52 %, KUSAKABE : ON THE

Appendii.

Lilation between e Velaely of  Propagation  and the  lugplituwle of

Secismic Wouues.

It is well known fact that, in any earthquake, the principal
shocks ars preceded Dby tremors of small amplitndes. O the sup-
position that the waves of the tremovs and of the principal shocks
are all generated simultaneously at one and the smne orgin, the
above facts shows that the velocities of tremors are much greater
than that of the principal shocks. Iundeed, according to Irofessor
Omori,* the velocities of the first and second tremors are equal to
12.8 and 7.2 kilometres per second, while that of the principal
shocks is only 3.5 Lilometres per second. |

The cause of such a wide difference batween the velocities in
seisiic waves must probably be of much complicated nature. In so
far, Lhowever, as the velocity of propagation of elastic wave is determin-
ed by the ratio of the elastic constants to density, it is a matter of
course that the existence of the elastic yielding can never be put out
of consideration in the determination of the velocity. Morcover, the
strain is far beyoud the limit of elasticity, I think, even in the
weakest carthquake. If this is the case, the effect of elastic yielding
would Dbe, at least, one of the principal causes of the diminution of
velocity.

There will exist, it is true, uneither pure longitudinal nor pure
transversal waves in the actual case. Moreover, the modulus of
rigidity would have but little to do with the seismic waves. It would
thus be too bold to say anything about the velocity of seismic waves
from the observations ou the modulus of rigidity alone. But possibly

other clastic constants also will be of similar nature. These premised,

¥ F, Omori. 'The velocities of transit of the seismic waves desluced from the observa-
tions of recent large Japanese earthquakes in Italy and Germany. Publications of the
E. Investigation Committee in Foreign Languages. No. 3. pp. 71—80. 1901.
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I give the following explanation for the wide differetice Dbetween the
velocities of seismie waves. _

To DLegin with, in Table II, ;3 :epresents obviously the increase
of twist per unit increase of couple in arbitrary uuit; i.e. the
modulus of rigidity is inversely proportional to 3. Whence it follows
that, as the velocity is proportional to the square root of the modulus
of rigidity, it is also inversely proportional to the square root of J.

Then, the ratios of the velocities in several conditions will be as

follows.
TABLE IX, (Vdocity of propuagation.)
Rock Serpentine Pyroxenite
— v — v
Amplitude Vg ‘ - v ! -
! Co | Co
10,025 : |
0.0*Kilogram 0.505 ! 1.00 ‘ 0.499 e 1.00
0.4 0.651 | 0.78 0.428 ﬁ 0.75
L0 | 0.696 | 0.73 04T 071
15 : 0.713 0.71 ; 054 | 0.70
2.1 ST 0TL L s 6
| : \
3.0 | 0.726 0.70 |
! I

1

I'rom the above table, it is obvious that, even in the case where
Hooke’s law holds, as the figures in Pls. IV and V. show, the velocity of
propagation rapidly demeases when the amount of distortion’increases.

Farther effect may be seen from the iullowmo' theoretical in-
vestigation. The velocity diminishes when the amplitude increases,
but it increases when the medium is in the strained state.

Diminution of Velocity in virtue of the Increasz of Amplitude :—
In page 45, it was shown that », , .7, is greater than », , , i
which proves the said statement. Here it will be sufficient to glv
one numerical example. In the equation (11) given in page 44.put

p=0 and 4i=1, then .
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2 1=k log 184+ 1[4+ 174 4 1P
[TA+1][(BA+ 1]

This value f », 7, expressed as a function of the amplitude 4,

=k logl0. L say.

represents the amount of the increase of twist, due to elastic yielding,
per unit increase of couple in' the stage of zero-couple after one cycle
of twisting to and fro through amplitude 4. Its actual value for

several amplitudes are given in the following table.

"TABLE X, (Velocity of propagatior).

1 - —
A AT T T R B Tl s 9] 10
‘ : !
‘ , | T |
I {0.1022 ‘0.2247 \0'3255 |0.4083 {0.4784 0.5385 1().5919 0.6393 “0.6821 0.7211
v R {_I_c_ =1.38 | 1.00 1096 | 0.94 | 0.92 | 0.9L | 090 | 089 {083 | 0.87 | 0.85
vy’ L7y J . _ :
,-
L—?-; {T—L =091 } 1.60 | 0.83 ! 0.81 | 0.77 | 073 | 0.70 | 0.68 | 0.67 | 0.05 | 0.04
o (4 | ) .
::— ; [ e very great} 1.00 | 068 | 055 | 050 | 046 | 0.44 | 042 | 0.40 | 0:39 | 0.38
0 *

As it was discussed in former section, if 7, is the amount of
twist obeying Hooke’s law, the actual amount of twist is

T= TU +‘ Ap X.u“’/}"

Then, v aud c¢ being the velocity and factor of proportionality  res-

pectively, we have

g

!

