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SUMMARY

MISCELLANEOUS TARGETS3
EARTHQUAKE RESISTANT CONSTRUCTION IN JAPAN

: Organized study of seismology in Japan dates from the TIXZYC =ay
earthquake of February 1880, which resulted in the formation of the S _smolo-
gical Society. This organization, with the ald of the newly invented seisgmo-

graphs, continued 1ts work over & perlod of about twelve years.

In 1891, after the MINO-OWARI earthquake, the Eartnquaﬁe Investiza-~-
tion Committee was organized with financial ald from the government. The
efforts of the committee were directed toward the study cf aprlied seis*o’ozy,

including observations of the damage resulting from ma!>r earthquaxes both at
home and abroad.

The Earuhquake Research Institute and the Earthquake Investigstion

Councll were organized with increased funds from the government after the
great KANTO earthquake of 1923.

) Continued progress in .the study of seismology and 1ts applications
to the field of construction has been encouraged by the government and the
establishment of courses in geophysics and selsmology at the larger univer-
sitlies. v

. The modification of the Building Law in 1924 by amendments setting
up specific requirements intended to make structures more resistant to eartn-
quake forces marked the first officlal efforts to mlitigate the damaze froxz
euch forces.,

Certain standardized requlrements and procedures for eartncuake-
resistant construction have been arrived at through extensive observati -- -*
the damage resulting from earthquakes. In addition, several important .
ings have been used as field laboratories where careful measurements and ot=-
servations have been taken to determine the behavior of the structures during
selsmic disturbances. The englneering schools have kept pace with modern
methods of structural analysis and design as developed in America and Eurone,
and the Japanese engineer has adcess to a more than adequate supply of teck
nical information on earthquake-resistant design.

This definite progress in the study and theory of earthiguase-resieg-
tant corstruction is not reflected in the average type of COHSLPuCuiOP toc be
seen in Japan, particularly not in dwellings and smaller structures. Ho
there are many examples of major structures which have been specially ds
to be shock-resistant and whlch have succeesfully withstood earthnguaxe
major intensity with only euperficlal damage.

e
-~

*
29
=4

VEV
ia
Z=
;A

NTJ.L+X-12




RESTRICTED

TABLE OF CONTENTS

Summary ....;;Q,......................................................
List of Enclosures ....o.........................».:.................. E
1ist of Illustrations Veesesesseccesersersonsesssassses s st entee
References ................;g...;.....................................
Introduction ..e;ea.....,........,......,.............................
The Report ,....................;.....................................
Part I - Historical Background of Seismological Study in Japan .. )3

Part II - Progress of Seismological Study and Development of
Earthquake-Resistant Construction esscecosvssscassosccncne

Part III Standardization of Procedures and Requirements for
Earthquake-Reslistant ConsStTUCLiOn cescsccssesssvesccccas

Fart iv Research on Vibfations of Bulldings and Eerthquake-
“ Resistant Construction P XX AR Y A AR R A A i F

Part ' ¥ - Present Status of Earthquake-Resistant Design and
. Construction in Japan setoesecsserseeeoetIReOsessenetLel

] | |
"ngS‘T‘z OF ENCLOSURES

(A) L1ist of Documents Forwarded to Washington Document Center Via

ATB ..‘..0.6.0.00‘.......'....."...'...0..'......8'.....Q'l-..l ;Pvge 27




RESTRICTED

LIST OF ILLUSTRATIONS

Interior View of Timber Structﬁre Showing Extent of Dam-

e .....‘.......0'..QQ........OOO...OO..0.0..'-.....O.C..

Exterior View of Timber Structure Showing Generai Damage .

Exterior View of Timber Frame Structure Showing Horizon-
ta.l DisplaCGment 0...'.0l.0....0'0.......0.......0..,.....

Wall of Partially Completed Structure Showing Unequal
settlement or Foundation v,&ll ....'........'..!...........

Close-up View of Found&tion wall .o.oeoot-.-ocn.oo.o.oo-o.

Interior View Showing Unequal Settlement of Column Foot-

1n83 OO.'.....'....O....O...'..Q....D.Q........I.......O..

Interior View of Timber Structure Showing Damage to End
Wi

.0..'0..0..'..000..0..00....6...'.0.0.....0..'....0..
01osé-up View Showing Damage to Concrete Slab ®escecsccace
Interior View Showing Unequal Settlement of Column Foot-

nga ...G........‘...'.‘0..Q.............0............‘...

