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1. Introduction.

After several investigations since last year we have qualitatively
ascertained the nature of energy dissipation in seismic vibrations of
a structure. Since in spite of its importance on the earthquake-proof
construction the problem hardly received the attention of investigators
until recently and furthermore the treatment of the problem was not
too easy, we took a somewhat approximate method of solution, parti-
cularly in the form of dissipating waves, with a view to obtaining
qualitative results as simply as possible. As a matter of fact, the
scattered waves that dissipate from the structure into the ground are
longitudinal as well as transverse waves, associated with surface waves,
the consideration of all kinds of disSipating waves in an exact way
being therefore practically. impossible. We made consequently such a
rough approximation with respect to the form of scattered longitudinal
waves as taking d=a cost exp.i(pt—hr)/r instead of its more accurate
form d=acosl exp.i(pt—hr){1/r+1/i kr?}, under the assumed condi-
tion that the surface waves are temporarily omitted. The next step was
to use a rather general case, ¥,_o=%c,.o+%,_. o_, and Oup/ow,_o =0 finite,
in lieu of its more convenient condition, Ym0 =g z0+ Ugsmg+ Upeeg, g=o aNd
0 (ty+Uy) [02,2=0, where u; is the displacement of normally reflected
waves. Another important assumption was to put A=14z in place of
taking arbitrary 2 and p. Furthermore, we neglected higher orders
of such apparently small quantities as ¢, the result of which is some-
times contradictory to the assumed condition of the problem. Gener-
ally speaking, however, these assumptions are not likely to affect the
main charater of the problem resulting from its solution, owing pro-
bably to the reason that the assumed conditions deviate little, physical-
- ly, from the actual ones.” Since, on the other hand, our study is being

1) K. Sezawa and K. KaNAI, Bull. Earthq. Res. Inst., 13 (1935), 682~683, 687,
690; 918~919.
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understood more or.less by many investigators quite recently and the
assumptions above cited are liable to be criticized by them, we are
now in position to improve the problem in a stricter way. Our new
study attempted from this intention, shows that the calculation under
the improved assumptions is not too much difficult and furthermore
gives rise to such new results as incapable of being found in the
previous study. The theoretical part of the improved problem will be
shown -in this paper.

2. A simplest structure subjected to incident longitudinal waves.”

Let the incident and reflected ldngitudinal waves with their dis-
placements orientated vertically be -

uo —_ ei(pt +hr) R u") — ei{pl- rr) s (1 ) -

Where h2=pp?/(A+2p). The scattered longitudinal as :
well as transverse waves and the vibration of the struc- ~sz~
ture are expressed by :

Jd=acosl e“"“"’?(l + 1—) , \'{BA
r

thr?

(2) Fig. 1.

w=—f sin0e“"“"”(l+ ; 1 ) )
_ r o tkr?

a d 1 1 \
—_— 0___61(1)1—1‘“*)(_ + =,
b h? €08 dr r  thr?
3)

_i : l i(])l—hr)(l 1 ) '
vl_hz sinf " e ., + )

J

Uy= _ 4B cos 0le"<""’”>(—1— + - 1 ) ’
k2 r r o ikt

Vy= 28 sin 0_1__d_e“7"”"’3(1 + _1 ) ,
k? r dr ikr

(4)

J

u/ =Bei(p[+h’x) + Ce'i(pl—h’z) s . (5)

h2—= pr* k2— pp* ,  h'2= p'p? , - (6)
Av2p’ 2 E

where u,, v, and u,, v, satisfy accurately the equations of motion for

both longitudinal and transverse bodily waves and «’ that for the vi-

bration of the structure; p, 4, ¢; p',E being densities and elastic con-

2) Bull. Earthq. Res. Inst., 13 (1935), 682.
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stants of the earth and the structure respectively.

Let us assume that the structure is a uniform circular cylmder
of radius e and of length [, then the boundary conditions are such
that, at the upper end of the structure, z=—I,

u' o, M
ox v
and at its lower end, =0, r—e,
(1 + ) wax = — (V1 + Vy) . » (®
' =uy+us + (U +us) g0 , (9)

Em_z?i‘;g S p[ 201+ o) ”l+”2+la(“1+”2)}r2sin20d¢d0,

ox or r  r ol
=0 Y0=0 .
P=27 0=%
+ S S {).d+2/1%%:'i“’)} 7% sinfl cost dedf . (10)
=0 Y 0=0

Substituting the solutions in these conditions and taking the real part
only, we get

uy=cos(pt+ hx) , : 1
D
w = f};—zj':é;_ cosh/(z+1) cos(zot+tan‘1 ? tan"Q) , (11)
1
where
_ 3L
= i
3Ee

AL sinh/L,

Q=2I;cosh'l +
Y2/
=3 +u(h'1)2(i—3;/i+ 2),

r= V»(h'l)fs( p42+1>+u(h’l)( +2— 2;/‘+2)} (12)

