22. Aseismic Properties of a Daikoku-basim (Principal
Column) or Similar Column in a Japanese Style House.

By Kiyoshi KANAI,

Earthquake Research Institute.

(Read Feb. 15, and March 15, 1538.-Received March 22, 1938.)

1. Introduction.

Almost at the centre, in houses of old Japanese style, there is a
column (sometimes two) called daikoku-basira (principal column). The
peculiarity of such a column® is that its diameter is much larger than
that of any other column in the same building. Whereas in an oridinary
dwelling house of past centuries, either of military family or of farmer
class, there is only one principal column, in a palace or a temple there
are usually two principal columns (not called daikoku-basira in this case).
Although the special column now under consideration originally used to
support the heavy weight of the roof or to batten horizontal members in
every floor, the same column in the course of time tended to serve more
of a decorative purpose than utility, and eventually lost its structural
meaning. But, it came to be known that a house with this special
column, even though its object was no more than for decoration, actually
resisted wind and seismic forces. Although the resistance to such
horizontal forces may depend on the structural condition of the column,
since no satisfactory theory with respect to the problem has yet been
offered, it would scarcely be possible to conclude that this thick column,
to all apparent purposes for decoration only, is meaningless from the
structural point of view. Mathematical investigations show that, even
though the connection between this column and the horizontal members
be fairly weak, the former still contributes greatly to the resistance
of a building to seismic forces.

The general requirement for a high-class house of Japanese style
is that it should have as far few walls as possible, the reason originally
being probably ventilation during the hot weather. If, therefore, a
strong extra thick column or any substitute for it were used in houses,
such as just mentioned, it should be possible to render the house aseismic

1) From T. KAN's paper (Jour. Arch., 47 (1933), 29) it appears that its
quality is also better than that of any other column.
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to a certain extent, even though it may be wall-less.

It is a common sense reasoning in engineering that all members in
a structure should be distributed as uniformly as possible, it appearing
therefore that the idea of daikoku-basira contradicts with the common
sense under consideration.

There is the fact that in a strong earthquake, some houses rotated
about their extra thick columns with but little structural failure. Al-
though from this consideration it may be advisable to solve the case of
a three-dimensional framed structure, namely, the case of space lattice,
yet owing to the extreme complexity of the problem, it will be discussed
two-dimensionally, certain special points only being treated three-dimen-
sionally.

2. A single-storied house, the problem being two-dimensional.

To ascertain the aseismic properties of the daikoku-basira {extra
thick column), it is advisable to consider the case of a finite number
of columns. We have, thus, taken
the case of seven columns, the
middle one of which is the extra-
thick column. Let the .stiffness of
the thick column, that of each of
all the other ordinary columns,
and that of the floor be E,I,, EI,
E'l' respectively. Let also the in-
ertia mass at the panel point corresponding to the top of the thick
column and that at every remaining panel point be m,, m respectively.
The column height and the length of every span are shown in the
sketch. ' ,

The expressions of vibratory motion for the columns and the floors
are of the types

Fig. 1.

u,= (A, + B, + Cxl+ D al) e, } 1)

W= (A;+Bx,+Cai+Daxl)e .

The boundary conditions are such that
:L's—‘—'-O; u.y:beipt’ .g?_'t:g,\=0’ (2)! (3)
, : , , du du;

x1=l’ xl"‘—‘o; M1—2M1=0, ulz‘oy ﬁi‘=‘d?;>’ (4)9 (5), (6)
xy=1, =, 2;=0; M,+M;—M,=0, C , )

., du, du;  du;
U =1=0, dw,  dz  day’ (®), (9)
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ﬂ’)3=l, wy=, x;=0; o M3+M:’_‘M;=O: » (10)

, dus duy  du,

u>=’u.:;_0) da’/‘3 - dw;’» - dx; ’ (11)’ (12)
wy=l, wi=0"; M,+M;=0, u;=0 Ay _ A (18), (14), (15)
40 3 ’ 4 3— WV 3T Vs dx4 - dx;’ ’ s
v, =l Uy = Uy =y =1y (16)
ddu, d? Us Puy , dPu\| )
{L‘OIO +2E1( T G = ot empn. D)

Substituting expressions of types (1) in (2)~(17), we get

C,= —%% {% (4+207+ 3072 + 1378) +7(20 + 867+ 11472 + 45773)} :

