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1. The problem of the stress distribution in the neighbourhood of
a circular hole in a gravitating semi-infinite solid has recently been
studied by N. Yamaguti® and T. Sugihara? independently. N. Yama-
guti studied the case of a horizontal circular hole for the purpose of
investigating the stability of a horizontal tunnel, and T. Sugihara
discussed an inclined circular hole in relation to the mining engineering.

It may be of some importance to study the effect of topography on
the stability of a tunnel, and the present paper shall make some con-
tribution to this problem. The paper consists of two parts: in the first
part we studied the equilibrium. of a gravitating wedge-shaped solid
having no hole in its interior, and the second part treated of the stress
distribution in the vicinity of a horizontal circular tunnel in a gravitat-
ing wedge-shaped solid having the vertex of rlght-anorle

Part I. The Equilibrium of a Gravitating Wedge-Shaped
Elastic Solid.

2. The stress distribution in a gravitating wedge-shaped solid with-
out a hole was studied by M. Lévy” and N. Mononobe,® and others.
Taking the earthquake intensity into account, Professor N. Mononobe
discussed a technically important problem in relation to the construc-
tion of a gravity dam. Independent of above authors, we have obtained
the stress distribution in a gravitating wedge- shaped solid as a preli-
minary calculation for the investigation of the effect of a hole on that
solid.
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We use the rectangular coordinates (z, ¥, 2), taking the positive
sense of r-axis upward and y-axis horizontal. Let the origin o be at
the vertex of a gravitating wedge-shaped solid of which the surfaces are
defined by the following two equations:

y=—zcoty, '
} () z
y= =z cotf. 1
Now the equations of equili- . 0
brium of the gravitating solid are ¢ )
expressed by the following forms:
o2z ory
T8 1 7 — pg, !
oz % (@)
dzy  9yy _ P
_‘+—"—0) .
oxr  dy : Fig. 1.

Where p and g are the density and the gravity constant of the solid,
and wz, yy, the normal components of stress, and xy is the shearing
component of stress. -

The components of stress oz, yy, a2y are expressed by the following

relations :
‘ ?:x@‘—%f@) +2p"’_”,
s 0y oz

- ou , v o
AM—+ 2pu—
vy= (aa’ ay)+ oy e (®
@_ (3/0 6u>
9y

where u, v are the »- and y-components of displacement of the solid, and
A, g are the Lame’s elastic constants of that solid.

In equation (2), we substitute for the components of stress the
expression (8); and we thus obtain the following equations:

YR
(7\+2l"')—f‘2#£=P9: l
ay

.............. (4)
A2 )— + 2 =0, s
o
where A= Bu a
— T
or oy
oy aw [t (5)
v oy,
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- Now there are may particular solutions of (4), and we take the
following forms of 4 and 2= satisfying (4) for the present study :

4= Ao+ Az + A2y, , ]
— RN (¢
2m=DBo— (X+2u)Ae.v+ {(7\+2M)A1 Py} Y, I ©
I ©

where Ao, B,, 41 and 4, are the arbitrary constants to be determined by
the boundary conditions of elastity of the solid.

We can find the following two differential equations in relation to
u, v, 4 and 2% from the relations (5) :

ou | Su _ 34 i
e e T A T AT
o' oy ox oy
2 2,
P, Fo_0d  g00
oy oy oy ox
Substituting the relations (6) for the expressions of 4 and 2z in
the right-hand terms of the equations (7), we obtain the particular
solutions of v and v as follows:

N)

w :%1%2__3021_ {(7\+2;;)f11—P9} ys’
u
(8)
’U:fioy“l"ég 3/2—'(}-‘-—2#)—1121172.
2 2up

As the complementary solutions v, v of (7), we take the following
-expressions which are favourable for the present study :

Ci W, }

w=Co+ Ciz+ Coy + Csa'y—%—:vz+§

v=_C0¢ —Cy+ O+ Cary -+ %:f—%—y’, [

where Co, C/, Ci, Ce, Cs and C; are also the arbitrary constants to be
.determined by the elasticity conditions. The expressions (8) and (9)
-satisfy, of course, the equations of equilibrium of the solid expressed
by (4).

Using (6), (8) and (9), we obtain the following forms of the com-
‘ponents of stress x?c, y’:;/, w’g} by the relations of (38);

a?z:: Ado+2uCi+ N+ 2,u.)A1x + 7\.Azy + 2#03:1/— 210y, l
Yy =\ +2p) Ao— 2pCi+ N s + (A 4+ 2) Ay + 2 0o —2pCiy, [ (10)
2y =p(20,— Bo) — (A + 2u) Aoz — { (A +2p) A1 — pg } y + 210 Cay + 2uCx.
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Now the two surfaces of the solid expressed by (1) are completely
free from traction, and therefore the normal and shearing stresses in
these two surfaces must be zero. Then, by these boundary conditions, we
have the following equations in regard to the arbitrary constants :

..(11)

A0201= C’z:Bo:O,
{Mtan gsin’e +8(A +2u)sin p cos @} A, + {A cos’p

+3(n+2p)sin’ @} Ay +2ufcos’ @ —sin'p} Os 4+ 2u tang

X {sin*p—3cos’p}Ci=pgsin2ep, .. .............. ... ..

f(A+4p)sin’p — (A + 2p) cos’ p} Ay 4 { (A +2u)sin’p tan @

—(A+4p)cos’ptan @} 4.+ 2utan g {3 cos’ o — -sin® ‘ol

+2pfeos’p —3sin*@}Ci=—pgecos2p,..................

{Asin®0+ 8 (N +2p) cos’Fitan § 4, — {3 (X +2u) sin®4
+2Acos?8} 4. +2p{8sin” 6 —cos* 0} Cs

+2u{sin®0—3cos*f}tan 8 Cs=pgsin28, ................

{(A+4p)sin® — (A +2p) cos? 0} A+ { (A +4p) cos® 0 —
—(A+2p)sin®*f}tand A:—2ptan #{Bcos’ —sin*d} C;
—2u {3 sin®f—cos®*#} ;= — pg cos 26.

Cs

.(12)

--(18)

From these equatlons we can easﬂy obtain A4, A.;, Cs; and (4, and
find the final results 2z, vy, - Y satisfying all elasticity conditions from

the equations (10). These results are

X
the most general ones for the gravitat- - , +
ing wedge-shaped solid having any \
vertex angle. J o
For the special case where the P\ 1

vertex has right-angle as shewn in Iig.

2 in which the relation between the -

new axes OX, OY of the rectangular p J«
coordinates (X, ¥) and the oz, oy is '
shewn, we can easily obtain the expres-
sions as follows:

'L’C (7\+2;L)D{]——x+)\pd];9—y+2#pyﬁ9‘/ 2P90_/‘;45L,
yy= 7‘P979‘9«+(\+2M)P9 B J+2#P/“ 2/»{)0%?3/,

ay=—(\+ 2#)99’1} {(X + 9#)0 - — }Pgﬁ 2#Pg;; Y+ 2ppg=7

Des

e

(16)
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{8(M+2u)cospsin’p +acos’pl, {3(\+2u)cos’psing +Asin’p},
{sin’p —8singpcos’p}, {cos’p—3sin*pcosp]
f—(A+4p)sinpcos’ + (A +2p)sin’p], {(A+4p)cospsin’p
— (A +2p)cos’p}, f{cos’p —Bcospsinp}, {3singcos’ @ —sin’p}
{ —3(A +2p)cos’psing —Asinp |, { B(\ 4 2p)cospsin’e +Acos’p ),
{cos’p —3sin*gpeosep}, [ —sin’p+ 3singcos’p}
{(A+4p)sin’pcosp— (A +2p)cos’ @},  {(A+4p)singcos’e
— (A +2u)sin’p}, § — Bsingcos’ + sin’p}, | —3cosgsin’e + cos’p}
2sin*pcosp, §{3(A+2p)cos’psing+Asgin‘p},
{sin’p —8sinpcos’p}, {cos’p—3sin*pcosp}
—sing(cos’p—sin®g), §(A-+4p)cospsin’®p—(A+2u)cos’p},
f{cos’p—8cospsin*p}, {3sing cos’p—sin’ g}
—2singcos’, {3(A+2u)cospsin’p -+ cos’p},
{cos’p—3sin*pcosg}, {—sin’p+3singcos’p}
—cosg(cos’p—sin®p), {(A+4p)singcos’p—(n+2p)sin’p}

_ {—38singcos’p+sin’p}, { —8cospsin’gp+cos’ pi,

{8(A+2u)cospsin’p +Acos’p}, 2sin’gpcosg,

{sin*p —8singcos’p}, {cos’p—3sin*pcosy

{ —(\+4p)sin g cos® @ + (A +2p)sin’p} , —sin p(cos’ p —sin’p),
{cos’p —38cospsin®p}, {8singcos’p—sin’p]

{ —8(A+2u) cos’psing —Asin® g}, —2singcos’yp,
{cos’p—3sinpcosp}, §—sin’p +3sin pcos’p!

