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1. I ntroduction.

In the previous paper” we remarked that although the excellent
aseismic properties of the brace struts (sudikai) are well known, no
theoretical examination of these properties had yet been made, for which
reason some simple cases of the problem were discussed mathematical-
ly in the same paper. However, the case shown in the previous paper
was extremely simple, the building being merely one-storied with a
floor that is endless, horizontally.

In the present paper we shall deal with the effect of brace struts
on the vibration of a structure for the case of a finite number of spans,
and also that for the case of a two-storied structure. Some special
conditions of the structure shown in the previous paper are also dis-
cussed. It was found that although the aseismic properties of brace
struts stand out prominently from almost every theoretical point of
view, in the special condition of the struts, they are not so effective as
ordinary common sense reasoning makes them to be.

2. The case in which mo elastic moment acts at the panel points of
the columns of a single-storied structure.

In the case of a Japanese-style wooden house without any bracket
at the panel points, it is unlikely that the elastic moments of forces
really act at the same panel points. If brace struts were added to such
a structure, it would become fairly resistive to seismic forces.

For simplicity, it is assumed that the masses are concentrated at
the panel points, in consequence of which the mass for horizontal
movement will differ from that for vertical movement, the respective
masses in question then being m,, m,. Let I;, L, l; be the length of a

1) K. Sezawa and K. Kana1, Bull. Earthq. Ees. Inst., 16 (1938), 702~713.
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column, beam span, and the length of a brace strut, respectively; let

also E\I, D, Bl ; Era,, Eqa,, m m g m mn
f 2

Eia; be the bending and longi- T T

tudinal stiffnesses of the res- 7 L y?Z i’ Y

pective members just mention- / 3 ‘ 453 4,

ed. It is also assumed that, % b /
7

in this case, both ends of every | //////////////////////////////
strut are hinged. The lateral - Fig. 1

movements ¥, ¥, and the longi-

tudinal displacements z,, z, of the respective members satisfy differ- -

ential equations of types 2%y/oxt=0, 92z/022=0, the solutions of which
are

y1=A1+'le1+cle+Dlx§, Yo=Ay+ Byt + Coirl+ Dy, )
21=01+P1%, 23=0ay+ By, B (2)

It is assumed that  the lower end of every strut ends-at the ground
floor. Taking the senses of the coordinates in the respective members
as shown in Fig. 1, the boundary conditions are such that

2y =0; =0, Wi_g 4o, 3), 4, 6)
. dz,
@y=0; | 2=0, S ()

x1=ll, .’)62=l2, x20=0 x3=l3;

(), (8), (9)

Yo=Ygo =27y, Zz=2;sind+y, cosd,

dxi

—EII d Jl +E3a3
dzx

d 3

EJZ( Byyy APy, ) By, Zzs sinf — Ba, g
3

dx)'? dx"

\ A
dy,,‘~ , Ezlch;i/f:(), EJ%Z{?Z:O, (10), (11), (12)

2 22

dzy cos=m,p2y,, (13)

3

Y —mapty,.  (14)
xl ) .

Substituting‘ 1), (2) ‘in (8)~(14), we get the followiﬁg frequency
equation for the free vibration of the structure:

 Pnira—E(¢+Isin?0)r, —

where

‘Elll 2R

mp , T mzp?l1

(Bg+IEcos?b)r,
+ £ (3¢ +39sin20 + 9% cos? ) =0, (15)

Eqa I a,l; '
9=28 g oM (16
Elal v Vll : I (16
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If we put ;=0 (and write &,=49, §,=¢, a=1/¢) in equation (16) in
the previous paper,” the same equation reduces to (15) given above.

Equation (15) gives two vibrational frequencies, one corresponding
to motion of horizontal type and the other to that of vertical type.

If we assume, as is usually done; that the inertia mass of the
movement in the vertical sense is the same as that in the horizontal
sense, it is possible to put y;=7 2_r(m1_m2_m), from which the
frequency equation reduces to

P72 (P (+8) +0E) 7 +£ (30 +89sin20+Fcos?0) =0. (15
In the present paper we shall use this equation in connexion with the

numerical examples. '
If we put 9=0 in equation (15’), the same equation reduces to

(r=3)(r—£)=0. (15")

7—8=0, y—&=0 represent equations of vibrational frequencies of a
clamped-free condition for horizontal motion and vertical motion respec-
tively, If there is no vertical movement, this is of the same form as
the one that we have shown in indicating the frequency equation (20)
of a braceless framed structure.®

With a view to ascertaining the quantitative nature of the aseismic
properties of brace struts, we have selected some cases with numerical
conditions. v
(i) First, let ¢(=l/l) =v'2, £(=qa,l/I,)=5000, 0=45° be given.
Here, as usually assumed, the mass moment of inertia for horizontal
motion is to be the same as that for vertical motion. In the present
particular problem, ratio ,/l, is arbitrary. Since l,/l;=+/2, and §=45°,
the lower end of every strut is just at the foot of every neighbouring
column. The calculation of the natural frequency for various ratios of
(Esa3/E,a,) is shown in the first line in Table I and plotted in Fig. 2.

