT-—-
by elimination 1 J1-
smz 100)  1ELE(u1)
method 150; FORMAT( 13)
Je= IcLE( 1341
M 58 (z 45.6.708, 9).92
¥RIT
1163 FORM *EdRe NO. [
Separate tree-br's 163 $mn(/. ERRER ELEMENT NO. GA NAI.”)
3511=1
and link-br's READ(E 200) tene(J1) ,nen(1,41) NoD(2,91) ,E(1,11)
TE(],307) 1ENO(J1) Nool1 .n), o{2,91) 5(1 1)
N 307 Fanun(i 24VD,12,3H ( T 15 aR) e L85 dezh v)

Construct element # AEAD(21208) IEND(1) NOD(1 1) mm(z J1) nerw( 2) vx(éz)

K WRITE (1 305) 1ENG(J1T, usn( L3415 ,n80(2, 413, NoRY 12) VK
submatrices 3053 FBHMAT\I.ZHVJ 12,30 (,13,1H-, l! BH) = V(R 12, ZHjt E13,6,24 V)
&

% atm(z zoc)xsna(m uen(xtm (NoD(2,d1),c{13)

1
i WRITE(],301) rENS(Y ol1,y 1) nun 2,31),¢(13)
List up 301:FORUAT(/ 2H C, 12,30 ( 13,10~ § = L€13.5,2H F)
path matrix data sbﬁz,}m:
READ(2,200) IENG(u1) No0(1,41) ,N00(2,01) ,R(14)
T 200;ERUATL 12 20381
WRITE(1, 3 eu)lsue JI 200(1 :91) ,800(2,91) ,A(14)
soa,FeauAY(/ 2H R,12,3H 13,1k, 13,5H) =" LE13.6, 40 oMM)
Generate elements o 1
of cutset matrix
l’ Tii5=
1 1,91) uen(z J1),AL(15)
Construct ”iﬂ“é%f?b”"“‘(‘ )5"”( 5 gz J15 A
F submatrices 3023 me(/ 2H L, NEN +SH
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J2H A)

(1,1
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3063 FERNA (/ 20AD, 12,30 (,13,10=,13,50) = ,E13.6
38 Te
9;17=

1 REFESZHK
BEDORNE

s’nzw(z 204) TENOCJ1) ,NB0(1,91) NED(2,01) N9RACIT) AK(IT)
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iE eo{1, 31 Nanlz 1) NBF\A(!'I; ARCT)

(iﬁ)(" (1H— >|3 gK) = IR, 12,2H),ET3.6,2H A)

lELE(I) :E\:v(l) Nes1. 1) NeD(2, 1)
6,13, The )

INPUT DATA

1165 300.0

413 250,064 <o, el 9)=0.

f ; : 1 103°2g3 T L

3224 100.06-12 . o
3146 6.37E-6 F— & A SIS
5134 0,16-3

5236 9.89E-3

0

VD 1 6~ 5) = 0.3000008+03 V

R 1 3- 2) = 0,500000E+06 GHM
vJd 1 3- 1) = v(R 1)% 0,1000006+03 V

R 2 5= 1} = 0.100000E+06 OHM

[ 2~ 4) = 0.999999E-10 F

c1 4~ 6) = 0.636999E-05 F

L1 3- 4} = 0.999999E-04 H

L2 3- 6) = 0,938999E-02 H
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—F' #5 L HRIEBR CTEALZLXEHTH S,

* T M NE Y358 HASSE! PRS
€ iBLOCK NB. 3 —_.CUT SETS--- ° oiwir %5 zoﬁ"&ﬁu.u )
€ iJNJO BEKUTORU w; ;”“Ay(g /"NODE=" 13,/ "3RANCH=* 13,2/ ,*
14,(_%,? m}::fa' 1'>= o CUT SETS MATRIX®,/)
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24:.;:..»1 G0
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26; 4220 s8ikx=(LIsT(1,K5)
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Experimental Study of the Pile Driving Force

Kiyohiky KURO!
Seiro. MARUGAMI

An experimental investigation of elastic waves produced by the longitudinal impact of strikers
on steel bars as models of concrete piles was made. Following three problems are examined : firsc ;
the poisson’s effect of longitudinal strain on the pile body, second ; the diminution of the driving

energy when a cushion is used, and last ; the reduction of the driving force caused by a follower.
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Some Experimental Investigations of Dry Concrete Using

super High-Early Strength Portland GCement (Part 2)

Kazuo TAKEMURA

Some preliminary test results and the effects of mix factores on the workability and the strengths
of dry concrete using super high-early strength portland cement, were discusses in the preceding paper.