(A +4p)sin®p cosp — (A +2p) cos’p}, —cosep (cos’p —sin’ep),
{ —8singpcos’ +sin’ g}, | —3cospsin’p +cos’ i,

{8(A +2u)cos psin’p + A cos* g}, {3(N+ 2p) cos’psing +Asin’ef
2sin*pcos g, {cos’ @ —38sin’¢p cos g}

f—(\+4p)singpcos’p+ (A +2u)sin’p}, {(A+4p)cospsin’p
— (A +2p)cos* @}, —sing(cos’p —sin’ ), { Bsingcos’p —sin’p}

{ —8(\ + 2p)cos’psing —Asinp} , {8\ + 2p)cospsin’y + Acos’pt
—2sing cos’p, {—sin’p 4 3sing cos’p}

(0t 4p) sin’p cos p— (n+ 2u)cos'g},  {(h+4p)sinpeos’p
— (A +2p)sin’p}, —cosp(cos’p —sin’ep), { —Bcosgsin‘y + cos’p}
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{8 (A +2u) cospsin’p + A cos’pt, {B(A +2u) cos’p sin ¢ +Asin’p}
{sin®p —8sin g cos®p}, 2sin’pcosp
{ —(A+-4p)singpcos’p + (A +2u)sin’pl, {(A44p) cospsin’p
— (A +2p)cos’p},{cos’p — Bcospsin®g §, —sing {cos’p —sin’p}
{—8(\ +2u)cos’psing —nsinpf , {8 + 2p)eospsin’y +Acos’pt,
{cos’p —8sin*pcosgp}, —2singpcos’p
{(M+4p)sin®pcosp — (A +2p)cos’ g,
— (A +2p)sin’p}, | — Bsingcos’e + sin’p} , — cosg { cos’p — sin’p}

{(A +4p)sin @ cos®

{Vol. X,

@1y

For ascertaining the stress distribution in the solid we take a hume-
rical example. Assuming A=p (Poisson’s ratio=1/4), we calculate o,
F.a, Paz, Pos and D¢ in accordance with the various magnitudes of angle
¢ ; and the results are tabulated in the following table. (Table I.)

Table 1.

P 0° 20° 30° 45° 60° 70° 90°
S lpg | 1pg | 1pg | Lpg | Llpg | Lpg | 1pa
¢ 4 u 4 n 4 u 4 p 4 u 4 n 4 u
da 0 0 0 0 0 0 0
&
das 0 012379 | 0-10824 0 ~0108°% | —0-128%2 0
& © K 2 »

1 1
% _l/ﬂ _0.0219£g 0'062£—g‘ ,LBQ 0-062& -—0'021019— ___P_ﬂ_
& 8 u K [ 8 p K # 8 n

Using the expressions (16) and Table I, we obtain the stress com-

—~ o~ o~

ponents zz, yy «y as shewn in Table IT and Fig. 3a, 3b, Se.

Table II.

(unit==pg)
p |0 20° 30° 45° 60° 70° 90°
i | x| 0:794z+0-246y | 06265 +0'216y | 0'5x | 0:626x - 0-216y 0'794r—0246y | «
7 0206z — 0246y | 0-374z—0-216y | 0-5x | 0-374y+0-216y | 0:206x+0246y | O
;:-3\/ 1 0| 0-2465-+0-206y | 0-216240-374y | 0-by |—0-2162+0-374y| - 02462 +0:206y) 0




Part 31 On the Stress in the Vicinity of Hole in Gravitating Solid. 729

In Fig. 3a, 8b, and 3¢, the ab- \ b
scissae shew the angle @ and the g
ordinates the magnitudes of the z- B % ol
and y-components of the components o4
of stress zz, yy, zy rejpecti\'ely. In g —
Fig. 3a, o (v) and 2z (y) represent .
the z- and y-components of stress ax . ¢ 2" 307 G\ 605 B %00
respectively, and therefore the mag- B |
nitude of ax at any point in the sohd 04 Y
is gixen by the algebraic sum of 2z (2) ‘ Fig. 3a.
and zz (y). -

TFrom Table II, we can easily 08
calculate the tangential components »
of stress YV on the surface OI of

the solid : i 7< : %

Y Vo ov= — pg Ysing. ....(22) 0

This form is simple to know - &)/{
effect of @ on the properties of tan- -4 :
gential stress Y'Y. The compression Fig. 3b.
stress only exists on the surface OY. ~
08
Part II. The Stress Distribution B
in the Vicinity of a Horizontal o4 —
Circular Hole in a Gravitat- - >§
ing Wedge-Shaped Solid. 0 — L \
» . O\ B o A & w5 o
3. In this part we studied the » }\_/

stress distribution in the vicinity of
a horizontal hole of which the radius
is @, and the centre O' is at the point (x=—§&, y=mn) as shewn in
Fig. 4 ‘

The vertex angle of the solid is assumed to be right-angle for the

sake of simplicity as in the preceding section.

Now we must first obtain the general expressions of stresses which
satisfy the equations of equilibrium of the solid. Using the cyhndrlcal
coordinates (», 8, z), of which the axis z is coincident With the axis of
the circular hole and the azimuthal angle 6 is taken counterclockwise
from the axis o2” as shewn in Fig. 4, we have the equations of equili-

Fig. 3ec.
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brium of a gravitating solid : x

~ o~

37‘7‘ 1 670 —00
+
ar PR r 98 g

- =pgcos, L (o3
~orfl |1 8199

. ERLE o1t

gr r 00 0 T

Py Ly -, l /

The normal components of stress J %o' /// Py
m', 69 and the shearing component 7
70 are expressed by the radial and

tangential components of displacement Fig. 4
w,” v' in the forms:
;;=7~'{—}j—a-( W)+ L 22}4_2#%” |
96 = x{ia% )+ Lo } {—;—%%-F } s .(24)
~~ a ’
g0

To obtain the equation (23) we neglect the axial variation of stress,
because the circular hole is horizontal.

In equation (23), we substitute for the components of stress the
expression (24); and we thus obtain the following equations :

4" 2p o’

A+-2p =pg cos 0,
( )87" 7 00 =9 (25)
M+ 2 )lﬂw 95 _ _ pgsiné,
o0 or
where
root '
4 a_u+u _];a_'l)_,
ar r r 20 (26)
or_ov o 19 T

T v 1 o0 )
Among the particular solutions satisfying (25), we take the parti-
cular solution which is useful for the present study as follows:
4'=0,
(27
20’ = —PL  sin g. (20
n
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Next we must obtain the complementary solutions of (25) which
are necessary to satisfy the boundary conditions of the soild.
Now the equations (25) give us the following equation :

104 , o4
04 104 9L (98
ort o Or 10 (28)

the solutions of which are expressed by

Fi

d':Bo'l‘{ + B r+0 }cos 6+{Bz7‘2+0 —];}cos 20
r

+ {Bsr3+0—;}cos 30+ {Dn‘+L }sm 6+ {D»r +E2}sin 26
,

{Dﬁ +E*}sin39,..'......... e (29)

where .Bo, Bl, 01, Bz, Cg, Bs, C:;, .Fl, Dl, El, Dz, E‘_’, Ds and E3 are the
arbitrary constants to be determined by the elasticity conditions.

Using (29) we obtain the expressions of 2z’ which are the particular
solutions of (25) as follows:

O = {(““2‘“3 20 o ‘}sm9+{(7‘+2/‘)32r2

I # #
L OF20) Cutfsin 20+ {(“2“) Bg* - 23 2) 1 sin 39
p P poor
_{0r2) g, 042 g, Lleoso- {(HQ“) D
p » H
(X+2u) EZ}CO s 90— {(7&4- 2p) Dg,,.ﬂ_*_(_)\i"‘) Esla}cos 36.
" 7 I r *
........................ (30)

After some reductions we obtain the following the differential equ-
ations in relation to w', v' and 4, 2%’ from the relations expressed by
(26) :

I )+_ o(r u) 107 ) l PICY S _23_67" ...(31)

or r or 7"" o’ r  or a0
F(rd) | Lo | 100" 2 a(m)
LT + = + e ..(32
or’ r or 1 o9 89 or (32)

Substituting (27) for the expressions of 4' and 2%’ in the equations
(81), (32), we obtain the particular solutions of (81) and (82) as
follows :
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' :g_go"" cos 8,
# ..(33)

o = —3P9 i g,
Su
These expressions satisfy, of course, the equilibrium equations (25).
Substituting (29) and (30) for the expressions of 4’ and 2z’ in the
right-hand terms of the equations (31) and (32), we obtain the particular
solutions which are, of course, the particular solutions of (25) in the
following forms :

u’:—;—Bor—}— [%—;’J‘—) By 4 {(7\"2—“5“) in 5—%%} Fl]cos 4
{ Bo* 4=~ (+2u) Ozf 08 20— {———(?ﬁ” +p) Byt
6u woor 16

+8A+5) G }cos 39+(%i) D, r%sin 60— {ADZT“
6

RITA )
()“ (+2p) E"} sin 260 — {—(3)\ *+ ) Dyr'+ (31 +5p) é,‘3I,sin 30,
20 7T 16p Su 1
(3 (34)
= [—+—€)L)B19"2 {()\ +3p) In (7\-!—_2;1,)} Fl]sin 0
Su 2u o 2p
(2A4+-8u) , 5, 1 Cs (BON+Tw) 5 4
+{—FBr+= n 204 {~——~ By
{ 6 U T9, } { 164
(-A' l‘l') 0'3} 86 (3)\-—‘—‘)#‘) DI’I‘?COSO - {(2>\-+3}1‘) .D 3
8u 7 Spu 6

1E2}cos26‘ {(57\4_7‘“)D (A =p) E“}coeof) J
2 16u Sp

As the complementary solutions of (31) and (82) which are favour-
able to the present study, we obtain the following v/ and o' ;

1B’ 01 C.'