It will be seen that, since there are two freedoms of vibration,
namely, horizontal and vertical, two frequencies exist for every ratio
of E.a,/E,a, as seen in Table I and in Fig. 2. The frequency of the
fundamental vibration, namely, vibration mainly of horizontal type, in-
creases enormously with small increase in the stiffness of the brace
struts. With a view to comparing the panel condition of the present
case with those in which the stiffness of the beam is not zero, we re-
produced the results in the previous paper for the conditions E,.I,/E,I,
=1, 10, as shown in the second and third lines in Table I. This shows

2) K. SEzawa and K. KANAI, loc. cit., 1).
3) K. Sezawa and K. KaNa1, Bull. Earthq. Res. Inst., 14 (1936), 369.
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that for such ratio of F.a,;/F,a, as is greater than unity, the vibra-
tional frequency is nearly the same for any ratio of E.I,/E.I,. This
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Fig. 2. lL/L=v"2, L/l=arbitrary, a,l3/I;=5000,
0=45°, my=m.=m. |

feature has already been shown in the previous paper.” Furthermore,
beyond a certain ratio of E,a,/E,a,, say, E,a,/E,a,=5, the frequency of
the horizontal vibration assumes an asymptotic value.

From the above conditions of the problem, it holds that for the
horizontal type of vibration, as in the case of the natural frequency of
such a condition of the braced strut as E.a;/E,a,>5, even should there
be no bending stiffness in the panels, the vibrational frequency of the
structure is nearly equal to that with infinitely stiff beams and struts.

In Fig. 2 and Table I, the vibrational frequencies for the vertical
type of vibration are also added. The frequency of this type of vibration
increases very rapidly with increase in E,a,/E,a,. Here, in the nature of
things, the increase in the stiffness of the beam, that is, E,I,, has almost
no effect on the change in natural frequency of the structure.

4) K. SEzawA and K. KANAI, loc. cit., 1). p. 706, (ii) and Fig. 3 of that paper.
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Table I. The value of pv/mE/E,I, for horizontal

(and vertical) type of vibration.
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"Esas/E,a |
BB, 1 2 10 =
0 1732 (7071) | 348 (856) 48-2 (195) 50-01 (%)
3195 (70-71) | 349 (856) 48-2 (195) 50-05 ()
10 3420 (7071). | 349 (856) 48-2 (195) 50-06 (o0)

(ii) We shall next consider the effect of change in beam span, the

bottom hinge of the strut being always at the foot of the column.

The ratios ¢ (=E../Ea,)=1, &(=a,li/I,)=5000, ¢(=l/l,)=cosecd,
E=I4L are given. The calculation is shown in Fig. 8.

It will be seen that for the horizontal type of vibration, there is
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Fig. 3. Ea/Ea=1, a1, =5000, I,/l;=sinf, B=E+1LE, m=m=m.

a maximum of vibrational frequency at that angle near §=30°. For
the vertical type of vibration, on the other hand, the frequency assumes
its greatest value at §=90°,—an obvious fact from the nature of the
problem.

Since in a Japanese-style building, it is very difficult to make the
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panél points resistive against moments of forces, it is advisable to use
brace struts, by means of which the building could be made so stiff
that beams of infinite stiffness may be used.-

3. A single-storied structure of mono-span with brace strut.

For simplicity, it is assumed My T
that although the inertia mass El i EL m ¥ .
is ineffective for vertical mo- R
tion, the elastic stiffness of every !
. . ' - Bllayzuy,
member is operative for such ; E,La,zny
. . . . . 1 L] v/ /]
motion. Using notations similar ;
to those in the preceding section, i i1 ) X1z
the solutions of the vibratory mo- i -
tion of the columns and the beam % 7 > 7
in both lateral and longitudinal /- ----- R —/v 4
senses are Fig. 4.
yln= Aln + Bl'nmln +,Clnx;_'ﬂ. + Dlnx::m [’n= 1! 2] ] (17)
Yp=A,+ Bty + Cya3+ Dyat, J
zln=aln -I- ﬂmxlm [n‘:l) 2] 23 =a3+493x§' (18)

