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1. Introduction.

In the previous paper' we concluded that the aseismic properties
of a gozylinotd (pagoda) were mainly the result of Coulomb’s damping
in every columnar part between the roof truss parts. Since the struc-
. tural members in the columnar part are connected by joggle joints, and
not by simple slip joints, Coulomb’s damping of vibration increases with
increase in relative displacement, so that it is possible to put the damp-
ing force in the form

Fi(Yn—~Y.-1), (1)
but not
Fpi(Yu—"Y,-1) o (2)
as in the case of viscous damping, nor . ‘
Fi (3)

as in the case of constant damping for any amplitude including the
motionless state. In the expressions (1) and (2), ¥., ¥..: represent the
displacements of two adjacent roof truss parts, and p the vibrational
frequency. ,
Although in the previous case, we did not specially refer to the
effects of the inertia mass nor to the natural period of every part of
the roof truss, three elements, namely, the elastic force, damping resist-
ance, and the inertia force in every vibrational part, contribute, as a
matter of fact, to the damping phenomena of the structure in seismic
vibration, the reason of which is apparent from our investigation of
the dynamic damper of structural vibrations. Since the case treated in
the previous paper was one in which the mass, stiffness, and damping
resistance are respectively the same for any part of the roof-truss,
the damping condition of the gozylnotd was naturally satisfied. Such

1) K. SeEzAwa and K. KaNal, “Further Studies on the Seismic Vibrations of a
Gozylnotd”’, Bull. Earthq. Res. Inst., 15 (1937), 33~40.
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resonance curves as those in Fig. 3 in the last paper® are scarcely
obtainable in the usual structure, even were an artificial damper fitted.

2. Analysis of the quality of vibration damping in a gozyinoto.

: It is extremely difficult to analyse the quality of damping in a
gozylinotd, assuming that every part of the roof truss is a special damp-

ing mass. Although it is possible for
the solutions (7)~ (12) in the previous
paper” to be analytically correct, since
those solutions are too complex to be
of he]p in obtaining. a comprehensive
insight into the mechanism of the damp-
ing problem, we shall now suppose that
only a mere part of the roof truss acts
as a damper to the vibrations of all the
remaining parts, making the problem a
very idealized one.

~ Let us assume that the gozyfinoto
vibrates as a whole with a shearing
type of vibration, the equation of mo-
tion of the roof truss part being there-
fore

S =Ga (4)

Z:ZZI

Fig. 1.

where y is the lateral deflection at the roof truss part x, a the area of
columns of length [, at a section, m the mass to be concentrated at each
part of the roof truss, and G the effective shear modulus. Since each
elementary part of the structure never moves with a vibration of shear-
ing type, but rather in flexural vibration type, we have, from our previ-

ous result,®
ERr

L

G=124

Writing m/al,=p, (4) reduces to

32y oy

ot a2’

the solution of which is

2), 3) loc. cit. 1).

(5)

(6)

4) K. Sezawa and K. KANAL Bull. Earthq. Res. Inst., 12 (1934), 819.
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y=c"{Ac? + Be™), | (7)

where .
f=vrp?G. ' (8)
Assuming that the restitutive force and Coulomb’s damping of a
special roof fruss part (uppermost roof truss part including XKurin,

that is, a central nine-ringed pinnacle, in the present case) for relative
displacement £ are

. ) Y 0
C2(=c5,e™), fp——ﬁ—(ﬁ' 2) (9), (10)

respectively, we find the boundary conditions to be

x=0; y=>be", (11)
W e M
w=1; Gargy —oi=t- =0, (12)
A
M( oot o )+c5+p =0 (13)

corresponding to the seismic vibration of the ground,
bei]»t, (11/)

where [ is the effective height of the gozyiinot6.
Substituting (7) in (11)~(13), we get

b — 7] ‘fal y &l,lﬁ#
AD = be- f[{ (=t il c}] (14)
o] GO _ Yy pd g
meef[l (12 + fl o i c} , (15)
&= 25" (y, (16)

oal le

) [{ ]&_( M Ga ——(f)2— )cosfl+flsinﬂ}

{1 sinf1— 14
+zc{flsmfl T cosfljl, an

so that the final solutions are such fchat
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/R?¥+ S2 @ S
y,z,—b;/l_.,—z_l_—@cos(pt—tan —I—J——tan 7%-)’ (18)
(12

Q

)"__ —_ —1~__
§=—b- /P2+Q2cos<pt tan P)’ (19)

where

_Ga g, ol gt
R=Z (=Y, S=HrL (20, (21)
G gye 0N oy fisingl 22
e (fH MJCOSf+fsmf (22)

= in fl— L% cos 1)

Q=~ {fzsmﬂ o oSl (23)

It will be seen that the vibration amplitudes of a gozyiinotd are
functions of Ga/le, M/pal, t'/c, besides the frequency condition fI. Since

M Damper ‘mass

};ﬂ Mass of main part’ (24)
EE‘/M TG T
leV pal — 27 ¢V o2 7T,

_ Natural period of damper part , 25)

Natural period of main part

it is possible to conclude that the ratio of the natural period of the so-
called damper part (the uppermost roof truss part) to that of the main
part and also the ratio of masses of both parts in questlon greatly
participate in the vibration of the gozytinoto.