Dy =10 Ly (4420743072 4 1377) +27(22 + 917+ 11772+ 4577) |
31d [ ! o)

Cy= — o Lo (8 + 647+ 12072+ 5979) -+ 27(8+ 567+ 967+ 457)

D, =§%{%(8 1127+ 24072+ 1257%) + 47 (4 -+ 467+ 90772+457,3)} ,

b

=gy

{40(12+96‘7+171772+75773)+3‘q(8+6277+105772+45773)},
D, =0 [ (44 567+11172 + 497%) +7(8+ 1107+ 20752+ 907%) |
3= Tagp | 7o 7+ 11177 + 497%) +7(8+ 1107420772 +307°) |,

3rb |

C4=—ZZT(D{%(8+527+96772+53773) +27 (8+5O~q+877/2+4573)},

D, =§%{%(8 767+ 16872+ 10T4%) +27(8 + 747 + 15372+ 90-//3)} , (18)
where
o= 7{2% (4+207+3072-+187%) +7(16+767+10872 +45-/,3)}
—6{773(4 207+ 3072+ 137%) + 27 (12 + 1727+ 40672 + 28275 + 4577
| +127(4+ 467+ 9077+ 45-93)} , (19)
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_E'T B, __(my+-6m) p°F
7‘/'_ EIll ’ 770 EI y 1= EI . (20)

$=0 is the frequency equation of the natural vibration.

The foregoing results may be obtained by the slope-deflection method,
namely, if the deflections, slopes, shearing forces, and bending moments
at the two ends of a member of span ! and stiffness ETI be u,, . 0,
Op Fo Frpy My, M, respectively, then the resultant of the moments at
every panel point is zero and the resultant shearing forces for all the
columns on that floor are equal to the sum of the (horizontal) inertia
forces at all the panel points. The mathematical conditions are as
follows: '

M;,=2_E1{20A+,9B+ w.tl—i@)} M= 21;)[ {0‘1+20B+ S(u,— un)} ’
—F=F,= 22y 10,4 Bt

S'M at every panel point =0 , ; _
SF for all columns =P. (@

The bending moments, shearing force, and inertia at every panel
point are expressed by

2E .1, 3u , ” 2E’I’
My ==000(20, - ) Mi=M ===—(20,+0,),
_ (22)
—Fl'_:.— _6E°(,Io< 1_‘2&144.2(2) . P:.__ _ﬂkpzul’
B I
24
I: M,= 2?1(202 2;‘2+3l~b), M;_ggl(a +20,),
I8
=25 20,10, G
. ' <
._.F2= — 6€I(ﬁ2 2u2+gl2) , P: _"lpzuz’
l 17
17! .,
1T: M3=@(203_§?‘—3+?i’), =BT 5 120,
1 17 l
2E’1’ , , (24)

M= 20,40,),

S
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6E] 2u, 2b
Pi= = (A=), P

3
VI: M4=3B—7£(204_%+§9), =T . 128,

l l l 14
(25)
| —F4=_61—?<ﬁ4_%—‘f‘-+27b)\, P=—mp*u,.
From the conditions (22) ~(25) and the relations
SM at every panel point =0, >°F for all columns =>P, ) 26)

u1=u2=u3=u4, J

we get the same solutions as in (18)—(19).

As examples, we shall take four cases of E’'I'’/EI, namely,

E'l'/EI=0, 1, 10, and o. The vibrational frequencies of every case for
different ratios of K I, /EI are shown in Fig. 2. From this figure it
will be seen that for every case of ' :
floor stiffness, a small increase in %[ "
stiffness in the extra-thick column | A V(_M;IL)Z
fairly increases the natural frequency
of the building. The same figure also
shows that in the case of extremely
large stiffness of the thick column,
considerable increase in floor stiffness
is not yet sufficient for the building
to acquire a sensible increase in its
natural vibrations. This shows also 0 5 10 5w 5w
how efficiently the thick column Fig. 2.
serves in rendering -a house rigid.
It is well-known that, other conditions being the same, increase in
natural frequency affords good resistance to seismic vibrations in every
condition (except the resonance condition) and also to wind forces. The
damping forces (except dissipation) usually increase with increase in
the natural frequency of a structure.

