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Wo-- Table I.
WIEr o Constants of Tromometers
CG. i B Underground of the structure
C4: M B Fouth floor of » »
C6: *x P Sixth floor of » »
C9: 7 B Ninth floor of » »

1. April 27th.

g
L I B ® 4% |Mechanical
Place | Instrument |Component| Magnifica- Thsec. ¢ rmin.
J tion
1925-type EW 50 532 010 073
CG Portable
Tromometer NS ” o 543 013 1-67
EwW ” 548 0-17 1-41
C4 »
XS » 546 013 | 261
EW ” 5:52 0-13 1-66
C9 »
NS » 5:48 0-10 0-36
2. May 16th-18th
1925-type EW 50 4.81 0-10 2.67
CG Portable
Tromometer NS » 5-31 016 0-62
EW ” 545 0-09 209
C6 2
NS » 5:56 013 2.62
EW . » 4.58 015 198
C9 » )
NS ”» 4.74 012 1-59
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Fig. 2. Frequency distribution of the self-vibration periods of the structure.
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Fig. 3. Frequency distribution of the ratios of amplitudes a*/as and ag/ag.
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Fig. 4. Comparative view of the amplitudes of vibration at the different
stories, amplitude at C.G. is taken as unit.
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(a) direction of free-vibration.

(c) Earthquake of May §, 19, (d) Earthquake of May 25, 15h.
A B, AHoIREILE

Fig. 5. Direction of the vibration of the structure.

Full line: direction of principal vibration at C9.
Broken line: » » » at C.G.
Arrow head: »  » epicentre.
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Fig. 6. Diurnal variation of the amplitude of free vibration.
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ok Table IL
=73 tiy £l s U"ﬂﬂ P25
o @ w D P o N
Ny Le t t l < .
Time of Occurrence ura 101}1‘(1)@1?11(‘)?' iminary Epicentre
_—
(1931) ORI B
) 818 Drainage basin of
May 4 23b 48m 2869 River Tone.
‘ h 9T . K N %4 #1 T
May 12 3h 27m  83¢ 232 Off the coast of Onahama.
9% 15 .0 . Ei T
May 25 150 50m 36-98 299 Off the coast of Kinkwazan.
o wmom oW oW B
May 25 19b 27m 5158 9-8 South-western part of
Sagami province.

=R Table IIL
IR o R E B o ik 5-minute means of max. acc. of
KmsEEE ) principal motions.
X f:[E S
Time of Occurrence S C4 C6 Co
May 4 49mm./sec? | 125 mm.[sec? — 17-4 mm.[sec.?
(Ratio)> 1 2:55 3-55
May 12 55 mm./sec2 | 12:0 mm.fsec.? —_ 22.0 mm./sec.2
(Ratio) > 1 2:18 4.00
May 25 (15h) 11-1 mm./sec.? — 435 mm.fsec? | 56:7 mm.[sec.?
(Ratio)~> 1 i 3.2 5-10
May 256 (19h) 5.2 mm./sec.? — 19-4 mm./sec2 | 20-5 mm.[sec’
(Ratio)=> 1 373 394
Mean ratios of max. R a.q¢ =
accelerations. 1 230 582 415

HE 5 N SR RGO EHFERMEETH H 2T,
GEE@PIEEEDY §5 3D & REL THELZLR). Foic kg
FHE D BED R IEELIL KTy LB I3 B DRI L TR 2 T,

MO DA BEOIRTI DL (phase) ¥ R% ¥ &, HbE & HfhoHFE
akwﬁﬁbﬁ?&.@m&iﬁﬂwmﬁ\w%@%ﬁﬁum%@%&
LN ZEADHOMOIBTIEDRL Y X < —FE LB Y2 A AALE
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OIERE, RBE, JUREDIREI DAL IS T IER T (—¥L<hE
52T WS TIKRE—HLTED 27, 2 ULILOHEMD 20
ELTRMLTESHYEL MBS CEHTH b 23, GE, 5
T ERBE)

5o %k Table IV.
A R R © 5B 1 AN G 2 dRIE Bl o 5-minute means of amplitudes and
LMo AE periods of 4 sensible earthquakes observed
at underground, 4th, 6th and 9th floors.