Ay=—t 42 e,
T (D

A= v (W'D ('/x vo +2),

pEe
P (A+2m) B
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The right-hand term under the root sign of the denominator of (11)
represents the effect of the dissipation of energy scattered as seismic
waves. The larger the absolute value of the term under consideration,
the larger will be the decrease in the amplitudes of vibration at the
period corresponding: to the resonance condition, 277 cosh/l+ (3E¢/pl)-
A,W'1sink’'l1=0, of the case without dissipation of energy. It should be
remembered that the equation showing the resonance condition in the
present accurate calculation is somewhat modified from the previous
one. Numerical examples of the result -of the present as well as fol-
lowing sections will be left to next occasion.

3. A tall structure with rigid floors subjected to incident transverse
waves.” '

Let p, 2, p; p' (=mfaly), G(=124E72[t;) be the density and elastic
constants of the earth, and the effective density and the
effective rigidity of the structure, where E, j, 1, a are K
Young’s modulus, radius of gyration of section, length '
and total sum of the sectional areas of the columns be- .
tween two adjacent floors respectively. Provided the
incident transverse waves in the earth are transmitted
vertically upwards, the solutions of the incidednt as well ~
as reflected waves, and those of the structural vibrations Fig:. 9.
are as follows:

u0= ez‘(ka.ﬂ) , u6= 6i(y»t—kx:) s ] (13)
w! = Bl D 4 Cgitt-+2) (14)

where I? :‘,opz//z, b 2=o'p¥ @, the forms of scattered waves being the
same as those in (3), (4). The boundary conditions are expressed by

2 =0 (15)
at x=—1, and o ) )
(% + Up) rmoe. = — (V1 + V) max. (16)
w =g+ U+ (Uy+ )00 a7)
o= B=m
Gnsﬁa&’:S S /I{a(”l"'vz)__’vr*‘ Vg +_1_6(11,1+u2)}?¢ sin20dedd
ox oo Joce or T T 6l

== J0=7
+ S S {u + 2/18(_“181%_2)} 22 sinfl cosfdgdd, (18)
.

=07 0=0

3) Bull. Earthq. Res. Inst., 13 (1935), 687.
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at x=0, r=e. Substituting the solutions in these conditions and tak-
ing real parts, we obtain

u,=cos(pt+kzx), (13%)

T2+ T2
PP+Q

w = cosk’ (z-+1) cos (pt+ tan" —tan~! Q) 19)
1

where

P=2I cosk/l+ 3‘55 AL sink'l,
H

Q=21 cosk
1}:3(%+2)+u(k’l)2(%—3'/»:-‘j),
L =v'7 () {3(%+2+ ;/—g——;;)+v(k'l)2(‘/f:l—-l-2—2>} o (20)

A1=(-2#i+5)—u(k’l)2,

, 3Ge
24

A2=1/7(k'z)<2,/-p+1),

— pGe
P

The solutions show certain features of vibrations similar to those in
the previous case.

4. A tall structure with flexible ﬂoors subjected to incident trans-
verse waves.”

Let p, 4, p; p'(=mjal,),j be the density and elastic constants of
the earth, the effective density of the structure and the radius of
gyration of a section of a column, where m, I,, @ are mass concentrated
on every floor, and the length and total sum of the sectional areas of
columns between two adjacent floors respectively. From the equation
of motion of the structure

2, 2 4
8y+Ey oty =0,

1
oz ' p ort 1)

4) Bull. Earthq. Res. Inst., 13 (1935), 690.
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we find
yzeipt [Aeil/l_fn; + Be—il/l)—cx+ Cel/p'vz. + De—l/p-cz] s (22)

in which ¢=(p’/Ej%):. The forms of incident waves, u,, plane reflected
waves u;, and scattered waves, u,, v,; U,, v, are respectively the same
as those in (13), (8), (4). Using the same figure as Fig. 2, the
boundary conditions are such that, at x=-I,

oty 0%y

=0, =0; 23), (2

ox? ox3 (23), (24)
and, at x=0, r=¢,

‘ (u1+u2)nmx.= - (v1+ vs)max. ’ (25)
?/='Uo+ut’>+ (4 + %) -0, (26)

‘ 2
a p =0, (27)

., 0%y {8(1) +v,) (Vi+v) , 1 o(u,+u )} .
—Ene2i2 Y 1 2) __ 4+ L 2 25in20dodf
Brety a3 S S s or r r Gl i d

=T 0="
+ g S {ZJ+2,u_a_@lai@} r2 sind costl dedf . (28)
r
2=0%0=0

The final solutions in real forms are as follows:

uy=cos(pt+kzx) , (13")

Y= M/F +F’" cos lgot+tan'1 ? —tan“%}, (29)