We shall next ascertain the amplitudes of the floor (roof) for dif-
ferent vibrational frequencies, including the resonance condition. Since
in the present case no damping nor dissipative property is taken into
account, it is impossible to obtain the general features of the problem
resulting from the structure thus stiffened; it still shows that the more
the house is stiffened the greater the increase of such a range of fre-
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quencies that the amplitudes of the floor (roof) are not specially large
(see Figs. 3, 4, 5, 6).

e R B B A b
Fig. 3. E’/I'/EI=0. Full and broken Fig. 4. E’I'//EI=1. Full and broken

lines represent E,J,/EI=1, 10 re- lines represent EIo/EI=1, 10 re-
spectively. ) spectively.

ES7

0 2 4 6 & 0w 7 4 ¥ I

Fig. 5. E/I’//EI=10. Full and broken . Fig. 6. E/I’/EI=oc. Full and bioken
lines represent E.[,/EI=1, 10 re- lines represent EI,/EI=1, 10 re-
spectively. spectively.

With a view to ascertaining the extent to which the stresses in
columns are reduced by the addition of the extra-thick column, we shall
let the abscissa of Fig. 7 represent the ratio of the diameter (z,) of the
thick column to that (z) of the ordinary ecslumns. With increase in
diameter of the thick-column, the stresses in the ordinary columns enor-
mously diminish, and even the stress in the thick -column itself (for
-the range E I,/EI>>1) also decreases. In these conditions, owing to the
larger diameter of the thick column, the total area (a,-+6¢) of cross
sections of all the columns gradually increases, as shown by the chain-
line in the figure. If we increase the area of every column without
any special increase in the area of the thick column, the stresses in every
column then decrease in the manner shown by the dotted line in the
figure. The stresses in this condition are much greater than the stresses
in the ordinary columns, and still somewhat hlgher than that in the
thick column in the -case just mentioned.

In an actual case, if the thick column were of some material other
than wood say steel, in built-up form or in reinforced concrete, the
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stresses in the thick column - would
not necessarily be small; the aseismic
properties of the thick column would
then be particularly marked at the
same time. It is highly commended
that hotels and similar house of
Japanese style have special columns
(steel-framed, if possible) in some
inner part of the building.

3‘. Special cases of a two-storied

buildings, the problem being two-
dimensional.

We shall next consider some
special cases of a two-storied house,

namely the case of extremely rigid

floors (or roof) and that of extreme-
ly flexible floors or roof.

Let the stiffness of the thick
column and that of the oridinary

Fig. 7. Full and broken lines re-
present stresses in ordinary and
thick columns respectively, total
cross section area being shown by
chain line. Dotted line represent
stress in every column in the case
that the sectional area of every
column is the same, the total area
being kept in the condition above
given.

columns below the first floor and those below the roof be EI,, EI; EiI;,
E'I' respectively. Let also the masses concentrated on the panel points

corresponding to the tops of the re-
spective columns just mentioned be
My, M; My, M respectively. If the
_deflections of the thick column and
the oridinary columns, below the first
floor and below the roof are u;; u,,

ey Upy Ugy Uy +oooer , u:, then the
expressions for the vibrations of col-

umns have the same forms as those in (1), and the boundary condi-

tions are such that, s being 1, 2, -.-.., 7,

' ou,
x,=0; u,=bcospt, o =0, : (27), (28)
x,=l, 2.=0; us=u;,‘ Uy z= Uy ==seeves == e =, (29), (30)

3
{E Ioa ”1‘ 2E1(aa“2 aai‘s
3

o3 ul 23u, 63u§,

- Q%u;

+ CE )
o]

4 I8

0w )} - (m0+6m)p2u1=0, (31)



Part 2.] . Aseismic Properties of a Daikoku-basira. 263
ou, du, : C o
=—=0 for the case of extremely rigid floors,
cx, ow,
u, ou o, . o (32), (33)
w B gt _prlt

ox, O, 3 ot

for the case of extremely flexible floors,

x;:l/; ui—_—_—ué:..-...:zé:......:u’f, (34)
[ .., 03U o3u;, O%uy;  Ou; , ,
— ’ €+ 17! = ] — ’ 201 — 5
lEOIO S H 2B (G4 )} (my+6m')p*u,—0,  (35)
ou, Co ' o .
o =0 for the case of extremely rigid floors,
(36)
LA .
E'T W:O for the case of extremely flexible floors.