U =—-
T

D1

cosH—l—{Bo”q—}— }cosQQ—]—{B”r”—l—C‘ }00539
sm()+{D Sy +] }s11129+{D " E'+E’ } in 36,

" "
v'= 0%‘2 sin 6 — {Be"r—-—ci }sin 26— {B Jp® — G ESUI 30
- 5 7

_%COSG+{D2”7‘—E feos 29+ D/ Ei’”§00339- J

'I‘ r
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The general expressions of the components of the displacement thus
obtained, (33), (34) and (85), satisfy, of course, the equations of equili-
brium of the elastic solid (25). Using these general expressions we get
the general expressions of stress »r, 69, and 79 as in the following
forms :

e () Bo—2u B

[ ga+(7\+ﬂ)B7 4“0’" Mﬁ}]cos@
. r

+| 2084+ gm_,w) C. —G—f(]z”}cos 20+ [—(—“2‘—") Bu®+4pB"r
7 T
+5——“; W) G 8w ]cos 30+ [("1: 1) Dy 4 Z2F 38 El—f*—’ém”.]sin 6
r Ve b r g

+ [zypz" 220t Gu Ez”]sin 294 [- Q%@q-“D3+4/«st"7’
7" r

+30L8) g, S E;']sin 80, e (36)
; o

! [ (n+w) Bor—E2 ,+4”‘0" “r]cosa

+ [2(x+p) B*—2uB," +7‘—: ¢’ ]cos 20+ [‘E (A +p) Bor®—4p Bs'r
.—(7‘—“;‘—‘1%+%£:()3”]cos30+[%(7\+;L)D1r;—E + “E"]smé’
+ [2 (M +p)Dr*—2uD," +%E2”]Siu 20 + [5 (A4 p) Dor® —4uD'"r

_(ii:?ﬁ%ﬁgzgw’singe,................................(37)
1/-(3:[—&27' +(7”%‘lB1r——ég01”—fi Fl]sin 0+ [(7\+#)B21‘2—2/1«B-:"
7 T
+(7\+/L) 02 6’“ = Oy " Jsin 294—[3—(}%—#—)1337‘3—4/&33”7'

) |
+§m—!‘°)03 —§’é Cs”]sin 30+ - 02 pos +2 B eos 6
7 T’ 7 7’ '

+ [—(X A )P Do+ 20Dy — (N + ) _lg +6—/;-LE2” ]cos 20
T T
+ [—m%ﬂpww 4w 3 0L gy %Esﬂ]cos 30....(38)
x ¢

These expressions of the components of stress satisfy, of course, the
equations of equilibrium of the solid under the gravitating field expressed
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by (28). Using these expressions of traction we shall study the stresses
in the vicinity of a horizontal hole in the wedge-shaped solid of which
the vertex has right-angle. We have obtained the expressions (16) of
the stress distribution in the wedge-shaped solid having the vertex of
right-angle in the _preceding -section. When we transform these com-
ponents of stress 2w, yy, vy into the components of stress rr, 90 7 in
the cylindrical coordinates (r, 8) of which the relation with the rectan-
gular coordinates (2', 3') has already been explained, we have the
following forms :

—~

rr=[ = (vt ) pgE A'+(7\+#)P9 &ﬁ]+[(7\;m ng;f‘ ’)20]? cos ¢

[ 0/1 1904 19Az ’19("; ]
—pZ L op 21 cos 260
+_{ Hg T }H{ Koy T2 ﬁ} Pg eos

[(A+3p) 3.4 g, P PGJPW 00839+Mﬁ9‘°pg »sin 0
2 4 2 4 9

+F{<x+2m@—2ﬁ—“}s+{ (2T 2 00y 1 [py sin 26

+i (x"'23”') 1929‘°+2 {;] pgrsindd, ... e (39)
075=r—(>»+;»)"hf+(7\+u) ]PJ+[—(>\+M)0“‘ cl)]pgrcosﬂ

+—{#i‘3 2 19“}5+1 19’“ Qpﬁ;} ]pgcos%

9 )
—-{(x+2#)ﬁ—’”—2ﬂég"}§+{ (>»+2/A)19“+2/~°72;4 } ]Pg sin 26
+ (7»-!—23M)191;’ 2 291;"]pgr911139 e . (40)
N {#ﬂﬁl, 0 a“}g +{ 12‘2_2#197_;%},,],)9 sin 20

H(?\ +2,u) Daz_ ﬂ”“}‘g’+ { O+ 2u) Lt 194: +2u z(’:;‘ }n]pg cos 26
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-i-[ (A +3p) O

7 o +2un ﬁﬁ“]pgr cos36. ..., L..(41)

In the present study the boundary conditions of elasticity are as
follows : (Referring to Fig. 8.)

1. On the two surfaces OY and OX the normal and shearing
components of stress are zero.

2. On the surface of the horizontal circular hole, the normal and
shearing components of stress are zero.

It is difficult to satisfy these conditions completely, and it is, how-
ever, our object to investigate the stress distribution in the vicinity of
the hole, and therefore we may take the following conditions instead of
of the above two conditions :

1. The stress at the whole space far from the horizontal hole in
the wedge-shaped solid is equal to that expressed by (89), (40) and (41).

2. The surface of this hole is completely free from traction.
These are denoted by

—_~~ o~

=00 ; rr=rr expressed by (39), '
86=00 expressed by (40), R (42)
r@=rf expressed by (41), S ‘
r=a; ;7\*:0,
B T PR 43
r8=0. . } “3)

Using the expressions of stress, (36), (37) and (38), which are the
general solutions of the equilibrium of the solid, and the conditions (42)

and (43), we find the values of the arbitrary constants as follows:
From (42);

v

sy - a5
e

Ot38) B _g Do _ 1] DIl = pg{ (A +3u) 0;m+2#%} (44)
9 9 2 ’
Dae

. 2 ) 9
’190% ’191 '1904
-2 A2 112
e Ok 2p) 2t 2 1y ]pg
24 ' J

9 D4 J ' k
Bo= Ya A2 B, = A1 -=0, D:=0, D;=0.
. pg{ gt } 1=pg" " B Ds
(

Pg
2p
_pg
4p
[ A+2 )

D"
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From (43) :—
B = _(+p) {'ﬂmg Da }pga” F=— pga’
2u 9 ’ 2(n+2p)’
G OB P OEm) e
s Vo T Bl
1r_ PIA+R) Dz Fy= — 2pga’
= s o T T (vt
x[{otom e -ouloles [~ ovsom Ty onles
Ezl!____ﬂgiH(x.}.Q;L)_ﬁZ_Qpﬂ“} { (7\+2/L)19A1
2u 9
1904 } ]
1lg
0 +
; 2pqa/‘ |i(7\,+3/1/) Fa 19(74 1]
C = - = — —2 —
TT w2 o He o)
o — — P9e [(7\+3/~°) S ‘u%_l]
2 2 9 s 27/
20ga* (. (A +3u) . Des
=- = Cazyo —},
s (7\+//a){ 2 9 K
,u:_'P!]“G{_(N'I'f‘;M)ﬁ_ﬂ_I_Q ﬂ_}
T 2% 2 o gl
2Pga2 [{ ’1941 9 ’1904} { 1912 Des ]
Gl g TG TRy
.
Cguz_pgag[{_ 7_9114_2 P +{ P2 9 ﬁm} ]
on L UT" 7y e e

i)

\/

[Vol. X,

(45)

Substituting these values (44) and (45) for Bo, Bi, Bs, D:, Ds, B,

B:;”, DJI) .Da”, Bo”

. 1"
y Fl; C] y C..’; 02”; El; El”, EE, EZ”) 03; 03”, ES and

L' in the expressions (36), (37) and (38), we obtain the final results of

the stress which are favourable to the present study as follows :

9 At
9

(7\4 + Fi) '19_,11
+rg [—9 ry (

-

oo

r —(x+mpg{s

@

U"+2Mﬁ”‘}f+{

P {1 ]

at 1 (2A+8w) o , (A+p)
AT IS & Joos
o‘“) 2 A+2p) ¢ (A+2p) 4° o8
'19‘4 19(,'3 ]{ 3&
2 1———- - 20
19 o z‘)} 9 * }COS
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+P9[(h+3p’) %__2#"_9&4_}_]{7- 5"’ }cos 36

2 ) 4 2 93 7

4
pg(x;’u’) %(7—%) sin 6

+pgl {2 T2 w2l [~ 02w ou sl

2 [2 391
x| da” | Sa Jsin 20

I 7
+Pg[_&4§ﬂ%+2pf%]{q-~5j—:+4% sin36, ........ (46)
oL
wog B (e )+ g (7\:(;;)?'— Qe oot

e S
L

"L+ 3p) & Bei_ 1 L0t 4d°
+Pg_—§_&f—2#§~§]{—q+— T—s}cos?)()

4
T

+P9H (7\+2#)19”2+2#0“}E+{(7\+",u)'9" 2#22;" 1}?7]

4
x 142 sin 20
T

(A +3p) ﬁAa
‘)

+pg_ +2,uﬁc]{ 9+——-4—}sm 38, ........ (47)

,5: (A4 ) Do _a _ [ad (7\+l~") a ] 0
! Pg_ 2 0{7 93}—‘- { 7+(>\.+2/~L)'r‘-*-()»+2p})'r}Sm

1
2
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o 4
{ 1——2—0——4—%} sin 26
{ r

(x 3#’) ﬁAl '1.9(,‘4 1 { :;(l
, A T E A QY . | —_—— _|_ s1 3

4
—pg L“Hu) %{T—Q—B}COS 6
T

2 9

+Py[{(7\+2,u)ﬂ L 19“}{‘+{ (7»+2#)%“+2#19—;‘1+ l}n]
k) 7

{14—2‘7’——@1—;&0526
T
4 6
+pg[ (At3u) dae o, 0“]{r+3%—497} 0530, ........ 48)
2 D 7 7