- = k | -
V=CiTot Dy 2ily s ,d,-":'voé 1+—; 1ng(A)§
' 0
When the elastic yielding is very small, it may be neglected so’that
’U:’UO
i. e. v, is the velocity of wave through a stratum of rocks which is
perfectly elastic or has mo elastic yielding. In this case alone,

velocity remains unchanged for all waves of different amplitiddes;

. v o e e . .o
Otherwise, — diminishes when the amplitude increases. For marble,

Uy ' E ‘ : .
specimen No. 6,, a piece of metamorphised. sedimentary rock of

Paleozoic age, as it was found from the experiments whose result
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is shown in Fig 31, PL XV., approximate value of

T
» . 0

ing this value of ,k_, for the ratio of velocities, 1 obtained those

is 1.38. Adopt-

given in the thir&u row of the above table.  Tlose in the last row
correspond to the -case where the part obeying Hooke's law is
negligibly small compared with that due to the elastic yielding. Tor
the intermediate one, I add those in the fourth row. ,

Incrense of Velocity in wvirtue of the rock's having been initially
strained .— In pige 48 the relation was proved |

Dp 17 < D pefi 5
which proves the said statement. The following nummerical example
will show clearly. In the equation (19) put- N=1, a=1, 2=1 and
=10 so that «=49, then we have
A=l logt2? [—3{9[173@/]![&%“33: kloglo. I say.

Hele s expressed as a_function of j, represents the amount of

the decrease. of twist, due to elastic recovery, per unit withdrawal
of the applied couple in the stage specified by j, (it having been
initially subjected to couple given by ) after one_cycle round that
stage. TFor different values of j, the corresponding values of 27, ave
given in the following table, {ogether with the ratio of. velocities in

the marble above’ stated.

TABLE XI. (Idouh/ of Pr opa(/atmn)

-~
@€

i B t
J 0 1 l 4 5 G i

|

l
L 0.2136/0.1802; 0. 14La] 0.1064] 0.0852; 0.0207 —0.0277, —0.0606] —0.1352 —0.2041

1.08 110 1.13

2y i cssll 100 101 102 | 103 ] 104 ] 105 107

|

Here also, the velocity remains constant only within the rocks
in which no elastic yielding and consequently no elastic recovery
" exists,

Numerical values of the velocity of transversal wave propagating
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through sevéral rocks; as- calculated by the.formula
oo Modulus of rigidity
velocity = \/ { : Donoity } ,

are given in the last column of Table. VIIL - Different values for ‘one

and the same specimen correspond to-the different conditions,—i. e.
whether the rock is in the neutral or is in the twisted state-—and

different amplitudes of the wave to be propagated.

Summanry.

"~ From what has been above discussed, it nmy be safely said that,
of several waves, ono whose amplitude is smaller has necessarily
greater velocity than the ther, in so far as the medium. through
which the elastic wave propagatés is liable to elastic yielding. When
the }m ding predominates, the velocity may become two or three
_t1mes G;mal‘er as the amplltude becomes some ten times gre‘ttel
"Also when the medlum is in the strained state, e. g along mountmn-
‘cham the velocity is much greater than in ordinary case. The latter
' armtlon however, is much smaller tlnn the former. o
Lastly, it must be remarked that the elastic yielding is never
an only cause which gives rise to torsional hysteresis. ‘Complete
expression for hysteresis must’ contain, at least, one more term which
is independent of time. TFor illustration of this last statement,
magnetic lysteresis gives best example, in ‘which magnetic yielding
is negligibly small, Inmagnetic hysteresis, indeed, the predominating
term is wholly independent of time. Sunch termn as above, also, would
possibly exist in torsional hysteresis. ' If this term could be known and
taken into account, then it would lead to a -satisfactory explanation
“for the wide difference between the velocities of the tremors and of
- the principal shoeks. If this is not wholly out-of conception, then it
would be more natural than tio assume two different paths for the
two kinds of seismic waves. At the epicentre, the tremors may last

only for a short time, but the duration will be lengthened propor-
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tionally as the distance increases. The disturbance of smallest
amplitude will first make its appearance as the beginning of the
preliminary tremor, followed by waves of greater amplitudes in
succession. Other disturbances propagating through different strata
would prbbably make their appearance intermixed with the former,
giving somewhat irregular record on the “seismograph. Complete
description of the nature of elastic hysteresi.s requires further in-
vestigation. :