Ber BRI RRek X hot (o 245G Figures indicate the double amplitude
. in mm. x 50,

(1) ZHAMHORE (Earthqualke of May 4.)

EW comp. NS comp.
Mean Mean Mean Mean Mean Mean Mean Mean
period in| double | double | double period in | double | double | double
CcG amd). in amé). in | amp. in CG amé). in | amp. in amé). in

sec. G 4 C9 sec. G C4 9

1 0-37 0-29 162 1-83 0-42 0-65 1-62 158
2 0-39 1-36 364 569 0-39 1-22 1490 311
3 0-39 0-69 2:95 4-93 0-39 119 4-09 6-14
4 042 1-34 4.74 6-19 0-46 1.51 516 6-54
5 0-42 0-71 2.23 481 0-39 109 2.83 3.01
6 0-39 0-68 2.85 465 0-46 1-53 4.77 4-18
7 0-31 0-53 1-29 2.98 0-39 0:50 1:39 3:15
8 0-39 054 1.70 227 0-46 0-56 1.00 1-83
9 0-42 0:57 0-94 147 0-50 0-64 146 1-85
10 042 0-47 0-76 166 056 047 1-68 2:09
11 056 0-41 091 1.00 0-72 064 1.05 1.56
12 0-63 0-49 1.21 161 046 042 099 1-48
13 0-50 0-39 0-88 1.32 0-50 0-30 1.36 1:35
14 0-50 0-35 0-63 081 0-56 0-40 1-14 1-04
15 0-50 0-32 0-86 1.01 0-63 0.30 1-26 094
16 0-72 0.9 0-41 0-62 0-63 0.32 100 075
17 0-72 0-29 0-38 0-56 0-63 0-26 0:53 0-46
18 072 0-30 035 049 0-63 0-21 0-77 065
19 0-84 0-28 —_ — 1-00 0-46 055 055
20 100 045 - — 072 013 0:27 0-37
21 - 0-84 017 — - 0-84 0-23 0-28 0-27
22 0-84 0-22 — —_ 125 028 0-29 0:31
23 2:50 0.23 — — 1-25 0-20 0-26 0-24
24 1-00 015 — —_ 2.00 167 0-20 017
25 0.72 015 — — 1-00 0-17 0-22 0-17
26 1-25 0:18 —_— — 1-25 0-18 0-24 0-16
27 1.67 028 — — 1-67 0-33 — 0-33
28 1.67 0-33 —_ —_— 1.67 0-36 — 035
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(2) FHA-FZHo#E (Earthquake of May 12).
EW comp. NS comp.
Mean Mean Mean Mean Mean Mean Mean Mean
period in | double | double | double | period in| double | double | double
CG amp. in | amp. in | amp. in CG amp.in | amp. in | amp. in

sec. CG C4 C9 sec. CG Cs- C9

1 0:31 014 0-34 043 045 0-256 0.77 072
2 0-60 0-22 055 0.94 0-50 0.35 1-59 1-37
3 0-46 0-37 1.27 1:52 0-39 0-38 1-36 1:30
4 0:50 0-59 093 1.38 0-39 0-45 093 1-25
5 0-39 1:50 4-40 7-44 0-50 2-28 6-18 11.75
6 0-33 1.36 478 820 0-50 2~8% 9-65 774
7 0-39 187 7-63 8-14 0-39 1-99 8.23 10-82
8 033 101 417 611 0-50 325 990 10-32
9 0-50 163 2:91 5-37 0-50 2:17 5-60 7-65
10 0-46 2:01 4-57 4-32 0-46 1.86 5-68 7-89
1| 050 135 | 367 | 48l 0-46 207 | 360 | 404
12 0-46 1-67 325 414 0-42 1.03 309 277
'13 046 094 1.97 2.97 0-56 119 1-39 3-98
14 072 1.59 197 1.91 0-63 1.22 2.69 1-90
15 072 1.47 1-59 331 063 4 1.33 2:00 3:37
16 100 2:37 1-44 1.62 056 1-55 2.29 316
17 0-56 0-67 2-40 2:59 0-63 0-96 2:05 275
18 | 056 0-84 168 | 251 056 131 235 | 262
19 0-63 113 123 1.98 0-63 119 191 2:08
20 1.00 128 1-50 1-40 072 1:53 1-48 290
21 1-67 1-85 1.70 1.72 0-84 1.72 1.97 1.88
22 072 111 0-68 1-42 1-67 270 1.31 1-83
23 1.25 1-66 0-75 1:25 2:00 5:30 2:27 4.09
24 1.00 0-70 074 1.17 1-65 216 0-89 1.37
25 1.67 145 108 0-82 2:00 1-87 1-28 173
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(3) HAZHA+HEEEDOHE (BEarthquake of May 25, 15Y)