As 66,., on the surface of the hole play an important réle on the
failure of the tunnel, it may be of some importance to investigate the
properties of the stress distribution around tne surface of the horizontal
hole. For this purpose we assume A=p (Poisson’s ratio=1/4). Then
the tangential stress @rm on the surface of the hole is expressed by the
following simplified form :

00roa= 0+ B+, .. ... .. e (49)
where

6 <4m1 2 )cos o— 4{4%_4"_0*—1}cos 30—8%%in 39, (50)
pya 4 8 ) ) )
] Pa {-sm Doy Do '
P _gPa g ol ooiop i gBerginog ... (51
oga P + 5 79}cos + 5 sin (51)
T _g¥meug 29+4{3’9f“ 21’“ }sinze...............(52)
pga g

Substitutincr the relations in Table I for the expressions of 19-‘“,
1

191;" 2900% and "z;c“ in the right-hand terms of 0, @, ¥, we obtain Table III

in which 6, @, and ¥ expressed by terms 6 only are tabulated in the
cases of ¢=0° 20° 80° 45°, 60° and 70°.
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Table III.
@ 0° 20° 30° 45° 60° 70°
1
—‘1; cos 6 L cos@ lcosa lcos 8| -~ cosf 1 cos 0
e |3 3 3 3 3 3
—co0s30| ~0175cos30 | +0°496cos39 | +cos36] +0°496cos39 | —0175 cos 30
~0'984sin8¢ | —0-864sin 30 +0'864sin36 | +0°984sin 30
-1 -1 -1 -1 -1 -1
D |+2c0s20) +1-175cos 20 +0-504 cos 26 -+0°504 cos 26 +1-175 cos 26
+0984sin 260 | +0-864sin 20 —0-864 sin 26 - 0984 sin 20
r 0 —0-984 cos 20 —0-864 cos 20 -2 0-864 cos 26 0984 cos 20
—0'825sin20 | —1'496sin20 | xsin20 —1'496sin29 | —0°825sin 20

The magnitudes 6, @ and ¥ in Table III are easily calculated, and
the results are tabulated in Table IV, V, and VI, and illustrated in
Fig. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21.

The following properties may be seen from these tables and
figures :

1. When ¢=0°" and 45° the distribution of 6 and @ are sym-
metrical about the axis o'z’ (vertical axis). @ has especially a constant
value (—pg€) uniformly distrbuted on the surface of the hole in the
case of p=45°

2. The curves denoting @ and ¥ have regular forms of certain
constant amplitudes of fluctuation for differnt #, and their mean lines are
the lines of @=—pgf and F=0 respectively in all cases of ¢. The
curve denoting 6, however, has irregular amplitudes.

3. The amplitudes of the curves of @ and ¥ are variable accord-
ing to the magnitude of ¢. The curve denoting @ has the largest
amplitude when ¢=0° or 90°; and the amplitude of ¥ takes the largest
value when ¢=45° :

4. The positions of maxima and minima of the amplitudes of 6,
@, ¥ shift regularly and systematically along f-axis between §=0° and
6=360° according to the variation of ¢ between 0 and 90°.

5. ¥ has no effect upon the stress distribution when ¢=0. When
p=45°, & takes the largest values 200 pgn (with positive sign) at
0=1835° and 6=3815° and also similar values (with negative sign) at -
0=45° and 225°.

Next we shall study the numerical variation of 00, according to
different values of £, 7 and ¢. Before entering this investigation, the
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Table IV. (Magnitude of & )
pga
x o 20° 30° 45° 60° 70°
0
0 —067 016 0-83 1-33 0-83 016
10 —0-54 -0:32 0-24 119 1:19 067
20 —0-19 —0'63 —0-24 0-81 1-81 1:08
30 0-29 ~0'70 —0-58 029 1-15 1-27
45 0-94 —0-84 —065 — 047 050 106
60 117 034 —0'33 - 083 —0-38 034
70 0-98 076 0-20 -075 —075 023
80 0-56 1-00 061 - 044 —0'94 —071
90 0 098 0-86 0 —086 —098
100 —-0:56 071 0-89 044 —0-56 —1-00
110 —0'98 022 0-66 075 ~0-12 —0'76
120 ~1:17 —034 0-38 083 033 —034
135 -094 ~1:05 — 057 047 072 034
150 029 197 115 ~029 058 070
160 019 ~1:08 —1-26 - 081 019 063
170 054 —0-66 ~1-10 —1-19 ~0-33 0-52
180 067 -0'16 —0-83 ~133 —0-83 —016
190 054 0-32 —024 ~1'19 —-1-19 ~ 067
200 019 063 024 —0:81 —1-31 —~1'08
210 —-0-29 070 058 —0-29 -115 —127
225 —0'94 0-34 065 047 —050 —1-06
240 ~1-17 —0-84 038 083 0-33 - 084
250 —098 —076 —0:20 075 075 0-23
260 ~0-56 —-1-00 —0'61 0-44 094 071
270 0 -098 —086 0 0-86 098
280 056 —071 —0-89 —044 0-56 1-00
290 0-98 —022 -066 —075 012 0-76
300 117 084 —0'88 —083 ~0-83 034
815 094 1-05 057 —0-47 —072 —0-34
330 0-29 1-27 115 0-29 —0-58 —0:70
340 —019 1-08 1-26 081 —019 -0'63
350 —0-54 065 1-10 1-19 033 —0-32
360 —-0'67 016 083 1-33 083 016
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Table V. (Magnitude of 2 )
| P9t -
P
\ o° 20° 30° 45° 60° 70°
)
o° 1-00 018 —0'50 -1 —0'50 0-18
10 0-88 644 -0-93 -1 —0'82 —0-24
20 053 053 —006 -1 - —117 —073
30 0 0-44 0 -1 ~1-50 -197
45 -1-00 -002 —0'14 -1 —~186 - 198
60 ~2:00 —074 050 -1 —2:00 - 244
70 —2:53 —1:97 -083 -1 —1:94 -253
80 —2:88 -177 —~1'18 -1 —177 244
90 —3-00 -218 —150 -1 —1'50 -2-18
160 -2:88 —244 -1:77 -1 —118 —~176
110 —253 -2'53 -1-94 -1 -0'83 —1:27
120 ~2:00 ~244 —2:00 -1 —0'50 —0'73
185 —1-00 —1:98 —1-86 -1 - 014 —002
150 0 —1-27 —1-50 -1 0 044
160 053 —073 —-117 -1 —006 053
170 087 -093 - 082 -1 —023 044
18) 1-00 018 - 050 -1 —050 018
190 0'87 0-44 -023 -1 —0-82 —0-24
200 0-53 058 —006 -1 —117 —078
210 0 0-44 0 -1 150 —-1-27
225 —1-00 —002 -014 -1 —186 —1-98
240 ~2:00 —074 —0'50 -1 —2:00 —2-44
250 —2'58 —1-27 —0-83 -1 —1:94 —9'53
260 -2:88 —177 ~118 -1 —177 ~944
270 —=3:00 —2'18 —1-50 -1 ~1-50 —2:18
280 —2-88 —9:44 —177 -1 —118 ~176
290 ~258 —2-53 ~1-94 -1 —0-83 —1-27
500 —2:00 —244 ~2:00 1 | -0%0 —073
315 —1:00 -1-98 ~1-86 -1 —0'14 —0-02
330 0 —1-27 —150 -1 0 044
340 053 —0'73 —117 -1 —0-06 053
350 088 —023 —0'82 -1 -0-23 0-44
360 1:00 0-18 —0°50 -1 —0'50 0-18
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. r
Table VI. <Magmtude of — >
Pgn
Y 0° 20° 30° 45° 60° 70°
0

0° 0 -0'98 —0'86 0 0-86 0-98
10 v —1-21 —~1:82 —0'68 0-30 0-64
20 ” ~1-29 —1-62 —1-29 —0-30 0-22
30 4 —1-21 —1:72 -1'78 —086 -0-22
45 4 —0°83 —1'50 - 200 —1'50 -0'83
60 v 0-23 -0'86 -173 —173 —1-21
7 v 023 —030 —1-29 —1-62 —1-28
80 4 0-64 030 —068 —1-82 —121
90 v 098 0-86 0 - —0'86 —0'98
100 4 121 1-32 068 —0'30 —064
110 v 1-29 1-62 1-29 0-30 —0-22
120 P 121 172 178 086 0-22
135 ” 083 1°50 2:00 150 083
150 v 0-22 0:86 178 173 121
160 ” —023 0-30 1-29 1-62 1-28
170 ” - 064 —030 068 1-32 121
180 v -098 —086 0 0-86 0-98
190 7 —1-21 -1-32 - 068 0-30 0-64
200 p —1-29 —1:62 —1-29 —0'80 0-22
210 ” —1-21 —172 -178 -0'86 —0-22
225 7 —0'83 —1'50 —2-00 —1-50 —0-83
240 ” —0-22 —0-86 —1-78 -178 —1-21
250 p 0-23 —030 —1-29 —1-62 —1-28
260 v 0-64 020 —068 —1-3% —1-97
270 v 098 0-86 0 - 086 —098
280 » 121 1-82 068 -030 — 064
290 v 1-29 1-62 1-29 030 —0-22
300 v 1-21 172 173 086 022
315 ” 0-83 150 2:00 1°50 0-83
330 P 023 0-86 178 173 121
340 v —0-23 0-30 129 162 128
350 p —064 -030 068 1-32 1-91
360 v —0'98 —0'86 0 086 098
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short notice will be given. We can casily obtain the following relation :
E={mcosecop+nltang,..................(53)

where m is the minimum distance from the centre of the hole to the
surface of the wedge-shaped solid OY. The elasticity conditions of the
present study are of the expressions of (42) and (48), and therefore m
and £ should be larger than the radius of the hole .