In this report, the following are examind : effects of curing conditinos, such as low temperature
curing, job-site curing and steam curings, upon the strengths of the concrete or the mortar, and the
effects of admixtures, such as air-entraining agent, water-reducing agents and pozzolan, upon the
workability, the consistency and the air content of fresh concrete, and the compressive strength of

hardened concrete.
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tolezv 7 )= FCHLEHIM S TOBRERRIZ LD THEETHH, Bt v FE300ORET,
HE1HCE B2 b2 v 2 ) —tD3fE, BREAVE2 VI Y~ O 2 THLE150kg/cn?, 3
AT300kg/cn? BEDCEHBENESL N, L EEHS TOBRERET LR LR,

() BB AviavsY)—tEHST7THETIOC CEREEDD L ELMKCEN clahBE:
TS &, WHHMSOBREIRUELAETEE LT AV P v 2 ) — MZL B3~ 6{FOfEHN
Bohbd, ¥, BREEXTIoo R S288 OEMERECH T 5 M BEILI0~95% &t b EE ¢ »
viha vz Y- bIhHEYKRE LD,

@ ZpBELALz2vZ Y~ POFEEREY, F—REO KFEELIDL DL NI E
w23 5

§6 BEMEALPIACT)— POEFEL

6.1 £ X H &

2v 7Y — bEETE, REHHEENE LT RERBARTS 2 &M%V, {BEHEL L LT
EBFEEOELIBELTLSBENS . HRLVEKBACEL TULE L DHEIMTcbh T 54
SN, 2v 7Y~ MERAT LR A v POBBAIC L o TEKEELMENRL DT EAREY IR TE
h, &<, BRI hIEFRYE 4 v b TR BEAMMO GRS, REEYFRLETICE
NTEBLEEZORDLN, ZOw v bERHAVE2 V7 ) - FORKBEERITR o ERIELEALYZ
Bhis\s,

LMo TAMITE, BEReAv a2 v ) - MoBIEFTERSHLEORDR, BEBELGTORSE
BT AHLOCINE TRRNTCE 4O 2 v VR HWT, EEHBEEEHEY 3SECMhL, 2 v 2
— POEFHRE, BEMEREAERNEL, BEBRLEOKBEL KERF L, IO ERIHEESLMEY 1
Bz UIiEh, ZpELRE L,

6.2 RROBEE

6.2.1 FAMESIT=zv27 Y~ +ORRE

AV IFRBIVCEMHIRGEECLORFER L.

a2V Y- bORESLRTE L RABCRA T o720, RI VIR —EoT 50, WP OEREC
L OB KEY»2 T, B-1TCRTEAR AV

&7 = v 7 VvV - + O FE &
oo ka7 ww | K e ® & LI

Ms S Air | W/C | s/a | K exv S ; HEH G
# ﬁ/ (m) [ 5D G| G W C §5~1.3m|1.2um”$§ 20~13m| 10~ 5
A-SJ 0| 5| — | 63| 4 ‘ 169 | 300 ; 233 i 544 706 } 379 _
B—5 | 20 5 — | 55.7 42 167 300 234 % 546 706 | 380
H—=5 20 5 — | 5.0 43 165 300 240 | 561 695 l 374
N—5 | 20| 5 — | 547 164 | 300 | 252 l 588 | 673 | 362