In conclusion, I wish to express my great indebtedness to Mr.
TFukucli for valuable information concerning the geological and
petrological character of rocks examined in the present experiment.
My best thanks are due to Professor H. Nagaoka and also to
Professor A. Tanakadate, without whose valuable advice and most

kind guidance I could scarecely have succeeded in carrying out this
experiment. ” '
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TABLE XII. - Time-lag !
r t
KR I log 10
0.00001 - 0.0020
0.0001 - 0.0063
0.001 ; 0.0207
0.01 C0.0656
0.03 | 01150
0.05 | 0.1493
0.07 f 0.1775
0.1 | 0.2139
0.2 ; 0.3113
03 0.3936
0.4 | 0.4710
0.5 j 0.5487
0.55 [ 0.5889
0.60 | 0.63u8
0.65 : 0.6752
0.70 ’ 0.7231
0.75 | 0.7759
080 | 0.8361
0.85 ! 0.9077
0.90 . 1.000
0.95 | 1140
0.96 ’: 1.182
0.97 1.234
0.98 1.303
0.99 1.414
0.995 1.517
0.9995 1.817
0.99995 | 2.074
ete. : ete.

1.00 o
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TABLE XIII. | Llastic Recovery].

7

v st

o
0 i 0.000
1 | 0.760
2 | 1.175
3 1.665
4 1974
5 | 2.929
6 2444
7 ' 2.629
8 , 2.789
9 _ 2.930
10 o 3.055
11 -. 3.167
12 3.268
13 - 3.359
14 ' 3.451
15 3.517
17 | 3.650
19 3.765
929 3.907
9 | 4.025
30 | 4182
35 | 4.305
40 4.400
45 4479
50 ; 4.545
60 " 4.638
70 | 4.725
80 4.785
ete. ete.

o0 : 5.267
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TABLE XIV. { Blastic yielding|.
p flogyllip+1 p log,; /'{p+1{| p llogulTip+1il p log,, I"{p+1{
1 0.0000 | 26 26.6056 | 51 66.1906 | 76 111.2754
2 0.3010 | 27 | 28.0870 | 52 67.9066 | 77 113.1619
3 0.7782 | 28 294841 | 53 |  69.6309 | 78 |  115.0539
4 1.83802 | 29 30.9465 | 54 71.3633 | 7Y 116.9516
5 2.0792 | 30 32.4236 | 55 73.1036 | 80 |  118.8547
6 2.8573 | 31 33.9150 | 56 74.8518 | 81 120.7632
7 3.7024 | 32 35.4202 | 57 76.6077 | 82 122.6770
8 4.6055 | 33 36.9387 | 68 78.3711 | 83 |  124.5960
9 55598 | 34 38.4701 | 59 80.1420 | 84 | 126.5203
10 6.5598 | 35 40.0142 | 60 81.9201 | 85 | 198.4497
11 7.6012 | 36 | 415705 | 61 1 - 83.7055 | 86 130.3842
12 8.6803 | 37 43.1887 | 62 85.4979 | 87 132.3238
3 9.7943 | 38 447185 | 63 |  87.2972 | 88 134.2682
14 10.9404 | 39 46,3096 | 64 89.1034 | 89 136.2176
15 12,1165 | 40 479116 | 65 90.9163 | 90 138.1719
16 13.3206 | 41 49.5244 | 66 92,7358 | 91 | 140.1309
17 14.5511 | 42 51.1476 | 67 94.5619 | 92 |  142.0947
18 15.8063 | 43 |  52.7811 | 68 96.3944 | 93 144.0632
19 17.0851 | 44 - 54.4246 | 69 98.9833 | 94 | 146.0363
20 18.3861 | 45 56.0778 | 70 100.0784 | 95 148.0140
21 19.7083 | 46 57.7405 | 71| 101.9296 | 96 | 149.9963
22 21.0508 | 47 59.4126 | 72 | 103.7869 | 97 151.9831
23 22,4125 | 48 61.0939 | 73 | 105.6503 | 98 | 158.9743
24 23.7927 | 49- 62.7841 | 74 |  107.5195 | 99 155.9699
25 25.1906 | 50 64.4830 | 75 109.3946 |100| 157.9699
i
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TABLE XV. (1)

.4 Hysteresis Function {.