View Shming Dmee to Column Heads ©*0cnncersrecssenccons

. Close-up View Showing Settlement of Column Footings ssceee

Interior View of Steel Freme Structure Showing Horizon-~
tal Displacement ooo.-.oooooooq.o-oenooo-o-..-au.o..ooooo' J

Exterior View of Steel Frame Structure Showing Vertical
Displ&cement o.o.olo...ou...0.0.0..000...0..o.cooo........

' View Showing Bulging of Concrete Floor S5iab secs00cc00enoea

View Showing Settleientﬂof Street L
View Showing Settlemenﬁﬂof Column Footing ®tecctsscncnsense
View Showing Damage to Elevated Whter-Tank ®eecsccescccsns
Close-up View Showing Crack in Tower Structure of Elevat-

ed T .‘.....‘.....Q..0..........D...'.’..’.......lbc....
View Showing Collapse of Reinforced Concrete Stairway ....
View Showing Failure of Reinforced Concrete Spandrel

G rder 00'...0.0..‘.....0..Q.Q......‘.....................
Showing Collapse of liasonry Bearing Wall Structure ..
Showinz Results of Failure of Masonry Retaining

Showing Collapse of 2-story Wood Frame Dwelling ....,
Showing Partial Collepse of %ood Freme Dwellings ....




RESTRICTED

REF“ERE_NCES“ -

.

Japanesé Personnel who Assisted in Gathering Documents:

Prof. M. KOBAYASHI - Profnssor of Archltectural Design, Tokyo Uni-
versity of Englneering.

Dr. K. MUTO - Professor of Structural Engineering, Tokyo Inperial
University, Dept. of Architecture. '

Dr. T. TANIGUCHI - Professor of Structural Engineering, Tokxyo Impe-
rial University, Dept. of' Architecture.

Japanese Personnel Interviewed:

Dr. R. SANO - Honorary Professor of Engineering, Tdkyo Imperial
University. A ploneer in seismologlcal study 1n Jagan and member
of the Earthquake Investigation Council.

- Dr. T. NAITO - Dean of the Englneering Department, Waseda Univer-
sity. A ploneer in selsmologlcal study and earthquake-proof build-
ing design. Member of the Earthquake Investigation Council and =au-
thor of varlous treatlises on the subject of applied seismology and
eerthquake-resistant constructlon.

Dr. A. IMAMURA - Former Professor of Selsmology at Tokyo Imperial
University. A former member of the Earthquake Investigation Comzlt-
tee (organized in 1892 and disbanded 1in 1924) and instrumentel 1in
organizing the Earthquake Investligation Council and the Earthquake
Research Lnstitute, both established in 1924.

Dr. K. MUTO - Professor of Structural Engineering, Tokyo Imperial
Universlty, Dept. of Architecture, Authority on methods of analysls
for earthquake-resistant building design.

pr. T. TANIGUCHI - Professor of Structural Engineering, Tokyo Jnl-
versity of Englneering. Speclalist in the study of the vibration
of structural frames of bulldings.

Prof. H. FUTAMI - Professor of Structural Engineering, Tokyo Univer-
slty of Englneerlng.

Prof. K. MINAMI - Professor of Structural Engineering, Waseda Uni-
versity, Tokyo.




RESTRICTED

!

INTRODUCTION

The investigation of the subject of shock proof construction, as
covered by this report, included the following specific items: (a) the his-
torical background of earthquake-resistant construction and selsmologlcsl
study; (b) progress of selsmologlcal study, the development of design prac-
tices and construction methods; {c) steps toward standardizstion of procedures
and requirements for earthquake-resistant building construction; (&) research
on building vibration and earthquake-resistant construction; and (e) present
status of shock resistant design and construction in Japan..

In attacking the problem, key personnel in the fields of selsmology
and structural englneering were contacted. Conference interviews were held
with these key personnel at which the specific ltems were discussed. Trea-
tises on the subject and reports on research investigations prepared by the
Japanese personnel were collected and included in this report as enclosures.

The photographs included 1n this report were furnished by Prof.
H. FUTAMI and were taken by him during an inspection of the damage resultirng
from the earthquake of 7 December 1944 and the after-shocks of 13 January
1945, The primary shock of 7 December wae of approximately 30 minutes dura-

tion, exceeding by about 10 minutes the duration of the great KANTO guake of
1923, ‘
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THE REPORT

5

v Part I
HISTORICAL BACKGROUND OF SEISMOLOGICAL STUDY IN JAPAN

“The TOKYO Bay earthquake in February 1880 served as the impetus for the
first organized study of seismology in Japan. 4 Seismological Society of
about one hundred members was formed Jointly by certain of the foreign resi-
dents and Japanese together with prefessors of the Imperial Colleges of Sci-
ence and Engineering for the purpose of studying earthquakes.