W) =y 70— M) A REN 13°C~15°C

6.2.2 HEAEOEY, BESLMR IOBEHE

EMERERECIX, ¢10x20cnd FIEERE, SRINFRERCE 110X 10X 40cm DY b #30k
G, REG CIREREED T ol MEERAG TRKBEEBOEFREYHTET 2 Lok, &
RKEBEELOCANIEINCHER Y AV =AM TH 5y €V 72T\, FOMOMREEREIL K
SEERTH2RMBCRBC* v+ v v 72k, BRI 7-, )
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GRIUERITE O b ki, BREBAKTH 2REAC 9 15m SEH DI G5 5 A% 340mnfE fRiz
5 7o

BELMT, F18CTT SEOAKEBELELH RS IUCHEBEOL HEERLEAEH L, v, I
HAHUETL2HETE, TR AVIEFRS3BEO LAV P EFEHL, F180ERIEELLENS L
(M) D&Z% HAuvic,

%18 £ oOR O® & &
% | wmenm REEON g s n w amm 5o 0 | Sadim LD~
vy —R (20deg./h) g =
((20°C) (h)l (ndi (¢ (h) (h) | (h) | CC-h)
1 1 2 60 1 2 6 1 240
I 1 3 80 1 1 6 325
il 2 2.5 70 2 3.5 10 480

% B 2 1o BREE AT 5 83 %
WL, BrEORT#EA MM, 20°C = 1deg.
DERBCHKEBLIOLARKEELS
AT#HP115. BFE—28R) T Ah, *
NENDEETESEEX T,
6.2.3 ABFH &

FEHERRIE 3o X O EDE (RE o TURE 75 3
VLRI § 3B~ FIE T » 72
EREHO MEL, JIS A 1125 O =
LMALEIOTa v2 ) - rOERIFER
Btk (2 vtv— 23 WELT T
Ttole(BE—4 88, M4 7HTER
HEH, 3H, THEhUHB1IHEIE
9B E THIE L.

6.3 XBRRRLZOEE

6.3.1 EMMECRIETERBELGORE

BB L2 5= v 7y~ vBIRTIE, B DEERPHA* R A1 DI EFEREE LTS
BENRSLA, —c B HELT, 24

FE—4 =2vRr—%~—

CORT XS, 1 ~BEE RO BT R &
S TInLR LR BEY BT (BE LA B i — -~
B, EERELYED WRERE (% REE sr /
WD LicobBacimrEsy P (SRR & g/
HHLY —F VIHED, ¥ BTl Th = o b
DY~ b DU, “ T

KETX JISHEOH 2 BROESHEAT B 1? nija!é:#.limi,l;ﬂ- Fisderk 1918 L R
DNT, KD E I BEL T B, i

8 ~205514 RETE)

D Bb{DFFRKBESCAR, EEr
BECHT 5,
2) MY EEH2~3BMU LR > TobE

WL AL L TR, BUETR, WRGAIE, BAROMNL XL

B—24 ZHRBEDOBEOFEESA 71
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K[EET S,

3) EELAEET, 20 deg./h DITE LESEEIL65°CET 5.

4) BEEOBEEL, ZhEEACTH, AKOBREEL RKELVLS5iZh->ThrbiATE DT,
#7-, ACI Committee DIFHE® O L, T ry 7, A FhFOEGOEECIIEE EAEE2~

33deg./h, BERE66~T7I°CHHIREL Tnb. L, ERKELEDORRE, BlsEALM, FERAME,

b oEimle & THEL®, E5EL 2 v by Huic

2 v7 Y- OREE, BEao~fE, FTERE,
2V 7 ) - FORKBEEX T T BET 250,

M-—25/%, 2O 2 vV EHBEOL- D FHmE AV i BIOE L A VRG22 ) —
A 3OS CERRBEL TR o ER AR LA LDTHhHE, i, 193, ¥4 1878
XU28HIZ R T A2 v ) — FOEERE LB ADOEHERECK T 5 K EER O RE (%)

gox F1% (1974)