61

Tables XV. (1) and XV. (2).

$1A2 +1

.n e ‘glal— ;
» _ (A= + LT
express the amount of the elastic . '
yieldings after first reversals, the 6 —0.036
amplitude being 10. 7 —1.065
The wvalue corresponding to —8 —9.199
n=0 1is the amount of residual _9 _3.994
twist at the instant when all the 10 48 49
couple is just withdrawn, ‘
—11 —5.502
—12 —6.680
—13 —17.886
" Tog,, I 2A—n+1§A_ : —14 —9.115
M A=+ 1T L 15 —10.867
2 7.601 —16 —11.640
8 8.078 - ~17 —12.935
7 8.238 —18 —14.250
6 8.180 —19 —15.583
5 7.958 —20 —16.935
4 7.606 —-21 -18.306
3 7.146 —22 ~19.692
2 6.595 —23 — 21,096
1 5.966 —24 —22.515
0 5.267 —25 —23.950
-1 4.506 —26 —25.400
—2 3.69) 27 —26.864
-3 2,824 . —28 —28:343
—4 1.912 —29 —29.837
-5 0.958 —30. —31.340
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TABLE XV. (2).  Hysteresis Function}.
| R '
| ["29[._72] &-1( [:2A—7I+1:

Y ) l — ! Og . ; - -
n 08y [T1M—ntl:] i 1J[[=9}[_n+1;]_
| I
—81: —33.058 —56 | —74.197
—32 —34.388 —57 | —75.962
33 —35.931 —58 —77.735
—54 —37.486 —59 79515
35 ‘ —39.052 ~ 60 —81.302
—36 —40.629 —6l —83.096
—37 | — 42,217 —62 —84.897
—38 —43.817 ~ 63 —86.705
-39 | —45.426 ~64 —88.519
—40 ‘ —47.046.. ~65 | —90.23Y
—41 ‘ —48.676 —66 ‘ —92.167
—42 —50.315 — 67 ‘ —494.000
—43 —51.965 68 —95.840
—d44 —53.624 —69 | —97.685
—45 | ~55.291 —70 | —99.537
—46 —56.968 71 ‘ —101.895
—47 | —58.653 ~72 —103.259
—48 — 60.348 —73 —105.129
—49 —62.051 —74 —107.005
—-50 —63.762 . 75 —108.866
~51 | —65.481 —76 —110.772
—59 —67.209 —77 —112.665
~53 —68.944 —178 —114.562 .
—54 —70.688 —79 —116.465
—55 —72.438 —80 —118.374
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TABLE XVI. (1) § Hysteresis Frunclion ).
Tables XVL (1) nd XVL (9) | ,, logloﬂ%?‘=1f;;< [EALCZAR g

express the amount of the elastic [Fo8t=p=15]
yielding second reversals, | —3.103
the amplitude being =10. 9 _ 92339
The value corresponding to | g —1.508
p=0 is the residual twist swiviv- | 4 —0.635
ing the couple after one cycle of | r  0.98°2

twisting and untwisting. |

6 1.241
7 2.237
S 3.270
T4+ p+ 1 [IA+ ip+12 ) 9 4.335
P B T R e ] 10 5.432
-9 —5.502 11 6.558
—8 —6.059 12 7.713
-7 —6.330 13 8.894
-6 —6.355 14 10.099
-5 ~ 6.209 |15 11.329
—4 —6.026 16 12.584
-3 —5.530 17 13.857
-2 —5.039 18 15.151
-1 ~4.472 19 | 16.467
0 ~3825 20 17.901
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TABLE XVI (2)." { Hysteresis Function].
oo 1‘349(fpiii[F§91»+p+1212 o g, DHp L[ A p 1T
=1 [ 8A+p+1t] P Sto [Fi3+p+ 1P