At_the second meeting of the Society in April 1880 John Milne and Sir
Alfred Ewing explained techniques of the newly devised seismographs. These
instruments were the fore-runners of the horizontal-pendulum type of seismo-
graph, the invention of which was announced by Ewing in December 1880.

The Seismological Society, together with the Metsorological Obssrvatory,
continued their studies over a period of twelve years and published during
that time sixteen volumes of transactions. The principal figures in the
Society during its twelve year life wers Milpe, SEKIYA, and OMORI.

) .

The MINO-OWARI earthquake of October 1891 resulted in the formaticn of
the Earthquake Investigation Committee which was given finencial suppoxt

by the government. The original committee consisted of a president, secre-
tary, and twenty-five membersa; and its object was to investigste methods by
which the disastrous effects of earthquekes could be reduced to a minimum
and to recommend measures whieh could result in general sdoption of these
methods.

. Early research conducted by the Committee was mainly concerned with
practical problems, including experiments with models and the shaking table.
Visits were made by members of the committee to the scenes of major earth-
quakes abroad, including India in 1905 and Messina in 1908. Dr. SANO was
sent to San Francisco after the great earthquake of 1906 and returned. to
Japan with much. information on the superiority of properly comnstructed stesl-
framed structures and the newer reinforced concrete buildings.

The great KANTO earthquake of 1923 and the terrific loss of life and
damage to property broughit’a request by the Committe for greater govercmsat
support. This resulted in the formation of the Earthquake Research Institute
and the Earthquake Investigation Counci¥ to replace the Earthqueke Investie
gation Committee. At about this time the government added an srticls to the
building code requiring that every building be constructed to resist a hori-
zontal loading equal to 10% of the weight of the building. This was the
first official specification of an earthquake coefficient governing earth-
quake-resistant construction in Japan.

The Earthqueke Research Institute, now under the auspices of the Tokyo
Imperial University, continued to receive inereasing government support up
to the advent of the war. During the war, however, the mctivities ol the
Institute were severely curtailed.
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Part II
PROGRESS OF SEISMOLOGICAL STUDY AND DEVELOPEMENT OF
EARTHQUAKE-RESISTANT CONSTRUCTLON

The progress of seismologicel study in Japan from the organizaticn of
the Seismological Society in the year 1880 to the present time has been steady
end of considerable magnitude.

. dapan, with a mean annual earthquake freguency of sbout 400O, has been
a fertile field for the study of seismology. The country, at the outbreak
of the war, had & total of more than 160 seismograph stations. In eddition,
networks of precise levels had been established on which periodic checks
were made for the determination of crustal deformations. From the theoretical
point of view, SEZAWA'S mathematical investigations on the generation and
propagation of different types of seismic waves, NAKANO'S mathematical in-
vestigation of seismic waves, and WADACHI'S observations of deep-seated shocks
represent contributions of considerable importance to the field of seismology.

Continued progress in the study of seismology in Japsn has been encour-
aged by financiasl aid from the govermment and by the establishment of full
courses in geophysics and seismology at such universities as Tokyo Imperial
University and Waseda University.

The development of earthquake resistant construction in Japan was at a
slower rate than the progr%Ss made in seismological study. Not until after
the great KANTO earthguake;of 1923 were general construction methods improved
to any great extent. Thejconsiderable improvement in construction methods
from that time onward was;brought about by amendment to the Building Laws.
This amendment, encouraged by the Earthqueke Investigation Committee, set
up specific requirements for design and construction, viz: a seismic coeffi-
cient of 10% of weight of the building as a lateral force; wooden builidings
limited to & maximum height of 42 feet; brick buildings limited a & maxi-
mum height of 42 feet; and other special requirements which are discussed
in snother section of this report.

Before the KANTO. quake, the two principal sources of information in Jepa-
nese on the sublect of earthquake-resistant design theory were YEartnquake-~
proof Constructlion of Buildings" by Dr. SANO and "Earthquake-proof Construc-
tion of Skeleton Structures" by Dr. NAITO. Since that time, the Jzpanese have
adopted the modern methods of structural analysis, viz: the method of slove-
deflection and that of moment distribution, for use in thelr calculations of
earthquake stresses. Conslderable work has been done by Dr. TAGUCHI and Nr.
MIZUHARA on the subject of vibratlons in building frames and the deflectlon of
gtructures from earthquake forcee.

NevTechJap Documents Numbers ND50-5200 and 5201, "Observations of the
Damage to Structures Resulting from Mg jor Shocks," (see Enclosure A} are

illustrations of the type of study made by the Japanese in their efforts
to mitigate the damage from earthquake forces.