Substituting expressions of types (1) in (27)~ (36), we get
(i) for the case of extremely rigid floors,

U= be”"{l —%[53;«1{72 —12(7,+ 6)}
—127, (7 + 6%)]{3(%)242(%—)3}} :
z}:bew{l—%[éan{rrlz 74+ 6) | = 121172+ 613) |

+ %53)’2 (7:+6) {3(%)3_2(%’:)3} } » G0

where
o=0lr—12(1+6) | [rn—12(7:+6) | 1272+ 6),  (38)
B, ElL E'T EL
w=Frc =g BEEr WEgr
_(me+em)p?tt - (mo+6m)pf . T
71—' EI . ’ 72‘— E/I/ ’ E_l » (39)

$=0 being the frequency equation of natural vibrations;
(ii) for the case of extremely flexible floors, -
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U= beim{l + 35[5271_72 (375 +28) — 67, (7, +6)

@

—6p7, {E(‘ql +6) + (7 +'6_) }]%(7)2 |

£ - s 1 3
+ 2:[377372 (73 +6) + 87, (74 +6) —E217, (37, + 5)]5(%> } ,

W= be“”{l + %[527172(3‘73+ 4%) —12r,(7,+6)
—67312{85 (1 +6) +2(1+6) | |+ 6] €870~ 31, (7, 6)

— 3737 {25('71 +6) + (7,+6) } ]%(—%

P
ra

ozt Je 1 o0 1
92 7’21571+2(91+6)}@(l

¥+ 881, {£r1+2m+6>}%(?f7')3} :

(40)
where

o=! 571+2('44+6)}[18‘(‘94+ 6) ~87,{7,(1+39) vz |

—-[6(74+6) _ty, {3-73(1+2$) +252}][E’ {6(-01+6) +‘fl} +6(7,+ 6)],

(41)
- BJI, _ EIL Er ELL
WEEr PTEr TR MTpre
(mgbm)p (b)) pUP U :
n= EI y T2= E'r L2 E—‘l ' (42)

In the special condition wherein £=1, 7, =7,=7,==, 73=1, r;=r.=,
we get the frequency equations (i), (ii) below.

@) . 72—367(7+6) +144 (7+6)2=0,
so that | y=(7+6)[4'584, 31-416], | (43)
(ii) Tr2—108(7+6)7 + 86 (7+6)2=0,

so that ' 7= (7+6)[0-341, 15:088]. ' (44)
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The results of calculations for various ratios of E‘OIO/E’I are shown

in Fig. 9. It will be seen that, even ,_

in the case of a two-storied house, the [

presence of a thick-column increases
the vibrational frequency of that house.
Although the absolute frequencies of
the fundamental vibrations are very
low compared with those in the case
of a one-storied house, the rate of
increase in frequency with increase in
the stiffness of the thick column is
the same as that in the one-storied
house under consideration.

4. The problem of a space-latticed

fmo+sml®
Ji

0

framed structure (solid Rahmen) in
connection with an extra thick column.

It is well known that the problem
of space-latticed framed structure is
extremely difficult. Although Reis-
sner,” Prager,” Ban,” Takimoto,” Wal-
tking,” Hohenemser,” Reinitzhuber,” and

Fig. 9. Full and broken lines

represent the cases of rigid
floorsjand flexible floors respect-
ively. There are two vibra-
tional frequencies (fundamen-
tal and second) in every case.

others have studied this

problem, there seems little chance of their results being are used in

the case of vibration problems, whereas in
some cases it is even impossible to. apply
them to practical cases.  Notwithstanding
the complexity of the problem, since the
principle of its dynamical conditions is
rather simple, we shall discuss the problem
from the elementary stage of its treatment.

Referring to F1g 10, inertia masses,
My M, M, M, are concentrated at panel
points, 0], 03, 0;, 0;. The bending stiffnesses
and the torsional stiffnesses of the members

0; uy
e gy
By g ~by;,
u, X B
v < AN
e By - o)
e § X Y, 0: T
it T AR w,
D A
T ! o
u :
a4 Az A= Z
H Z;
z e
! ) (]
r /]
Fig. 10.

0,07; 0,0;, 0,0;, 0,07; 0:0;, 0,0 0:0;, 00; are E I, EI, E'I' respectively.

2) H. REISSNER, Zcits. Bauwesen, 8 (1903), 135~162.
3) W. PRAGER, Z. techn. Phys., 10 (1929), 275~280.
4) S. BAN, Jour. Arch., Japan, 44 (1930), 75~118.