EW comp. NS comp.
Mean Mean Mean Mean Mean Mean Mean Mean
period in| double | doubtle | double || period in| double | double | double
CG amp. in | amp. in | amp. in CG amp. in | amp,. in | amp. in
sec. CG 0/} C9 sec. CG (0] C9
1. 0-42 0-36 . 0-97 1.05 0566 . 0-41 121 1.18
2 0-46 070 1-44 2.08 0-56 0-79 1-94 2:00
3 0-36 048 1-63 2:62 0-50 0-54 1.92 2.08
4 0-33 041 1-39 2:18 046 0-79 1-85 211
5 0-63 162 2:38 . 2-46 050 1:36 527 418
6 0-42 1.06 676 941 0-50 566 2440 24-80
7 0-56 4-96 15-66 1822 0-50 442 17-10 19-73
8 0-33 - 1.79 10-91 10-69 0-56 421 14-58 16-15
9 0-39: 195 7-91 856 0-56 381 1062 825
10 0-42 1.95 582 - 674 0-46 2:11 9-65 10-95
1 | 036 167 374 | 616 0-50 2:20 614 | 718
12 0-50‘ 1-08 3.07 4-40 0-46 236 8.55 834
13 072 2:27 4.28 4-59 0-56 1-57 378 2:11
14 072 2-57 3-90 4-156 072 3-55 . 5:33 6-44
15| 08 | 298 | 313 | 339 056 200 | 405 | 438
16 | o7z | 207 | 279 | 200 | 100 | 274 | 417 | 338
17 | 195 383 | 275 | 282 1.00 19 | o272 | 175
18 | o072 187 | 175 | 236 | 100 241 | 273 | 233
19 ‘ 1.25 3-07> 1-92 2.09 072 1-65 2'19 218
20 0-83 0-86 7 1-13 1.38 0-84 1-62 2-00 1-95 .
21 1.00 1-50 1.28 1:45 1.25 1-60 1-22 1.71
22 1.25 141 1-.14 1.23 1-67 342 1-64 1-77
23 1.00 071 0-84 0-89 1.67 3-44 613 362 .
24 1-67 . 1.64 0-74 0-95- 1-67 218 © 3925 1.98
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(4) T A=FE AU (Barthquake of May 25, 19%)