Using Table IV, V, VI relating to 6, @ and ¥ and the expressions
(49), we obtained the numerical values of 66,., in various cases of o, &
and 7. The results thus derived are tabulated in the annexed tables
(Table VIIT~XXIII), and are shewn in the annexed figures (Fig. 22~
37). The magnitudes of ¢, £ and 5 of which we treated in these tables
and figures are tabulated in the following table, for the convenience
sake. (Table VIIL.)

Table VII.
Table No.| Fig. No. | @ it £ VA
. g- * | degree a «
22 0 10
VIII 23 0 15
24 0 20
IX 25 20° 10 0, 2, 4, 6, 10, 15, 20
X 26 20° 15 0, 2, 4, 6, 10, 15, 20
XI 27 20° 20 0, 2, 4, 6, 10, 15, 20, 25, 30
XII 28 30° 10 0,2 4,6, 10, 18
XIIT 29 30° 15 0, 2, 4, 6,10, 13, 20
X1v 30 30° 20 0, 2, 4, 6, 10, 13, 15, 20, 25
XV 31 45° 10 0,2 4,6 75
XVI 32 45° 15 0,2 4,6, 75
XVII 33 45° 20 0, 2 4, 6 10, 15
XVIII 34 60° 10 0, 2, 35
XIX 35 60° 15 0,2, 85
XX 36 60° 20 0,26 8
XXI 37 70° 10 0, 2
XXII 76° 15 0,24 .
X XIII 70° 20 0,2 4,6
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_These tables and figures shew us many interesting properties related
to 06,.,, and some of them are summarized as follows:
1) ¢=0:—

a. 60.., has a distribution symmetrical about the vertical axis
passing through the centre of the hole.

b. The magnitude of 2 has no effect upon the stress distribution.

(1
¢. The stresses at the top and the bottom of the hole are tensile,
but their magnitudes are less than that of the compressive stresses at
0=90° and 270°,
2) @=20°:—
a. The distribution of ?o?;m is completely different from that in

the case of =0 and it is much affected by the variation of .
a

b. Wen L is zero, the maxima of tensile stresses occur at 6=20°

a
and 200° and that of compressive stresses at §=110° and 290°. And
the latter is larger than the former. ;

¢. The magnitudes of stresses at all points, excepting the points

6=65°, 155°, 245° and 335° vary with the increase of 2 and at certain
@

values of % the signs of stresses at some positions change. In the

cases 0f<—§:10, l:6>, (é:15,1:10> and (—E—:2O,l=10)the stresses

a a w a a
in the vicinity of #=200° are compressive, while the stresses in the

cases of (ézlo, 1=0>, <£:15, - |
, a a a \/'g 2
/AR > and <£=20, i=0> are’ tensile. 0 - 7
a a a §=120
d. 60,., increases linearly with the =
increase of é, but the rate of this linear "
a - -
increase is different at different point o=
on the surface of the hole. Fig. 38 in- - i%om
dicates us these properties. In this figure = \\ =457
5 . 2
the case of =20 and =20 is plotted.
a
(These properties may be seen in all cases -
Of q).) . . 00y -a
3) pd5 i— Fig. 38. Magnitude of g when
a. When =0, the stresses are of ¢=20° and %=20-

a
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course distributed symmetrically about the vertical plane passing through
the centre of the hole.

b. When 1=0, the stresses are compressive, and they have no

remarkable varigtions of the distribution as in the case of ¢=0.

c¢. Of course, the positions of maximum and minimum magnitudes
of stresses are different from that in the cases of ¢=20° and 30°.

3. Wehave now studied the stress distribution in the neighbourhood
of a horizontal circular hole in a gravitating wedge-shaped solid, and
may resume some results obtained from the calculations :

1. The maximum values of tension and compression are different
in each case of ¢, and their positions are also different.

2. The variations of £ and L give no effect upon the variations
' a o

of the positions of the maxima and minima of the stresses.

8. According to the variation of - the sign of stress may change.
a

4. There are some positions on the surface of the hole where the

values of stress do not change in spite of the variation of .
a
5. The magnitude of stress at a point on the surface of the hole is pro-

portional to the depth of the centre of the hole from the vertex of the solid.
6. The rate of the linear increase of the stress with the depth of
the hole is different at different point on the surface of the hole.
In conclusion, the authors must express their sincere thanks to
Professor K. Sezawa for his kind guidance.

Table VIII. (Magnitude of 9r=a when (p:O".)

pga
éla 10 15 %0 £la 10 15 20
) 0
o 9-3 143 193 190 9-2 138 17°9
10 83 12:8 171 200 55 82 108
20 51 78 104 210 —03 -03 —038
30 0-3 03 03 925 ~10-9 ~159 —20'9
45 —91 —141 -191 240 —212 ~319 —112
60 —188 ~ 98-8 —388 250 —263 —390 —51'6
70 -24-3 —37°0 ~496 260 —294 -45°8 —582
80 —98.9 —427 —570 270 —300 —450 ~60.0
90 ~30:0 —450 —600 280 — 982 —426 —570
100 —29-4 —43-8 582 290 243 —370 —496
110 —26:3 —39:0 —51.8 300 -188 - 988 - 388
120 —21°2 —31-2 - 412 315 -91 —14'1 —191
135 -10'9 —159 ~20'9 330 03 03 3
150 —03 —0'3 Z03 340 51 78 104
160 55 82 108 350 83 12:8 171
170 9-2 13-8 179 360 9-8 143 198
180 107 157 207
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Table IX. <Magnitude of %r=a ihen @=20° and L 10.>
pga @
N/a 0 2 4 6 10 15 20
RS

0° 20 0 -19 —39 -78 —~128 —17'7

10 41 17 —07 -89 -81 —~14:0 —20-0

20. 47 22 —0'5 -390 —82 —14'6 -210

30 37 13 ~11 —36 84 | -144 | -204
45 —0'5 —-2:2 -38 —55 ~88 -12:9 ~17'0

60 —7:1 -76 ~80 -85 —94 —106 -11'8

70 —11-9 —11°5 —11:0 -10'5 —96 —85 —74

80 ~167 —154 —141 —12:8 -10'3 -71 ~38

90 —20-8 —188 —16'9 —14'9 —~11°0 —60 -1
100 -937 —21°7 ~189 —164 —~11'6 —56 04
110 —9251 —922:5 —199 —174 —12-2 —58 06
120 —247 —99-4 —199 —174 —12:6 66 -06
135 -20'9° —19-2 —17:6 —~159 —126 -85 —44
150 —14°0 —136 —131 —126 —11-8 —10°5 -93
160 -84 -89 ~9'3 —98 | -107 | -118 | =129
170 —29 —48 - 55 -68 -93 —-12'5 ~15'8
180 16 0 ~23 —43 -82 —182 —181
190 47 2:3 —01 —26 —74 —18-4 ~19-4
200 5.9 33 07 —18 -7:0 —13-4 -19'8
210 51 27 08 —2:2 -7:0 -130 -19.0
225 01 —16 —32 —49 ~-82 -12:3 —~16'4
240 -77 —81 —86 —91 -99 —11-2 ~12'4
250 —18'5 —130 —126 —121° | -112 —101 -90
260 —187 -17'4 —16'1 —-14'8 -12'3 -91 —58
270 —22:8 —20'9 —189 —-16'9 —130 -89 -31
280 —9251 -227 |  —20-3 -17'8 -13:0 —7°0 -10
290 —255 —22:9 —20-8 —17-8 -126 -62 02
300 —241 —217 -19'3 —~16'8 —120 —60 0
315 —187 -171 —154 —137 ~10'4 —63 -2:2
330 —114 —10°9° ~10'5 —~10°0 —-92 -7'9 —6'7
340 -72 —67 —~81 -86 -95 —10'6 —-117
850 -1-7 —29 —48 56 -81 —~11'8 —14'6
360 20 0 —~19 -39 -78 —12:8 -17'7