Although the panel points are rigid, elastically, both ends of the strut
are hinged. The boundary conditions are such that

x1u=0 ; ?/17»'—’0’ %:O, zln=0) [n= 1’ 2] (19)’ (20)’ (21)

dxln

2;=0; ) 23=0, ' (22)
xn-——'ll, x2=0; 'y2= —zu,' . (23)
Yy Y, g1 @Yn g @Y g, (24), (25)

Cdzyy  da, 5 daxs

d?y dz déy
E,l, —FE, =0, —E,I 1 =m, 0%y, + T, 26), (27
2 dx._ “dxn 11— da, 1P"Yn ( .) (27)
®yp=ly, wzzlz{ Ty=ly; Y= —219, . ' _(28)
23=2,,5in0+y,,cosd, v (29)
Ay _ dYs . —E.I d*yy, b'_E I d?y, =0 ' 30 31
—-_dxlz _dxz ’ 141 dx‘i!z 242 dx? ’ ‘ ( )’ ( )
~ Bl @ 2 2~ B dz, % sin0— B,a, Qe _o, (32)
dicg dwy, '
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- . 3 . - N
—E 1,52y B, P cosb=m Py, ~T, (33)
dm;g dx3 ’
Ty =ap=1l; ’ Yu=Y»» (34)

where T is the thrust in every beam.
Substituting (17) and (18) in (19)~(34), we get the following
frequency. equations for the structure: ‘ :
1O =120 (B2 + EF* + 24¢) + (& (BECH? + 2647 + 48 ) cos? O
| —T28¢dcosOsind+12 (6502 + E4P +12¢)sin?f), ¢ (35)
D= (BECP2+ 2848 4 48C) + 3 (3EL P2 + 2648 + 247 ) sin? 0, ‘

where
= (myy +myp) PR , g Ests , C____E_'zl_z’ A $= Iy
E\I E\a, E\ L
(36)
g=lo, gl
ll Il )
By putting, specially, 9(=F,a,/Ea,)=0 in (35), we get
y= 126502+ +240) 39)
3Ecge+ 25434480 -

which is the frequency equation of a braceless structure of mono-span.
If we put =0, (35) again reduces to (35’), which means that

although the bottom hinge is on the ground surface, if the length of

the brace strut were infinitely long, horizontally, the same strut would

become ineffective even in resistance to horizontal motion.

(i) As a numerical example, we put ¢ (=E,L/E\I;) =1, ¢ (=L/l)=v'2,

¢(=1'l) =1, £(=a,li/I,)5000, §=45°, m;;=m,=m. The condition of
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Fig. 5. E.l./E\I,=1, L/,=1, LiL=v"2, a\li/[;=5000, 0=45°, myy=m=m.
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the structure is then such that the brace is a diagonal of a square-shaped
structure. The calculation is shown in Fig. 5. It will be seen that if
the ratio of E,as/E,a, be greater than 5, the vibrational frequency is
virtually the same as that for the condition E.a;/E,a;=co. Even in
the condition Eja,/E,a,=2, the frequency is six or seven times that in
the condition of a braceless structure.

(ii) We shall next assume that #(=FE,/Ea,)=1, {=1, ¢=cosech,
¢=1, £=5000, my,;=m ,=m and vary the inclination ¢ of the strut,
the bottom hinge being always on the ground surface. The result of
calculation is shown in Fig. 6. It will be seen that in this case, too,

30
20,

10

0 10° 20° 30° 40° 50° 60° 70° 80° 90°
" Fig. 6. Eyas/Eian=1, EL/E\,=1, L/L=1, a,li/],= 5000,
L/lz=sinf, my=mp=m.

the natural frequency becomes maximum at an angle near /=30°.
For 6#=0, namely, for the condition of the strut being horizontal, the
effect of the strut disappears, as has been shown in equation (35').

4. A single-storied structure of two spans with brace struts.

In this case, too, it is assumed that the inertia mass is ineffective
for vertical motion, but in such a '
sense the elastic resistance of every
member is effective. Since the
large motion of any great earth-
quake at a certain epicentral dis-
tance is mainly horizontal, the con-
dition just mentioned fits the prac-
tical problem. The solutions of
the vibratory motions of every
member in both lateral and longl-
tudinal senses are

y[u Aln" Blnxln_l_ Clnxln+Dl lem [W’:l) 2’ 3] ]

: 37
?/2,»; = A:?:L + B‘_’/zx?n + CanEn + D?:zxmz) [n = 1) 2] ) I ( )
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zn=a n+ 2 Lay n_—'_l, 2 3
1 1 ;Bx 1 [ ’ ] ] (38)
zn= a'n + 'nvxu' [n = 3, 4] J