P o . Part III
STANDARDIZATION OF PROCEDURES AND REQUIREMENTS
FOR_BARTHQUAKE-RESISTANT CONSTRUCTION

By means of extensive observation of the damage resulting from earth-
quekes and through experiment end research on the subject, the Japanese have
arrived at certain standardized requirements end procedures for earthquske-
resistant construction. In setting up the standaerds, three principal types
of construction were considered, nemely:; wood frame, brick or masonry, and
rigid frame type employing structural steel or reinforced concrete.

)
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In genersal, the wooden frame dwelling house in Japan has been built =zc-
cording to the practice which has prevailed for generations. In this type
of construction, the walls are formed of strips of bamboo Interwoven verti-
cally and horizontally. The strips, where they cross each otner, are tied
together with straw rope and the woven mat of bamboo thus. formed is plastsred
on both sides with mud to a total thickness of sbout 6 centimeters. The
cannections between post and besms or root members asre made with a mortise
and tenon Jjoint in which the tenon is smbout one=-third the thickness of the
material. w

In ohserving the damage to structures of this type, the Japaness havs
determined the approximate degree of faillure resulting from shocks of dif-
ferent seismic intensities. For a seismic intensity of 0.1 gravity, the
damage to wood fremed structures of this type has been observed to coasist
principally of cracking of the plastered walls without injury to the main
frames. However, a shock of this intensity bas normally resulted in the
collapse of brick fireplaces and chimneys in the houseas,

When the seismic intensity Teached 0.2 gravity, the damage was more ge-
vere, jolnts were loosened and crushed and Partial collapse or ianclination
of the structurs resulted.," -

With seismic intensity of 0.3 gravity, the majority of wood-frame dwel-
lings have partially collapsed and as high as 15% have collarpsed entirsly.
Two story houses of Japanese style are invariably collapsed by a shock of
this intensity unless spec¢ially braced during construction.

A shock of an intensity of 0.4 gravity resulted in the complete des-
truction of almost all wood-fresme houses of the typically Japanese type of
copstruction. In one case, 50% of the houses of this type were totally des-
troyed end those remaining were displaced as much as 100 centimeters.

With special diagonal bracing and a light roof construction, instead
of the ordinary heasvy roof tile, the typical Japanese wood-frsme dwelling
house has been made to resist shocks of an intensity of as high as C.ig
without serious damage. .

With respacé)to wood-frame comstruction, the Japanese Buildinz Law now
specifies the following limitations: (a) meximum height of 42 feet; (b} max-
imum he2ght of eaves, 20 feset, thereby making a three-story building difri-
cult to build; (e¢) roof tiles brecing or brackets. '

With regard to brick or masonry bsaring wall construction, it may be
said in general that this type of construction follcwed the pattern set
by Europe ané America up to the time of the great KANTO @arthquake of July
1923, However, owing to the great damage csused by that eartnquake anpd the
resultant amendment to the Building Law which was effected in July 1$24,
rigid requirements were set up which made that type of coastruction prohibi-
tive for buildings of large size. The principal recuirexzents for trick or
masonry bearing wall construection as specified by the amendment to the Ruild-
ing Law are as follows:

1. Maximum helght 42 feet instead of 65 feet.
2. Maximum height of eaves 30 feet instead of 50 feet,.

The length of unsupported wall must not exceed 3C feet, instead of
36 feet, and the thickness must be 1.3 feet (minimum) for
walls lé-30 feet long and 1.0 feet (minimum) for walls under
18 feet in length. Also, the minimum thickness of walls must
not be less than 1/15 of thz story height.
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4, Bearing walls of brick or stone must be reinfofced at the top with
a rectangular, reinforced concrete beam. ‘

5 A gable or parapet wall higher than 3 feet must be tied into the
reinforced concrete roof by dowel bars.

S - Modern structures in Japan of major size and importance have been con-
“structed with a rigid frame of structural steel or reinforced concrete, or of
composite members employlng both structural steel shapes and reinforced con=-
crete, In the structural analysis of rigid frames, methods of analysis and

design as developed in America and Germany have been adopted by the Japanese.