1
where

M=cosV pcleoshV pe(@+1)+ coshV p el cosV pe(x+1)
+sinV p el sinhv p e(x +1) —sinhV p el sinV p e(x +1)
+cosV pex+ coshv’ e,

— — 3E¢j? /7
P=2(cosl/p clcosh/pcl+1)l‘1+ 0 / peb? (30)

. (cosV p el sinh? p cl+sin p cl coshv pel)4,,

S - 9 —_
Q:Z(cosl/p cl coshl/pcl+l)l“2+ 312;: (1/p cl)®

. (cos1/ P el sinhV/ ?cl+ sinv/ pel coshv' p cl) 4,,
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r= 3( +2>+V(1/pcl) (_—3;/ +z)
L=y v cl)z{?)('2 +2+;/—.+2) +v(V p el (,//jz 2)

4, —(2/—*+5) —(V pely, (31)

Ay= 1/7(1/'17cl)2<2;/-;—+ 2+ 1) ,

ye pEj2€2 )
ol

The resonance condition is specified by P=0, the displacement of the
structure then assuming the form

2 2
y:%é“jz_cos{pt-l— tan“Ti :l:%} .

5. " General theory in the case of a fm-med structure.

Incident, reflected, and scattered waves are assumed to have the
same forms as those in the preceding two sections. The solution of
the vibratory motion of columns between (s—1)th and sth floors is
determined from the differential equation of the type, °%,/oxl=0, as
follows:

Ys= (As+B.sxs+ Csx§+D.;xZ)eip‘ 4(8 :'1, 2, ] n) ’ (32)

where z, is the coordinate of a point of the columns measured nega-
tively from their respective lower ends, 7, the horizontal deflection of
point z,. Let I, E,, I, be the length, Young’s modulus, and the sum
of the moments of inertia of cross sections of all the columns between
(s—1)th and the sth floors, and m, mass concentrated at sth floor.
Then, imagining a figure similar to Fig. 2, the boundary conditions
are as follows. .-

—_ . . a yﬂ a y'n

r,= —ln7 A Enln ox '& + m, 8t2 =0 ’ o (33)
ayn L p ' azyn N
—Z*=0 (rigid floors), or —6—2—=0 (flexible floors), (34)

7 (13

xs:: ls’ x5+1—0 E.Hl s+1 a y8+1 =E [ a ys+m (35)

CEA .. ox} otz ’
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Ys=Vs+1, (36)
%—_—0, ay”‘ =0 (rigid floors),
axs ax.ﬁl
Y, _Ysu1 0% 41 2%y .
r D="dutl T —2M=F T % (flexible floors), 37
0w, T, e, Erl o 6D
(s=1, 2, -+, n—1)
x1=0 y T=E¢; (ul +u2)nmx‘= - (,Ul + vz)mnx. ’ (38)
le=uo+u; + (ul 'Fuz)r=!, 0=0» ‘ (39)
2
%=O (clamped base), or 0 yj=0 (hinged base), 40)
o, ox]

p=7 0="7t

.0 0%y {a(v +0,)  (V4vg) 1 O(u +u)} .

— E'me242 1 . 1 2) __ Y 2 - 1 2) Lp25in20dodd

e S g i A M4
@=0%0=0

P=T A0=T7
+ 1142221 Lo 50 cos dodd . (41)
or J 4 (
P=0%v0=0

Substituting the solutions for incident, reflected, and scattered waves,
as well as for the vibratory motion of all the columns in these
boundary conditions in respective cases it is possible to obtain the de-
flections or bending moments of columns. N

From the relations (38), (39), (41), which are connected with the
nature of dissipation, we obtain

9E1j‘i75

A, + AD,=2T, (42)
/1
where
[=I4ily, A=d,+idy,
r=3@+2m . (2 }/14-2,1 , ;
/1
1=/ f3 (“2” #f Y o, (123
43)
A1:2/1+5,u__ ¥
=/ (222 41),
. I
v___-El‘oIleZ'

rmyly
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These relations hold in any case of a framed structure irrespective
of the conditions of columns at the floors as well as at the base. It
should be borne in mind that the symbols

273 3
?’8=W1E8—pﬂ“ (S=1, 2, ceey, 'n) ) 03=EESvﬁ+}Ils‘:—llJ ’
> ;
sls shsbs+1 (44)

= IZ” (s=1,2,---,n-1)
are commonly used in (43) and in treatments which will appear here-
after. Again, in the subsequent sections, we shall mainly show the
general expressions of A,, B,, C,, D,, by means of which it is possible to
write the formulae for the deflections (or bending moments) of columns.
The expressions of bending moments will also be added, though for
simplest cases, with a view to getting a quick application of the result.