19.154 v 41| 49985
20525 49 C 50.916
21.912 43 | 52.557
23.316 | 44 54.208
24.737 45 - 55.868
96.173 46 - B7.537
27.624 47 59.215
29.089 48 60.902
30.568 . 49 | 62.599
32.061 150 © 64.303
33.568 51 66.016
35.086 52 | 67.737
36.618 53 69.466
38.161 54 71.202
39.717 | 55 | 72.947
41.984 56 | - 74700
42.863 57 76.460
44.453 58 78.227
46.053 59 80.002
47.664 - 160 . 81.783
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TABLE XVII - { Hysteresis Function}.

o] e [,rw-nw,[l”*%% i |, gm*ﬂw w1} [ f-nir |

”’[F o =n1 ) PLL§UA-nt1 ] [1{oU-nt1 { P T U=t} P
9 ' 6.558 —16 —11.927
S 7.111 —17 - _13.211
7 - 7.338 18 14515
6 7.339 —~19 _15.840
5 7.171 —920 _17.183
4 - 6.869 —a1 - —18.540
3 6.452° —929 —19.936
2 5.940 —923 21.820
1 5.347 —924 92732
-0 4.681 —25 —24.160
-1 3.952 —26 —25.606
—2 3.163 -7 —27.062
—3 2.323 —28 —928.535
—4 1.435 —29 —30.020
—5 0.504 —30 —31.520
—6 —0.468 —31 - 33.083
-7 —1.478 _32 —34.558
-8 —2.524 33 —36.096
—9 —3.602 84 _37.647
—10 —4.711 —35 ~89.208
—11 —5 849 —36 —40.781
—12 ~7.016 —37 — 42365
—13 —8.207 —38 —43.961
—~14 —9.494 —39 _45.566
—15 —10.664 —40 —47.183
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TABLE XVIII.

§ Hysterests Function .

P log,o

IS eWor | [ oot { L Wbt} T

[ Ao { P Arin P

2‘7 loélo

0 BO

o i

O P T >

10

11
12
13
14
15

- —5.849
—6.414
-—6.651
—06.664
—6.506

—6.212
—5.806
—5,304
—4.720
—4.063

—3.338
92575
—1.731
—0.841
0.073

1.035
2.040
3.078
4.150

5.259

6.384
7.544
8.729
9.938
11.173

T[T Qo LA
[e2eon {FLT {s2erer{

16 12.430
17 13.709
18 15.007
19, 16.327
20 17.664

Tables XVIL and XVIIL ex-
press the yielding after third, fourth,
and fifth reversals.

In Pl. XXVI, the first branch
starting from the origin corresponds’
to TABLE XIV, second branch to
T. XV, third branch to T. XVI, ete.

ete.

S = 0 W

Lt [T Ao (P Tl

7)) (i1 LTS :
O DR (V[ Tyt P10 -nt1 (T

6.384
6.942
- 7.173
7.178
7.015

St S .~ ® ©

6.715
6.304
5.796
5.207
4.544




Remarks.
PL 1.
Fig. L
Pl I
~ Fig. 2
Fig. 3
Fig. 4.
Fig. 5.
Pl 111,
- Fig. 6.
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LIST OF PLATES.

Unit of the couple=6.712x10° c.g.s. unit; it is de-

noted by .

Unit of the twist=1.845x10"% radians; it is denoted

by z.

Unit of the time=one minute; it is denoted by ¢.

Unit of the temperature=one centigrade ; it is denoted

by T.

Preliminary ~experiment, on sandstone, shows great
deviation from Hooke’s law and the existence of

torsional hysteresis.

Front-view of the twisting apparatus.
Side-view of the twisting apparatus.
Plan of the whole arrangement.
Frame-work carrying the mirror.

Curve A. Yielding of -the support.

Curve B. Twist of specimen No. 12,

- They show that the result of observation is mnot dis-

turved by the yielding of the support.

Pls. IV. and V. : : ,
Figs. 7. and 8. Effect of cyclical application of positive and

Pl. VI

Fig. 9.

negative couples, gradually increasing in their
\
absolute amount. They show the existence of tor-

sional hysteresis, even in the case where Hooke’s

law holds tolerably good. Specimens No. 32; and 8.:

Relation between the negative couple required to
anvihilate the residual twist and the original couple.