Methods of analysis such as the theory of slope deflectlion and that of

moment distribution have been readily adapted to the solution of frames sub-
® Jject to horizontal forces from earthquakes as well as ordinary vertical load-

ingo

A special commlttee, appointed by the Architectural Institute of Japan
has published a guide for structural analysis and design, entitled "Standards
for Structural Design"”. This book presents the current methods of analysis
and design of modern rigid frame structures subject to earthquake forces as
‘ recommended by the Architectural Institute. A copy of this book, with trans-
S lations of pertinent sectlions, has been forwarded to WDC as NavIechJap Docu-
EER ment No. ND50-5202. However, the J.I.A. method of analysis of rectangular
R frames subjected to horizontai forces is considered of sufficient interest to
PR include an explanation of the methed in the text of this report. There fol-

o lows an explanation of the J.I.A. method with appropriate references to HNav-
TechJap Document No. ND50-5202.

= THOD_O LYSIS OF RECTANGULAR - S

SUBJECTED TO HORIZONTAL FORCES
- Jo l- Ao METHOD

(Froms. Chapter II, Section 141 of NavTechJap Document
No. ND50-5202 (pages 178-202), "Standards of Design of
Reinforced Concrete Structures.” Published by the Japan-
ese Institute of Architecture.)

A. - Assumptions:

1. The horizontal forces are considered to act in the longi-
tudinal and transverse directions separately.

2, The horizontal displacement of all columns at a gilven
Tl story is assumed to be equal for given horizontal forces.
b o That 1s, the floor slab is considered as a rigid bedy that
RS B fixes the relative position of the column centers.

3 For frames in which the lower ends of the first story
columns may be considered fixed, and the horizontal forces
acting at each floor level approximately the same ragnitude,
the bending moments, shear, and direct stresses are to be
computed by the foliowing procedure. '

B. Procedure for Analysis:
1. Determination of Shear Distributién in Columns - The

 shear is distributed to the columns of any story in proport-
- ion to the value of D from the formula:

D = ake -

where: a = k ~ in all stories
(Z + %) except the lowest

16
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a = e
2

E. = stiffness of the column - I
[}

K =% x (sum of girder stiffnesses at_top and bottom of column)
column stiffness)
for columns of all stories except the lowest.

E = {sum of girder stiffnesses at top of column) for
column stiffness

columns of the lowest story.

2. Location of Points.of Contraflexure in Columns ~ The
point of contraflexure of each column is to be determined
from the formula: .

Y = (o + y1 +¥2 + y3)

where: Yo = Normal position of the point of contraflexure,
(Which may be détermined from the charts on
pages 181 through 188 of ND50-5202).

¥y Correction for difference in stiffness of the
girders framing into the column at top and bot-
tom. (Omit y; for lowest story). Values of y1
may be determined from the chart on page 189.

Yo = Correction for difference in story height of
story above the column being considered. (Omit
¥o for top story). Values of y, may be deter-
mined from the chart on page 198.

¥3 Correction for difference in story helight of
story below the column being considered. (Omit
Y3 for lowest story). Values of y3 may be de-
tdrmined from the ohart on page 198.

Determination of Column and Girder Bending Moments ~ The
column bending moments are to be calculated from the column
shears and determined points of contraflexure. The girder
moments are to be calculated from the column moments at the
Joint beilng considered by distribution to the girders in pro-
portion to their relative stiffness.

4, Determination of Girder Shears and Direct Stress in Col=-
umns - The girder shears are to be determined from the bending
moments acting at the ends of the girders. Direct stress in
columns 1s to be determined by algebraic summation of the gir-
der shears starting from the top of the frame.

C. For frames in which the lower ends of the first story columns
may be considered as fixed and in which the stiffness of the mem-
bers, the story heights, and the horizontsl loads at each story are
approximately the same, the distribution of the Shears to the col-
umns and the location of the points of contraflexure in the columns
may be computed as follows: N
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1. Determination of Column Shears - The shear in all inter-
ior columns may be considered the same at any one story. Tne
_ratio of distribution of shear between the exterior columns
and inferior columns of any one story may be obtaires fronm the
chart on page 199, or from the table at the top of that page.

2. Location of Points of Contraflexure in Columns - The lc-
cation of the points of contraflexure in the columns may be
determined from the charts on pages 181 through 13E. :

where: — Girder stiffness for exterior columns.
k Column stiffness

~and ¢ kK = 2 x Girder stiffness for the interior columns.
- Column stiffness

When the value of k = 1 or greater, the poihts of contraflex-
ure in the columns may be obtained from the table at the
middle .on page 199. (This table is reproduced below.)