6. A structure with rigid floors and clamped base.>

From (33), (34), (35), (36), (37), (39) we find the relations such
that®

B,=0, CF%lSD“ (s=1,2,8, -+, n)

As+1=%(2As+l’:Ds), (=1,2 8, ---, n—1)

B,

D, =—sts
YU12R, L

{—2r5A3+ 12— n)liDs} , (45)

(s=1,2,38, .-, n—1)

A,=12=Tupp |
27,
By means of these relations and (42), we obtain the absolute values
of A,, B,, C,, D,, the final result being shown below. The incident
waves are assumed to be of the type e*%? in determining the coefficients
under consideration, whereas they should take the form cos(pt+kx)
in the solution of bending moments described here.

(i) n=1;
A1=2(£;71_)F, B,=0, DF%, cl=_;lle],
18E.j; l 0
(p=(12-—)’1)[’+—£7‘1/1 ’

Y2

5) Bull. Earthq. Res. Inst., 13 (1935), 700.
6) Ditto, 919.
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2 /T2y 2
Ezg_; / 2 p2m1=§‘_5_+i<1 422 )cos(pt+ tan‘1 —tan-! Q) (47)

vV P2+ Q2

where E=E,, I=I,, m=m,, l=1;, and

P=(12—p) [+ 1857

e Y

Q=(12— I+ 18/’? 18ET 14, .

(i) n=2;
A,=2l12 \ L
1= 7271 —'(12—7’1)(12—7’2)1—(0‘ s
D =—4{12r2771+ (12— 72)}m

r r
A,=-212(12 —7’2)7’7 y Dp= —'4-127’2725 ’

3 3
B]_=Bz=0, Cl_—:illDl, CZ=§_ZZD2’

0={12r, — (12— (12~ Tz)}r ISE‘7‘E{12rz771+rl(12—rz)}/1

o2y TE+ 17 2x
E1°1 |2 peml=6(r—24)y/ 21 ( 1
T / D (r—24) Pirgr T

. COS (pt+ tan"—r— tan“Q)
I

El_a;% / 2 pPml=6.12 1; +F ( +2””2
L3

SEl) —tan!

. cos(pt+tan T 7
1

in which E=E,=E,, I=I1,=1I,, m=m,=m,, l<l;=1,, and

2
={(12—r)2—12r}n+18f53 S @a—n)4,,

y2
o={z—n-12r| G+ AT @A) 4.

(48)

(49)

(50)

(51)
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(iii) n=38;

A1=2[12 yzrg{izm + (12-71)}

r
+ (2= {1207, ~ (2 -n) (270} | 7,
Dy=—4] 1207120, 1) + (12~7) (1277, 4, (12 B
1
Az=2-12{1277273~ (12-7,) (12_7'3)}% ’ : (52)

D,=—4. 12{12 12— }
2 Pe¥s+72( 73) V(P

Ay= —2.122(12— 7, )_1; . D= —4.122r3§,

3 3 3
B,=B;=B;=0, CI‘_‘:EZIDI’ Cz=§lzD2’ 03=§;3D3,
o=[ 125,120, + 210} + 2= {1207~ (127 (27 )| 1

18,72 | |
_711?_15[1277273 (20=7) + (12=71) {1207, + 1,12 —ra}[4. 3)
1 ) . l.

EI12Y1 | 2 pomi—6(12—7) (36 —7) r ity (1+2$1
o} Q2

. COS (pt +tan-1-2 ;: —tan—'X Q)

1

Elgi%g/zﬁml:ﬁ-lz(z‘l"ﬂ Bely +F ( +2x2>

(54)
. cos(pt+ tan-.-2 j: tan'lQ

1

E1%Ys y3/2p2ml_6 122 ey +g: (1+2””3)
3

. cos(sz+tan'1 ; tan"‘Q>

f! 1

in which E=FE =E,=E,, I=1=I=I;, m=m,=my,=my,, I=l=1,=1,
and o ' ‘
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P= (1728 — 864r+6072—73)r+18’7“ (12—7) (36 —7) 4y,
o (55)

Q= (17288647607~ 1) I3+ 12002 (12 -7) (86 ~1),.
/,!

(iv) The cases, for which n is greater than 4, will be dealt with
separately.

7. A structure with flexible floors and clamped base.”

In this case too we assume the incident waves, e+, in the
determination of A, B,, C,, D,, and the ones, cos(pt+ kx), in the solu-
tion of bending moments.

(i) n=1;
r
A= no

D1=271

B,=0, CL=SIID1 ’
o (56)
(p=2(3—7'1)1'+—lu%£71/1 .