5) G. TAKIMOTO, ditto, 45 (1931), 743~771.

6) F. W. WALTKING, Ing. Arch., 2 (1931), 247~974.
7) K. HOHENEMSER und W. PRAGER, Dynamik d. Stabwerke (Berlin, 1933).
8) REINITZHUBER, Ing. Arch., 8 (1937) 349~363.
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Since the vibratory equations of every member in bending as well as
in torsion are of the types : :

0., 3w, o%,,

Ta =0 o =0 5 =0 [=1.234]

o, o, 0%,

—@'——0, ayj ——O, ayg —0, . [S—-]., 2] - (45)
a4u15 841)13 — azﬂl’s __ ) —_—

Tt 0 gt O g O 1871 2]

the solutions of the corresponding equations' have the forms
.= (A,,+B.z,+C.22+ D_z%) e,
w, = (B ,+F. z,+G. 22+ H,z)eir, [s=1, 2, 3, 4] (46)
0. =, +B. % ‘ '
= (A, + By, +C,43+D, ) e,

Vo= (Pt QU + B,y: + S, e, § [s=1, 2] 47)
Oy =0yt Byfsr : J

U= (A, + B2, + C 00+ D,27) €7

Vpe= (P + Q.+ R, 22+ S, 2 e, |} [s=1, 2] (48)

0xs=a’xx+18:rsxs‘
It is possible to assume that the lengthwise stiffness of every member
is so large that the member cannot elongate or contract. The possible
freedom of every member is therefore bendmgs in two perpendicular

directions, and torsion.
If we choose the components of displacements in the senses as shown

in Fig. 10, the boundary conditions assume the forms

du., dw.,
dz, dz

[s=1, 2, 3, 4] (49), (50), (51), (52)

2,=0; u,,=ae’?, w,,=be'?, =0, —==0, 0.,=0,

z,=l, =0, 2,=0; ,=0, v,=0, uw.,=u,, w,=u,,
‘ (53), (54), (55), (56)
dw,, _dv, _, A, dw, . dv,_du,
dzl - d‘?}l — Yz dyl - dxl - z1? dxl b dzl =V

(57), (88), (59)
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EGIO Wery +G'J’ =0, ' (60)
o e E”I’d =1, +G0J0‘w =0, (61)
dy? dz,
a2 a2
'y 1y
~ET= g2~ Bl s +GJd . ,’ (62)
Zo=l, Yy, =0, 2,=0; v,=0, v,=0, w,=u,, W.,=U,

(63), (64), (65), (66)

dwz2 . dv‘yl — d_%g_ dul“_ __0 _d_v?i_ﬂﬁ__ﬂ
dzz - dyl z2? d?jl ,dxz =29 dxz'—‘ dz2 Y
(67), (68), (69)
d220:2 ’ Idzv.fll !’ /dezz —
—KEI pE E'T a: +G J'—*dx2 =0, , (70)
Co —E’I’ “+E’I’d GJ (71)
dy? lac2 0,
d2u
! / xz . 2
Er— a = d . (72)
2a=l, Yy=U, 2,=0; 2,,=0, v,=0, w,=u,, W, =u,,
(73), (74), (75), (76)
aw., Wy, _, U, AU, _ v, _ du,

=y
dz,  dzg "

(77), (78), (79)

zay

dzs  dy, 7 dy, de,

Pw,, | vy, 00, v Wy

BIZ 4 BT, 24 G- 2 =0, (80)

—E’I’d Lo E’I’ d —0, (81)
dyi

d*u df

—E’I’ +EI—= ey +GJ == 82

i az dy, (82)
z,=l, ¥,=0, x1=l’; v,,=0, v,=0, u,=u, w., =u,,

(83), (84), (85), (86)
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dw., dv,, , du,, du, _ 0 v, _du., p
dzy — dy, ™ dy, dx, = dx,  dz, 7’
(87), (83), (89)
d: W.., i /d y2 ’ /dﬂ:«n -
EI P —E'T s +G'J v, =0, (90)
d*u,, d?u an,
ryr" 18 ll .
E'T Qs —E' 77— s +GJ d s =0, (91)
d?v d?u dan,
13 (i Uy U (i 2 R0 2
Bl doc1 dz; J Ys 0, (92)
z21=24=1, Y;=0,=0; U, =U., ‘ (93)
d*u,, d*u,, V7 U Uy, , ,d (2 . 0
—E == dzl —EI i +E'T dyl +E'T e =mepu,, + mp*u,,, (94)
z2=23=l: 2/1=:I/2=l; : Uy ==Upyy (95)
d*u., ey oy By Py, 2
—~El dz: —EI dzn —E'T i —E'T sz mpiu.,+mp?u,, . (96)
2 =8y=l, 2,=2,=0; W, =W,,, v 97)
d*w, d? wq B U,, d*u