EW comp. NS comp.
Mean Mean Mean Mean Mean Mean Mean Mean
period in | double | double | double | period in double | double | double
CG amp. in | amp. in | amp. in CG amp. in | amp. in | amp. in
sec. G C6 5)9 sec. (?G Cé (‘})9
1 0-29 0-21 0-67 0-73 0-36 0-22 ‘ 0-66 103
2 0-29 019 0-49 0-53 0-29 0-16 1.02 0.'65
3 031 1-33 6-67 650 0-46 1-46 423 4-14
4 0-26 0-38 2:62 2.22 0-36 0-59 1.47 307
5 0-36 0-47 271 213 0-50 0-64 211 326
6 035 0-23 1.51 1.22 042 041 1.72 1-89
7 0-42 0-26 1.21 1.02 0-50 0-32 1.08 1-29
8 0-50 0-40 0-93 0-81 0-39 0:32 0-94 1-23
9 0-50 0-37 0-75 0-95 0-50 0-34 0-70 0-87
10 0-56 0-24 0-56 0-69 0-63 0-32 0-86 0.73
11 0-63 0-30 0-53 0-67 056 0-31 0-83 0-92
12 0-56 017 0-53 0-65 0-72 025 0-52 0-60
13 0-84 0-30 0-34 051 056 0-18 0-49 0-40
14 1-00 0-27 0-30 0-31 072 0-20 0-52 0-38
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T, M= ﬂkﬂ%hﬁkﬁﬁbf%ﬁﬁﬁM¢%®ﬁ%\¢%@%%E
WE L2 LTUsmZ), EARORE i R ciE 3 72D 5
BREOTEREN Y & b, e 9 B, 6 PERR 4 OB O
Eﬁ®$%%@&ﬂ%®$%ﬁﬁ&®%kﬂO£ﬁﬁ?&w%wm%®
FAMEOT LAY 03816 05O T, B LA D EA IR
FBEINGECFiCi3 LEORBORIBIIF L REL D 298, HFED
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%®¢%ﬁm#03%#605®®%ARLOfE LE~LNZT,



498

—> Mean period at CG
Fig. 8 (b).
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Fig. 9. Ratio of the amplitudes of forced vibration in resonance.
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(d) DFRICA I TRER O DORBI DM FEDIREI G & 9 B
DB T & T ik U § & b I3 B R0 H s 3 B4 GHED

3) REEEZ REREoMERRILEE (LGRS, AEFFEELA)
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S W DRB T IICHE ¢ —F LTIR2 45, 9 Bci i LA oL i
FHIREI L CIE 245 Ch b 296 2 UL HE ORI ORI S & 3 —5
LCIBE2 Yo B bULAEEY I 248 & U CARITH M IRT) L S T A3
ARl ned,

III. R, BEICkBEOIESEHL . ,

WA oA H IR R C | e e & R 2 kI, 1
FADMER DA FIRTEI AR bt L7, LD 9 L 4 PELD
MRDBRIEFIISFPL B2 L CIME 454 L oRIEOHIZ 21
fLTh d 2Ly THUIEMDRMTRDODURDTHEEE~LNZTT
25, TOBEMEFOMEHIMANK 35 0T) B & ALY L OB
2EDI B LDEXHCTIRE EE~LNL TG, ZEYHT 30T
FXEMETD b 295 KT CHRED LFRE D72 % DEFEK
T 9T 65 BEOHEHMEYLREE~LNZT,

HERD B 4 DL PM I L2 USSR, ABE, M4
BT & Al v TR AR D A~ 3 Z11hs Bﬁitﬁﬁbcfbﬁ
MLUTHFHARERIFEN L2 Y. 20 EBREKCHIZ LT
JUBE TR 2IRIBE 6 BEBMEONGEL 2T, G DHEAERD
liﬁ:'f’] IO': Li: I, = 1; 0-4:0-3)

TSR IRAT U 2 L 72 S AMTAL d e DO B 0B Ic B L TR
727218, HFDFHHD T OREDIIR, YKo T, LitotiR#k
BERBINRDTHDEE~LNLT T, HMBRRACTEEFERT IR
%E@ﬁﬁz+w~%u®ﬂﬁwwﬂbm}ﬁkﬁﬁemﬁbko