B1ZY y/ szml_6(1+ )V 11;2+112 cos<pt+tan-‘£'é—tan“— » (57)

Q* : I P
where E=F,, ,I=Il, ..+, and
(58)
Q=2B-1+ 9’?{ S dy .
(i) n=2;
A, =2[3rn, 021 +401480) |~ G- 6-10 | 5
BIZO’
290 ) \ I
Cl=—6 3’772(2+25—€ 71)"‘?71(3—72) S
Jeo
r
D =—4{3 L(1—&2 3y )Vl
1 7. (1—=8%r) +7.( 72)”?0) (59)

Bz=12g{37772 (1+28)+ 71(3—72)}11(; ,

WA
DZ= _672(2+Erl)lg_(p’

C,=

I
o’

7) Bull. Earthq. Res. Inst., 13 (1935), 704.
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0=[87: (#0270 +401+30) | ~4G-1) G=ra |1

_18E%
7

form, (1= 47,3 -rld,  (60)
where £=¢&;, y=7,

0%y f a2+ 1
EIZ2L1|2 pPml=6)(18—57) +4(3—2r)21ly/ 1L T 12"
ax/ pPmi=6 ( r+4@=2n PiQ?

coe(pt+ tan-! 5: tan“Q ) R

1

(61)

%y ( »c) r2+r2

EI—_22/2 pml=18(2 1422)/ 1 T2

ax%/ pm=1SEEI\ TN Py e

cos(pt+tan“r tan"Q)
I
in WhiCh E=E1=E2, I=Il=12’ L
P=(36—108; + 7)) I+ 36E7 T¢@3—2n4;,

(62)

Q=(36—1087 +T72) I} + 36”4;3?'26(3-27)112 .
/l

(iii) m=3; the general case being omitted, it is assumed that E=E,
=E2=E3, I=II=IZ=I3’ .- e

Al=4(108—12967+39372—1373)§—, B,=0,

- T r
C,=67(216—2947 + 19r) 5> Di=2r(108—372+317%). 1,

=24(18—171r+2372)§, B,=

r (63)
C,=3867(18+13r—272)——,
ro
A3=72(6—237—3T'2)% , B3= —12y(234—157 —
5y I 2y I
C,=187(12+867+7 )Fa, D,=6y(12+367 +71 )l"_(ﬁ’
9E9 e

@ =2(108 12967 +39372—137%) I'+ 7(108—372r +3172)4,  (63)
2k
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2
o I%i/‘-’l / 2 p2m1=6{(216—294r+ 197%) + (108 372y +317%) %}
: |

2 cos(pt+tan“§: tan“Q>

1

P2

2

2 .
Elaai’j /2 pml = 18{2(18+13r—272) +(24—107— 572)“72.}

(65)
]/F + 15 cos(pt-l—tan 1-2 Iy tan“Q
I
2
EI%_;Z;/ 2 pzml-_—.18(l2+367+72)(1 +%)
3 )
“—2 cos(pt+ tan-1-2 I tan“Q) ,
I
where
P=2(108—12967 +393r°~137) [; + LR JEr(108—872r +317%) 4,
(66)

Q=2(108—12967+ 39372 —137%) I} +9E3 ¢ (108—372r +317%) 4, .

8. ‘A structure with rigid floors and hinged base®

The assumptions with respect to the form of incident waves are
the same as those in the preceding two sections.

(i) »n=1;
r r
A,=438-1)--, B;=—6r—, C,=0, D1=271—3r—’
0 Lo Lo
L . : (67)
(P.—_—.Z(?)—-Tl)['—}- ——gElyleT 4.
7
oy r2 +F a0 4@ ,
5ot /2 pzml_T sz cos(pt+ tan-? I, —2 —tan IF) R (68)
where E=E,, I=1;; ---, and
P=2@-7 [+ 2074,
(69)
Q=2G-n L+,
©

8) Bull. Earthq. Res. Inst., 13 (1935), 708.
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(ii) n=2;
I
A1=4{12m'2—(3—7’1)(12—-7’2)}—, 1—6{12rr2+7’1(12 72)}
/] Lo’
C,=0, | | D=—2f12 +7,(12— }
1 | nre +7.(12—=73) o’
Az— BZ=0’
A r . r
C, _—36r1l2(p D,= _247.21‘(p

LVol. XIV,

(70)

o=2{12y7,— 3—1) (121 | - Sl o 0270}, (T

where 7=7,;
Ela;y..l /2 pzml=6(24—r)x71 12+ 12
Xy

Pr3 Q2

. COoS (pt+ tan-! j: tan“Q) s

1

EIa yz 2 pPml= 36(1 + 2”2) e+ 12
P2+ QZ

’cam‘1 Q) ,

. COS t+tan“
(p T,
where E=FE,=F,, ----, and

9E7 7 (24 N,

P=2(36—2Tr +71%) I} +

9Ey 5

Q=2(36—27r+7?) I3+ 222 51 (24—7) 4.