Value of K Bottom story Intermediate ~ Top story |
Columns story columns columns __%

Over 1 and : - ! ]
up to 2 0.6 h 0.5 h 0.4 h ,

Over 2 0.5 h 0.5 h 0.5 h

De When walled bents are provided at proper intervals in the
frame and are interconnected br strong rigid floors, the value of
D for each column and that of the walled bent may be taken from
the range of values listed below:

Flexible frame (standard) - D =1

Walled bent with openings - D = 10 or less (3-5)

Walled bent without openings -~ D =15 or less (6-8)
E. ° Limitations of accuracys

The accuracy of the J.I.A. Method increases as the value of k be-
comes larger. When the value of k equals 0.20 or less,; the error
betgggs large and the frame should be analyzed by a more exact
me " '

(Note: NavTechJap Document No. ND50-5203, complled by

the J.I.A. from the construction plans of actual build~-

dings designed as earthquake-resistant structures, is of
interest from the standpoint of observing structural de-
tails employed by Japanese engineers and designers.)

Part IV
RESEARCH ON VIBRATIONS OF BUILDINGS AND

- EARTHQUAKE-RESISTANT CONSTRUCTION

The Japanese have, over a period of many Years, conducted extensive re-
gearch in the field of applied seismology. The various important universi-
ties, such as Tokyo Imperial .University, Waseda University, Tokyo University
of Engineering, and others on the islan&s of KYUSHU and HOKK4IDO, with chalrs
established in Geophysics and Seismology, have formed the nucleus for continu-
ous study of the subject. Financial support by the government of such insti-
tutions as the Central Meteorological Observatory and the Earthquake Research
Institute has been of prime importance in encouraging further resesrch in

12
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earthquake-resistant construction. The government has also furnlished finan-
- e¢ial support in the form of grants to individuals or organizations, such as

the Japanese Architectural Institute, to conduct research on some specific
problems in this fileld. "

Certain buildings, for instance the MARUNOUCHI Building and the T AKUO
Bullding, have been used as field laboratories and observations taken .ver a
period of years with the selsmozraph by englneers and geismologists. In thls
way, valusble records and data on vibrations, both free and forced, of bulld-
ings before and after major earthquakes have been obtalned. lose observa-
tions and measurements teken in modern framed structures such as those men-
tioned above have produced much information on the actual performance of such
structures during an earthquake and the polnts of resulting critical damage.

Leboratory research with models on the shaking table and theoretical re-
search in the field of the mathematlcs of vibrations and earthquake deslgn
calculations have been conducted g§tensively at the universities.

Pty

In connection with the study Of vibrations from both the experimental and
theoretical angles, Dr. T. TANIGUCHI and Dr. K. MUTO, of the Tokyo Imperial
University, are considered among the leaders in this field. Transcripts of
papers and reports of laboratory investigatlons prepared by these men hsve been
forwarded to WDC via ATIS. These papers and reports are considereé to be
representative of the trend and quality of current research in the field of

applied seismology and are deslgnated as NavTechJap Document Nos. ND50-5204 to
ND50-5219 inclusive (see Enclosure A).

Part V

PRESENT STATUS OF EARTH%UAKE-RESISTANT
DESIGN AND GCONSTRUCTION IN JAP

In discussing the present status of earthquake-resistant design, it may
be said in general that this fleld has been highly developed in Japan. Struc-
tural engineers in Japan have access to a more than adequate supply of tech-
nical information dealing with modern methods of structural analysls as adap-
ted to the solution of structures subject to earthquake forces. ¥hile it 1s
believed that no entirely. original methods of analyslis have been cdeveloped by
Japanese engineers, constant observation of the phenomens of seismlc forces
and study of the performance of actual structures subjected to earthquakes
have given them an excellent bvackground for deallng with the problems of earth-
quake-resistant design. The influence of European englneers and deslgners c&an
e noticed in the willingness to place great rellance on the theoreticeal
analysis of a structure in order to save materisl. The use of tabulated data
and curves for the determination of critical bending momente has been en-
couraged except in the cases of very irregular or unsymmetrical structures.

There is great contrast in Japan between the average type of ccnsgtructicn
and that employed on important bulldings which have been specifically designed
to be earthqueke-resistant. In spite of the high average annual earthgiaxe
frequency, the ordinary structure is no more earthquake-resistant thern com=-
pliance with the bare requirements of the Building Law would make it. Wood-
freme dwellings and other ordinary .timber structures arpear to be exiremely
flimsy according to our standards for simllar types of buildings. However,
in the case of important, structures or those of major size, there are numercus

examples of structurgs,which have withstood major shocks with no more than
superficlial damage. % . :

i
i
1
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. During the war, 1id order to conserve materials, the allowable siresses
for concrete and steel were hoosted as much as 85%. Other things belng equal,
the ralsing of the allowable stresses used in the design of a structure would
amount to the same thing as & reduction in the selsmic coefficient as far as
the ability of the structure to resist earthquake is concerned.  As & result
of this conservation measure, wartime construction was, in most cases, eX-
tremely light as compared with pre-war construction.