The free vibration period of the main part of the gozyiinotd is
obtained by putting the solution (7) in

r=0; y=0, (26) .
. oy
x=l; a0 (27)

from which the period of the free vibration becomes
(28)

The free vibration of the uppermost roof truss part that is to be a
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damper is defined by

da* +,u ds
dt? pvdt

c£=0, (29)

from which the pei‘iod of its natural vibration and the damping coeffici-
ent assume the forms

e /(G ool
=G =G} s Gan):

When, Spemally, the period of the main structure is equal to that
of the damper, we get

fe(2ys

which is one of the efficient damping condition of the structure.

By using the above equations, it is possible to understand, mathe-
matically, why a gozylinotd resists seismic vibration.

3. Some numerical examples, and the interpretation of the problem.

It is uncertain whether or not the roof parts in an actual gozyi-
notd are in the condition of the most favourable dynamic damper. Even
an accurate observation of the seismic vibrations of a gozylinotdé would
not give us the information.

From Omori’s report,” the natural vibration period of a gozyfino-
t6 is more than 1 sec, and the amplitude of the free vibration dimin-
ishes to about one-half its initial value after three or four cycles of
vibrations. Although the damping coefficient of the free vibration of
the whole gozylinoté can be obtained by solving (17), since its treat-
ment 'is extremely difficult, we performed a number of tentative calcula-
tion from Omori’s data with repect to the free and forced vibration
experiments of gozylnotos, after which we found that the following two
examples represent the most probable condition of the actual towers,
or at least a condition that is more favourable than what is actual.

Ty
T,

pal

(i) =5

=1, ’-;1:0045 ; (31)

5) F. OMmoRI, Bull. Eairthq. Inst. Comm., 9 (1918~21), 110~150.
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(ii) L5, 22=1370, -~—045 (32)

The resonance curves for the two cases are shown in Figs. 2, 8.
"The full and broken lines in these figures represent the displacement
ratios of the uppermost point of the main part and the damper part
to the ground vibration, namely y,./b, &/b respectively, whereas the
dotted lines indicate the phase difference between the displacement 7 at
x=1 and the displacement &.

The solution (18) shows that the displacement y is independent of
/!, provided

g (fl)z pal i ‘ ;,n_al_
| , o | = . (33)
t‘ {%(ﬂ)z— ‘(]%l—r} cosfl—k]‘lsmfl’I g flsinfi—-" M—— cosfl‘

This shows that the ordinates corresponding to the abscissae, for which
(33) holds, are constant for any damping resistance of the damper
part, unless the value Ga/le, showing the frequency ratio for both
parts, and pal/M, showing the mass ratio for the same parts, were not
changed. There are an infinite number of such points for a wide

13’—'

P

I

Fig. 2. Case (1), pal/M =5, [c=0-45, T:/T,=1; Full, broken, and
dotted lines represent y.-;, &, and phase dlt’ference respectlvely

range of the vibrational frequencies. The same points for low vibrational
frequencies are shown by the symbols K, K’ in the figures (fl=1-191,
1-8523, ------, in Fig. 2; fl=1-0241, 1-5859, -..... , in Fig. 3).

When the damping force ;/ is infinitely large, the damper part is
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in a condition that is rigidly fixed to the main part, so that resonance
curve that passes through K, K’ has a peak, of infinite height, at fl=

05 Il 1{5 z 25 5 3\-5 4 45 |5 5!5 [
Fig. 3. Case (ii), pal/M =5, ¢//e=0-45 T2/T;=1-370; Full, broken and
dotted lines represent y.-;, &, and phase difference respectively.

7/2; whereas when the damping force is zero, the damper part is con-
nected to the main part only elastically, so that the resonance curve
that passes through K, K’ then has two peaks, of infinite height, nearly
at the same abscissae corresponding to the peaks (left-hand two peaks)
in the figures.

Whatever case may be, it is impossible to get resonance curves, the
peaks of which are lower than the ordinates at K, K'.