BIRLIZLDTH A,
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itk A Y & 1300k HEZSYT: 5em
424 é 4‘1’3 414 %%
1ol e % Z P e
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~ | mmasn gl 1T %§ CemmE | e
ks Eg IE]% Sols = e 7 2 135]2 [o55]8
L] - T [_]3 e WIETEFEl | -
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= EH .2515 %)z |28
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— Y ~
& 200 “F 3 ) s 8 o e
5 =€ 4= 20203 mele 201|E = 2=z zmg
- KR 7H 122 1953-1,—78-§ 577§ |
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g (Talg N 5]
i ;R%‘ 1d = N nfs l'x_sT_L
100 - ?g 10 2 §‘ 107 g -3
r]_, - HE
- 62 [2 -
et | F
wTES% N [H| [Al IB N |H| {A] IB N| 1H| [A}l |B
2k Fe (1) (I) iy,
1{20C j+ 2(20deg./h)  1(20C )+ 3 (20deg./h) 2 (20C )+2.5(20deg/h)
+~1(680C)+2=6h +1(80C)+1=6% "+ 2(70C)+3.5=10k
C ) EERAE 4288 O EMSRE (=100) x5 % HE (%)
E—25 ZEIBRALHYEZ BEORE A v BV
v 7 ) — b O EFERERBREE
*£—19 EMATORET vy Y~ COFERECRIZT
EREANE GEREd EiEEE 0 %)
2vrs~b0 L #E A £ B (D # £ £ # (]I)i # 4 & # D
= R A = : J .
& M | 1H | 78 | 288 1&137&1‘285’ 18 | 78 | 28H
. _ H C e LR SR
% OB 206 117 98 | 294 | 121 | 82 | 260 | 105 82
£ B 183 91 o4 | 257 | 101 | 88 280 | 102 89
BEw A 12 80 86 170 87 | 88 166 88 95
R (B) P 131 83 84 155 93 ‘ 84 167 97
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(1) MM SOEMHEETONT

@—%K%Ltiﬁm,K%ﬁi%Tﬁ%@ﬁiﬁt/VfﬂvﬁU~*¢Eﬁﬁﬁm,%Eﬂ%@
v (1) T100kg/em?Bii g (BEHEFEA M4 28 BTt 3 2 AT BREE26% ), mEEEDOE W (1) Tk
w&qmmkw<@L<mﬂﬁE%~%Axrﬁimﬁ@EV<m)fm%mm@kw(ﬁu<ﬁﬁﬁ§
47~54%) & =F 2 )V F—=E\izd (26881 BEEEDBREIREL-TRY, WFhiER
AV bz VY- O 2FU EOBENE LR, HENERE LIRS,

4% 1 B2 Tit, ACT Committee'® i, 42485 CEMEEBAMS28H D60% DEIELH I
T35, Hanson’® P CH=z v27 Y — +OFERTCIMS18ET T E65% B bh T 5, HE
BWOERAE2 VY2 ) — FOEBRTE50~6351EBL T D2, Pkt 2 V205 E62~70% &
o Td, KEROBE ELTLLJ5K,ﬁﬁf//~:/7>~b“\MﬁﬁF%~Q4,%
AV bz vy Y- bf~i34~55/ MR AV b2 V2 Y- TRA~B83% L - TR D, EF
R AV R CEEAESN (L) BLO (D) TEAELLEE (1) 1< o ST EHEREL 50kg/cn 2R
KE L, R AV IEAOTS n%@%#f%&LtﬁAmM%Tﬂ BEL FomERRAL, &e
BEX HEHE LTEE LSS, BEPRLEH CEHRG CHL Ll Tuhb, ik, B8
txv%%iﬁtxvrwzya)—bmou1%*@&%”“5 SRR L L, MR ERERE10~20%
BV AY, ZHIBEMMEAGL, ~Fa VF -2 phEuidbEr bbb,

¥, BEBE YTtz v 7 ) — r OFIBREC ST, Saul, Plowman 55 %, @pEs ~+
2 ) F—E12900°C * h F TIRIEEAABIR
TREND EBNT B, AEBRDOREERD
EfREL ~5 2 ) 5~ & OBfx Rt &K E ol N
—26D X 51T, wFa VF-NKRELL

LIFEWERRERD, AIL~Fa2) 5~ - o ;V/wi/m// |
= L0k ek | 4 4

500

kg /r m® )