(iii) n=3;
' A1=4[12771 {1277273+7'2(12-7'3)}
a1
+(B—71) {127]27'3_ (12 —-7,) (12_73)}]7 ’

- Bi=6| 127, {1207, + (127}

—71{1277273—(12—r2)(12—rs)}] r ,
lLoe
Cl=0 ’

(72)

(76)
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D,— —2[12771{1277273+ r2(12—73)}

r

;71{12772734(12*72)(12_T3)}]

A2=12{127,~273~(12—72)(12—r3)}g, B,=0,

2= =36 120470 + (127 |1

D =—24{l277273+72(12 73)}

3
2

r

sep ]
b/

179

(74)

0—2| 12y, {12m3+r2(12—r3>} +(3=7) {12%— (a2—r)a2=79)} |

9Bk

i [12771 {12»7273 + 72(12—73)} —n{lzvzra— (12—72)(12—r3)}] A

8y xy [ 12+ T3
EIZ 0L )2 pPml=6(12—7) (36 —) 2y L2
/ pmi=6(12—7) (36 —1)~ Py

a1 Q)
.cos{pt+tan—' -2 —tan! s
(p T P

2 2
Ez%ig /2 PPml=36(24—7) (1 + %) I+ 1y
Xs
=

1 )V Prrgr
cos(pt+tan“r tan“Q)
13
E1%Ys 2p2m1-432(1+2x2) P+ 1
o} P+ Q?
I
.cos{pt+tan~' -2 —tan~1X ),
s(p n 111 an~'2
in which E=FE ,=E,=F,, -..-. , and
P—2(432—5407 + 5172 — 9E7 d

Q=2(432— 5407 + 5172 — 73)P+9’/'37 1 (12—7) (86—7) 4, .

(75)

(76)

(17)
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9. A four-storied structure with rigid floors and clamped base.”
A,=2| —125, {129, + 210} {12, 47,121}
+ {—12v3r4+ (12—73)(12—74)}{~12»7172+ (12_71)(12_@}]5 :

D, =4[ 125,120, —1) {12757, +75(12~7,)

+{ =12+ (27 (127 [12m +rii2-m)} |5
A,=2.12 [— 127;2{ 129,74 +7,(12 —n)}

+@2=n) {1297+ (12-r) 12-70} |,
(78)
D,=4.12 [12772 {127374 + r3(12—r4)} -

4~ 12ne 21 (279} |2
2

A3=2.122{—12>7374 +(12—7y) (12—n)}—(§~ :

[

r r
Ag=212°(12-7)- D, —4. 1237475

B,=0, 3lD (s=1, 2, 3, 4)

= F[_l?"?z {12771 +(12 —7’1)} {12’737'4 + 7’3(12-74)}
+{= 127+ 2= (12—l ~ 1200+ (219 (1270
ISE” 4] 129, 120 — 10 {1295, + s 121

+ {——127737’4+ 12—7,) (12—7’4)} {1277172+71 (12_72)}] . (79)

9) Bull. Earthq. Res. Inst., 13 (1935), 919.
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B15 0 2 pemi= 20— [24(6~7)+ (22| (L 1
1

51202 J2/2 pml=6.12(12—7) (36— r)(1+2”2 M,
Ela Uy /2 pPml=6.122(24— r)(l + 2x3>M
BI1ZYs 2p2ml:6.123<1+%)M,
kY : !

where E=E,=E,=FE,=FE,, --.-, and

—y P2 L+ 1y cos(ph%an"i— “Q>

18Ey €

P=gli+= 0

gd;, Q=¢ly+

S!’Az ’

18K 2%
3

#=—12r24—)t+ [ =127+ (12-2)

g=7(24—7) {24<6—r> + (12—7)2} .

181

(80)

(81)

10. A five-storied siructure with rigid floors and clamped base.'”

1=2{12773 {12747'5+ T4 (12—r5)}[12772 {12>;1+ (12—71)} + {_

+ (12—r1)(12—72)}]—{—12v4r5+ <12—n)<12—r5)}[—12>72r3{12m

+ (2= }+ (2= 1) [ =12+ (2= (2—7) |10

D,= _4{12773 {1277475+ 74(12—75)}[12772(12);1—71) - {12p172

+ 71(12—7’2)}] ¥ {‘_ 127,75+ (12— 7,) (12—75)}[12'0273(1277[4rl)

+ (12_73) {127717’2 + T1(12_7’2)}]}i—

10) Bull. Earthq. Res. Inst., 13 (1935), 920.