To illustrate the ability of some typical wartlme construction to resist
an earthquake of major intensity, the followlng photographs are included in
this report. These photographs were furnished by Prof. FUTAMI and were taken
by him and others during an inspection trip following the earthquake of
7 December 1944 and the after-shocka of 13 January 1945. The epi-center of
the primary shock was located at sea, approximately 150 miles south-east of
HAGASHIMA., The principal damage from the earthquake itself was suffered 1n
the ares around NAGOYA, which 1s predominately an area of alluvial deposit.
The primary shocks were of major intenslity and of about 30 minutes duration.
In addition to the damage from the earthquake, a tlidal wave, reportedly about

10 meters high, did further damage to the coastal area between NAGASHIMA end
KUSHIMOTO. ' S e

Figure 1
PARTTAL DESTRUCTION OF TIMBER-FRAME FACTORY BUILDING

Note column hcad in right foreground
broken off just below brackets.

14
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Figure 2

GENERAL DAMAGE AND PARTIAL COLLAFSE OF WARTIME.TIMBER-FRAME
FACTORY BUILDING NEAR KAGOYA

Note failure of columns which allowed roof- trusses to dircp.

Figure 3
EXTERIOR OF TIMBER FRAME, STUCCO FINISH, FACTORY BUILDING
SHOWING HORIZONTAL DISPLACEMENT OF STRUCTURE

Note paper stripping on window panes
for shatter protection from bomb blasts.
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Figure 4
EXTERIOR OF SO WALL OF PARTIALLY COMPLETED TIMBER STRUCTURE
; AT VAGOYA SHIPBUILDING (0.
horizontal displacement ard un—

.
o+t lement of foundation wall.

i

ot
equul

&

. Figure 3
CLOSELP OF FOUNDATION WALL OF STRUCTURE SHOsN IN FI
Note large cracks in concrete re-
sulting Ffrom unegual sciflement.
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UNEQUAL SETTLEMENT OF FOUNDATIONS RESULTING FROM EARTHCUAKZ

Note extremely light construrtion
of this wartime timber structure.

Figure 7
INTERIOR OF TIMBER STRUCTURE SHOWING UNEQUAL SETTLEMENT
OF FOUNDATION UNDER END WALL OF BUILDING
Note detail of brackets at column head.
See next photo for closeup of damage to
concrete slabs in center background.




Figure 8
CLOSE-UP OF DAMAGE TO CONCRETE SLABS SHOWN IN
CENTER .BACKGROUND, FIGURE 7
Note extreme vertical-ﬁdisﬁlacement of floor slab
and settlement of evd wall foundation. Note al-

co absence of reinforcing steel in slab and
trough as well as-in end wall itself.

.

)

Figure ¢
LINE OF COLUMNS AT LEFT ON NEWLY RECLAIMED LAND,
COLUMNS AT RIGHT ON PREVIOUSLY RECLAISED LAND

Note comparative settlement resulting from
earthquake., Aichi Clock and Electric ~
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Figure 10

SPLITTING OF HEAD OF BRACKETED COLUMN RESULTING FROX
HORIZONTAL DISPLACEMENT OF STRUCTURE

Steel dowel pin connection between column head and

cap. No transverse bracing except brackets at col-

umn heads and Llight partitions without diggonal

members.  Aichi Clock and Electric Co., ANageya.

Figufe 11
CLOSE~UP VIEW SHOWING SETTLEMENT OF COLUMN FOCTING

Top of footing found to be 7" lower than original
level. Newly ~reclaimed ~“land could not resist
punching action of column footing during earth-
quake. ) .

19
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Figure 12
DAMAGE TO STEEL FRAME STRUCTURE RESULTING. FROM
_ HORTZONTAL DISPLACEMENT OF COLUMN FOOTINGS

Aichi Aviation Co.

Figure 13

STEEL FRAME STRUCTURE SHOWING DAHAGE FROM UNEQUAL
VERTICAL DISPLACENENT OF FOOTINGS

Vicinity of NAGOYA but exact location unimnoun.

20




Figure 1y e

BULGING GF CONCRETE FLOGH SLAb
Prof. FUTAMI stated this wus caused by acrual up-
heval of the earth and not by setilement oF the

wall foundations as no evidence of settienen:
could be observed. i

1ONC
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Figure 16
SETTLEMENT OF COLUMA FOOTING
Soil unable to resist jmnching acticm of footing.