— PSR S 1y’ 121 . 2 2
E, dz: El—*2 0 +E'l dxl +E'T d, =1MyP*W,, +MpP*w.,,, (93)

2eg=2y=l, x;=x,=1; W, ,=w,, | (99)
3w, L - 11 &%y =2 2
—EI 7 —FEl 7 —F I lﬂol —F'I i mp*w.,+mp*w,,. (100)

Substituting (49) ~ (100) in (46)~(48), and eliminating constants,
it is possible to get the frequency equations, and then to find the ex-
pressions of the displacements of every member. There are, however, 80
constants to be determined. We shall eliminate 63 of these constants,
when the following 17 relations then hold. Although it is possible to
eliminate more constants and thus reduce the number of the relations
even down to 4, since the resulting relations take very complex fo1ms,
nothing is gained by doing so.

67+20,) X —27Y + _2-/;l’3Dx2 +(67+¢)U3D,, - (49+¢,)UB,,=0, (101)
27X —2(37+60) Y — (67+ o) V*D.,,—270°D,,, + (47+¢,)UB,,=0,  (102)
27X +2(7+ ) Y + (57+ (o) V*D,,—71°D,., +371'*D,,
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+70%D,,— (47+¢,)!B,,=0, (103)
22+ )X =229+ & +8) Y — (49+ ) V3D, — (47 +£)U3D,,
—671°D,, + (27 +¢)UPDy,+ (Lo—C)VB,,=0, (104)
24X 4-27Y —2713D,, — 271D, — (47+ ¢,)IB,, =0, (105)
~ where )
X=0PIC. +PD, —-1C.,—PD,, Y=IG,+PH, ~I!G —BH_, (106)
(47, +47+¢)1D.,—{1D.,—27C,—201D.,+2(%+ 67+ ) C.,
—2(5+ Ty +6)ID.,=0, (107)
201D, —2(87+ €+ 4)ID,,—2(67+ ¢ +1)C.,— (129 + ¢ —2)ID.,
+2¢C.,+¢ID,, =0, (108)
(47,+87)ID,, + (37+4)ID_,+ (67+1)C.,+ (67—1)ID,, - :
+ (27,4 67—1)C.,+ (27, + 67—3)ID_,=0, (109)
¢ID.,— (4p+¢+4)ID,,—2(69+¢+1)C.,—2(Tp+¢+1)ID,,
| +2:C..+21D., =0, (110)
67002D,, + 61D, +272C., + 2 (1 +3) BD.., + (7, +7) 2C.,
+ (o +7+6)PD.,=—aBr+7,), (111)

313D, +712C.,+ (v +3) BD_,+372213D,, +87£23D .= —7a, T (112).
3PH_, +7PG,,+ (y +3)PH,+ 37z2*D ,, + 37:%'*D,,= —7Db, (118).
where ‘
E'I __EI, G'J'l G/, GJ

=g g1 TEw “T g’ “TE
’ (114).
1 mp2ld mpiP

v’ TR TRl

(I) Now, solving (101) ~ (105), it is possible to determine D, , D,,,
D,, D,, as functions of C., D., C., D., G., H., G., H_,.

(II) On the other hand, (107)~ (111) render six relations repre-
senting D,,, C., D., C., D., in terms of D_, c.

(IIT) Judging from some of boundary conditions, it is possible to
understand that the mutual relations between H_, G., H., G., H.,
H_, b are quite similar to those between D.,C.,D., C., D.,, D., a;
from which it is very simple to represent H.,, G., H_,, G.,, H., in terms.
of H, b. ' .

Substituting three kinds of relations, (I), (II), (III), in (112),.

-
=
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(118), we finally get mere two relations representing D, H,, in terms
of a,b. The denominator of either one of D, or H, then determined
corresponds to the frequency equation of the natural vibration of the
structure. .