LTI ERERE 4 Y bR v Y - - 7 Miga L b X
P OBREEAE <, BAMME EELC Y, B - =

IR SHREY B 5 DI il 2 v M PEH th 100 500 500 e Ef 0
LAV MERGILOL ) BRI THL e T e
ARLTWD, Ba—26 IR HERRaRE &

ME&7THTE, By b2 vy - 5L ) F— EORFR

b@éﬁﬁ?i gwELM (D) & (M) TFEAE L8 300kg/on? Pl b GHA RS 79~85%) 285 T
TRz ) — rO2BHBEL T, HAHRELITEBREL AV 22 )~ L hRE L,

LﬁxL, BTG (1) TEELLEBERBRE AV 2 v ) — FOBEEE RERL, 7HREDS

WTHREREOEWIE S NEFERAMEOR T 5.

(2) 4280 DEgHRE

—RIC, EKEERTS &, BEBETT/R - BB LT, FHRER S22, SsET
%b, @ﬂﬁAfwﬁiﬁFmﬂuu&ﬁﬁ«®ﬁﬁﬁﬁﬂﬁy¢7&ubhfu5@@ FEF 550 4,
Ll AV a7 Y — + OFS528H DR EEIL85~90% TH D LT\ 5,

K252 Lick 51, BBEML A Y b3 V2 Y — FOMS28H QMM MEL84~95% TH b, H#E
ﬂfv%%iﬁtxyb@:vau~r}k§m< RROELB AV bz v Y - MIBETIEEL
BEFERTH 22, HERES C TN 6 MR O LB RO (1) D%t TR LicSaH
ﬁﬁgﬂgﬁt//bﬂ/ﬂ)—blb§&k§<yEﬁ@E%MWQWWkWEE#QBh,E$%
AV P TRBEMMOEHES TR TH D L2 5. F0, AHMBRE CRESREY S T 20BN
HoHEEZLRD,
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(B) #METOEMEz v Y~ FOERRBEDR

RS TORERELAKBELOBELYRLEF 1N LLRE L5, BREcAVIEa vy
Y- FOBREHITIWCTHOLBETHELELLBRCH, TR A VIPRELA VPO V27— XD
€, ME7THTIT, EERE LSS VIREIEL AL LR LTS, JHIEP129T LR
Iy, EEFEABOMPR LAY 2 Y2 Y- FOFMS COREREY, BHtvs v RER®
AV DYy Y~ MZHEL TELLCRE L, RIMS~DOBE ORERIMET 5 RPESAFEECE
bhaZ ERERFERE VL D,

Lichi» T, AREORKEL THERELBILBEOHLHETIL, 01 v FOMH LR
THHH, 1H1HA 7O THRTREY 28 BETIREEYEL 2 ERE 4 v P PEE & 4
v OERAZAEFITSH D, @R 2 v AOKRES, BREL R Tob T 2R BUPRC RET S
TREZFETIDELH S EBbhd,

6.3.2 BRI OWT

KR BEEX T ooz v 2 Y — b OBEPFEMEAREICD T, Hanson,’® Higginson®™ 559 %, FEH#HER
LR AT 52, HIEX DI ERNT %, AERTHIE U/ B R O % N-—27T R
Fo M—25DFEMHREDBE & IFERBELEME AL T HH, BREEEXITL - #4280 OB
FREUTEEERA L BB OMEICE, Hanson™® 5309 n#fidiz 26505 X 5, Bkt R gt
EEKBEOFBIERHREL D SVt E2 bR b,

Fle, BRRLA VI V2 )~ PERBEAVIBIOER LAV Ia V2 Y - bOERATHIZD
W, EMERE (0.1 kg/em?) & EHEMERE (Ep : kg/en?) L OBIRA BN TR L LRAD L H I
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\U P 3/1_}//9 38.0] [39.4 38.1 ]39.6 B0 .
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B
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=M @ (I (i
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Tebh, HRx A P OBENAR - TL EHRE & BRERE S OBRIIEERETEL I xRl T
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BPEH e AVYE=2 27U~ Db Ep=5.680¢."%1x10*
B A Vv irBIOERE A V2 v 27 ) — L Ep=5.770."38x 10
6.3.3 R T