’

’
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2=2.12[127,3 { 129,74 +r4(12—r5)} {12y2+ (12—72)}

—{=1205+ (2= (12— { ~129,+ (2=r) 2=} | L,

D,= —4.12[127;3 {12m5 +7,(12-— 75)} (129,~7,)

I

+{=12nrpt (12—r) 2= | (120 42— |-

A3=2.122[12773 {12»;475 +7,(12 —rs)}
ar
= (A2—=7){ = 12975+ (12 —7,) (12—75)J 7
Dy=—4.122| 129, {120,747, (12—170)|

.
B’

| 473{ 1275+ (12-7) (12—7,) /]

A=—212{—120+ (2-1) (2=} L,

A
o’
r

F
== 4 -_ _ = - 4 —
Ag==212'(12 7)o, Dy=—412 g

D,= —4.123{127;475 +7,4(12 —7‘5)}

B=0, C=31D,, (s=1,2,-,5 (82)

2 P{ 129 {12775+ 1201279 || 127 {127+ (12— |+ { 125070+ 22
=1 (1279} | {~127irs+ (1270 (1279 |[ - 129, {129,

+(2=7) |+ (12 1) [~ 12970+ (12-7) (12—72)}]} |

_ 18E1'f%5 A

251

{12 73 {12'747’5 +7,(12—7¢) }[12772 (129,—7)) — {12717’2

+r2=1)| |+ {1270+ (12=1) 1219 |[ 12521, 123,

—r)+ (12—73){12>hrz+71(12—72)}]} . (83).
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B2 2p2m1:6{(12—r)2—127]
oxs J

1

Sfaz-nas—n+144)(1+ 2001,

E'Ia Yo /z pPml=6.12 (24— r){(12 —)(24—7) — 127}(1+ 2x2)M
(84)
EIZYs J3/2p ml=6.122(12—7) (36 — r)(1+ 2;”3)M,
EIa Ya o / p2m1=6.123(24—7)(1+2x4>M
E1%s / 2 p2m1=6.124(1 + 2”5)M
ox; /

in which F=FE,=FE,=..-, .-+, and

M= !;DZ—_cos <pt+'can‘1 2 tan“F

P:¢[vl 18E]e¢./11, ) Q ¢F+18EZ]S,A17

¢ = —127(12—7) (24—7) (36—7) (85)

+ {(12—r)2—12r}[ 12—7) {(12 —7)2—247} - 1447] ,

¢=r{ (12——7)2-—127}{(12—7) (48—r)+144} :

11. A six-storied struclure with vigid floors end clamped base®

A1=2[R{—1277374 [12-42 {12771+ (12—71)} + {'.—12m;«2+ 12—7,) (12—72)}]
+ (12— = 1203129, + (127} + (2= {— 120,7,
(27 (12—72)}]} 12 S?};{12‘73[12y2 ,{12771 + (12—71)}

+ {”‘127717’2'*‘ ('2—71) (12—7’2)}] + [— 127727’3{12771 + (12—7’1)}

+ (12—73) { —1277,+ (12—7,) (12_72)}]}] ‘(Ip; ,

11) Bull. Earthq. Res. Inst., 14 (1936),
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D,= —4[- R {12 7374[12’/2( 129, —711) — {127/172 +7r1(12—7,) }]
+ (12 —r4)[127273(12m—n) +(12—73) {12w2 + 71(12—72)}]}
+ 1237}4{12773[1272(12771—71) —{12Wz+ r1(12—72)}]

r

| 12nara2n—10 + (12—79{12%+r1<12—r2)}]”ﬁ :
- 1

A2=2-12{R[—1273n{1272+ (12—72)}'*' (12—74){—12’7273

(12-7) (12—7) | |+ 1287 125, {120, 4 (1270

+{12pt (12—r2)(12—73)}]} A

D,=4.12 {R[l2vsr4(12>72~ ) + (12—7)) {12vzrg+ 72(12 ‘—73)}]

r

+1zs>74[—12>73(1277» Tz)+{1‘7273+ r2(12— 73)}]}1*(&

7

3—2122[ (125, + (12 -1 (21 | + 1287, {129,+ (2—70 | |2,
— 2 f § r
4.12 112737’4'*'73(12 —74) (+1287,(—=127; +73) lza?

A4=2.123{R(12—-r4)+12S774}—d)1:, D,=4.128Ry, —1285,) -1

l‘(l)
A=212R L Dy=—a12:8-1
7 7 _
I I
Ag=—2125(12—75)-,  De=—4127, i
B,—0, c,=-32-w,, (s=1, 2, -+, 6) (86)

@=r[R {—12773r4[12'02{12m+ (2—7) }+ {~ 1227+ (2= 1) (12~7) | |

+2=7)| = 127127+ (2= |+ a2—1) [~ 12017,
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+ (12_n)(12—72)}]} + 1257;4{12-93[12-42 {12771 4 (12—71)}
+{ =120+ 21 (279} |#| — 120127, + az-7)|
+ (27— 12970+ (12-70) (12—r2)}]}]
_18/%7'38}1[_13{1253;-4[127;2(12771— ) —{12717'2‘”1(12 —72)}]
+ (2= 120, (27— 1) + (1270 {12027, + r;(lzém}]}

+ 128774{1?7]3 [1272 (127,—711) — {12'917’2 + 71(12—7’2)}]

_[12%73 129, -7,) + (12—=73) {1277172 +7,(12 - 72)}]}] ’