The boundary conditions are such that

2n=0;  Yu=0, %’Jh—'=o, 2,=0, [n=1,2, 3] (39), (40), (41)
mln

2,=0; _ 2,=0, [n=3, 4] (42)

Ty =l;, @p=0; Yo1=—211 ﬂ@=ﬂ@’ (43), (44)
dz,,  day

B LYYy g, PV, g1, %Yn_ge %u o, (45), (46)

da dzi ' das, " dwyy
Tio=ly, Tay=ly, Xp=0, 23=1,;

Yor=UYsa= —R1g, R3=2158IN0; +y,5C080,, (47), (48)
dy1s — dya = dyss , ' (49)

dey,  day,  dxe _

d%y d%y d*y,

—E =72 . LL,- 72+ B, 2—0, ‘ 50
d 10 d ’l d 7) . ( )

dy. a3y dz dzys
—E,1,.YY2 L E,1,% Y22 Rg, %% sing,—Ea, %12 =0, 51
dad, Al * dw, ' ' ldx12 ©h

Ty=l, Tp=U, x,=l;

Ypp= —R13, R4==2138In0, +y3c080,, (52), (b3)
d?/w szz —E,I d*yys —E,I, d*Yas =0, 54 55
dxw dxzz ! dx‘;)'; d oo ( ), ( )
— B,1,% Y B0, % sing, — 0 Y o, ~ (56)
dal, dx, dxys
x11=x12=x13=l1 H yll =y12=y137 (57)

APy, +d Y12 +d ’.'/13)

M1 0211 + MDY 1z + MDY 3= —FE 1
11P°Y11 1 ' 12D°Y12 130°Y13 1 e, dwp da,

cos 01+E4a4 3 az
4

+ Fya, % c0s0,=0. (58)
da,

Substituting (37), (38) in (39)~ (568), we get the frequency equation
Py (R\Q:—Q1R;) + Q2 (PR —R,P;) + By (Q,P;—P1Q;) =0,  (59)

where
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P1=2)'>C(5b2 +J,5in20,) sin, — (¢, + I, 5in26,) (35¢$cos b, + 18¢ sinb,)
— 28,8 cos?6,sind,,
Q,=37C24(C +28) (¢, + F,8in?0,) sind; — 83,524 (£ +2¢) cos?0,sin b,
— (¢2+Fysin?0,) {647 (603 + 21£%¢ +20¢ % + 8¢®) cos b, ' ‘
+6¢ (3C2+ 16£¢ + 16¢4%) cos 0, — 18 $2(5¢ + 8¢)sind, ), ’
R, =37C¢(C%+8C$+8¢%) (9[’2"‘1925111202)51“01
—88,¢ {E¢ (& +8¢4 +8¢") cos b, +2(3¢° +16L ¢+ 16¢42)sin 02} cos 02 sind,
—6¢ (Py+7,8In20,) {EP2 (L2 +TCPh+Tg2) cosly
- —(8¢2+16L¢+164%)cos b, +12¢% (¢ + $)sin 01, ,
P,=3£C¢(¢, +9,8In20,) —25,E¢ cos O, sinf,,
Qo =E¢7(6L°+21¢%+ 20047+ 8¢°) (¢1+ 9, sin 0
39,502 (¢ +26) cos b, sin b, + 64, (3¢2+16¢6 +1642),
2=62CH (L2 +TLP+THR) (¢ +848in20,) —33,6CH(C2+ 8P+ 8¢?) cos 0, sin b,
— 69/, (3¢2+ 1624 +16¢2),
Py=1264L (¢5+Fy8in?0,) —43:6C cos O,8ind,,
Qs =4£¢2(Po+Up8in20,) (603 4- 18073 + 130 ¢ + 4¢°)
—6,60%3 (¢ +2¢) cosO,8in 0, + 120 (4o +Fp8in?0,) (3¢2+16£¢ +16¢7),
R,=45¢%($y+Jo8In?0,) (607 + 45073 + 490 ¢2 + 4¢°) _
— 660 (C2+8CP+ 8p2)cosf,8in .+ 12¢,L (BL2 +162¢+ 16¢2),  (60)

in which

_ (my +my, +m13)p2l,, = Ezas Jy= E4a4 = Eol, . o
E\I E1a1 E'10L1 E\I,
(61)

' ‘/’1=—li, ¢2-— L, $=. 3 §= all1°
A A I,

Since, in this case, we neglected the vertical component of the inertia
mass, there is only one vibrational frequency.