2V Y - PEREGTAIEREE T O, ZOERIEI 2 ) - T ERBATIA VARV AL VY
~ P CREBEEAMETH L. PCEKEE XTI =2 v 2 ) - POEBIEINE D Evbh
Tbéﬂ m%mmm>@ ELXBEOBE G VEE, BEREBEMRARVEE ZRGEORD HIX
KEVEBRNT B, ZEICETL, WL, FELTOWELH L, FAE, BREESLN
LT X o T % (995K0L%0,&(u,mﬁ%w$$§tX/b%ﬁb5&%ﬁtX/b®
BELIV= v ) - bOFEBIERINIL D EREL TS AERT, Bt A v P RRS 3HED
AV RV v 7Y — DRI BERAE DA L RKEEDEHEIC OV THIRE L iy
K281z 1.
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s0F 2200 Ap =
. o

- 1 Ie5~85% -
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- = Z
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= b ~-
' gt s
s o- it 4 7
e
B 2 0 —— @NHEESL bT - MABERT ® BREE
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o s L . L " L s L
14 21 28 3 42 19 2 3
H 5 ar

E—28 $CiRILFERIERSR

BT RO S & 50, RIEER, BUERARF C LH92H (TH) iz TRz 4> b2 vy
Y= FIEK BT, EREBEAY b3 V) - bAVREC, TEMEI3EN 2 v ) — b L LERIESF
LWEE -T2 Zhit, = v 7 ) — bk (HEKE BV 5) (22 v 7 ) — 3T 5
EARMCHRREEL 2 & & LS RPUR L AERICB [ E M SR 7 A IHEL = v 7 ) — P ORIFEOF A
HFD, Lkdi-T, 2v7 )= rOBEKRSSVE, BHsEOBRAETHUT, HHKLE
e b BIRIGENRE CTeb B ORD, KRR THOLETHRE 2Y b= v 7 ) = bEF—AT Y
TEBLIDOBMAEN G AV b2 V27 )~ M BRTEHLD FIRPLISER) 2F2bh
éﬂkty_//}«_xbﬁﬁﬁﬂmdt// OBRERENSEERT V2L OTFEY LN T
DT, MREOHELSH S L Bbhib.

Eio, RRBERITL - B EORS 8O BBUHO BARIL, BIR= ¥ =27 ) — b (A)
TI9%, AL (B) T20%, iliesvb=v7 )~ 1 TI0% L 3EIARBLL <, RRDBED
W BN LA PRART DS CEANZ DR D,

SHIC, 2V U — b OMS AN SRR BN D 2, OO B b & ET L —5E
DRRAFTER DD, —RIZDHWERE L - 2> FOBOBB TR 5.
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I, S MEStickiTA2 v Y — F OGO T A

Si=



138 BTSSR HRS F9% F1%5 (1974

t He
a, b: =2 vz Y~ rOEHE BESKMFRETIDREDSER
Uiz Mo THIERS D b BRI R - SROTAERDD L R200 L5/ ), TR LAV P2
vV — FOBBIBEKOTAI VEBERERE A Va2 v Y~ DR 5, i, EEERL I VEK
FEELLEINEL LT 5B,

£—20 £ v 7 )~ P OFBIERRE L CRRC T A
; i - :
2y Y- bOMEE O BELF AR AR A Hlf@*()"itl,k
L i i (x107%)
L t |
% St=Gom oot <107 BEERLE
% A (N - - L.
e Y t s
xR St="0.075 ¥ 0.0055t <10 177
B — —i- t —
Bo® St TGoa+ooooe <107 o
B % ®m (A . -
woOR o St=Tggsi+ o005t X107 13
B M Ste-pm oo X107 131
] s "o ' 0.035+ 0.0075 t |
# OB m (B | - B S
L& R St=goaT T o foRs 114

St=75.061 + 0.0088 ¢ <107

) EREBA LM 2+2.5(20deg./h)+ 2 (70°C)+3.5=10h

6.4 ¥ & ®

KEDMREE ELDLEDEDLE D TH I,

1) BREREAVY b2 v 2 Y- TR, EHRECHENEVCEASKFEELGORMBBENNHFT
B, BEEBEHPEOBHLTEEE 205, TS TOBEERE T 2MERTEEN NIV I0D,
BEBET Tb i TLHHMES TERENBONIOTIH 144 72O TRETIY, EEHELK
WTBBT A 2 & LFEETH Do