Higher resonance conditions occur at the frequencies fl=(n-1/2)x.
In Figs. 2, 3 the second resonance corresponding to fl=3w/2 is given.
Since the action of the damper part on the main structure is effective
only near the first resonance condition fl=n/2, the peak at fl=3m/2 is
extremely sharp. It has often been remarked that mathematical sharp
peaks at higher resonance are not of practical importance. In the
actual condition of a gozylinotd, since there are five damper parts, the
peaks of higher resonance are never very marked, as will be seen from
Fig. 8 in the preceding paper.”

6) loc. cit. 1). It should be borne in mind that the condition of the problem in
the present paper differs somewhat from that in the previous one. While in the previ-
ous case there was damping force in every columnar part, in the present case, on the
other hand, no such force exists excepting in the part between the fourth and fifth
roof truss parts, the result being such that the damping condition of the present case
is effective for a moderate value of ///c.
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Comparing the full lines with the chain or dotted lines in the
resonance curves in Figs. 2, 8, it will be seen that the damping effect
of the damper parts in a gozylinotd is enormous.

It should be borne in mind that, as we have stated in the begin-
ning of the last section, the damping condition here given is merely an
idealized one. The result of the damping effect of the actual gozyunotd
would be of the type shown in Fig. 3 in our previous paper.” Since
in the previous case F/Mg (=p'/Mg)=02487cm™" and M/c=0'002052
sec?, it follows that p//c{=(¢//Mg)(M/c)g)=02487.0:002052.980~<0'50,
which is approximately the same as the value of #//¢(=0-450) in the
present case. Although the ordinate at the peak in the resonance curve
in the previous case was less than 25, the same ordinate in the present
case is larger than 5, which shows that the damping condition in the
actual gozy{inotd should be much more effective than that in the present
idealized one.

In conclusion, we wish to express our thanks to the Council of the
Japan Society of the Promotion of Scientific Research, with whose aid
progress in the present investigation was considerably furthered.
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LHREOBIEME L AMHILE . Coulomh FIEEMRCIH S 12 % I OFE~TECTD, %
DAV DN L OTL A RYORRY HOTDTH S, 23 LHE~TUL2 2z D3
SR 2« 0B ESHIO T E Y —EIL L HOWEOBMMR CEHEAD K v« —EI1Z LThHoT:
DTHHH, LITLITHRNT 2 I 20BEMONBEHRESEV RO Llle o2 s e 2mT
DTHS. FHILHRREIZONEVRKICR, Hoz o ARKRBAN LEEEIROMBIIE
BEAD» 20D THan s, IOWMOMERRIIERIOH TR, MHEROWELTL L e
TI2RNADTHSE.

SHEVHIBEHMTH O 6, NBHEHFEROMOOIMT P HREDMHEME L Lo H B
LELLOTHE. ZNTHIL-0OBOBMBINILES B (AP &4) PHERSRE~, 1
DRI 2TRAME 2 Lk LGRS T M BHBRHAN THOC I OWMOR L Y L —FR
Broln<zs0TdHs,.

7) loc. cit. 1).
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ZORBRL R AEHAY IONOLEIRTHALTHIDIL IO T, RO LDOLY
bRZTLNUHFETH S, HESORBUBELMONRD 15 L1, BTHEFHo LD
SYLEHDNERTLFETH L. T LTLHRMROR LRREMOL S 35 BTN
LT 2T 5. ], HEEHOH 2R LOIR (T LTI SHIRMEM 2B~ T8, Lo L
EROBIRI{IE « OWHREAVEH 1 o2 (IS OB TAIIRONLOTHS., 1 O%
7ﬂn%®t®xty-owmpvl%Emﬁ+m%ﬁvm&#®ﬁm%ﬁ0%AlRQHU%
BOEFRINLLOTH 5.

BN OKR ST SQRIVBRE LTOTHL , KRV AT LREORIERO Al &
BERDOWREE» ORELIOTHS. BENVIRHAN» O EDT. HIBOLBEHIZRT
(1, I ONOBEC RSO RMREIREN DD 2035 »I4MOBHREBIFH >S5 »
by o0 (ZAEHRTLH L) HOZRIEUESSELCLOTHE. Lo LIRS OO
ILHBEEPHESC LDNTBEO VD3 Y L —FHENO L ERZEYH AL S0 ELFEORET
bHa.

Corrigenda to the authors’s paper, “Vibrations of a Single-storied
Framed Structure”, published in the Bull. X (1932), Part 3, p. 767.

From the nature of longitudinal thrust in floor beams, the condi-
tions (33), (44), (52) in the paper should be replaced by

Elalkl(dul dul_*_dul) 20alp'u‘, l

daed  dx?
Uy =y =Uy. J

Since, nevertheless, the thrust in question is not large in such a parti-
cular problem as in the same paper, the numerical result obtained had
no much error.