As an example, we shall assume that E,I,/E,I,=1, l,/l,=1,/,.=+2,
L/, =1, ali/l,=5000, 0,=0,=45°, m;;=m;,=mz=m and vary the ratio
of Eyay/E 0,(=E,a,/Ea,). The brace strut is evidently a diagonal of
a square structure. The calculation is shown in Fig. 8. It will be seen
from this figure, too, that if the ratio of FE,a,/E,a;(=E,0,/E a;) were
greater than 5, the condition of the structure would then be virtually
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the same as that in the case of infinitely stiff struts.

| . _ Asymplate
50~

40 '

30

20

0 — bty/Eg,
%

Fig‘. 8. l3/l1=l.1/l1:l/5, lg/l1=l, EgIg/E]Il=l, all‘f/1'1=5000,
01=0:=45°, mp=mpz=my=m.

5. Comparison of cases of different number of spans.

In Sections 2, 3, 4, we obtained the results for different numbers
of spans, all of which correspond to a single-storied framed structure.
We shall now compare these cases for various conditions of E,a,/Ea,,
the values of E,I/E.I,=1, L/L(=l/L)=+"2, l/,=1, a,li/I,;=5000,
"0(=0,=0,) =45° being kept constant. As will be seen from Table II,
the ratio of Ea,/E a, varies as 0, 1, 10, o, whereas the number of
spans taken is 1, 2, oo,

Table II. The values of py/mE/E|I, for different numbers
of spans and the ratio of E.a,/E,a,.

T~ Esuy/Era

0 1 10
No. of sph .

oo

1 2-896 2596 . 4467 50-57
o 3-124 36-29 62-49 70-80

2 2:954 29-64 51-05 | 57:80
i
|

It will be seen from this table that in every number of spans, a
small increase in the ratio of E.a.,/E,a, is effective for stiffening the
structure. As to the relation between the ratio of Fga,;/E,a, and the
number of spans that would affect the vibrational frequency of the
structure, there is a special feature to be pointed out. When there is
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no brace strut, that is to say, when E.a,/E;a,=0, the increase in vi-
brational frequency with increase in the number of spans, is very slight,
whereas when the brace struts are very stiff, the same vibrational
frequency increases enormously With small increase in the number of
spans.

It may therefore be concluded that the efficiency of the brace struts
is specially marked when there is a sufficient number of spans, say,
three or four. This does not include that condition in which the brace
strut is added to a structure with such a small number of spans as
only, say, one or two. As already shown, even in the case of a mono-
span, the vibrational frequency is increased considerably by the addi-
tion of a brace strut.

6. The case of a two-storied structure with brace struts in the first floor.

The solutions of this problem' m I L

is quite similar to those shown in —9 E, [ﬁ' '@'2 4"‘*‘
_previous sections. Referring to E. L) zZly 2’
Fig. 9, the lateral and longitudi- ! ;
nal displacements of every mem- n X SN O
ber are expressed by EL /1Y Y

yy=A,+ Bz, +Cya}+ D}, E L el zly
yi=Ai+Bii+ Cai+ Dio, | o 7 //
Ya=Ay+ Byty + Coi+ Dol (62) ‘ //:'"—“"ZZ"'/""‘“"'Zz"'/‘/’;"/*/'Zz"{:"'é'; 4
Yi=A;+ Boxs+ Coxs* + Dix?, J. Fig. 9.

Zy=0ay+ P2y, zi=ai+p], 23=05+ By, (63)

In the present case, the vertical component of every inertia mass is
not neglected. The bending moments at every panel point are taken as
usual, so that, naturally, the stiffness of the beam is effective.

The boundary conditions are now such that

2, =0; —o0, dgl =0. 2,=0, (64), (65), (66)
,=0; z3_0,' ‘ (67)

.’Jcl=l1, x;=0, x2=l2, x22=0, x3=l3;
Y=Y Ys=Upp=—2;=—2, 23=2,8in0+y, cosd, (68), (69), (70)

dyy _ dyi _ dy> _dys

doc1 de;  dx, dws

Py _ g1, (Ce_< y22) 0, (72)
dx? x

(71)

—E 11‘2% +E11
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B, ‘Clly; + B, ‘;yl + By gz: cos 0 =mp%y,, (13)

B = )~ Ee g L Bt =ty (10
xi=l,, x2=l2, xoo=0' .=y.,.,= -2z, (75)
fiefiote a5
—EI, 22;=m§p2y,', Ezlz(‘f; i’ ) 1%:_m9p2y2. (18), (79)

Substituting (62), (63) in (64)~(79), we get the following frequency
equation:

[T;{ (119 — 96 cos?0) (3622-+ 369 +T¢%) —12¢ (120 -+ 636+ 8¢) )
—12{(ryp— P cost0) (3672 + 18+ 47) 3¢ (144¢2+ 36¢9+ 90} |
rarid — 10 —riE(ISin20+29) + 62 (Isin?0+¢) }
—92€2c0s20sin20 (ys— &) {71(3652 + 36é'¢ +T¢?)

| —12(36¢2+18C4+¢7)} =0, (80)

~ in which
_ mp¥l _ myn} . mlpzl* . map?l _FEa,
== = "= 7= J= ’
E.I E.I E I1 EIL’ E.a,
(81)
_%, o=l ¢-_-.2_, g=tuli
B\ L A 1

With a view to confirming equation (80), we put #=0 in the same
equation, from which we get a pair of frequency equations of the
forms: 4
71{71 (3602 + 3604+ T4%) —12(72¢%+ 63L¢ + 8¢%) }
—12(7, (3622 +18¢¢ + ¢2) —8(144¢%+-3604+¢%) ) =0, ~ (80'a)
Tore— 726 =276 +62=0. (80'b)
The first one is of the same form as that of a braceless structure,
which we obtained previously.” The latter is the frequency equation

5) K. SEzawaA and K. KANAIL loc. cit., 3). Writing y.=7{, ni=0=/¢, v=£5=1
in equation (21) of that paper, the same equation becomes identical with (80/a) in the
present case.
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of the vertical motion of a two-storied braceless structure.

~ Since in the present case there are four freedoms of motion, name-
ly, two in vertical motion and two in horizontal motion, there are, as
will be seen from equation (80), four vibrational frequencies.

We shall now take two cases in the value of ¢, namely, E,I,/E,I, =1
and 10 and assume that ry=r.=ri=ri(my=my=mi=m), ¢(=ly/l;)
=v'2, ¢(=L/L) =1, §(=a,li/I,) =5000, §=45°.

Using equation (80), we obtained the results as shown in Table
IIT and Fig. 10. In every case, the values of the lowest two frequen-

6
saf \Ezlz/5 =10

28 ’

ol | —— Eay/E,

L SN S Ry R A A

Fig. 10. W/L=v"2, /=1, adi/[;=5000, 0=45°, mi=ms=m;=m;=m.

cies for #=0 become identical with those of corresponding cases in
Table II of the previous paper.” This is obvious from the fact that
equation (80) can be decomposed into the two equations in (80’). The

Table III. The values of py/mij/E I, for various FE.a,/E,a,
in cases E,I,/E,I,=1 and 10.

. Eaa;,/E',a,;’ .

EqI,/E I, 0 1 ) 10 Oo
S B 1747 | 2875 2-883 2-887
1 5199 3273 37-93 38-34

4370 53-62 86-97 92-38

114-41 1209 203-7 P
2-086 3-366 3-377 - 3-379

10 5-550 39.73 3794 3834

43-70 53.61 86-97 99-38

114-4 120+9 203-7 o

6) K. SEzawaA and K. KANAI, loc. cit., 3). p. 370. Table II, =1, 10.
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remaining two frequencies last given, correspond to those for the verti-
cal motion. o

The last column in the above table represents that case in which
the stiffness of the brace struts becomes infinitely large. In such a
condition, the two lowest vibrational frequencies are respectively nearly
equal to those of a braceless single-storied structure, as might be seen
by comparing these frequencies with those of the corresponding cases
in the previous paper.” The larger the ratio of E,I,/E,I,, the closer
the resemblance between the values of the frequencies of the special
case in the present condition and those of corresponding ones in the
previous paper.

It will be seen, at any rate, that in the case of a two-storied struc-
ture with brace struts in either one of the storeys, an unlimited in-
crease in the stiffness of the brace struts does. not necessarily increase
the vibrational frequency of that structure, but results in the appear-
ance of a natural vibration of a single-storied braceless structure cor-
responding to the other floor of the two-storied one just mentioned.

7. The case of a two-storied structure with brace struts in the second
floor.

Although in this case, there is no brace strut in the first floor,
there is one in every span of the second floor, both ends of the brace
strut in question alWays reaching the panel points of the two floors.