. Figure 17
ELEVATED WATER TANK OF REINFORCED® CONCRETE SHOWING
TNCLINED POSITION RESULTING FROM EARTHQUAKE
Note major crack at about 1/3 of height.
See following photo for close-up view.’
Naido Steel Works.




i Figure 18

=

'CLOSE-UP VIEH OF CRACK IN.TOW:g STRICTURE OF
ELEVATED WATER TANK

{See Figure 17)

bars across the joint. However,
tion is available on this point.

CONCRETE WALLS. AND STAIRWAY ~
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Figure 22
RESULT OF FAILURE OF MASONRY RETAINING WALL
Columm footings of two end bents slipped toward canal

Figure 23
" RESULTS OF COMPLETE COLLAPSE OF THE FIRST STORY OF A TYPICAL
TWO-STORY COMBINATION STORE AND DWELLING

© Structure in foreground 1is second
story of original two-story building.
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il Figure 24

PARTTAL COLLAPSE OF TYPICAL WOOD-FRAME DKELLINGS
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NavTechJap No.

ND50-5201

ND50-5200

ND50-5202

ND50-5203

ND50-5204

ND50-5205

ND50-5206

ND50--5207

- ND50-5208

ND50-5209

ND50-5210

ND5C-£211

NDS0-5212

ENCLOSURE (A)

LIST OF DOCUMENTS FORWARDED TO
WASHINGTON DCCUMENT CENTER VIA ATIS

Title

.
Observations cf the Damage to Structures Result-
ing from the North-KANTO Earthquake (Sept. 1931).
By: TAWABE, MUTO, KIYASHI, DCGI, ICHIMASU, ETSU-
SABURO, TSUJII and SEIJI.

Observations of the Damage to Buildings in the
IZU-SAGAMI Region Resulting from the IZU-HAKONE
Earthquake of May 1931, .

Standards of Design of Reinforced Concrete Struc-
tures. Published by the Japanese:Institute of
Archltecture, -

Typlcal Structural Details, Compiled from Actual
Construction Plans by the Japanese Institute of
Architecture.

Calculations of Bending Moments in Various Parts
of a Rectangular Frame Subject to Horizontal
Forces. "By: Prof. K. MUTO.

Observations and Recommendatlione on Earthquake-
Resistant Construction for Wood Frame Dwellings,
By Specisl Committee of Earthquake Protection
Council.

Standard Calculations for Steel-Frame Structures.
By: T. NAITO, Pres. Japanese Institute of Archi-
tecture, o

Theory of Vibration of Structures. By: Prof.
K. MUTO.

A Study Relating to the Vibrations Along Three
Dimensiong of One-Story Structures of Sreciszl
Shspes. By: Dr. K. MUTO, Tokyo Imperial Univer-
slty, and H. ASAGA, 10th Adminlstration 3ectlon,
Army Air Corps Headquarters. (April 1942).

Study of Vibrations of a One-Story Building Frame,
Part I.. By: Dr. K. MUTO and M. TAKAHASHI, Tokyo
Imperial University.

Study of Vibrations of a Cne-Story Building Frame,
Part II., By: Dr. K. MUTO and M. TAKAHASHI, Tokyo
Imperial University.

Study of Vibrations of a One-Story Bulldlng Frame,
Part III, By: Or. K. MUTO and M. TAKAHASHI, Toxyo
Imperial University.

3tudy of Vibretions of a Cne-Story Bullding frame,
Fart IV, By: Tr. X. MUTO and M. TARAEASEI, Tekyo

‘Imperial University.
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ENCLOSURE (A), continued

NavTeehJap No. i Title ATIS Yo.

ND50-5213 Studies on the Rigldity of the Joints of Rigid 3551
Fresmes. By: Dr. K. MUTO, Tokyo Imperlal:
University. :

ND50-5314 Experiments With Models in Regard to the Change
in Plasticity of Rigid Frames. By: Dr. K. MUTC,
Tokyo Imperial University.

ND50=5215 . Temperature Stresses on One-Story Rigid Frames.
‘ , By: M. TAKAHASHI, Graduate Student, Tokyo
Imperial University.

Studles in Regard to the Nature of Dampened
Vibrations in Buildings. By: Dr. T. TANIGUCHI,
Tokyo University of Engineering.

ND50-5216 Dampening Effects in Woodén Structures.
Ni250-5217 Modulus of Dampening for Reinforced Concrete
" Structures.

ND50-5218 Change of Periodic Time and Modulus of Dsmpening
. as Affected by Condition of Foundations of a
Reinforced Concrete Building. -

ND50-521¢- Dampened Vibrations in Steel-Frame Structures.