2 BERcAYI=z V2 )~ ORI RIETREELEDOFEY, o v v V=
V7Y - OBELABERREL VSN E G, X, BREEE AV I VY - POERHRESE)
R E BRI BE R A VP BIOEWHE L AV D2 v 7 ) - FOBELEIEF-RLTV 5,

(B8 BPEBEAVIa VY- OBRIGEYH@ €AV b2 vy — bERETD L, HIMES T
EBPREVE, BEMSTEISNE ), BEBEC I HWPRIL, BFREAY N, Bt A
VIFERAWEEEELBIEELVEEZLR D,

§71 BBBREAL IS Y— MIHTBERNHEOH

1.1 ¥ 2 B &

AER, BAHF, £V 7 v ORBRIMEN IGEOEMEBOEBLCERIMA= Y2 ) — D
A EBEFCEITREL E DD TRE VD, BAMHORRLER € 2 v OfEE, FHREH, =7
V=t DORARECL>TEVPRRDEZINTE DY, @FEEEL AV bz VY2 Y — b5
DTS BET L LENRH D,

Liadio TAREI T, MEMHCHAENBFEZREC-BRE LAV 2 VY2 Y — MZAER], BAH,
AT VIREORFMEREAL T, FREELARV2 Y2 Y- DY - ) ~REKEICRIETIE
MROZE, FHBRECRIETRAMEOEE, RAKFICLD 22 Vv rEBRVOHE, 75147y Va
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DIEABIAESHRECRIETEERECOVTRR 2 AV IPER L AV b D=2 vy ) — | & ks
L7z

1.2 B O®|ME

7.2.1 EAMBEIO 22 ) - bORE

A Y MIHTET &S ARk, BRI 2 v 28, PR AVERIVER L AV ML 1IEOGEH4ED
LOEEA Lz BRI SR R20mOFEIE O NIBF L EEREOHT (ERE) 3IOFHE
DB EER Lic. M ORBRMSEREE 21T,

RFEHIER IR T2 3 00hnLE-220TRT 5O LOX A L. 7ok, BIFIOFIAR
W2 A=A —DTEDTfEE Uiz

£ IETRE N
o R T m | mMemEm | mrrm | owm ok &=
oM oo omom | EKTE |y ﬁlwmmlamﬁggww{wﬁﬁ
e P Com) | (% kgled 0 (% | (FMD)
A 20 | 2.7 172 | 1550 | 40.2 6.55
W i | | i
e F 20 261 1.5 | 1.710 34.6 6.53
mEH N B — | 25 | 12 | 1.60 = 349 | 2.83
F*—22 E BB L RS
S e E R & e
Bt EofEE | 5 E 7 (1‘: FIIAN Ei) | ES 59 vo
i = 1 XL \ .
A E 7 v k=l 0.04% Yabt s SR U - s BRI
Wk P5 F 1.0% VSR VALTF VERAN T Y A
B ok H M 5 . 0.4% | FEVTAFAAALTF VEH
W ok A Pl 0.3%  KVAi—aliatk
TIAT vV F &0 10.20.80% | 7547 v ¥a, HE2.2
*=—23 2 v 7 Y - D B &
T . T2 e o o e o om | Bfiies o
BRHEOEE gﬁ% v B 5 B {7 7K = v N B ‘ MoE M X
o ey | %) ! o RGN %
. # x5 s | - 177~181 300 44, 42, 41
TV B es s — 160~169 300 41, 39, 38
RS gt FO O S - e
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Differential Settlement of Structures above the
Consolidated Soft Clay (Report 3)

Mitsumasa NISHIMURA

One structure on Kure Technical College campus caused differential settlement, and it leaned
about 17/40. In this paper, differential settlement of the structure was measured and calculated
theoretically, and both of them were compared. As there are many factors which causes differential
settlement, the practical measurement and the theoretical calculation did not correspond with each
other, but when many of these actual examples are collected, it will be useful for the design of

foundations and structures.
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