750 G. Nisnimura and T. Taxavada. [Vol. X,

—

Table X. (Magnitude of 00 - when ¢=20° and £:15.>

pga a

e 0 2 4 6 10 15 20 25

o\

o° 2:8 08 -11 -31 -70| -120 | ~169 | -21'8
10 6'3 39 15 -10 =58 | ~11'8 | —178 | -239
20 74 48 22 —0'8 -55 | —-11'9 | —183 | —24'8
-3 59 38 12 -14 —62 | -123| -182 | —9243
45 —0'5 —-22 -38 -55 —88 | —129 | —170 | -211
60 -10'7 —112 ~11'6 -121 -130 | —142| —154| -165
70 —182 —177 ~17'8 —168 -159 | —148 | -137 | —127
80 —25'5 —24:2 —92:9 —21+6 —191 | —-159 | -126 —94
90 —31'6 —29'6 —277 —25'7 -921'8 | —168 | —119 -7'0
100 —35'9 -88%5 —311 - 9286 —9238 | —178 | —11'8 —57
110 -37'8 —352 —32:6 -30'1 —o249 | —185 | —121 -56
120 —36'9 —34:5 —321 —-296 9248 | —188 | —128 -67
135 -809 | -292 —97'6 —25'9 —922°6 | —185 | —144 | —108
150 —20°3 ~198 —19-4 —189 ~180 | ~168 | =156 | —145
160 —121 | —126 —13'0 -13'5 —144 | =155 —-168 | —176
170 -41 —54 -67 —80 —-105 | —137 | =170 | —202
180 24 04 -1'5 -85 -74 -124 | —17'3 —922:2
190 69 45 21 -04 -59 -112 | =172 | =230
200 86 60 34 09 —48| —107| —171| -236
210 73 49 25 0 —48 1 —108| =168 | =-229
225 01 ~12 -8 —4-9 ~-82 | —128| —164 | —205
240 —11'3 -11-8 -12'2 —12-7 —135 | —148| -—-160| -171
250 -19'8 ~19'8 —189 —184 -175 | =164 | =153 | ~1438
260 ~-27'5 —26'2 —24'9 —23'6 —o1'1 | ~-179 | -146| -11'4
270 —33.6 —316 —929:7 —927'7 —238 | —188 | —139 -90
280 -37'3 —34:9 —82'5 —300 -252 | —192 | -—13% -71
290 —382 —385'6 —38:0 -30'5 —-253 | ~189 | -—125 -60
300 —3863 —339 —31'5 —29:0 —24'2 | —182 | —122 -61
515 —28°7 —271 —25'4 —237 -204 | —163 | —122 -81
330 —17.7 —17-2 —16'8 -16'3 —15'5 | —142 | =130 | -119
340 —9-9 —104 —10'8 —11'3 -122 | =188 | -—144 | —154
350 -2'8 —-41 —54 -67 -92 | -124| -157| -189
- 869 2'8 08 -11 -31 -70 | -120| —~169 | —21'8




Part 81 On the Stress in the Vicinity of Hole in Gravitating Solid. 751
Table XT. (Magnitude of 9=t \hen @=20° and £ 20.>
pga @
7/a

) 0 2 4 6 10 15 20 25 30
o 37 17| -o02| —2¢| -61| —111] -160| —209| —258
10 85 61 & 120 -36| —96| -156| —21'7| —277
20 1011 75 49 24! -28| —92| —156| -221| —285
3 81 56 33 08| —40| —100| —160| -221| —281
45 | -06| -23| —39| —56! -89| —130| —171| -21'2| —254
60 | —144| —149| —153| —158| —167| -179| —191| —202| -214
70 | ~245| ~240| -236| —231| —222| —211| -200| -190| -17.7
80 | —343| -830| —-3817| -804 —279| —247| ~214| -182| -150
9 | —425| 405 —-386| —866| —-827| —-2r7| —228| —-179| —~130
100 | —481| -457| -433| -408| —860| —800| —240| —-179| -11'9
110 | —505 | —479| —458| —428| —376| —312| -248| —183| —123
120 | —49'1| —467 | —448| —41-8| -370| —310| —250| ~189| —129
135 | —408 | ~89'1| -875| —358| -825| —9284| —243| -202| —160
150 | —266| —261| —257| —252 | —244| -—-931| —21'9| -208| —196
160 | —156| —16'1| —-165| —17°0| -179| -190| —2001 | —21'1 | -224
170 | —58| —65| —79| -—92| -11'7| —149| —182| —314| -246
180 38 181 —06| —26| -65| —116| —164| -21'3| —26:2
190 91 67 43 18] -80| —90]| —150| —21-1] —271
200 112 86 60 35| —17| —81| —145| -21:0| -270
210 95 71 47 22| —o6| —86| —146| -207| —267
225 | —01| —18| -8s4| —51| —g4| -125| —166| —207| —249
240 | -150| 155 | —159| —164| —172| —185| —197| —208| -220
250 | —9260| —25'5| —29| —-246| -9237| —226| -21'5| —205| —192
260 | —-362| —349 | —336| -323| -9298| -266| —288| —201| —169
270 | —44'5| —4251 —40'6| —386| —347| —297| —248| -199| =150
280 | —496 | —47°2| —44-8| —423| —875| —81'5| -255| —194| -134
200 | —50'8 | —482| -456] —431| —379| -815| —21| —186| =120
300 | —486 | —46:1| —43-81 —41'3| —565| —805| —245| —184| -124

315 | —386| —369| -853| ~836| —303| -2 2| —221| -180| —18
330 | -240| —235| —931| —226| —-21-8| —205 =198 | —182| —170
340 | —136| —141| -145| —150| —158| —170| —181| —191| —20+4
350 -39 | =52 —65 —781 -103 | -135| ~-168| -200| -232
360 87 17| -—o02| -22| -61| —111| ~160| -209| -—258




752 G. Nisainmura and T. Takavana. [Vol. X,
Table XII. <Magnitude of 9=" when ¢=380° and £ 10.>
pga a
y/a
\ 0 2 4 6 10 13 15
0
o —42 -59 -77 -94 -128 —154 —1711
10 -21 —48 —74 -101 —15'8 -19'3 220
20 -08 —41 -7 ~10'6 —17°0 —21°9 ~ 952
30 ~0'6 —41 -7 —109 —17'8 -230 ~26'5
45 -21 —-51 -81 —111 —17:1 —21'5 —24-5
60 -538 -70 -87 —10'5 -139 —16'5 ~182
70 ~81 -87 -938 -99 —111 -120 126
80 —11-2 —10'6 ~10-0 —94 -89 —-7-3 —~67
90 —141 | -124 —10'6 ~8.9 -55 -29 -12
100 ~16:9 - 142 —11'6 -89 -87 03 30
110 187 ~154 —12-2 -89 -2 24 57
120 197 —~16'2 —~12:8 —94 —-25 2:7 62
185 -192 —16'2 —1582 —-102 ~4-2 02 32
150 -162 —14'5 -128 —~11:0 —76 ~50 ~38
160 —-130 —12+4 ~11-8 —11°2 —~10°0 -91 -85
170 -93 ~-99 —10'5 ~-111 128 ~182 —~13-8
180 ~58 —75 —9:3 —11:0 —144 —17:0 —187
190 —-2'5 =62 -78 —-10'5 -15'7 —197 | -—224
200 01 -332 —64 —97 —16'1 —21-0 -24:3
210 06 -29 —68 —-97 —-16'6 —21-8 —-253
225 ~-07 —37 —67 —9-7 —-157 —20-1 -231
240 —47 —6'4 _81 —99 -18'8 —159 -17'6
250 —-85 -91 —97 —10'8 ~11'5 —12+4 —130
260 - —12-4 —11'8 —11-2 —10'6 —94 —85 -79
270 —15'9 —142 —12'4 ~107 ~78 —-47 -30
280 —185 -15'8 -132 | -105 —53 -13 14
290 -201 | —168 | _136 | —103 -39 10 43
300 —-20'3 —16-8 -18'4 —100 —31 21 56
315 —180 —150 —12-0 —-90 -30 14 4:4
330 —13°8 -12'1 —104 —86 -52 -26 -09
340 —10-4 -98 -9-2 ~86 —74 —6'5 —59
350 -71 =77 ~-83 —89 ~101 —11-0 —116
360 —4-2 -39 —~77 —9:4 —12'8 —15'4 -17'1




Part 3.1 On the Stress in the Vicinity of Hole in Gravitating Solid. 753

Table XIIT. (Magnitude of Pr=¢ \hen ¢=30° and é=15.>

Py a
7/a
0\ 0 2 4 6 10 13 15 20

0° —6'6 —-88 | —101 | —11-8| —152 | —178 | -195| -—238
10 -33 —60 —88 | —11'8 | —165| —205 | -232| —297
20 —1'1 —4'4 76| —109 | —173 | —222 | —255 | -—335
80 -0'6 —4'1 —75 | =109 | —17-8| -—230| —265| —350
45 —2.7 —5.7 ~87 | =117 | —177| =221 | -251 | -—327
60 ~7'9 —96 | —11'8 | -—131 | —165| =191 | -208 | -—251
70 —-12:83 | 129 | —185 | -—-141| —158| -—162 | -168 | -—183
80 ~170 | —164 | -158 | ~152 | —140| -—181| —125| -—110
90 -217 | —200 | =182 | —165| —131| -—105 —~§8 -45
100 —-256 | —229 | —2083 | —176| —124 -84 -57 08
110 -285 | —252 | —9220 | —187 | —128 —74 —41 39
120 —~297 | —-262 | -9228| —-194 | —125 —7'8 -38 47
135 —286 | —256 | -226| -196| —136 —9-2 —6'2 14
150 -236 | -21'9 ~20'2 -184 | —150| -—~124 -107 —-60
160 —188 | —182| —176| —~170 | —158 | —149 | —14'3 | -—128
170 —134 |' —140 | —146| -152| —164 | —-178| =179 | -194
180 —~82 -99 | —117 | -184| -168 | —194| -—211| -254
190 —87 —64 —90 | =117 | —169 | -—-2009| -236| -301
200 —07 —4'0 -72 | =105 | -169 | -21'8 | -—-251| =331
210 06 —2:9 —63 —-97| —166| -21'8| -—-258| -338
225 -13 —4-3 —-7'3 —-10'3 —163 —20:7 | —2%7 | -313
240 —-7'3 -90 | —107 126 | —159 | —185 | —202 —24'5
250 —12:7 | -183 | -189 | —145 ! —157 | —-166| --172 | —187
260 —-182 | —-176 | -170 | -164 | -—-152 | —-143 | -137 | -—122
270 —-235 | -21'8 | -2000| -—183 | —149 | —-I123 | -106 —6°3
280 =274 | —247 | 221 | —194 | -142| -102 ~75 -10
290 —29'9 | —266 | -234 | —201| —137 —88 -55 2:5
300 ~30:8 | —268| —234 | —200]| —131 -79 —4-4 41
315 —274 | —244 | —2I'4 | —184 | 124 -80 -50 26
330 ~21-2 -196 | —-178 ] —160| —126 | =-100 -83 —40
340 —-162 | -156| -150 | —144 | —132| -123 | ~-~117 | —102
350 —11'2 | ~11-8 | —124 | ~1830| =142 | =151 | =157 | =172
. 360 —6'6 —-83 | —1001| —11'8}| -152| -178| —195| —238