The solutions of the problem, which are similar to those in the
preceding section, are

y”= A’]l + B‘hx?l + C?Lx;:l + D?Lx?L ’ ]

V.=AL 4Bl 4 Cate Dy, | 0 (82)
=0+ B, Z=ai+ A, =+ B o (83)
The boundary conditions are written |
2, =0; v,=0, Wi_o, 2 —o, (84), (85), (86)

day
2=, =0, x,=1;, 2,,=0, 2;=0;

?/1=.7/;, y2=2]22=—21=—21, Z;:ZISinﬂf}"leOSﬁ, (87)’(88)9 (89)

dy, _ dy _ dys _dys 90
dw, dx; dz, dag, (90)

7) K. Sezawa and K. KANAT, loc. cit., 3). p. 369. Table I. =1, 10.
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2
d? ?/1 + E Il‘fzy'l” E,l, d 1/2 d? 2/22)___ (91)
L1 X

—E’llld Ch Ellld Ui —E;a, dz cos=m,p%y,, (92)

dx? T N dad dzx; ‘

13Yon A3y ) dzs . dz ‘ dz; .
El(ﬂ—_z + B0, %% sing—E,0, %% + B0, P —mgty,, (93
ol i, da 303 . 1% de, 10 dz, 2D?Ys  (93)
x=l, Ty=lp, =0, B=1l3;

Yi=Yu=—2, z=zsinf0+ycosl,  (94), (95)
dy: _ dy: _ dyz : 96
dz, dx, dwhk (96)

. d2y; A2y, A2y, '
B EI_( 2 _ ) 0, 97
Wapg T N\daE  daz D
— B, S By 9 cos0—mpty, (98)

dx dzx, _ : .

A3y, d3y;> : dz., dz; oo
EJ,,( — B, % sind — B0, %1 —mipy 99
g der) Y W g =Y (99)

Substituting (82), (83) in (84) ~ (99), we get the frequency equation

{roredny — 126 (97 sin?0 + ) — i€ (Fyy/' sin?0 + ¢y + ¢7)')
+ E2('sin2 0+ ¢) } (7P1Q3—P3Q,)
+2¢ (720¢ cos0sin )2 (79 + 129 — &) (PoX,—1Q,X,) =0, (100)

where

Py =387.147%'$ (67 + ) +28&7/2cos?0 {3y (12L¢ 7' +4C>7'¢ +4L"7 ¢+ ¢7)
+7'$ (87 +¢) ) +6¢ {129 (1207 + £ P+ C'P) + 9 (12877 + ) 1,

Qu=7197%7'$(6L7 + ¢) +28677'2cos? 0 {39 (6£¢ 7%+ 207+ 2L 7' ¢+ ¢7)
+7'P (3L 4 )} +6¢{672(12¢C' ) + L +'P)
+ 791287 + ) +79'$(6'7 + ) ),

Py=39(120¢' 72+ 4C7'$+ 4L 7'+ ¢ +7/$ (37 + ¢),

 Qe=37(6LL 72+ 207 p+ 209 $+ %) + 7' $(8L7 + ),

Py=1.¢7[3(6¢'7 +$) (76 +277 (607 + ) +7°6)
—72(129(120¢"7 +CP+C'$) + (1207 +9) ) |
—2867'2c0s?0 {37 (12¢¢" 72 + 4C7'$+ 40 7' ¢+ ¢2) + 73 (3L7 + )}
—6¢ {127 (12007 + L4+ '4) + (12077 +¢) ),
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Qu=1107| (627 +9) (126377 (607 +) +87/°9)
— 267 (120¢"7 + LS+ L) + $(127 +9)} |
—20&7/2c0s20 {87(62L'72+ 207" +207'p + $°) + 7' $(3L'7 +¢))
—6¢ (671208 +CP+'$) +$ (1207 +¢) ],

X, =877 (627 + ) +71{3¢72 (60 + ) + 677 (12072 +4(7'$
FALY P+ 47 + 272 (3L + ) )

X,=$(6¢"7 +$) (117> +6) + 117 {$72(6L7 +9) + 877 (1"CC’ 2+4L7'$

+ 42"+ ¢,) + 2726 (3C'7 +9) ), : (101)
in which |
m,p?E ‘mf,,pzl‘?’ | _ 9 Esy _ Bl
rn_ b Tn = ’ [n_l’ 2] (9 4 : ’
EIII EIII El 1 . EIII (102)
’-—_‘EQI‘: 7=l3 —_.—lg =_lL ’_}1_ E::ﬁﬁz_ ‘
¢ BI, g=1 ¢ T T S

If we put, specially, #=0, ¢=(’, 7=7"=1 equation (100) reduces to

7171 (8622 43606+ T¢?) —127, (8672 + 1809 +¢7) ‘
—1271(7222 + 6329+ 8¢2) +36(144¢2 +36¢¢ + ¢%) =0, (100")
rore—T125 —27 +§2=0,

the first one being of the same
form as the frequency equation
of a two-storied braceless struec-
ture, as has been shown in a
previous paper® and also in equa-
tion (80’) in the preceding sec-
tion of this paper. The vibra-
tions in such a special case are
of four kinds, namely, two of
purely horizontal motion and two
of purely vertical motion.