R=127,— (12~7,)(12—7,) , S=12y957—715(12—7¢) - (37)

%y, ‘2 -
EITZQO ml =6(12—7) (24—7) (36 —7)
af

. {(24—7)2—432}(”3:”_ M,

Elayz/ Pl =6.12 (18 —p)r— 180}{(30 —p)e— 180}(1+29”2 M,
893 /2 2l =6.122(24 — r){(24 12— 288‘(1+2”3 M, U (88)
1% J4/2p ml=6.12° (12— 7)(36-,)(1+2x4>M

/
aa L St [2wmi=s. 12624 — r)(l + 2935)M,

5

B1%l /2 p2n1l=6.125<1 + %)M :

g

in Whlch E=E,=E,=..-, ---, and
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= %zipz_cos(pt%—tan“g tan"Q>

i2 P
I)=¢['1—}-18E:;7 ESZJAI, Q=¢1"2+%3€¢AZ’
Y2z i (89)

g={r@a-pr-1202- ) - 120223602,

$=r(12—7) (24—~7) (36—7){(24—7)2—432} .

12. General law in and comparison of the results of the present as
' well as the original problems.

The deflections, 7, or bending moments, EI(o%y/ox?) of columns
of the structure in any case have the types:

y=F ()M, mg%fmm, (90)
where
F + %

[‘v
t+tan—'-2
cos(p an F1

tan"Q> (91)

) o
P=¢I’1+18£g28¢/11, Q=¢l+ 1853? EMZ, (or similar forms)  (92)

and I3, I, 4., 4, are functions of 2, g, m\p*li/E,I,, E.pl,e®/pm,2, but
independent of the number of stories and the conditions with respect
to the stiffness of floors, etc.; whereas ¢, ¢, which were shown in the
respective preceding sections, are functions of the structural conditions,
but not affected by the dissipation nature of the ground. ¢=0 gives
the resonance condition of a structure in the case that the ground, on
which the structure is standing, is so rigid as does not participate in
dissipation, whereas ¢=0 indicates the corresonance condition under
the criterion shown in our foregoing papers. Actually, ¢=0 is the
resonance condition of the structure in the case that the ground is so
soft as does not partake in dissipation. f,(x), f,(») are quite of the
same forms as those also shown in the same papers.

If there were such a condition as Ejze//il3#0, y or EI(02y/dx2)
would have ¢ as its denominator. The phenomena of perfect resonance
of the structural vibration — in usual sense — would then result in
the condition under consideration. '

It may seem that our present and original theories are different
each other particularly with respect to the forms of P as well as Q.
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In our original theory P and Q had the terms similar to 4/ and
{18Ej2¢/pl3)¢ A, respectively, and the terms corresponding to the second
one in P and the first one in @ in (92) did not exist. If however the
higher orders in he and ke were not neglected in the original theory,
M would be of the form

M=/ (1i—3V G2y 4)*+ (1, +3V G+2p) p 4,
P2+ Q*

I+3V (A+2p)/pd, _
I,—3V (+2p) /1 4,

al p ol V',

Q=¢F2+_3_6_‘/l+2/1 mEdy 1 gy
al p et V1

. COS {pt +tan! tan"%} , (93)

= A+ p)? A+2p ]
r=2vry [4I (———+1—2/—— +rp1-2
: V' (d+2p)p 7 ! ivon/l’
(A+2p)1 / / 91)
rz-—-4(1—1/ M2 ) |
[l
4 =—(4 l/ ; ) A.,=1/_fz( JL+1) & }
! + /1+2/1nv - el A+2p * A+2pu n
=Bl
pmyli
When he—0, ke—0, M assumes the form
1 L12B. 3 |
M= cos( t+tan =2 95
b 1ikg (%5)

/ 12/ mEL ¢\
2 + {__ __1__1,_:
AT
It will therefore be seen that the old and new theories are not es-
sentially different with each other in their qualitative natures.

13. The forms of f1(%x), f2(%).

As already stated, f,(#) and f.(x) shown in (90) are quite of the
same forms for the present as well as for the original theories. It is
somewhat difficult at present to describe the nature of f,(x), whereas
f2(x)'s of various cases are in obedience with a very simple law such
that
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f2(2,) for columns between sth and (s—1)th floors of an n-storied
structure '
=12f,(2,_;) for columns between (s—1)th and (s—2)th  floors of an
(n—1)-storied structure .
=12%f,(w,_) for columns between (s—2)th and (s —3)th floors of an
(n—2)-storied structure
e e e e e e e e e e e, e e e e (96)

These relations hold only for the structure with extremely rigid floors
and clamped base.

In conclusion we wish to express our thanks to the Council of
the Foundation for the Promotion of Scientific and Industrial Research
of Japan, with whose aid the study of present series was begun.
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