754 G. Nisgimura and T. TARAYAMA. [Vol. X,

Table XIV. (Magnitude of 00rn when ¢=30° and i:20.>

pga a

7la )

K 0 2 4 6 10 18 15 <0 25
| ~91| —108| —126| -143| —177| —203| -220| —23| —807
10 | -44| —71| -97| —124| —176| —o16| —243| —308| -375
2 | ~14| —47| -79{ —112| —176| —a295| —258| —338| —420
30 | —06| —41| —75| —109| —178| _23.0| —265| —350| -437
45 | 34| —64| -94| —124| —180| _ozg| —258| —334| —408
60 | —104 | —121| —138| —156| —190| —o1-6| -9233| —276| —31-9
70 | ~164 | ~17°0| —176 | —182| —194| —20:3 —23-9
80 | —230| ~224| —218| —212| —200| —191| —185| —170| —155
90 | —201 | —27'5| —9257| -240| —206| _180| —162| —11'9| —75
100 | —345| -81'8| -292| —265| —2183| —17-5| —146| —81| —14
110 | —381| —348| —316| —283| -210| _170| —187| =57 25
120 | —397 | 362 | -328| —204| —225| —178| —138| —53 34
185 | —88:0 | —849| -31'9| —259| —229| —185| —156| —80| —06
150 | -307 | =290 | -278| —255| —221| —195 —1831| —92

160 ~247| =241} -235} —229| -21'7T| —208&| —202| —187 | 172
170 —-17-5 | =181 | =187 | —-193| —205| —214| —220| —235| —250
180 -107 | =124 | —-14'2| —-159| -193]| -21-9| -236| —279| —323

190 | —48| —75| —101| —12:8| —180| —29.0| —247| —312| —87-9
200 | —10| -48| -~75| —108| —172| —291| —254| -334| —416
210 06| -29| —68| —97| -166|.—9218| —253| —338| —425
225 | —2:0| —50| -80| —110| —170| —=214| —244| —320| —394
240 | -98| —11'5| —132| —150| —184| —210| —227| -270| —31'3
250 | —168 | ~174| -180| —186| ~198| —207| —21'8| —22.8| —24'3
260 | —242 | ~236| -9230| -224| —212| —208| —197| —182 —167
210 | ~-309 | —292| —274| -257| -228| —-197| ~180| —1387 —-93
280 | —36'2| —836| -810| -283| —231| —191| —163| —98| —81
290 | —89'5 | —36-2| —33:0| —207| —233| —184| —151| —71 11
300 | —40'8| —36-8| —384| —300| —281| —17°0| —l14d| —59 28
815 | —367 | —337 | —807| -277| —217| —17.3| —148| —67 07
330 | —283| -9266| —249| —231 ~171| —154| —11-1| —68

340 —221| —-215| -209}| —-203| —19'1 —182| —176| -161 —14'6
350 —1563 | —1359 ~-166 | -17-1 —1831 —192| -—19'8 -21-3| —228
360 -91| —-108| —126| —148| —177| —2083| —220| —26-3| -307




Part 81 On the Stress in the Vicinity of Hole in Gravitating Solid. 755
Table XV. <M agnitude of ren S hen ¢=45° and £ 10.)
pga a
7/e
\ 0 2 4 6 75
6
o° —87 —87 -87 —87 -87
10 —88 ~10-2 ~11'5 —12'9 —138°9
20 —9-2 -11-8 —14-3 -16'9 189
30 —97 —132 —16'6 —20°1 —-22'7
45 —10-5 —14°5 —185 —922:5 —25'5
60 —10'8 —14'8 —-17-7 —21-2 —23-8
70 —10-8 —184 —-159 —185 —20'5
80 —10-4 —11-8 —13.1 —14'5 —15'5
90 —10°0 —10°0 —-100 —100 —10:0
100 —96 —82 —6'9 -55 .
110 -92 —66 —41 -1'5 05
120 —92 —57 -2:3 12 3-8
135 —95 —55 ~15 2:5 55
150 —103 —6-8 -84 01 27
160 —10'8 -82 -57 . -51 -1
170 —-11-2 —98 -85 -71 -61
180 —11-3 -11-3 —11'8 -11-3 —11'8
190 —11-2 -12'6 —13-9 ~153 -16'3
200 —10'8 —13:4 —159 —185 —-205
210 -10'3 —13'8 —17-2 —20-7 —23-3
225 -95 —-13'5 —17'5 —21'5 —24'5
240 —9-2 —127 —16'1 —196 —22:2
250 —9-2 —11-8 —14'3 —169 —18°9
260 -96 —~11-0 —-12-8 —137 —147
270 —100 —10:0" -10°0 —10°0 ~100
280 —10'4 -90 —-77 -63 —53
290 --10-8 -82 —57 —31 -1l
300 —~10-8 —78 —39 —04 S22
315 -105 -65 -2'5 15 45
330 —97 —62 - -28 07 3
340 —92 -6'6 —4-1 -15 05
350 —88 -74 —61 —47 —37
360 -87 -87 -87 —87 —87




756 G. Nismimura and T. Takavama. ' [Vol. X,

—_~

Table XVI. (Magnitude ot 9r=s when ¢=45° and é=15.>
pga a
/e
0 2 4 6 75 10
0

0 ~137 —137 ~13.7 —187 —187 —187
10 -18'8 —~15-2 —16'5 —17°9 --189 —206
20 . —142 —-16'8 —19:3 -21-9 —239 —-271
30 —147 -182 —21'6 —-251 —277 -320
45 ~155 —19'5 ~23'5 —27'5 -305 —3855
60 —~15'8 —19-3 —922:7 —26'2 -288 —331
70 -158 —184 —20°9 - —235 —25'5 —987
80 —154 —16'8 -181 ~195 ~20'5 —22:2
90 —150 —150 -150 ~150 | =150 ~150
100 —14'6 ~-132 -119 —10'5 ~-95 ~78
110 —14'2 -11-6 -91 —-65 —45 —1-3
120 —14'2 —10'7 -73 -38 ~1-2 31
185 —14'5 —10'5 —6'5 —-25 05 75
150 -—15'8 —11-8 -84 —49 —2:3 20
160 -15'8 —132 —10+7 —81 —6°1 —29
170 —16-2 —14'8 ~135 ~12-1 -111 ~94
180 —16'3 —16'8 —16'3 --16'8 —16'3 —~16'3
190 —16'2 —17°6 —189 ~208 —21'3 —23:0
200 -158 —184 —~20'9 —235 ~255 —28°7
210 —15'3 ~188 —222 —25'7 —283 —326
225 —14'5 —185 -922:5 - 265 —29'5 —84'5
240 ~14'2 —17'7 ~21-1 —246 —-27:2 —31-5
250 —142 —168 -19:8 -21-9 —239 —27'1
260 —146 —~160 —17-8 —187 —-197 —214
270 —150 —150 150 —150 —150 —-150
280 —15'4 —140 —12:7 -11'8 ~10'8 —86
290 —158 —132 -10-7 -81 -61 —2:9
300 —15'8 123 -89 —54 -28 15
315 —15'5 —115 -75 -85 —05 45
330 - 147 —11-2 -78 -43 ~17 26
340 —14:2 —116 -91 ~65 —45 —18
350 --18-8 —12+4 —11'1 —9-7 —-87 -70
360 —13-7 —187 -187 -137 ~187 —13'7




Part 31 On the Stress in the Vicinity of Hole in Gravitating Solid. 757
Table XVII. (Magnitude of 06r-a when ¢ =45° and £ :20.)
, pga a
7l
\ 0 2 4 6 75 10 15
9
o —187 187 —187 -187 —187 —187 —187
10 —-188 —90-2 —21'5 —22:9 239 | —256 —290
20 —192 | -—218 | -248 | -260 | -—289 | -321 | —385
3 -19:7 —232 —26'6 —301 —3827 -370 —45°7
45 —205 ~24°5 —9285 -32'5 -355 —405 —50'5
60 —20'8 —24-3 —927°7 -31-2 —33'8 —381 —468
70 —20-8 —23:4 —25-9 —28'5 —30'5 —337 —40'1
80 —204 —21-8 —23-1 —245 ~25°5 —27-2 —80°6
90 - 200 —20-0 - 200 - 200 -200 —-200 —20'0
100 ~19'6 —182 —16'9 ~15'5 —~145 —128 -94
110 -19-2 —16'6 —14:1 —-11-5 -95 —63 01
120 —19-2 —-157 —12:3 —88 —72 ~1:9 68
135 -19'5 —15'5 —11'5 —75 -45 05 10'5
150 —20-8 —16'8 —~13+4 -99 -78 —30 77
160 —20'8 —18-2 —157 —131 —111 —79 -1'5
170 -21-2 -19'8 ~185 171 —16'1 —144 —11°0
180 —21:3 —21-3 —21'8 - 218 —213 —-21-3 -21'8
190 —21-2 —22:6 -239 —25'3 —26:3 —280 —31+4
200 —2,8 - 254 - 259 —285 —305 —387 —40°1
210 - 208 —93-8 —272 -307 333 -376 —46°3
225 —~19'5 —93'5 —27°5 315 —345 —395 —49'5
240 -192 —22-7 —~ 9261 —29:6 -.32-2 —~36'5 — 452
250 -19-2 -21-8 —24-3 —26'9 — 289 -321 —38'5
260 —196 -21-0 —22-3 —237 —24-7 —26+4 -29'8
270 —-20-0 - 200 —20-0 ~20-0 —200 200 —20-0
280 —20°4 -190 177 —16'3 -153 —136 -10-2
290 —20'8 -182 —157 —131 -111 -79 ~-15
300 —20-8 —178 —189 - 104 —~78 —35 52
315 205 —16'5 —12'5 -85 —55 —0'5 95
330 —197 -162 ~12-8 -9 —67 —24 63
340 ~19-2 --166 —14-1 —11'5 —9°5 -63 o1
350 —188 —174 —16'1 —147 —187 —-12:0 ~86
360 —~187 ~187 —187 —187 —187 —187 —187