VI s

VETHR-TRE Y7 v 270 B OIRE), HEDEEDIRE)NITHE T
L7220 Th b 2§ HEEND A IRB OB H M 0-27 #, 0-43
B, s mc 037 L 049 ALDIRENSER L TR Y 23, 4H2Z
TEHNYE o NRBRFEOE =~ 2 ) — v S OIREEEN® 12 H
ROBRIT 04806 OTHALOMICH b 2 LT, MNJE, BRREE
DHFED BRI OIWEB AT E—H L TE b 27, EILEEHD
WL HMDOBIRYE L T)F 2R IBEIN 2§, THUIAGER EHER TN
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B A %k Table V.
= v 2 Y — PR O A Free vibration periods of reenforced . .
JRT)IAI) concrete buildings.
o A OE 3 ERAER H JTvy gm0 [ioE A k]
NaAMOER | THeight of Date of Period in Period in
g building measurement EW comp. NS comp.
nﬁfﬁg’gﬁggiﬁg 303m (100 /) |  April, 1923 — 05 sce.
HA$RAT4L a0 g
A house of 30-3m (100 R) May, 1923 0-50 sec. 048 sec.
Nippon bank
Wt H 4 BBt
Tokyd-niti-niti 24-3m( 80 R) June, 1922 0-52 sec. 0-52 sec.
newspaper office ’
BIFEL 72 | 305m (100 R) | August, 1923 065 sec 0-65 sec
Naigai Building gust, . see.
I Table VI.

WRETEWEBI 0 F 3 EH)

5-Minute means of periods of principal
earthquake motions.

ClUs 4 pima) (observation at Tokyd)

Ti?fe of g%currﬁxce F%icexlz)fe I%tensi% MZ{;;:?%%%?od lﬁ:gﬂﬁ ujg]x"%gg
L m _S . .

July 1(7 i912%)49 33 ]g?lgil?égf ,Fgﬁg} 1 0-24 sec. 230 mm./sec.2
h m s

May 2393{) )38 38.4 Farooffti\ ;g‘ea?oast I 0-50 sec. 90 mm./sec.?

May 1, 18 11(;‘ g Off the coast = 5

(1930) of Tybsi. II 0-50 sec. 65 mm./sec.

bh m 8 . 5. .

June (11’933)58 43 Vmgfltﬁ}ﬁg.@ty v 0-50 sec. 330 mm./sec.?
h m s

June 1(7i oy B0 ﬁ?;gg‘lpggf,fl;’fe v 046 sec. 600 mm.sec.2
hom s . .

May ?192331 )48 286 lgfr{i{;“fg‘e%oaﬁgl I 0-25 sec. 10 mm./sec.?
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ARETH B & BN T AN O B TR RRE, TUREE
DHED ETHTIL, 4FEAEDHE? 1K 27 LIEFITHRIEOAS
TR ENORE (1 #26 1.5 Bhr) @ LIMRIED Lt ok
ZAMOIRIBE O TR 2HBMONTIE 2T 2 OB LBIFE L IREY A3
HESEWNTINGT 7 3 S8 N300 WSO AR IBERRAEE b 2%
V2o XAKWDIREIKFEZE (damping ratio) JIRBHWIY & RIH ALY
DIRBIREBELIVEY RIETIDEE~NLNZ TG, TNIRLTE
ENCH T HOMRECITH 6 25,
KARDOBIRAHEDOBOEN =~ 2 ) — v EAEEY OB IR OTF
ZEP WK b 2§ &, BEMORIGIREEANSRE 31D T DRED
BEBKRTH 2L T, ZDAENDEAD IH S O IR IE 1T RG]
T3 LR A BIRBERE = >~ 7 U — + SO FFREEENS 03
BRE 0GBHTHIZLT 066 BRI F v 73 2H L2 L2E
YHEYONTEZ T, A s LT &, RECrFT v I AEEE
izrz ¥ — v EHEEYE UG EMTRERED KRR 5 EWTH 5
EE~LNZ T,

BOICHD, BBGELLIEEYBORSHELARESHBEL LT 2
¥ o XREFMEXMHRMEF—Z Y HMPERT 2H Y LT IN
2 L7 B o RMEEAE Wigh L LY 23,

34. On the Vibration of the Takeda Building.

By Takaharu FUKUTOMI.

At the request of Dr. G. Kume, the writer measured with three 1925~
type tromometers the vibrations of the Takeda Building which is situated
at Nihon-basi street in T6kyd during a period from April 25th to May 25th.