Other constants can be determined from above results in successive
calculations. .

We shall calculate six cases, of E I /EI, namely, E I /EI=0, 1,3,
10, 20, 100; the relations m,=m, I=l, E'I'=EI=G'J'=GJ, EI,=G,J,
being kept costant. The frequency equations then become

(i) EJJEI=0; 4300872—1567744y +7709184=0,
4300872 — 5940167 + 1762488 =0,
(i) EJ/EI=1; (13r—285)2—1442=0, (5r—42)2=0,
(iii) EJ/EI=3; 2280722—10549792; + 85605948 =0,
22807272 — 56526405 + 33055740 =0,
(iv) EJ/EI=10; (1941272—928170y -+8706429)2
— (1974967 —3265002)% =0,
) EJ EI=20; (237231672— 1505333107 +1649095272)>
— (234296287 —566649351)2=0,
vi) EJ,/EI=100; (178113672—3262215067 +5161564296)2
— (169166887 —1566296109)2=0.

There are four vibrational frequencies in every case. Although it is
possible for four vibrational frequancies to exist even in Case (ii),
owing to the nature of the symmetry, mere three frequencies exist in
this case.
The vibrational frequencies thus found are

(i); 4-322, 5865, 95, 30-63,

(ii); =84, 84, 10846, 33,

(iii) ; y=9'6, 10'5, 153, 3577,

(iv) ; 7=1019, 14-03, 27-45, 438,

(v); r=1063, 1646, 42-97, 569,

(vi); 7=12'58, 22:13, 1611, 170'5.
The first and second frequencies of case (i), (ii), or (iii) correspond
to the mode of vibration parallel to every diagonal of the square for-
med by the horizontal members, the third frequency to the mode of
rotary vibration, and the fourth frequency to the vibration, according to
which every diagonal of the square elongates and contracts alternately.
In other words, for the first, second and third frequencies, the square
just mentioned remains nearly in its original form, whereas for the
fourth frequency at any instant is deformed into a rhombic shape.
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The third and the fourth frequencies of cases (iv), (v), or (vi)
roughly correspond to the third and the fourth frequencies of the first
and the second of cases (i), (ii), or (iii); but, other two vibrations of
cases (iv), (v), (vi) are in much more coupled conditions.

It will be seen that in the present case, the first and second frequen-
cies are very low, regardless of whether the thick column (daikoku-
basira) is very stiff or not, which arises from the condition that there is
no diagonal member in the plane of the square formed by the horizon-
tal members. It is evident that some diagonal members should be fitted
within the square formed by the horizontal members to render the con-
dition of the thick column effective. Since, in an actual problem,
however, it is by no means difficult to place diagonal members in the
plane of any floor, the use of the thick column in palace or hotel types
of buildings is quite practicable. 'The mathematical solution of such a
case is reserved for next study.

It is obvious that if the thick column is near the centre of the
building, its aseismic properties are almost the same as those in the
case of a two-dimensional problem. It appears that even in the event
that the thick column is at some distance from the centre of the build-
ing, its aseismic properties are still fairly satisfactory, details of which,
however, will be shown in a forthcoming paper.

5. Concluding remarks.

From mathematical calculations we found that the use of a principal
column, that is, a daikoku-basira (extra thick column) is to be recom-
mended in Japanese style structures of a palace or hotel style, provided
that the floor and the roof are made rigid, particularly in their diagonal
directions.  The column need not necessarily be of wood, but may, instead,
be of built-up form in steel or of reinforced concrete, the building in
which case, could be as nearly wall-less.

The present investigation was made at Professor SEZAWA’s suggestion
in connection with his other research work as member of the Investiga-
tion Committee for Earthquake-proof Construction, of the Japan Society
of the Promotion of Scientific Research, to whom I wish to express my
sincerest thank for his kind advices.

Note. While the importance of this problem in connection with Japanese style
buildings is admittedly great, its solution is so difficult that as many as 80 constants
have to be eliminated from a like number of conditions. Dr. Kanai, in my opinion,
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being the person most fitted for attacking the problem, I requested him to do so. The
foregoing result, probably, is only preliminary, in which case it is hoped that the
work will be continued with success. .

Finally, I wish to express my warmest thanks to the Council of the Japan Society
for the Promotion of Scientific Research for aid recelved in a series of investigation
of which this is a part.

K. SEZAWA.
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