758 G. NisHiMura and T. TAKAYAMA. [(Vol. X,

Table XVIII (Magnitude of %r=a when 9=60° and £ — 10.)
P9 @
7/a . 7/a o
N 0 2 85 N 0 2 35
0° —4-2 —24 —10 190 —94 —88 -83
10 —70 —64 —59 200 —180 —136 ~14-1
20 ~10'4 —110 —11'5 210 ~16'2 ~180 —19.3
30 -138 -156 —~16'9 225 —19-1 —9221 —-24:3
45 —181 —21°1 —238 240 —197 —231 —~257
60 —20-3 —23:5 —260 250 —187 —21-9 —-24:5
70 —20'1 ~23:3 —-259 | e6p —16'8 —19-4 —21+4
80 —186 —21-2 —232 | 970 —141 —15'9 —17-3
90 —159 —17-7 —19-1 280 —11-2 -11-8 -128
100 —12:4 —130 —185 | 290 —82 —76 -71
110 -84 —7-8 -7:3 (| 300 —58 -85 —22
120 —47 —2:9 —-16 | 815 —21 09 31
135 -07 23 45 | 330 —06 28 54
150 06 40 66 340 -08 25 50
160 —04 28 54 350 —20 0 26
170 —2:6 0 2 360 —4-2 ~24 —10
180 —58 —4-0 26
Table XIX. (Magnitude of 06, - when p=60° and £_ 10.)
pga @
e o 2 85 6 | g 2 85 6
0| —67] —49| -35 15| 190 | =185 —12:9| —124]| —117
10 | 1111 ~-105| —100| —-93| 20 | -188| -194| —199| —206
20 | —~162| —168| —-173| —180| 210 | —236| —24| —o267| —288
30 | —21-2| —280| —243 | —264| 25 | —9285| —81'5| —g37| —872
45 | 275 | -305 | —827| —86-2 240 | —297| —331| —s857| —400
60 | —303| —887| —363| —406| 250 | —285| —317| -343| —383
70 | —299| —831| —357| —897 260 —256 | —282| —3502| -335
80 | --274| -300| -320| —3853 270 =215 | —2383| —2¢47| -267
90 | —235| —258 —267| —287| 28 | —171| ~177| -—18%2| —189
100 | —183| —189| —194| -20'1 290 ~124 | -118| —118| —106
110 | —126| —12°0| —115| —108 | 3800 —-79| =61 —48| —27
120 78| =55| —42| -21 315 -31 —01 21 56
135 —17 13 35 70| 28 —0'6 28 54 97
150 06 40 66 109 | 340 -11 21 47 87
160 -07 25 51 91 350 —-32| —06 14 47
170 —38| —12 08 41| 360 67| —49| —=35| =15
180 —-83| —65| =51 -31




Part 3 On the Stress in the Vicinity of Hole in Gravitating Solid. 759

Table XX. (Magnitude of 9=t \hen =60 and £:20.>
pga a
\ yla
0 2 35 6 8
0 e

0° —-91 —7.3 —~59 -39 —2:2
10 —152 —14'6 —141 —18'4 -128
20 —22-1 —922-7 ~ 232 —23'9 —24'5
30 —9287 —30'5 -31'8. -339 —356
45 —36'8 -39'8 —-420 —45'5 —48'8
60 —40'8 —43°7 —46'3 ~50'6 —54'1
70 ~395 —42'7 —45'3 —49-3 —525
80 —36-2 —388 ~ 408 —44'1 —46'8
90 -310 —-32:8 —34'2 -362 —37'9
100 —242 —24'8 —925'3 —26°0 —~26'6
110 —16'7 —161 -156 —14'9 —143
120 -9'8 =80 —67 —~46 —~2:9
135 -1 09 51 66 99
150 06 40 66 109 144
160 —10 22 48 88 12:0
170 43 -17 03 36 63
180 -91 —7'8 -59 -39 —2-2
190 -176 —17-0 -16'5 —15'8 —15°2
200 —247 -258 -25'8 —~265 ~271
210 —-3111 —3829 —34-2 ~36°3 -380
225 —37'8 —40-8 —43-0 —46'5 —49'8
240 —39'7 —-43'1 —45'7 --500 —535
250 —381 —41'3 —43'9 —47+9 -51'1
260 —84'4 —37:0 -390 —42'3 —450
270 —29-2 —310 —32:4 -344 —36'1
280 —230 —23'6 —24'1 -24-8 —25'4
290 —16'5 ~15'9 ~154 —147 —14'1
300 -104 —86 -7'8 —52 ~3.5
315 —35 -05 1-7 52 8'5
330 —0'6 .28 54 97 13-2
340 —14 1-8 44 84 116
350 ~43 —17 03 : 36 63
360 -91 ~7'3 -59 -39 —2'2




760 G. Nisgimura and T. TArRAvAMA. [Vol X,
: 06y o 13
Table XXT. (Magnltude of ==" when ¢=70° and = = 10.)
pga @
7/a . nla
P 0 2 N 0 2
0° 20 40 190 -31 -19
10 -17 -05 200 —84 —-80
20 —-6-2 —-58 210 . —139 —-14-4
30 —-11'4 ~-11'8 225 —20'9 —22'5
45 —187 -20'3 240 —-247 -27°1
60 -24'1 -265 250 —-251 —277
70 —25'5 —281 260 - 237 —26-1
80 —251 —27'5 270 —-20'8. —228
90 -22-8 —24'8 280 ~16'6 -17'8
100 -186 -19'8 290 —11'9 —12:3
110 —13'5 —139 300 -70 -66
120 ~-76 ~72 315 -0'5 11
135 01 17 330 37 61
150 51 75 340 47 73
160 56 85 350 41 65
170 47 71 360 g 20 40
180 16 3
Table XXII. <Magnitude of 06r-a when ¢=70° and £ 15.)
. pga a
?\’//“ 0 2 4 N 0 2 4
0° 28 48 67 190 —42 —-30 -16
10 -28 —-16 -02 200 —-12-1 —117 -112
20 -99 —~95 —-90 210 ~20°3 —-20'7 -212
80 -177 -181 —186 225 —30'9 ~825 ~384-2
45 —-287 —-30'3 -320 240 -36'9 —39'5 —41-7
60 —363 -387 —41-1 250 —-37'8 —404 —42'9
70 —382 —-40'8" —43'3 260 —-35'8 —-382 —40'6
80 —372 —39'6 —420 270 —-316 —33'6 —35'6
90 —33'6 —356 —37'5 280 —25'4 - 26.6 —280
100 -274 —282 —300 290 -182 —186 —-191
110 —-19'8 -20'2 -20'7 300 —-107 -10'3 -98
120 ~11'3 -10'9 -10+4 315 —27 ~11 06
135 01 17 34 330 6:0 84 10°8
150 73 97 1211 340 74 100 12°5
160 86 11-2 137 350 62 86 110
170 68 92 11-6 360 2-8 4-8. 67
180 24 44 63




Part 3.1 On the Stress in the Vicinity of Hole in Gravitating Solid.

Table XXIII. (Magnitude of #6r-a

—_

2

when ¢="70° and £ 9.

pga a
\”’a 0 2 4 6
6
0° 37 57 76 96
10 —40 -28 -1 —0°1
20 -186 -122 —127 —-128
30 —240 —244 -24'9 —25'3
45 —386 —402 —41°9 —436
60 —48'5 -50'9 ~58'3 ~55'7
70 —509 —~535 —56+0 —586
80 —49°4 —51'8 —54'2 —56'6
90 —44'5 —465 —484 — 504
100 —36'3 —37'5 —889 —40-2
110 —26'1 —26'5 —27°0 —27-4
120 —150 —146 —14'1 187
15 00 16 33 50
150 95 119 14'3 167
160 113 139 16'4 190
170 10-0 124 14'8 17°2
180 L% 58 72 9-2
190 —54 —12 28 ~1'5
200 -158 ~154 ~149 —14'5
210 —26'6 —270 —275 —279
225 —40'8 —42:4 —441 -458
240 —491 —51'5 —53'9 —56'3
250 505 -531 - 556 ~582
210 - 480 ~ 504 —52'8 ~552
270 —425 —445 —464 —434
280 —343 —35% —369 _882
290 —245 —24'9 — 954 —25'8
300 —144 -140 —135 —131
315 —0'6 10 27 46
330 81 105 12+9 153
340 101 127 152 17-8
350 84 10'8 182 156
360 37 57 76 96

)
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