The Takeda Building which is made of reenforced concrete, was almost
in completion at the time. It is comparatively long prismatic and has,
besides the underground floor, nine floors with a total height of about
30.2m. and an area of about 271 square metres (Fig. I). On April 25th
the tromometers (see Table 1) were installed on the underground, on the
4th and on the 9th floors, and on May 16th the instrument which had
been installed on the 4th floor, was removed into the 6th, 4 sensible, 35
non-sensible and 5 distant earthquakes having been observed with them
during the above-mentioned period.

The results of observations may be summerized as follows:—

5) SATDME BEDRCANERSERE (REBUREREE®R (1)
6) KHEM M= v 27 v~ rEBENERYE (RERHEGHETHE (W)
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1" Free vibrations of the structure.

1) The whole structure v1brates with- a period'of about 0-4 sec. in the
‘direction about N 7(°E and with amphtudes in the ratios of 1:0-84:0.67:
0-06, on the 9th, on the 6th, on the 4th and the underground floors. This
“seems to suggest that the structure vibrates in the type of fundamental
vibration with the upper end free and the other end fixed—perhaps fixed v
at the level of the base of structure. -
2) As seen in Fig. 6, the vibration of the structure has a diurnal
variation of amplitude, showing the max. of about 3 ¢ at 3 or 4 p.m. and
the min. of about 0-6 z at 2 or 4 a.m. in NS component on the 9th floor.
The ratio of amphtude of NS comp. to that of EW comp. is 'tpproxnnate]y .
1-8: l :
The writer trled to find out posmble correlation between the v1brat10ns o
" of the structure and wind velocxty, but could not find any distinct.one; ~ -
" ‘During the observations, however, the writer frequently noticed the-
-vibrations becoming larger whenever tram-car passes through the Nihon- )
* basi.junction .with rattling noise. ‘The diurnal variation of amplitude of -~
vibration above mentioned may thus be attributed to the effect of traffic.

II. Vibrations due to earthquake. I e

1) The 5-minute means of max. acce]eratlons of the prrnmpal motlon,
-in 4 sensible earthquakes have been calculated; the ratios of accelerations
on the underground, the 4th, the 6th and the 9th floors came out as . 7
1:2:36:3-82:4-15. '

2) When the period of vibrations of the underground floor due to
earthquake approaches 0-4sec., the structure shows a phenomenon of
resonance. (See Fig. 8). The ratios of amplitudes in this case are as
follows. : :

@i a5:asi=1:0872:0679 - in EW comp.
09:05:04=1:0-860:0-866 in NS comp.

As for the motion of whole structure, there may “be three cases,
namely, the lateral vibration, the sheanno vibration and a rocking
motlon . . .
According to the results above mentloned 1t seems that the prmcxpa]

v1bratlon of the Takeda Building may be neither the lateral vibration fixed
perfectly at the earth’s surface, nor the rocking motion on the ground on
which the structure stands. . Co
-8) - On the underground floor, the dlrectlon of vxbratlon of the struc-
ture due to the prineipal motion of earthquake is nearly perpendicular to
that of the epicentre, whereas, on the 9th floor, it is nearly coinsident
with the direction of the free vibration, suggesting that the structure
vibrates at the foot in the direction of forced v1bratxon, but at the top in' -
. the direction of free vibration e '
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Fie. 10, Seismoerams due to the earthguake of May 4, 1931, at 250 48m 298,
(Dot indicates minute mark) Magnification =250
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Fie. 11.  Seismoerams due to the earthquake of May 25, 1931, at 150 Hm 37
(Dot indicates minute mark.) Magnification =5u.
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III. Tilting of floors due to wind and sun-shine.

1) On the morning of April 28th, bendings of the structure due to
strong winds were observed, the amount of inclination at the 9th floor
baving been in an order of 65 seconds. The daily change of inclination
of the floor, which may be attributed to the expansion of the south wall
of the structure due to sun-shine, was also noticed.

In conclusion, the writer wishes to express his hearty thanks to
Professor A. Imamura for his kind guidance and revision of this paper
and also to Professor K. Mut for his kind permission to use one of the
1925-type trorometers. ‘ - S