Deduced from the observations in Figs. 7 and 8.
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Fig. 23. Relation’ between the residual twist and the ampl-
itude—i.e. maximnum amount of the applied couple.
Fig. 24. Relation - between the‘lmodulus -of  rigidity and. the
amplitude in the specimens. No. 32, and 8,.
PL VIL .. e .
Fig. 10. ZElastic yielding of specimen No. 38, under coustant
\ couple. . o ,
Figs. 42 and 43. Curve of the IElastic Recovery. The speci-
men, No. 4, was subjected to the twisting couple,
M;=2000 and M=1500, during a week and then it
‘was released . from the couple ; i.e. M,=2000 and
T - M=0. _ :
A Fig. 53. Theoretical curve for Elastic Recovery.
PL VIIL
Fig, 11. Elastic. Yielding of specimen. No. 4, under several
constant. couples.. T
Fig. 14. Theoretical curves for Elastic Yielding.
PL IX. . Lo DR
Figs. 12 and 13. Relation between the rate of elastic yielding
and time. These are deduced from the observations
given in Fig. 11, Pl. VIIL; the specimen emploied

-being sandstone. Tull lines are theoretical curves.

rL X. ‘ L

Figs. 15-18. Tlastic Yielding after long time. Specimen
L No. 4,. ' \
Pl XT1.

Figs. 19-21. In each figure, the upper curve shows the
variation of temperature with time in the laboratory,
while the lower curve shows.the variation of the
amount - of twist in corresponding time. Specimen

. No. 4. | o ‘_

- Fig. 22. Relation between the change of the amount of twist

-and ;the temperature-variation. This is deduced from
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those in Figs. 19-21.
Pl XII.

Figs, 25 and 26. In these figures, each series of observa-
tions admits of being connected by a straight
- line, so that Hooke’s law lolds - tolerably good. The
difference of inclinations, however, shows that the
modulus of rigidity never remains constant. These
observations were made on one and the same. speci-
men ; i.e. No. 4,, Thus, approximate comformity to
Hooke’s law is no proof for non-existence of hys-
teresis. .
Pls. XTIL-XVIL. | |
| Figs, 27-41. Examples of torsional hysteresis in several rocks
 of different kinds. -
Specimens : No. 3, (M,=1000); 3,; 8,5 5, 6,3 6,5 10,;
95 83 T3 8L; 18,5 17,3 3, (M,=2000); and 3
(M,=800). '
PL. XVIIIL _ _ v
- Fig. 44. Effect of the :'[v.elastic recovery on the 'éyéles. The
- spécvimen_,“N'o.. 35, Was subjectéd under the twisting
couple, M(;:.ZOOO, M:SOO, during. 306.5 hours and
then taking that strained state for the ce;itr/e' of
| symmetry -of the cyclié process, it was twisted to and
fro. ' | |
Pl XIX. }
Fig.. 45. TwisLipg and untyyisfing, ‘th_‘e- centre of Syfnmetfy
. B being situated at a twisted state.
PLOXX. : o .
Fig. 46. This shows that the modulus of. rigidity diminishes
when the amplitude of the eycle is increased, but it
increases when the centre of symmetry of the cyelic

process is deviated from . neutral state.
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Pl. XXI.
Fig, 47. Iffect of the time on torsional hysteresis. Speci-
. men No. 14,.
Pl. XXIIL _ .
Fig, 48. Ixample of neutralization of a wnoun-virgin piece.
- Specimen No, 16,
Pl XXIIL '

Fig. 49. Turther example of torsional hysteresis. Specimen

No. 14,.
Pl XXIV.

Eig, 50. Gradual diminution of the modulus of rigidity, from
perfectly rigid substance to metals and then to rocks
and ideal fluid. Axis of abscissa and axis of ordinate
correspond to perfect rigid substance and ideal fluid
respectively.

Specimen ; Soft iron; Nos, 7,7.; 17,; 14, 2,; 16,; 3,;
32,.
Pl XXV,
Figs, 61 and 52. Time-lag due to inertia. Theoretical curve.
The moment of inertia in the former is three times
smaller than that of the latter.
Pl. XXVI. ,

Fig, 54. DParticular example of the Hysteresis-function due to

the elastic yielding. |
Pl XXVIL

Figs, 55-59. Examples of the torsional hysteresis due to
the elastic yielding, calculated from the Hysteresis
function by giving different values to the constant
involved in the function and to the part which is in
comformity with Hooke’s law.

In each figure, an inclined straight line represents
what the curve shrinks when the yielding becomes

negligibly small.
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These Tigs. are to be compared with those in Pls. XTIV,
and XV, which have been drawn from the results

of ol sarvation.
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