“As a special case of equa-
tion (100), we put =0, 7'=1, which represents the condition that
the floor height of the first floor is zero; then equation (100) reduc-
es to

Fig. 11.

8) loc. cit., 3).
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11722 (3 + ) — 12 {96 (8L + $) cos? 0+ 3¢ (1207 + ) )
—71E¢ (3L +9) (Fsin20+ P) + (8¢ (12¢" + §) (Isin20 + &)
+ 5P (3 +¢) cos20) =0.  (103)

If we write 7i=ry, ri=yy =0, ('=C, £=&, ¢=1/, ¢=1/a
(103) becomes of the same form as equation (16) of the previous paper,”
namely, the frequency equation of a single-storied braced structure.
This confirms the accuracy of equation (100).

As a numerical example, we put 7, =7,=71=7:(M=My=m="m3),
¢=4/2, ¢=1, y=1, 7/=1, £=5000, #=45°, and calculate the vibratio-
nal frequencies for various ratios of E,a,/E,a, in the two cases, E,I,/E,I,
=1 and 10. Tkese ratios and cases correspond well to those in the
previous sections. The results of calculation are shown in Table IV
and Fig. 12. , '

The values of the lowest two frequencies in the first column in this

ml]
REL

2‘4[—_i \
20l EL/g =10
[ --- N\
16— , EZIZ/E]I]:l
- 50’3/547
| | | | | 1 | |
12 7 4 6 8§ w0 12 14 6

Fig. 12. L/L=v'2, Ljl=1/l=L/1=1, a,l%1,=5000, §=45°,

’, ’
M=M= =M2=M.

table are the same as those in Table III in the preceding section, so
that they correspond to the frequencies in the case of a two-storied
braceless structure, as has been shown in a previous paper. The motions
corresponding to these cases are, naturally, of the horizontal type. The
above result can be expected from the first equation in (100).

The first frequency, in every case of E,l,, in the last column in
Table IV represents that for a single-storied braceless structure; for the
squares of the respective numerical value in the column just given,
are nearly twice the squares of the values of frequencies for »=1 and
10, shown in Table I in a previous paper.” This condition would be

9) loc. cit., 1).
10) loc. cit., 3). -Table I, p=1, 10.
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Table IV. The values of py/mi3/E I, in
the cases E,I,/E,I,=1, 10.

- Esas/Eyay
EM ’ ! 10 ”
1747 1:856 1-857 1-857
1 5-199 42-40 42-84 42-87
43:70 63-93 87-50 90-12 -
114-41 133-8 305-3 o
2-086 2-359 .2:362 " 2-362
10 5-550 41-32 4243 4250
4370 5617 80-84 84-33
1144 132:0 2815 0

more pronounced if the ratio of E,I,/E,I, were further increased.

The above feature of the problem shows that if the brace struts
in the second floor were fairly stiffened, that part between the first and
second floors would vibrate as a single solid body, in consequence of
which the condition of the problem becomes one in which the mass on
the top of the columns in the first floor were doubled.

8. General summary and concluding remarks.

By mathematical investigation, we have ascertained the dynamical
theory of the aseismic properties of some complex cases of brace struts.
It has been shown that, even where there is no moment of force at the
panel points, the addition of brace struts is just as effective on the
aseismic properties of ‘the structure as 1f beams of infinite stiffness
were added to that structure.

Although in the case of a braceless structure, the vibrational freq-
uency does not change much with increase in the number of spans, in
the case of a braced structure, on the other hand, the frequency is fairly
increased with increase in the number of spans, so that the aseismic
properties are more pronounced in the case of multi-spans.

In the case of a two-storied structure, the aseismic properties of
brace struts are also pronounced. But, if the brace struts were added
to only one of the storeys, the condition of the over-stiff struts is rather
equivalent to that of a single-storied braceless structure.

We are now examining such a special case of the problem of a
two-storied structure in which the floor is without stiffness, which ex-
actly corresponds to the case of a brace strut whose ldwer end is hing-
ed to the intermediate point of a column of a single-storied structure,
the result of which will be published in the near future.

In conclusion, we wish to express our thanks to Mr. Unoki, whose
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aid in the present investigation was of great value. It should be
added that the present investigation was made at Professor Sezawa's
suggestion in connection with his research work as member of the In-
vestigation Committee for Earthquake-proof Construction, of the Japan
Society for the Promotion of Scientific Research. I wish also to ex-
préss my sincerest thanks to Professor Sezawa for valuable aid given
me.
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